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PHASE I REPORT 

NATIONAL DAM SAFETY PROGRAM 

Cadet Mine Tailings Dam 
Missouri 
Washington 
Unnamed Tributary to Mill Creek 
27 August 1979 

. Cadet Mine Tailings Dam, I.D. No. 30715~ was inspected by two civil 
engineers from International Engineering Company, Inc. of San Francisco, 
California. The dam is owned by Hornsey Brothers Mining Company of 
Potosi, Missouri. The purpose of the inspect ion was to a.ssess the 
general condition of the dam with respect to safety. The assessment was 
based on an evaluation of the available data, a vis4al 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. · 

Cadet Mine Tailings Dam was inspected using the 11 Recommended Guide-
1 i nes for Safety. Inspection of Dams 11 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 five miles downstream of the 
dam. Information provided by the Corps of Engineers indicates that 
eight dwellings and two railroad bridges are within this damage zone. 

The results of the inspection indicate an absence of facilities for dis­
charging flood water, inadequate freeboard, and that the dam does not meet 
the criteria given in the Guidelines for a structure with the_size and 
hazard potential of Cadet Mine 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 was calculated that the impoundment can retain the 100-year 
flood (a flood having a one percent chance of being equalled or exceeded 
in any one year) without overtopping the dam. It was also estimated that 
the impoundment can retain 75 percent of the PMF without overtopping the 
crest. However, the impoundment cannot retain the PMF without overtopping 
the embankment. · · 



Adequate overflow fatilities and/or freeboard should be provided so 
that the impoundment can handl~ the PMF without overtopping the crest and 
without significant erosion of the embankment. 

Seepage observed at the dam toe should be drained to reduce the 
· possibility of weakening foundation materials by saturation. 

Seepage and stability analyses of this dam comparable to the require­
ments of the "Recommended Guidelines for Safety Inspection of Dams" are 
not available. These studies should be performed by a professional 
engineer experienced in the design and construction of tailings dams and 
should be made a matter of record. The necessary data for these analyses 
would be obtained from additional investigations. The 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 
inspect i ans shoul_d be made and documented by qualified personnel to 
observe the performance of the dam. 

It is recommended that the owner take action to correct the deficien­
cies described. 

,_f. . . '# ';6W sft:f:1 H. Kline, P. E. 
(./ 

/1 r / ... ·'! 
( ! _,· l .· (_ / 
\.ktfd,tU)- .'\;' ~"' ., 
· James r.Gray, P. E. / / . / 

\J 



OVERVIEW OF CADET MINE TAILINGS DAM - I.D. NO. 30715 
FROM CREST OF EAST LEG TOWARD NORTH LEG 
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1.1 GENERAL 

PHASE I INSPECTION REPORT 
NATIONAL DAM SAFETY PROGRAM 

CADET MINE TAILINGS DAM - ID NO. 30715 
, ' 

SECTION 1 - PROJECT INFORMATION 

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 Engi­
neers, .District . Engineer directed that a safety inspection of the Cadet 
Mine Tailings Dam be made and authorized International Engineering Company, 
Inc . . to make the inspection. 

b. Purpose of the 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 hunian l i_ fe or property. 

c. Evaluation Criteria. Criteria used to evaluate the dam were 
furnished by the Department of the Army, Office of the Chief of Engi­
neers, in "Recommended Guidelines for Safety Inspection of Oams 11

• These 
Guidelines 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) Cadet Mine Tailings Dam is an L-shaped earthfill dam that 
is used to impound tailings from a barite separation and 
beneficiation operation. The north leg of the dam is a 
cross-valley embankment and the east leg is constructed 
on the eastern ridge of the drainage. The dam has not been 
in operation since October 1978. The tailings consist of 
reddish-brown soft silty clay, which were deposited as a 
slurry in a water environment. 

(2) The dam has no spillway or regulating outlets. Overflow 
would pass over the dam crest low point at Station 8+00 
(Plates 3 and 4). 

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 Section 26, Township 38 North, Range 3 East. 
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c. Size Classification. Cadet Mine 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
t ion of Dams 11

• 

d. Hazard Classification. This dam is classified as having a high 
hazard potential by the St. Louis District Corps of Engineers. The 
estimated damage zone, as provided by the St. Louis District Corps of 
Engineers, extends approximately five miles downstream of the dam. 
Information provided by the Corps of Engineers indicates that eight dwell­
ings and two railroad bridges are within this damage zone. 

e. Ownership. This dam is owned by: 

Hornsey Brothers Mining Company 
P.O. Box 309 
Potosi, MO 63664 

/ 

· f. Purpose of Dam. The purpose of the dam is ·to impound the ta i 1 i ngs 
from a barite separation and beneficiation operation. 

g. Design and Construction History. No written design or construction 
data were available. Information obtained from John, Lewis, and Walter 
Hornsey, partners of Hornsey Brothers Mining Company, indicated that con­
struction of a starter dam began in 1964. After construction of the starter 
dam, sand and angular gravels, finer than 3/4-inch, from the mill operation 
were used to raise the dam. The tailings impou·ndment operation was shut 
down by the U.S. Department of the Interior, Mining Enforcement and Safety 
Administration (MESA) on 5 October 1978. No further dam construction or 
conveyance of tailings to the impoundment has occurred since that date. 

h. Normal Operating Procedures. Prior to the shutdown of the 
tailings impoundment operation, fine barite tailings· were discharged in 
a slurry form from the mill and desposited by gravity flow into the 
impoundment near the left abutment. Tailings flowed across the drainage 
adjacent to the north leg of the dam, and then upstream along to the 
east leg of the dam. Water collected at the upstream end of the impound­
ment was recycled back to the mill. Water collected in a pond below the 
east leg of -the dam was pumped into the impoundment through a 10-inch 
diameter steel inflow pipe located at Station 21+93 (Plate 3). The 
water was used in the milling operation. No tailings have been conveyed 
to the impoundment since October 1978. The outflow of surface runoff, 
if great enough, would pass over the dam crest low point at Station 8+00 
(Plates 3 and 4A). The inflow pipe would not function as an outlet pipe 
because of the presence of a pump in the pipeline. No -0perating records 
for this dam are known to exist. 

1.3 PERTINENT 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 5. 
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a. Drainage Area. 47 acres (Surdex aerial photograph, scale: 1 inch= 
1000 feet, 14 June 1978). 

b. Discharge at Damsite. 

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

(2) Spillway - There is no spillway at this dam. Not applicable. 

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

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

(1) Top of dam - Varies from El. 834.2 to El. 844.7. 

(2) Streambed at downstream toe of dam - El. 743.6. 

(3) Maximum pool (PMF) - El. 834.7. 

(4) Operating pool (pool level on the date of survey) -
El. 829.6 on 11 September 1979. 

(5) Tailings surface adjacent to dam. - Varies from El. 829.8 
to El. 832.9. 

d. Reservoir. 

(1) Length of maximum pool (PMF) - 2000 + feet (Surdex aerial photo­
graph, scale: 1 inch= 1000 feet, 14 June 1978). 

(2) Length of operating pool {pool on date of survey) -
500 ! feet (Surdex aerial photograph, scale: 1 inch= 

. 1000 feet, 14 June 1978). 

(3) Length of impounded tailings - 1900 + feet (Surdex aerial 
photograph, scale: 1 inch= 1000 feet, 14 June 1978). 

e. Storage Above Tailings Surface. 

(1) Top of dam (El. 834.2 feet) - 103 acre-feet. 

!/ Elevations are based on a reference elevation of 840.00 feet M.S.L. 
estimated from the Mineral Point, Mo., 1954, 7.5 minute series, topo­
graphic quadrangle. A temporary bench mark at El. 853.63 feet was 
established from this reference (Plate 3). 
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(2) Operating _pool (El. 829.6 feet on 11 September 1979) -
1 acre-foot. 

f. Reservoir Surface Area. 

(1) Top of dam (El. 834.2 feet) - 36 acres. 

(2) Operating pool (El. 829.6 feet on 11 September 1979) -
2 acres. 

g. Dam. 

(1) Type - Earthfill. 

(2) Crest length - 3800! feet. 

(3) Height (maximum above streambed)· - 96 feet at Station 29+00. 

(4) _ Crest width - 10 to 20 feet. 

(5) Side slopes -

(a) Downstream slope - Variable from 1.4(H) to 1.0(V) to 
1.7(H) to l.O(V). 

(b) Upstream slope - Unknown. 

(6) Zoning - The zoning of the dam consists of a clay starter 
dam, which is overlain by sands, angular gravels, and 
larger rock. The sands, gravels, and rock result from the 
barite ore milling process. The gravels are generally finer 
than 3/4-inch, and the larger rock consists of what is 
referred to as screen rock, between 3/4-inch and 4-inch 
size, and bull rock, greater than 4-inch size. It appears 
that a majority of the dam consists of the 3/4-inch minus 
material. · 

(7) Cutoff - No written information is known to exist to indicate 
that a cutoff was designed or constructed. 

h. Spillway. None. 

i. Regulating Outlets. None. 

j. Diversion Ditches. Some diversion of runoff would occur around 
the mill access roads at the upstream end of the impoundment. A small 
ditch would carry runoff around the toe of the embankment between Station 
4+00 and 7+00 at the south end of the impoundment adjacent to the paved 
road (Plate 3). This roadside ditch is a V-shaped ditch typically three 
feet wide and one foot deep, and is overgrown with grasses, shrubs, and 
small trees. The ditch is two feet deep at most and disappears where 
the embankment slope encroaches onto the road. 
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SECTION 2 - ENGINEERING PATA 

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 John, Lewis, and Walter Hornsey, 
partners of Hornsey Brothers Mining Company. Construction of an earthfill 
starter dam began in 1964. No drawings or sketches of the starter dam 
are known to exist, however, the Hornsey Brothers stated that the dam had 
a downstrea~ slope of 2(H) to l(V), an upstream slope of 3(H) to l(V), a 
20-foot crest width, and was 30 to 35 feet high. It is not known if a 
cutoff beneath the starter dam was constructed. 

According to the Hornsey Brothers, during subsequent operation of the 
impoundment following construction of the starter dam, waste material 
from the barite ore milling process consisting of bull fock, greater than 
4-inch size, screen rock, between 3/4-inch and 4-inch size, and sand and 
angular gravels finer than 3/4-inch were used to raise the dam to provide 
additional tailings storage capacity. It appears that a majority of the 
dam consists of the 3/4-inch minus material. In general, no effort was 
made to clear trees and brush and strip the foundation as the dam was 
raised, with the exception of the east leg of the dam. A road parallels 
the eastern ridge embankment at its toe, and as the dam was raised, new 
roads were cleared adjacent to the toe and stepped down the ridge. The 
Hornsey Brothers stated that most of the rock was dumped over the down­
stream side of the crest, that the finer 3/4-inch minus material was 
dumped near the upstream side of the crest to help seal the upstream zone 
of the dam, and that the dam was built by somewhat of a donwstream 
method of construction. Material was end-dumped over the downstream face 
of the dam to widen the crest, and then the crest was raised. 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. 
Material on the crest was compacted by construction equipment. According 
to Lewis Hornsey, the dam was raised very little during the . last five 
years of mill operation. 

The tailings impoundment operation was shut down by the U.S. Department 
of the Interior, Mining Enforcement and Safety Administration (MESA) on 
5 October 1978. No tailings have been conveyed to the impoundment, and 
no further dam construction has taken place since that date. Three 
inspections by various MESA personnel were made of the Cadet Mine Tailings 
Dam on 10 September 1975, 20 August 1977, and 20 September 1978. The 
reports of these investigations dated 10 September 1975, 25 August 1977, 
and 28 September 1978, respectively, are presented in Appendix B. These 
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reports state that the dam has been raised by the upstream method of con- · 
struction. It was not evident .. at the time of this inspection which method 
of construction has been used .since no construction was in progress. 

The third inspection report, which recommended the closure of the tailings 
disposal site because of questionable embankment stability, indicated 
that a stability analysis _was made by the Denver Technical Support Center 
of MESA. The results of this analysis, which ·was based on soil parameters 
obtained in laboratory tests of similar materials from a different site · 
and on assumed dam cross sectJons, are presented in Appendix B. Also 
included -in Appendix Bis a report to the Hornsey Brothers Mining Company 
from MESA outlining the requirements which must be met before the tailings 
impoundment could be placed in operation again. 

A report by J ~ H. Wi 11 iams of the Missouri Geo 1 ogi cal Survey dated 12 
September 1975 and entitled "Engineering Geologic Report on the Hornsey 
Brothers Tailings Dam" indicates that although the dam was high and had 
significant seepage, no signs of failure were evident. An addendum to 
this report dated 1 September 1977 indicated that seepage rates were 

. higher and gravel slumping had occurred along portions of the dam. This 
report and addendum are presented in Appendix B. 

No spillway exists at the Cadet Mine Tailings Dam. The Hornsey Brothers · 
stated that larger screen and bull rock was used to widen the dam crest 
at its low point to provide an area that could safely conduct water over 
the dam when required. This low point is located near the southeast · 
corner of the impoundment at Station 8+00, and the crest width in this 
area at the time of inspection was about 50 feet. 

2. 3 OPERATION 

No operating records are known to exist. Ta i1 ings have not been conveyed 
to the impoundment since October 1978 when the tailings disposal operation 
was shut down by MESA. The out fl ow of ·surface runoff, if great enough, 
would pass over a widened portion of the dam crest at its low point near 
the southeast corner of the impoundment at Station 8+00. The inflow pipe 
located at Station 21+93 would not function as an outlet pipe because 
of the presence of a pump in the pipeline. 

2.4 EVALUATION 

a. Availability. No design or construction r~cords were available. 
The only design and construction information available to the inspection 
team was that obtained through verbal communication wi t _h John, Lewis, 
and Walter Hornsey, partners of Hornsey Brothers Mining Company and that 
contained in inspection reports by MESA. 

b. Adequacy. No written records exist to substantiate the cross 
sections used in the stability analysis done by the Denver Technical Support 
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Center of MESA. Therefore, conclusions concerning the safety of the 
dam ·should not be based on this information. 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 II were not avail ab 1 e, and this 1 ack of ·; nformat ion 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. The dam may not have been constructed as shown on the 
cross sections used in the stability analysis done by MESA and conditions 
of seepage and stability have probably changed since the impoundment 
operation was shut down in October 1978. No design or quality control 
records are known to exist. 
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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 27 August 1979. John, Lewis, 
and Walter Hornsey, partners of Hornsey Brothers Mining Company met with 
the inspection team prior to the inspection, and provided information 
about the construction and operating history of the impoundment and the 
shutdown by MESA. The impoundment created by Cadet Mine Tailings Dam 
contains barite tailings. Tailings have not been conveyed to the impound­
ment since October 1978. Photographs taken during the inspection are 
includ~d in this report. The field locations of the photographs are 
shown on Plate 6. 

b. Project Geology. The impoundment watershed is covered by a 
residual reddish-brown clay containing gravel, ro~k fragments, and 
boulders of barite, chert, and quartz druse. Soil cover is estimated 
to be as much ~s 30 feet thick. The underlying bedrock is mapped as gray 
dolomite of the Cambrian age, Potosi Formation. Bedrock was not observed 
in the reservoir area. 

c. Dam. The plan of the dam is shown on Plate 3. The profile 
and cross sections of the dam are shown on Plates 4 and 5. 

·The dam embankment itself is practically free of vegetation. Some small 
trees and brush were observed to be growing out of the embankment at a 
few locations on the downstream slope. Some brush and trees were growing 
out of the embankment at the south end of the impoundment adjacent to 
the paved road and appeared to be rooted in the foundation. . A few dead 
tree snags_ were observed protruding through the embankment slope along 
the east leg of the dam. Some vegetation was noted to be buried at the 
downstream toe during dam enlargements, and dense forest exists immediately 
downstream of the north leg of the dam. Gras~es are growing on the tail­
ings surface. 

No detrimental settlement, depressions, cracks, sinkholes, -~rosion, 
piping, or animal burrows were observed in or near the dam. Some minor 
suface ravelJing was evident at a few locations along the downstream 
face of the dam. 

Seepage was evident at many locations along the east leg of the embank­
ment at the contact between the dam and foundation. No seepage issuing 
from the dam face itself was observed. All the seeps observed were 
flowing at less than 1/2 gpm, and the flow from all the seeps was clear. 
Many seeps were too small to estimate a flow, and other areas along the 
toe were wet but had no detectable seepage. 

It appeared that a ditch had been cut along the base of the north leg of 
dam. The ground below the brush and dead leaves in this ditch was wet, 
but no seepage was visible. A small seep, less than 1/4 gpm, was observed 
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flowing clear at the base of the north leg, cross-valley dam at its maximum 
section, Station 29+00. The only other seepage noticed along the north 
leg of the dam was toward the left abutment at the base of a widened 
portion of the embankment where screen and bull rock had been dumped. 
The flow was about 1/2 gpm and clear. 

A spring emerging from the natura 1 ground was found · ·approximate 1 y 600 
feet downslope of the east ridge embankment in the area of Station 18+00. 
Boiling s~nd was observed at the spring. Flow was clear and estimated 
to be in t~g range of 2 to 3 cf s. The water temperatur_e was estimated 
at about 50 F. Discharge from the spring flows into a small pond 
impounded by a small earth embankment about 200 feet long and having a 
maximum height of 20 feet. The pond is located approximately 500 feet 
downslope of the east ridge embankment at Station 22+00. During operation 
of the tailings disposal site, ~ater was pumped from this pond into the 
impoundment and used in the milling process. The Hornsey Brothers 
stated that water from the tailings impoundment was being transmitted 
through bedrock to the spring, and that there has been a history of prob-
1 ems with the pollution of the spring and a we 11 i nsta 11 ed by the previous 
downstream property owner. The Hornsey Brothers reported that sometime 
between 1970 and 1971 a state geologist put dye into the tailings impound­
ment to check seepage into the downstream spring and claimed that the 
spring was fed by the tailings impoundment. 

The elevation difference between the dam crest and the tailings surface 
adjacent to the dam ranged from about 6 to 13 feet. There is no slope 
protection on the upstream slope which is composed of sands a~d angular 
gravels, finer than 3/4-inch. The only slope protection on the down­
stream slope is provided by the larger screen and bull rock. These 
materials were dumped at the dam low point at Station 8+00 and near the 
left abutment to widen the crest and at a few other locations along the 
downstream face. They do not blanket the entire face of the dam. 

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. There was no evidence of clearing or stripping of 
the foundation at either abutment. 

d. Appurtenant Structures. The only appurtenant structure at this 
dam is a 10-inch diameter steel inflow pipe located at Station 21+93. 
This pipe would not function as an outlet because of the presence of a 
pump in the pipeline. 

e. Reservoir Area. The watershed area is defined by the mine service 
and access roads connecting the dam crest. No evidence of landsliding was 
observed in the reservoir area. Some erosion was noted on mine service 
and access roads around the mill area. There are no upstream structures 
within the watershed of this dam that would be subjected to backwater 
flooding. The tailings in the impoundment consist of soft silty clay that 
~ave been deposited by hydraulic metnods. Grasses ·are growing on the tail-
1 ngs surface, and dead tree snags protrude through the tailings along the 

- 9 -



west side of the tailings deposit near the mill. Although no tailings 
have been deposited since October 1978, minimal consol.idation of the tail­
ings has probably taken place. · 

f. Downstream Channels. The natural downstream channel below the 
north 1 eg of th.e dam is an unnamed tributary to Mi 11 Creek and is unde­
ve 1 oped and heavily forested. This drainage joins Mill Creek about 2500 
feet downstream of the dam. A small channel or ditch along the south end 
of the impoundment adjacent to 'the paved road would carry diverted runoff 
around the toe of the embankment between Station 4+00 and 7+00. This 
ditch has been described in Section 1.3.j. Diversion Ditches. 

3.2 EVALUATION 

Although no tailings have been deposited behind the dam since October 1978, 
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 tail­
ings surface. If the water level were to rise above the tailings surface 
adjacent to the dam due to flood runoff, there could be significant seep­
age through the embankment. which could adversely affect the stability of 
the dam. 

Seepage and wet foundation soils were observed along a considerable 
portion of the embankment toe which could adversely affect the stability of 
the dam. Although no slope instability other than minor surface ravelling 
was observed, the downstream embankment slope is at or near the angle 
of repose of the gravels and rock comprising the dam. The long-term sta­
bility of the dam can not be evaluated until seepage and stability analyses 
are performed. 

This dam has no outlet or spillw~y. Overflow would pass over the dam crest 
low point at Station 8+00. Although the dam crest is wider at this loca­
tion and larger screen and bull rock has been dumped in the downstream por­
tion of the dam at this location, flood discharges could cause erosion 
of the embankment materials and could threaten the stability of the dam 
during overtopping. As stated earlier, the embankment is a relatively 
porous granular structure, and flow would be passing through the embank­
ment as well as over its top during overtopping. 

The embankment has encroached onto the paved road at the south end of the 
impoundment. The roadside drainage ditch has been blocked and runoff in 
this ditch could cause erosion of the embankment toe in this area. 
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SECTION 4 - OPERATIONAL PROCEDURES 

4.1 PROCEDURES 

No regulating prricedures are known to exist for t~is dam. The tailings . 
impoundment operation wa·s -shut down in October 1978. The outflow of sur­
face runoff, ·if great enough, would pass over the dam crest low point 
at Station 8+00. 

4.2 MAINTENANCE OF DAM 

Information available to the inspection team indicates that the dam .is not 
regularly mai~tained. 

4.3 MAINTENANCE OF OPERATING FACILITIES 

There are no operating facilities at this dam. · Not ~pplicable. 

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 an increase in the volume or turbidity 
of emerging seepage. A maintenance program should be initiated for the 
dam. 
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SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES 

5.1 EVALUATION OF FEATURES 

a. Design Data. The significant dimensions of the dam are presented 
in Section 1 - Project Information, and in the· accompanying field survey 
drawings, Pl ates 3 throug·h ·· 58. No hydro 1 ogi c or hydraulic design i nforma­
t ion is available. 

For this evaluation, the watershed drainage area and reservoir area-eleva­
tion data :were obtained f~om a Surdex aerial photograph, scale: 1 inch= 
1000 feet, 14 June 1978, and from survey data. The watersh~d drainage area 
was checked against an area obtained from the USGS Mineral Point, Mo., 
1958, 7.5 minute-series, 1:24,000 scale, topographic quadrangle, and was 
found t'o be th·e same. 

The total drainage area including the tailings impoundment at Cadet Mine 
Tailings Dam, I.D. No. 30715 is primarily enclosed by the embankment and 
is approximately 47 acres (0.073 square miles). The watershed location 
and drainage boundary are shown on Plate 2. In order to obtain the 
active storage capacity, spot surveys of the tailings elevation were 
transferred to an ·aerial photograph and used as a guide to develop 
contours on the tailings surface. 

Most of the drainage _area is covered by dispos~d tailings resulting from 
barite mining. For computations of 11 basin11 characteristics, a lag time of 
0.1 hour and a runoff curve number (CN) of 100 were assumed for the com­
putations of flood runoff for the tailings and water within the impoundment. 

The input data and computed parameters, ·such as basin lag time, unit hydro­
graph, probable maximum precipitation, and the reservoir elevation-area­
capacity data are presented in Appendix A. As shown in the computer print­
outs, the reservoir surface areas are actual surface areas corresponding 
to the elevations shown. The capacities, computed in .the computer program 
by the Conic Method, are the active capacities at the given elevations 
above the tailings. · 

No spillway is present at the dam. The 10-inch diameter inflow_pipe run­
ning through the embankment at Station 21+93 would not function as an out­
let pipe bec~use of the presence of a pump in the pipeline. Single gravel 
windrows along· the edges of the dam crest were neglected in selecting crest 
elevations. The low point of the dam at the center of the crest . is located 
at Station 8+00 and is El. 834.2 feet. 

Computations of the discharge rating curve for flows over the d~m crest 
were made by using the weir flow formula with a weir coefficient of 
C = 2.7 for the dam crest. The discharge rating curve for flows over the 

· dam crest is shown i~ Appendix A, under the input data listing as Y4 and 
Y5 cards . The o~ertopping analy~is was based on the effective crest 
elevations as surveyed on the dam crest. 
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b. Experience Data. Rainfal 1, streamflow, and flood data for the 
entire watershed are not available. There is no evidence of historic dam 
overtopping. 

c. Visual Observations. Visual observations· are · discussed in 
Section 3 - Visual Observations. 

During the field inspection, ,.it was observed that the low points of the 
tailings were submerged in wat_er. The pond water surface elevation was 
El. 829. 6 feet on the date of survey (see Plate 3). 

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. The probable maximum flood is defined 
as the hypothetical flood event that would result from the most severe 
combination of critical meteorologic and hydrologic conditions that are 
reasonably possible at a particular location or region. 

The computed floods were routed through the · reservoir using the Modified 
Puls Method of flood routing. For all cases of the reservoir flood routing, 
the starting water surface elevation was set at El. 829.6 feet, the· observed 
water surface elevation behind the embankment. 

Results of the overtopping analyses indicate that the dam is able to 
retain the 100-year flood . . The studies indicate that the dam can retain 
about 75 percent of the PMF without overtopping the.minimum dam crest at 
El. 834~2 feet. 

Results of the overtopping analyses are reported in Appendix A and sum­
marized below: 

Max Depth 
Peak Peak Max Over Min. 

Inflow Outflow WS Elev. Dam Crest 
Flood (cfs) (cfs) (ft) (ft) 

50% PMF 509 0 833.2 0 
75% PMF 763 0 . 834.1 0 

PMF 1017 44 834.7* 0.5 

* Dam overtopped (Minimum dam crest El. 834.2 feet). 

Duration 
Overtopped 

(hrs) 

31.8 

Note: Water surface elevations and depths over the minimum dam crest 
include the velocity heads corresponding to the velocities computed 
for the various flow depths for the overtopping section. 
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SECTION 6 - STRUCTURAL STABILITY 

6.1 EVA.LUATION OF STRUCTURAL ·STABILITY 

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

. b. Design and Construction Data. No design or construction data 
pertaining to the .structural stability of the dam were available. Seep­
age and ~tability 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 
stabilityanalyses should be performed for appropriate loading conditions, 
including earthquak~ loads, and made a matter of record. 

c. Operating Records. No operating records for the pump and inflow 
pipe are known to exist . 

. d. Post~Construction Changes. No post-construction changes were 
apparent. 

e. Seismic Stability. The dam is located in Seismic Zone 2, as 
defined in the Uniform Builidng Code. There appears .to be · a potential for 
instability caused by ground shaking during earthquakes where the dam over­
lies soft saturated clay foundation soil. Some crest settlement 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 slope. 
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES 

7.1 DAM ASSESSMENT 

a. Safety. The Cadet Mine Tailings Dam has several deficiencies 
that should be corrected. (1) The seepage occurring along a considerable 
portion of the embankment toe and the associated soft saturated soil con­
ditions could adversely affect the stability of the dam. (2) The toe of 
the embankment encroaches onto the paved road ·along the south end of the 
impoundment and blocks the roadside drainage ditch. (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 dam has no outlet 
or spillway to remove storm runoff. It was computed that the .dam can 
retain about 75 percent of the Probable Maximum Flood (PMF) without over­
topping. The PMF is the flood that may be expected from the most severe 
combination of critical meterologic and hydrologic conditions that is 
reasonably possible in the region. The "Recommended Guidelines for Safety. 
Inspection of Dams II specifies that the spi 11 way design flood for this dam 
should be the PMF. Although the hydrologic analysi~ shows the dam capable 
of retaining 75 percent of the PMF without overtopping, ·there could be 
significant seepage through the embankment when the water .level rises 
above the tailings level adjacent to the dam, because the embankment is 
a relatively porous granular structure above the tailings surface. This 
seepage could adversely affect the stability of the dam. 

b. Adequacy of Information. No detailed design or construction data 
were available. · Three inspection reports of the Cadet Mine Tailings Dam 
by the U.S. Department of the Interior, Mining· Enforcement and Safety Admi n­
i strat ion (MESA) and results of a stability analysis made by the Denver 
Technical Support Center of MESA were available and are presented in 
Appendix B. No written records exist to substantiate the assumed cross 
sections used in the stability analysis, and conclusions concerning the 
safety of the dam are not based on this information. 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 available, and this lack of data is considered a deficiency. 

The only available topographic map at the time of this inspe~tion is the 
USGS Mineral Point, Mo., 1958, 7.5 minute series, 1:24,000 scale, topo­
graphic quadrangle with contour intervals of 20 feet. Results of the 
hydrologic studies could be changed if larger scale and more .YP 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 th.e aeri a 1 photograph. . This data is considered 
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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 embankment overtopping potential. 

c. Urgency. The Phase I inspection indicated apparent deficiencies 
in the condition of the dam. Seepage and stability analyses, and initia­
tion of measures to increase the storage capacity of the dam to safely 
retain the PMF, or to provide an outlet or spillway with adequate erosion 
protection to safely pass the_ PMF should be given priority. 

d. Necessity for Phase II. No Phase II investigation is recommended; 
however, additional investigations are recommended as outlined in Section 
7.2.e. 

7.2 REMEDIAL MEASURES 

The following remedial measures are recommended: 

a. Control of Seepage. Specific remedial work sh6uld be addressed 
to controlling seepage and safely conducting it away from the toe of the 
dam to prevent ponding and saturation of found~tion soils . . This remedial 
work should be based on appropriate analyses of this condition and should 
be performed under the direction of a professional engineer experienced 
in the design and construction of tailings dams. 

b. Removal of Trees and Brush. An engineer experienced in the design 
and construction of tailings dams should direct the removal of trees, dead 
tree snags, and brush from the dam that could cause a potential seepage 
hazard. 

c. Overflow Provisions. The existing dam was calculated to be 
capable of retaining 75 percent of the PMF without overtopping at its 
m1n1mum dam crest El. 834.2 feet at Station 8+00. To comply with the 
"Recommended Guidelines for Safety Inspection of Dams" for a dam of this 
size and hazard potential, freeboard should be increased to provide greater 
storage capacity so that the dam is capable of safely retaining the PMF, 
or an out 1 et or a spillway should be constructed so that the_ PMF can be 
passed without overtopping the dam crest and without significant erosion 
of the spillway or embankment. The decision to increase freeboard or pro­
vide an outlet or spillway may be dictated by any intentions to reactivate 
the tailings disposal operation. An increase in freeboard m~st be con­
sidered in seepage and stability analyses as described in Section 7.2.e. 

d. Embankment Realignment. The roadside drainage ditch at the 
south end of the impoundment where the exterior embankment slope en­
croaches onto the paved road should be cleared. Realignment of the 
embankment at this area between Station 4+00 and 7+00 should be accomp­
lished if there are any intentions by the owner to reactivate the tailings 
disposal operation. This area is at,the upstream end of the impound­
ment, and the tailings depth behind the embankment here is shallow 
enough that this realignment could be accomplished without too much 
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di ffi cul ty. . This work should be performed under the direction of a 
professional engineet experienced in the design and construction of 

:tai 1 i ngs dams. · ·· 

e. 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 ~e 
significant seepage through the embankment which could adversely affect 
.the stability of the dam. · Inc 1 uded in these analyses, therefore, seepage 
and .stability computations should be performed with the reservoir water 
surf ace set at the top of the dam. , If f reeboard wi 11 be increased so that 
the dam wi 11 retain the PMF without overtopping, the analyses _should be 
performed with the reservoir water surface s·et at the maximum pool (PMF) 
level, and :the added embankment height should be considered in the stability 
analysis . . 

The nece~sary 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 b.e done under the direct ion of a profes·s i ona l engineer experienced 
in_ tailihgs dam design and con~truction. 

f. 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 incl'ude indications of instability, such as cracks in the 
embankme(1t, ·: sloughing, erosion, sudden settlement, ·or an increase in the 
volume or turbidity of seepage. Records of these inspections should be 
maintained, and a·ll maintenance and remedial measures made to the dam 
should be documented. 
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APPENDIX A 

HYDROlOGIC AND HYDRAULIC ANALYSES 

The hydrologic and hydraulic analyses were accomplished by using the · 
computer program "Flood Hydr_ograph Package, HEC-1, Dam Safety Investi­
gations ·version, July 197811

. -- This program was developed by the Hydro­
logic Engineerfog Center, U.S. Army Corps of Engineers, Davis, Cal_ifornia. 
The criteria and methodology used are briefly discussed below: · 

• Probable Maximum Precipitation (PMP) - The 24-hour PMP was 
obtained from Hydrometeorological Report No. 33._ The 6-hour 
and the 1-hour depth-duration distributions followed Corps of 
Engineers EM .1110~2-1411 criteria. . 

• 100-year and/or IO-year storms - The 24-ho~r storm amounts and 
·. d_i stri but ions were supp 1 i ed by Corps of Engineers, St.· Louis 
_District, Missouri. 

· · · • · Reservoir Area-Capacity - Areas were measured from ·u. S. G. S. 
topographic .maps and/or from aerial photographs. Reservoir 
elevations and corresponding surface areas were input .in the 

·computer program, which determined the reservoir capacities 
by the Conic Method. · 

• Flood Routing - The Modified Puls Method was used for all 
. flood routing an·d dam overtf?pping analyse$. 

The following pages present the input data listing, the computer . pro­
gram version and its last modification date, together with pertinent 
computer printouts of results. Definitions of ·a11 input and ·output 
variable· names are presented in the September 1978 computer program 
11 Users Manual", and are not explained herein. 
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l. 0 t o.qo ''° • l .s • l .s •,00 17. 1.02 b.40 184 o.oo o.oo o.oo o. 

l • 01 e,.':>o 41 . n . n -.oo 17 • 1.02 b,SO 18'; o.oo o.oo 0,00 o. 
l , 0 l 7,00 IJ2 • ll .u ,00 H, l,02 1,00 i8b 0,00 0,00 0. oo o. 
I. 0 l 1, 10 q} • 1 l .13 •,00 37. l,02 7,10 187 0,00 0,00 o.oo o. 

l • u 1 7,20 1.14 , 11 • I 3 ,00 31, l,02 7,20 188 0,00 0,00 0,00 o. 
l , 0 l 1.10 45 , 13 • ll -.oo 31. 1.02 7,10 t8q o.oo o.oo o.oo o. 
l , 0 l 7,40 4b ,U , ll • oo 37 • 1.oi 1, LIO 190 o.oo 0,00 o.oo o. 
l • I) l · 7, 50 41 ,13 • 13 • oo 31 • 1.02 1. so 1q1 o.oo o.oo 0,00 o. 
t , 0 l 6,00 qi; • 1 l • 1 l ,00 37, 1,02 8,00 1qz o.oo 0,00 0,00 o. 
l • I) l ti. l u qq , l 3 , ll .oo 37. 1.02 8, l O 191 0,00 0,00 o.oo o. 
l • tJ l R,20 50 • a:s .11 ,00 H • 1.02 8,c?O 19'4 o.oo 0,00 0,00 o. 
l, 0 l s • .so ':>l .u • l j ,00 H, l, 02 8,.SO 1<15 0. oo. o.oo 0,00 o. 
I.\) 1 8,~o 5i:? , 13 .13 -.oo 31,. 1,02 8,40 1% o.oo o.oo o.oo o. 

l • " l 8,50 ~l • l .s .11 .oo H, 1.02 e. c;o l<I/ 0,00 0,00 0,00 o. 
1,01 q, 1.10 c;q • l ~ • l .s -.oo H, l. Oc? q,oo 198 0,00 o.oo o.oo o. 

l • II l q, l O ':,';, , 1 l • 1 l ,VO H. l,Ol q,10 l q11 0,00 o.oo 0. oo o. 
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!,Ol . <l. 20 Sb . n • t l .oo . H. I• 02 . q.c'O zoo o.oo o.oo o.oo o • 
1.01 q• .>O . 'H .11 .11 .oo 37. 1.02 q.10 c?O 1 o.oo o.oo o.oo o • 
, • 01 q,uo 58 • 1 .3 .u • • 00 . .37. 1.oz q.40 zoz o.oo o.oo o.oo o. 
I • ll I q.';;0 5q • l.S • u .oo ·31. 1. u2 · c.J.So i'03 o.oo o.oo o.uo 0 • . 

l • 0 l 10.00 bO • u • l 3 -.oo 37, a.oz 10.00 20'1 o.oo o.oo o.oo o. 
1 • 0 l 10.10 bl • u •. 13 -.oo Ho· 1.02 10.10 205 · u.oo o.oo o.oo o. 
I • 01 10.20 · bZ • t3 • n · •,00 17, 1,02 10,20 20b o.oo o.oo o.oo o. 
l • 0 I 10.10 bl . n , 13 .oo 31, 1.02 10,lO 207 0,00 o.oo o.oo o. 
I. U I l O • CIO b4 , I.S • I.S -.oo 17, l.Ol 10,qo 208 0,00 o,oo o.oo o. 
1. 0 I 1 o. c;o b5 . u • u -.oo 11 • 1.02 · to.so · toq o.oo 0,00 o.oo o. 
l. 0 I 11.00 bb • ll ,. , ll · •,00 n. 1,02 11, 00 . llO o.oo 0,00 o.oo o. 
I. 0 I 11.10 b7 ,ll .13 -.oo .H, 1. 02 11.10 211 o.oo o.oo o.oo o. 
1 • 01 11. 20 b8 • ll • l l -.oo 11. 1.0l 11.20 21 c! , o. oo· o.oo o.oo o. 
I. 0 I ll.30 t,q • n .11 •,00 H, 1.ol 11.10 21S o.oo 0,00 o.oo o. 
J. 0 l 11 • <JO 70 , 13 • ll -.oo 37, 1,02 l 1, Q O 2114 0,00 o,oo o.oo o. 

. 1.01 11.so 71 • 13 .11 -.oo 37. 1.02 11 •SO . 215 o.oo o.oo o.oo o. 
I • 0 I IZ.00 7Z • u • n .oo 37, .1.02 12.00 21& o.oo o.uo o.oo o. 
1 • 01 11.10 73 ·"" ,qq •• oo en, l,02 12.10 211 o.oo o,oo o.oo o. 
1.01 1 «?. 20 7Q ·"" . "" -.oo It'>, 1.02 12.20 218 o.oo o.oo o.oo o. 
l • 0 l 12.10 75 .144 ,44 .oo 125. l. 02 12,lO 21q o.oo o.oo o.oo o. 
l • 0 I 12.uo 1b • 44 . "" •.OO 12b, 1.02 12.00 220 0~00 o,oo o.oo o. 
1.01 12. c,o 11 .44 ·"" •,00 12b.; 1,02 12,50 l21 o.oo o.oo o.oo o. 
l • r, I 13.00 78 ·"" . "" .oo l2b, a.oz 13,00 zu 0,00 0,00 o.oo o. 
l. 0 I I S, IO 79 ,':>3 ,51 .oo 10, · I, Ol 13,10 Ul o.oo o,oo 0,00 o. 
l. 01 I .\, c?O 80 • c;J ,c;J . •,00 111q, I, Ol JJ,20 ll.4 0,00 0,00 o.oo o, 
l • 0 l ll. '30 81 .51 , ljJ .• • OIJ I~ I, l,U? ll, JO IH U,QO 0~00 0,00 c,. 

l • 0 l li.40 ~c! • s1 .53 -.oo l~l • , .ot I\ .AO Ub 0,00 ~.oo "· (10 
0, 

1 • 0 I 11.so 8l .53 ,53 .oo I':> l • 1.02 1.s. 50 227 o.oo o.oo o.oo o. 
1.01 IQ,00 84 .~3 . ,53 •,00 lSl, I.Oc 14,00 228 : o. 00 0,00 o.oo o. 
1.01 .1 q. IO 85 ebb .t,b -.oo 177. 1.02 14,10 zzq o.oo o,oo o.oo o·. 
I • o 1 14.ZO Ab ,bb .bb -.oo l8b. 1.02 I 4 • c?O 230 o.oo o.oo o.oo o, 
l. 0 l 1 LI• ~0 87 • bb .&& •,00 I 8Cf, ,.02 lLl,lO 231 o.oo 0,00 o.oo o. 
1. o I l 14, QO 88 • bb • bb • oo 1811 • l,Oc? 14.140 212 o.oo 0. 00 . o.oo o. 
1. 0 l 11,. 50 eq .bb • t,t, -.oo .. ~q. I. uc? tu.so 2H o.oo o.oo ·O • 00 o. 
1 • 01 , ., • 00 qo ,bb • t,t, •• oo 1811 • 1.02 1s.oo 214 o.oo o.oo o.oo o. 
1. 0 l I c; • . l O qa • t>O • t>O .oo 178. 1 • 02 l c;, IO 2 SS o.oo o.oo o .• 00 o. 
l • 0 l .~.20 <12 1.00 1.00 -.oo 251 • I. 02 15.20 2.Sb o.oo o.oo o.oo 0, 
1. O l l '3 • \0 q_s l • bl 1. 61 .oo ,n1. 1.02 l fj • .so 2H o.oo o.oo o.oo o. 
I • 0 1 1.,. "\J 114 Q.~2 a.s2 .oo IO l7 • I. 02 15.40 2.S8 o.oo o.oo o.oo o. 
l • 0 l 15.SO q5 l.lt I, 11 .oo bib. 1.02 15,SO z3q o.oo o.oo o.oo o. 
I • 0 l lt>.00 qb • f\Q ,AO • 00 Bii. 1.02 lb,00 lQO o.oo o.oo o.oo o. 
1. 0 l 1 b, IO q7 .b2 .&2 -.oo 21M. I• 02 l t,. IO 201 o.oo o .. o.o o.oo 0, 
1. O I lb.20 98 • bl ,bl .oo 18b • l,02 1 b. it'(} 2'12 o.oo o.oo o.oo o. 
l • 0 I lb,10 qq .t>2 • bl .oo 178. 1.02 lb.30 l43 o.oo 0,00 0,00 o. 
1 • 0 I lb,40 1'00 .b2 ,bl .oo 177 • 1.02 1 t, • 110 244 o.oo o.oo o.oo o. 
1. U l lb.50 l O 1 .bl .b2 .• • 00 l 77 • l • Oc? lb.SO 245 o,oo 0,00 o.oo o. 
I • 0 I . 1 I, 0 0 102 ,b2 ,&2 .oo 177, 1.02 17,00 2Qb o.oo o.oo o.oo 0, 
l • 0 1 17. IO 105 .• Qt3 ·"8 •• oo 151. 1.02 17,tO 2'H o.oo o.oo o.oo o. 
1. O I 17,20 lOQ .48 .116 -.oo 142. l.Oc? l 7, 20 2'18 0,00 o.oo o.oo o. 
I. 0 I 17.30 : 1 o·s , Cl8 ,48 -.oo 139. ·1. oz 17,10 z4q o.oo 0,00 o.oo o. 
l • \) l . 17 0 40 10b .Q8 ,48 .oo 1111. . 1. 02 17 • 40 250 o.oo o.oo o.oo o. 
I • u 1' 17.50 107 .48 .46 ·.oo 13q. l,02 17,50 251 o.oo o.oo o.oo o. 
l. 0 l 16.00 108 • 48 .'18 .oo 139. 1.02 18,00 2c;2 o.oo 0 .oo. o.oo 0, 
I • 0 t I tt. Io 10<1 .OQ ,04' .oo 54. 1.02 1 a. 1 o· z~.s o.oo o.oo 0,00 o. 
I. 0 I 11~.c?O 110 • 0'4 .04 .oo 22. I• oc? 18,20 254 o.oo o.oo o.oo o. 

·- 1 • 0 I I A.. 30 l I 1 .04 • O'Q .oo 1'1, •• 02 18,30 251, o.oo o.oo o.oo o. 
l • 0 l IR.4'0 112 • Oil .oq · ·.oo 15, 1.02 · I 8. 40 25b o.oo o.oo o.oo o. 
1 • 0 l at\. St> 111 . • 04 ,04 1-~ ,oo 12. 1.02 18.50 257 o.oo o.oo o.oo o. 
I• 01 l q, 00 · 11 a • 04 .oa _. • 00. 12, t. Oc? 1'1.00 258 0,00 o,oo o.oo 0, 
l • 0 1 P1, l O 115 .04 .o4 .oo -· . 12, 1.02 1<1,10 zsq o.oo o.oo o.oo o. 
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l • 0 t 1q.20 l l,., .oq .oq .oo 12. 1, 02 1q.20 2b0 o.oo o.oo 0,00 o. 
1, 01 lQ,.JO 117 ,04 • OCI -.oo 12. 1.02 19,lO Zbl 0,00 o.oo o.oo o. 
1 • 0 1 I q• CIO 118 ,04' ,04& .oo 12. •• 02 1q,110 21.>2 o.oo o.oo o.oo o. 
1 • 0 l l<l.50 119 ,04 • oq .oo 12 • 1,02 19,50 21.>l o.oo o,oo o.oo o. 
1. 0 I 20,00 120 • o"- .oq •,00 12 • 1.02 20.00 lb4 o.oo o.oo o,oo o. 
I. 0 l 20.10 121 ,oq ,oq ,00 12. 1.02 20,10 2b5 o.oo o,oo o,oo o. 
l. 0 l 20.20 in .04 ,Oq .oo ll, 1.02 20.20 lbb o.oo o,oo · o.oo o. 
l. 0 l 20,30 123 ,OQ .oq .oo ll. 1.02 20.10 lb7 0~00 o.oo o.oo o. 
t • 0 I 20,40 ll4 • 04 ,Oq sOO 12. 1.02 20,40 cb8 o.oo o.oo 0,00 o. 
l. 0 I 20.so I ?.5 • 04' , 04 -.oo 12, 1,02 lO,'>O 209 o.oo o.oo 0,00 o. 
l • 0 l 21.00 12& ,04 , 04 .oo l 2 •. 1,02 21,00 270 0,00 0 .oo . o.oo o. 
1 ·• 0 I 21.10 127 .o4 • 04 .oo 12. 1.02 21. t O 271 o.oo o.oo o.oo o. 
1. 0 l ·. il,20 128 ,oq ,04 .oo 12. 1.02 21 ,c?O 272 o.oo 0,00 o.oo o. 
1 ·• 0 I c? •• \0 'i29 ,04 ,04 ,00 12. 1.02 21,30 271 o.oo 0,00 o.oo o. 
l. 0 I cl• 40 130 ,04 ,04 ,oo 12, 1.02 21, 110 274 0,00 o.oo o.oo o. 
l. 0 l 21. 'lu l .H .u4 ,04 ,00 12. 1.02 21.so 215 o.oo o.oo o.oo o. 
l • 0 l 22.00 112 • o ... ,04 -.oo I c? • 1,02 22~00 270 o.oo 0,00 0,00 o. 
I , O l U, 10 lH • (14 • 04 ,00 12 • 1,02 22, lO U7 o.oo 0,00 o.oo o. 
I , 0 l 22.20 134 ,oq ,Oq •,00 12. 1.02 22.20 278 0,00 0,00 o.oo o. 
1.01 .?2 .10 IJ5 ,04 ,04 .oo 12. 1,02 22.10 279 0,00 0,00 o.oo o • 
l • 0 I cc.qo llb ,04 ,04 ,oo 12, 1.02 22,QO 280 0 • \)0 o,oo o.oo o. 
I. 0 I U,'JO lH ,04 • QC, ,00 12 • 1.02 22,c;o 281 o.oo 0,00 o.oo o. 
I • u l 21.00 156 .04 .oq ,00 12. 1.02 21.00 .?Bl. o.oo 0,00 o.oo o. 
I. 0 I ,B. 10 l H ,O't ,oq -.oo 12. I , 02 21.10 281 o.oo ·o. oo o.oo o. 
l. u l 2i,2u I LIO ,04 ,04 ,00 12. l,Oc? H.20 c?64 o.oo o,oo 0,00 o. 
l • 0 1 2j,,S0 141 ,04 ,04 .oo 12. 1,02 2.:s. lo 26S 0,00 o.oo o.oo o. 
l • 0 l l. \ • 40 I 4c? .u4 • 01.6 .oo 12, 1. 01 21,'tO 28b u.oo o,oo : o.oo o. 
I. O I cj,5o 141 .04 ,04 ,00 le?, ·I, Oc? Zl,SO l81 0,00 0,00 o.oo 0, 

I • O c? o.oo l 44 • 0'6 ,04 ,00 12. l, 0 l 0,00 288 o.oo 0,00 o.oo 0 •· 

SUH H.b7 H,b1 .oo qt,24, 
( 65'),)( 6~~.)( 0.) ( 27Z,S2) 

PL4f< ••ttOUH 2hHOUR 7l•HUUH tOTAL ~U\.UME 
Cf S l O 17, Z06, • b 1. H, 9o41. 
CMS l9, b, l, I • Z 13, 

INCHt:.5 20.1q 1°1, b5 H,bb H,bb 
HM C>bS, zq 8~4.C,«1 tsSS,07 8~5,07 

AC•ft 103, lH, lH, IH, 
THOUS CU H 127, 

l "". 
l b4, l t,4 1 
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•••••••••• •••••••••• • ••••••••••• •••••••••• ********** 

HYOROGRAPH ROUTING 

PHf ROUTING THROUGH CLOSED SYSTEM 

lSUQ ICOHP IECON JTAPE JPLT JPHT INAHE ISUGE JAUTO 
PONO I 0 0 0 0 l 0 0 

ROUJING DATA 
QLOSS CLOSS AVG lHl:S ISUtl:. lOPT IPHP LSTR 

o.o 0.000 o.oo l 0 0 0 0 
NSTPS NSTDL LAG .AHSKK )C 1 Str STOfU I SPRAT 

I 0 0 0.000 0.000 0.000 •8l0 .• •I 

STAGl 834.20 8.SCl.80 835 • l O 83b,OO 83b.llO 8.H, 00 837.110 

FLOW o.oo 50,00 121.00 &10.00 1200.00 2&00.00 3q50.oo 

SURFACE AREA: o. 2. 11 , 30. 3q, lb. 40, Q4' 

CAPACITYa o. l. q. zq. bl~ <lb. 2118. 542. 

HE VAT ION a 826. 630. 811. 832. en. e.sa. 838. 8~5. 

CRH SPWID COQW EXPW ELEVL COQL CAREA EXPL 
e1q.z o.o o.o o.o o.o o.o o.o o.o 

OAM OU.A 
TOPEL COQD EXPO OAHWJD 
63Cl,2 o.o o.o o, 



SU T ION PONO, PLAN l, RATIO 1 

ENO•OF•PlRIOO: HYOROGRAPH ORDINATES 

OUTFLOW 
o. o. o. o. o. o. o, o. -o. o, 
o. o. o, o. o. o. o, O, o, o, 
o. o. o. o. o. o. o. o. o, o, 
o. o. o. o. o. o. o, o, o, o. 
o. o. o. o. o, o, o. o. o, o, 
o. o. o, o. o. o. o. o, o. o. 
o. o. o. o. o. o. o. o. o. 0, 

. o. o. o, o • o. o. Oo o, o, o, 
o. . 0. o, o • o, o. - 0. o, o. o. 
o. o. o. o. o. o • o. 1. 7, 12, 

11. 22. lb, 10. . B. 3 7, 110 • 11.3. qq, 1111, 

t'3, 43, ' 112, II l • 110 • 39, 38, 37, 37, lb, 
JS, jU, JQ, 11, jJ, 32, 31, 31, JO, 10, 
29, 29, 28, 28. 2 7, 27. lb, lb, 25, 2!,, 
zc; •. ' l'I. i?Q. i? .3. c?l, 22. 22, 21, 20, ii!O • 
aq, 19, ,e·, 17. 17, I&, u,. 15, 15, 111. 
14, l Q • u. 13, 12, 12. 12, u. 11, I l. 
10. 10. l O • q, q, q. 8, e, 6, 8, 
7, 7, 7, 7, 1. b. b, b, b, b, 

5, s. s. s. 5, '). ". ,, . q, .. ' 
"· o, ". "· J, J, 1, }, 1~ J, 
3. 3. :\. .$. J. ,. ,, l. l, i, 
2. 2, 2, z. 2. 2, 2. l. 2, ii!. 
2, I• l. I • l • l • l. t. l • I • 
t. I• l • t • l • t. l • . l • 1 • I • 
I• I• I • 1. 1 • l. l, l. l. l • 
l. l • 1. l • 1. l. o. o, o, o. 
o. o. o. o. o. o. o. 9, o. o. 
o. · O, o. o. o. o. o. o, 
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PEAK fLUH ANO SfORAGE ([NO OF PlRl~O) SUHHAHY FOR HULTIPLf PLAN•RATlO ECONOMIC COHPUU HONS 
FLO•S IN CUBIC fElf PER SlCONO (CUBIC HETlRS PEA SECOND) 

ARlA IN SQUARE. MILES (SQUARE KILOMETERS) 

RATIOS APPLIED TO FLONS 
OPE RAT JON . STATION AHEA PLAN RAT 10 1 RATIO z RATIO 3 

.so .75 . • , 00 

HYOROGRAPH AT INFLOW .01 I 509, 7bJ. IO l7, 
( .1cn ( JQ,110)( 21,bO)( 28,80)( 

ROUTED TO PONO ,07 1 o, o, qq. 
( .aq> ( 0, 00 )( 0, 00 J( l ,2f>) ( 

SUMMARY Of DAM SAFETY ANALYSIS 

PLAN l ............... INJT UL VALUE SPILLWAY CHEST TOP Of DAM 
ELEVU ION 829,bO 83Q,20 8111,20 
SlOHAGE l. 101, 103, 
OUT FL Ow 0, o, 0, 

RA TIO MAX 1HU"1 HAXlHUH HOIMUH HAXlHUH DURA Tl ON TIME OF TlHE OF 
OF Rl:.SENVOIR OlPTH STOfUGE OUTF'LO" OVf.H TOP HU OUTFLOW FAILURE 

PHf w,S,l:.LEV OVER OAH AC•FT CFS HOUNS HOURS HOURS 

,so tB:S, l 7 0,00 b7, o, 0,00 o.oo O,UO 
,75 8114,11 0,00 100, o, 0,00 0,00 o.oo 

1,00 8314 1 71 • s1 l z .s • "". 31,81 18,17 o.oo 
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APPENDIX 8 

INFORMATION SUPPLIED BY OTHERS 

Item 

Evaluation of the Hornsey Brothers Impoundment Site 
near Cadet, Missouri - transmittal letter from MESA to 
IECO .· 

Report of IO .September 1975 Inspection and Evaluation . 
of the Cadet Mine Tailings Dam by MESA 

Report of 20 August-1977 Inspection and Evaluation of 
the Cadet Mine Tailings Dam by MESA 

Report of 20 September 1978 Inspection and Evaluation 
of the Cadet Mine Tailings Dam by MESA 

Letter to Mr. Lewis Hornsey from MESA Outlining Require­
ments for Tailings Impoundment Reactivation including 
MESA Design Guidelines for Mine Waste Piles and Tail­
ings Dams 

Stability Analysis of Cadet Mine Tailings Dam by MESA 
Denver Technical Support Center 

Engineering Geology Report and Addendum on the Hornsey 
Brothers Tailings Dam by J. H .. Williams 

Page No. 
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B-11 
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U.S. DEPARTMENT OF LABOR 
MINE SAFETY AND HEALTH ADMINISTRATION 

Box 1156 
900 Pinc Street 

Rolla, Missouri 6540 l 

Metal and Nonmetal Mine 
Health and Safety 

South Central Subdistrict 

September 18, 1979 

Mr. Jim Gray 
International Engineering Company 
220 Montgomery 
San Francisco, California 94104 

j .:.:: :r~ LJ 

(,: ' () •) 1 
"·' '-· · _ . ., 

Subject: Evaluation of the Hornsey Brothers Impoundment Site near Cadet, Missouri 

Dear Mr. Gray: 

Enclosed are the reports you requested concerning the stability of the Hornsey 
impoundment structure. You will note that these reports span a number of years. 
In that time, the impoundment structure increased in height significantly. Con­
str;uction method was observed by both our Rolla people cJld engineers from cur 
technical support Mine Waste Branch in Denver, Colorado. Construction by the 
upstream method was observed as I discussed with you by phone. 

I hope this information will be of some help to you. 

~~/ 
Supervisory Mining Engineer 

Enclosures 
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United States Department of the In_terior 

~11:'\'.l'.\:C ENF<)RCE:\1ENT :\~D SAFETY .'\l>~11NISTRATIO~ 

P.O. HOX ~r,'.lfi7~ J)f.~H~R FF.DERAL CE~TER 
J)F~\' ER, COLORADO 802~~, 

DENVER TECHNICAL SUPPORT CENTER 
~aste Impoundment Group 

Memorandum 

November 13, 1975 

0821 - W560 

To: District Manager, South Central District, Metal 
and Nonmetal Mine Health and Safety, Dallas, Texas 

From: Chief, Waste Impoundment Group, Denver Technical 
Support Center 

Subject: Site · Inspection and Evaluation of the Tailings 
Embankment and Impoundment at Hornsey Pit at 
Cadet, Hornsey Brothers Mining Company, I.D. 
~o. 23-00552, Washington County~ Missouri 

The enclosed report is based on a visual inspection of 
Hornsey Brothers tailings disposal site on September 10, 1975, 
as requested by your · subdistrict office at Rolla, Missouri. 
The company should be encouraged to comply with the rec­
omendations contained within the report. 

~~:r J, ~ ~ 
--Robert I. 'Flj imoto 

Enclosure w/ attachment 

cc: Assistant Administrator, Metal/Nonmetal Mine H&S 
Subdistrict Manager, Rolla, Missouri 
S. A. Stanin, Technical Support 
A. Z. Dimitroff, Denver Technical Support 
S. G. Sawyer, Pittsburgh Technical Support 
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UNITED STATES 

DEPARTMENT OF THE INTERIOR 

MINING ENFORCEMENT AND SAFETY ADMINISTRATION 

HEALTH AND SAF~TY TECHNICAL SUPPORT 

Inspection and Evaluation 
of 

Tailings Embankment and Impoundment 
Hornsey Pit at Cadet 

Hornsey Brothers Mining Company 
Washington County, Missouri 

September 10, 1975 

by 

G. W. Center 
Civil Engineer, DTSC 

and 
S. W. Dmytriw 

Civl Engineer, DTSC 

DENVER TECHNICAL SUPPORT ·cENTER 

A. z. Dimitroff, Chief 

Originating Office 
Denver Federal Center, Building 55 

Denver, Colorado, 80225 
Robert I. Fujimoto 

Chief, Waste Impoundment Group 
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Pursuant ' to a request by your subdistrict office at Rolla, Missouri, 
a visual inspection of the Horn~ey Brothers tailings embankment 
and irnpoundment was made on September 10, 1975, by G. W. Center, 
a n d S • W • D my t r i w , D en v er Tech ri i ca 1- Sup po r t C en t e r ; H • J . Luc a s , 
Metal and Nonmetal Mine Health an~ Safety, Rolla, Missouri; and 
J. II. Williams, Missouri Geological Survey. No mining company 
representative was present -during the inspection-~ However, 
following the inspection, a discussion was held with John Hornsey, 
co-owner. 

Location: 

The Hornsey Brothers tailings embankment and impoundment 
is located in an unnamed drainage on the left of Mill Creek 
of Big Ri~ei about 1.5 miles east of Cadet, Washingt~n 
County, Missouri. Tiff, Missouri is about 2.6 miles down­
stream. The geographic location is N 37°55'27", W 90°40'00". 

Description: 

The embankment is L-shaped, with the short leg a cross-valley 
type about 800 feet long at the north end, and the long leg 
a ridge embankment about 2100 feet long forming the right (east) 
side of the impoundment. The embankment is being constructed 
of gravel-size waste dumped along the crest and then pushed 
over the edge onto both slopes. The slopes vary from 32° to 
36°, which is near the angle of repose. The crest is about 
16 feet wide and the height increases from 30 to 45 feet northward 
along the eastern leg and reaches a maximum of 76 feet near 
the midpoint of the cross-valley portion. No foundation preparations 
were noted. Seepage was noted all along the toe of the embankment. 
There is no other outlet except for a low spot in the haul road 
at the abutment near the northeastern corner of the impoundment 
which could serve as a "spillway." 

The tailings enter the impoundment in a ditch in natural ground 
near the left abutment of the cross-valley part of the embankment. 
Clear_ water is pumped back to the plant from the upstream end 
of the impoundment. This procedure results in the coarser tailings 
settling _out near the left side of the impoundment while the 
slimes and water flow against the embankment. A make-up water 
line discharges into the impoundment immediately inside the 
eastern embankment near the northerly 1/3 point. The clean 
water is pumped· from a pond immediately below the eastern embankment 
which collects water seeping through the dam. The impoundment 
has a surface area of about 25 acres and a minimum f~eeboard 
of about 2.5 feet from the water surface to the embankment crest 
at the "spillway". Generally, the freeboard is approximately 
5.5 feet. 
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Conclusions: 

The Hornsey Brothers tailings embankment and impoundment 
is a _potential hazard. The embankment is of questionable 
stability because of the large amount of seepage, steep 
slope, and manner of tailings discharge that places the 
slimes and water against the embankment. As the embankment 
height is increased the safety factor will decrease. 

Recommendations: 

2 

These recommendations are based upon engineering crit~ria 
established for coal refuse embankments by Federal Regulations. 
It is expected that similar criteria for metal/nonmetal 
tailings disposal operations will be established at a future 
date. 

1. The tailings should discharge into the pond so that 
the coarse tailings settle out against the embankment and the 
slimes and free water are as far from the embankment as is 
practical. 

2. A stability analysis of the embankment should be 
made. A minimum safety factor of 1.5 static and 1.2 dynamic, 
under full anticipated design capacity, is normally considered 
a safe design value. If the embankment does not meet the 
minimum factors of safety, remedial measures should be under­
taken to increase embankment stability. 

3. Since there is no adequate spillway or outlet, the 
embankment should be maintained high enough to contain the 
runoff from a probable maximum precipitation with a freeboard 
of at least three feet. 

4. The make-up water· line discharge should be moved 
further into the pond to reduce erosion of the embankment. 

Acceptable hydrologic and hydraulic considerations are in­
cluded in the copy of the Design Guidelines attached to 
this report. 

~#.&:. 
Gustavus W. Center 

· civil Engineer, DTSC 

-4--£~--~ .-~;;:;:---~i{'w 
Civil Engin~er, DTSC 
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DENVER TECHNICAL SUPPORT 'CENTER 
Min~ W~st~ Branch 

Memorandum · -

August .25, 19 77 

D1433 - W910 

To: District Manager, South Central District, Metal an<l 
Nonmetal Mine Health and Safety, Dallas, Texas 

Through: Chief, Mine Waste Branch J,.!J1 

fro~: ·Civil Engineer, Mine ~aste Branch 

Subject: · Site Inspec't ion and Evaluation of the . Tailings En­
b ankmen t and Impoundm~nt at Hornsey Pit, ·1.n. No. 
23-00552 · at Cadet, Washington · County, Missouri, 
Hornsey Brothers Mining Company 

At the request of the Subdistrict Manager, Rolla, Missouri, 
the Hornsey Broth~rs tailings embankment and impoundment was· 
i~spected - on August 20~ 1977. The inspection was made by 
Wayne D. Kanack •nd Howard J. Lucas, Metal and Nonmetal Mine 
Health and Safety, and Gustavus W. c~uter, Denver Technical 
Su~port C~nter. No mining company representative was present 
during the insp~ction. 

The coridition cf the tailings embank~ent and impoundment is 
essentiaily~• described in report dated September 10, 1975, 

· by the Den~er Technical Support Center, except that the embank­
ment has been raised about 10 feet by the upstream method of 
construction, and less surface water was present due to re­
duced operati~g -~aye. · 

The upstream method of constructing a tailings embankment is 
probably the most unsafe method. As the height of the embank­
ment increases, · the potenti~l failure surface is located fnrther 
from the downstream face and into th~ slimes. The outside 
shell contributes l~~s to the stability as the height increases. 

It waa noted that the embankment has blocked the ioadside 
ditch ~t the south ~nd of the site. Depending upon the height 
of the embank~ent at the time, runoff from th~ drainage area 
south of the road duet~ · a ·severe st~rm could enter the im­
poundment and possibly breach the embankment. 
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The rear wheels of a truck dumping embankment material left 
deep impressions in the embankment crest surface indicating a 
weak structural fill. 

Conclusions 

The Hornsey Brothers tailings embankment and impoundment re­
mains a potential hazard. The possibility of an embankment 
breach exiats. ~n addition, the stability of the embankment 
is questionable and believed to be marginal because of the 
narrow (about 16 feet) shell of coarse waste coutaining the 
saturated fine tailings. The method of emba~kment placement 
is also a hazard to personnel working on the crest. The vi­
brations from equipment working on the narrow shell of coarse 
waste supported by the slimes could lead to a local slope 
failure. Therefore, it is necessary that operating restric­
tions be placed on the site during operation. 

Recommendations 

1. The roadside ditch at the south end of the site 
should be cleared s·o that runoff will not enter the impo1rnd­
m~n t and cause an overtopping of the embankment. 

2. A spillway should be provided near the south~rn abut­
ment of the embankment to discharge into the cleared roadside 
ditch. Thia is the low point of the fine tailings within the 
impoundment. 

3. Th~ tailings s~ould discharge into the pond so that 
the coarse tailings settle out against the embankment and the 
slimes and free water are as far from th~ embankment as is 
prnctical. In no ~ase should free water be allowed to stand 
against the embankment face. This procedure developes stronger 
support for the shell of coarse waste as well as lowering 
the phreatic le~el. No trucking of materials should be allowed 
along the crest until correction of the tailings discharge 
location. If a higher embankment ia needed before movement 
of the discharge, it should be done after the impoundment 
has be :; n allowed to drain away from the embankment face. 

4. Due to the questionable integrity of the embankment, a 
stability analysis should be made. A minimum safety factor 
of 1.5 static and 1.2 dynamic, under full anticipated design 
capacity, is normally considered a safe design value •. If 
the embankment does not meet the minimum factors of safety, 
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remedial measures should be undertaken to tncrcas~ the embank~ 
ment's stability. The analysis should be completed within 
6 months or the site should be closed as the degree of hazard 
will increase with time. 

.lL-t-4/ (Lt; 

cc: 

Gua7avu W. Center 

Asst. Admin., M/NMH&S 
Subdistrict Mgr., Rolla, MO 
SAStanin 
DHutchinson 
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U.S. DEPARTMENTOF LAHOR 
MINE SAFFTY AND HEALTH ADMl:\ISTRATION 

Mailing Address: 

P.O. Box ~5J67. DFC 

D~nvc, , Colorado tW225 

Strc~t Addr~s~: 

7.'0 Simms 

Lakcwo<Hl, Colorado 

DENVER TECHNICAL SUPPORT CENTER 
Mine waste Branch 

SEP ~S 1978 

MEMORANDUM FOR: 

THROUGH: 

FROM: 

SUBJECT: 

WAYNE D. KANACK 

Report No. Dl746-~1b81 
File: HLS-5 

District Hann&er, South Central District 
Hetal and Non1:1etal Mine Safety an<l Health 
Dallas, Texas 

ROBERT I. FUJI!WTO 
Chief, Mine Uastc Branch 

GUSTAVUS W. CENTER A~D ROBERT L. FERRITER 
Civil Engineers. ~inc Waste Branch 

Site Investigation nn<l Evaluation of t~e 
Tailings Ecbankcent and Impouod~ent nt 
l{ornsey Pit, I .D. No. 23-00552 n~nr C:1c!lt, 
Washington County. ~tissouri, aorn>1cy 
Brothers Mining Cocpnny 

At the request of John S. Risbeck, }tining Cncineer • Rolla, 
Missouri, the llornscy Brothers' tnilings disposal site uns 
investigated on September 20. 1978. The inveRtigation u~a 
10 o d o b y H ova rd J • Lu c :1 o • ~i ! C· h .(l c 1 Ry a n • a n <l i) ~ u n 1 R D s t i , 
lolln Subdistrict Office, Metal and Nonm~tal _Mine SRfcty 
and llealth. and Gustnvus W. Center and Robert L. Ferriter, 
Denver Tec.hnicnl Support Center. No mining company repre­
sentative accompanied us during the investir,ntf.on. 

Tl1t:: Hii.t! 16 essentially ."\~ <le8~r-1bl!<l lu a report <iatt:d 
Scptcnbcr 10, 1977, by Denver Tcchnicnl Suprort Center. 
c x c e pt th :i t th c cc b n n k r.i en t lrn u bee n rs l s e <l ab o u t 1 S f c e t 
by the upatrcaP.t nethod of con9truction, nnd the freeboard 
hnB been ~ncreascJ to nbout 9 feet. The tailings are still 
discharged lnto the pond in a manner that places the slimen 
and wnter against the embank~ent. Thia procedure reRults 
in a very poor founclut:1on for conHtruction in the upotreac 
inctho<l. 
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A stability analysis ~as made by DTSC using soil parnmeters 
obtAined in laboratory· tests of eirlilar ontcrial and a 
cross-section of the structure developed from on site mcaaur­
ments and an assumed boundry betwocn the tailings and coarse 
waate. The analysis indicated the embankment has a very low 
factor of safety. 

CONCLUSIONS 

The atability of the Hornsey Brothers' tailings embankment 
ia marginal and therefore remains a potential hazard. The 
Qethod of material placecent is a hazard to personnel. The 
rear wheels of . a truck left deop impressions in the embank­
ment near the upstream edge of the crest as a load was being 
dumped. It is believed that the embankment is too large 
for any significant improvement in stability to be obtained 
by changing the discharge of the tailings to along the 
embankment crest at this time. Increased stab~lity could 
be ·developed by adding a buttress fill of coarse waste to 
the downstream side of the embankment. The buttress fill 
vou1d need to be placed on an ad•quately prepnred foundation. 

RECOMMENDATIONS 

lt ia recommended that the disposal site be closed because 
ot the questionable stability of the embankment. Reme<lial 
measures should be undertaken to increase the embankment's 
stability before disposal operations are resumed. 

cc: · Administrator, H/NMS&li 
S. A. Stanin 
K. JC. Wu 
D. Hutchinson 
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U.S. DEPARTMENT OF LABOR 
MINE SAFETY AND HEALTH ADMINISTRATION 

Room 4C50, 1100 Commerce Strtct 

Pebruary 6, 1979 

Mr. Levis E. Bornsey · 
Bornaey B~others 
P.O. Box 309 
Potoal, Missouri 65401 

_Dear Mr. Bornsey: 

· · Dallu, Tcxu 75242 

Aa per your letter request to Terry Phillips, we are sending 
you recommendations defining requirements which must be·met 
before tailings impoundlllents can be placed in operation. 

We are also enclos.ing a copy of design guidelines for mine 
vaate piles and tailing dams. These guidelines have been 
compiled by our Denver Technical Support Center and serve as 
recommendations to our enforcement staff. 

If you wish to -discuss either of these two reports in detail, 
plea•• feel free to contact Terry Phillips, subdis~rict 
manager at Rolla, Missouri, 314/364-8282, or r.,yself at Dallas, 
Texaa, 214/749-1241. 

If we can be of any further help please call on us anytime. 

Sincerely, 

Wayne D. Kanack 
District Manager 
kouth· Central District 

·Metal and Nonmetal 

-~ncloaurea 
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U.S. DEPARTMENT OF LABOR 
MINE SAFETY AND HEALTH ADMINISTRATION 

Mailing Address: 

P.O. Box 25367, DFC 
Denver, Colorado 80225 

Street Address: 
730 Simms 

Lakewood, Colorado 

DENVER TECHNICAL SUPPORT CENTER 
Mine Waste Branch 

MEMORANDUM FOR: 

FROM: 

SUBJECT: 

WAYNE D. KANACK 

Report No. Dl848-Wll39 
File: HLS-5 

District Manager, South Central District 
Metal and Nonmetal Safety and Health 

£ ~.~r J ~2_--f_;-
.vtoBERT I. FUffIMOTO 
Chief, Mine Waste Branch 

Hornsey Pit, I.D. No. 23-00552 near Cadet, Washington 
County, Missouri, Hornsey Brothers Mining Company 

A memorandum from Terry E. Phillips, Subdistrict Manager, Rolla, Missouri, 
was received in this office on January 23, 1979. Mr. Phillips sought 
assistance in replying to a Hornsey Brothers' letter which requested a 
written statement clearly defining the requirements which must be met 
before their tailings impoundrnent could be placed in operation. 

Aft~r thoroughly reviewing our files, the following recommendations are 
offered: 

1. It is the opinion of our professional staff that the stability of 
the present retaining embankment is inadequate. As stated in DTSC's 
memorandum of August 25, 1977, a minimum factor of safety of 1.5 static 
and 1.2 dynamic, under full anticipated design capacity, is normally 
considered a safe design value for the hazard rating as associated with 
the impoundment. Trail stability calculations performed in this office 
(see DTSC's memorandum of September 28, 1978) have indicated a safety 
factor considerably less than that mentioned above. 

2. lt appears that two alternatives are available to the operators, 
either Hornsey Brothers·w or their prospective buyer. The first would be 
to abandon the current pond by providing drainage control or capping the 
impounding area to prevent the impoundment of water, and seeking another 
site for tailings disposal. The second alternative would be to stabilize 
the existing embankment. This alternative would entail a thorough 
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investigation of the existing.· embankment including: 

a. A determination of the phreatic conditions within the embankment; 

b. Foundation investigatidns; 

c. Testing of embankment and foundation materials to determine 
soil strength parameters; . and·· 

d. Perform stability analyses along critical embankment sections. 

After this investigation is complete, a buttressing fill with a drainage 
blanket will probably be required to increas~ the stability of the 
existing embankment to an acceptable level. Hydrologic calculations 
should be performed to ensure that sufficient freeboard is maintained to 
control the runoff from a probable maximum storm. Consideration should 
also be given to constructing an adequately designed_emergency spillway 

· or decant system. 

3. Without the stability investigation discussed above, design and 
proper sizing o.f a stabilizing buttress is not possible. Also, to 
achieve the required increase in stability will require remedial con­
struction in accordance with design-determined specifications such as 
material gradation, compaction, etc. 

4. For DTSC to recommend reopening of the site, a properly prepared 
engineering investigation, including sufficient soil testing to gain 
confidence in the test results, and proposed modifications to increase 
the stability of the embankment must be presented. After review, 
construction in accordance with the approved modifications should be 
accomplished prior to reopening the site. 

Since the extent of remedial work required at the site is yet to be 
determined, it would be extrem~ly difficult to estimate either the cost 
or time required to perform the work. However, the St. Louis area has 
many geotechnical engineering firms who would probably be abl~ to 
provide the Hornsey Brothers with both design and construction estimates. 
A copy of MSHA's Design Guidelines for Mine Waste Piles and Tailings 
Dams is attached to this report for the Hornsey Brothers' use in estab­
lishing design objectives. All designs submitted to MSHA for review 
should conform to the guidelines. 

lf you require any additional information, please call. 

Enclosure 

cc: Administrator, M/NMS&H 
S. A. Stanin 
Roy Bernard 
Terry Phillips 
K. K. Wu 
D. Hutchi.nson 
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DESIGN GUIDELINES FOR MINE WASTE PILES 
AND TAILINGS DAMS 

BY 

MESA - TECHNICAL SUPPORT CENTER 

DENVER, COLORADO 

JANUARY 10, 1978 

These DESIGN GUlOEL INES a re generally employed by the Denver Technical 
Support Ce11tcr in j ts review of plans submitted to MESA. These gu:i.dc-
1 ines will be continually updated as the state-of-art for the saf~ and 
orderly deposition of mined waste is advanced. 
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Hvdrologic ·and Hydr~rnlic Considerations 

1. Current, prudent englrieering practices require a conservative 
approtlch to pt·ovi<lc maximum flood protection for water-retention 
structures located wh~re failure may cause loss of life or serious 
property damage. Therefore, designs of water, sediment, or tailings 
impoundments should be ba.sed on . the probable maximum precipitation of 
6-hour duration. A 20 percent reduction in the probable maximum 
precipitation (PMP) is allowed for impoundments east of the lOSth 
na~ridian which have drainage area less than 10 square miles. For areas 
west of the lOSth meridian~ :inflow design floods shmHd be prepared, 
using both the probable maximum - thunderstorm 1-hour rainfall and the 
probable maximum 6-hour general-type storm rainfall. The more critical 
of the two inflow design floods . should be used in the design of the 
structure. If it can be shown that the failure of an impounding structure 
wo~ld not cause loss of life or property damage, then a lesser design 
criteria may be used if information substantiating such a decision is 
submi.tted by the operating companies. A 100-year frequency storm of 
6-hour duration (one percent probability) is the minimum storm permitted 
in the design of any impoundment. 

2. The design freeborad distance between the low point on the 
upstream side of crest of an impoundi.ng structure and the maximum 
waler elevation for the anticipated design capacity should be at least 
thrt·L· feet. However, in situations where sufficient documentation is 
provided indicating that adequate freeboard is assured so that there is 
no possibility of the embankment being overtopped, a lesser freeboard 
may he acceptable. Many factors are involved in the determintion of 
frPchoard requirements. Items that should be considered include; 
durntion of high w.iter level in pond, effective wi.nd fetch, water depth, 
potential wave runup on embankment slope, and the ability of the 
embankment to resist erosion. The crest should 'slope to force all 
drain~ge to the upstream side of the embankment. 

The design freehorad dis ta nee be tween the top of bank of any spillway 
or diversion channel and the maximum water surface in the channel must 
be at least 1.0' + .025 v(d).33 where v = velocity in ft/sec and d 
depth in feet, i.f a design flood based on less then 100 percent of 
p'i·obablc m.:1ximum precipitation is employed. 

3. Under normal conditions, diversion ditches aroun<l an impound­
mt•tH should be designed in accordance with the . c1ppropria te State 
r('gulatioi1s. Diversion ditches around embankments that cannot impound 
waL~r are generally required to pass the runoff from a 100-year fre­
quency storm of 6-hour duration. 
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4. When any emergency. outlet stru~ture for an impounding facility 
is being checked, any diversion ditch~s should normally be neglected as 
a part of the outlet structure. If a diversion ditch is being considered 
to . pass runoff water in lieu of a spillway around an impoundment, the 
ditch should be designed and constructed under the same design speci­
fication as a spillway. 

S. The tail lngs should be distributed around the periphery of 
embnnkmcn ts cons true ted . of w:1s tc m.-iterials, and t.l~e pool should be 
kep.t as far from the embankment crest as is practical. 

6. The SCS Handbook, NEH Notice 4-102, August 1972, is an 
acc~ptable reference for · hydtology design considerations for mined 
waste structures. Another suitable reference is the Bureau of 
Reclamation's publicntion entitled, "Design of Small Dams", Revised 
Reprint, 1974. 

7. Pipes and conduits should be prope~ly designed and constructed 
with provisions to prevent clogging. A suitable reference on prevention 
of clogging is "Debris-Control Structures", Bureau of Public Roads, 
Hydraulic Engineering Circular No. 9, February 1964. Pipes and conduits 
through the embankment should have several seep rings to prevent piping 
along the line and ultimate failure. The length of th~ line of seepage 
along the line of contact between the embankment, the barrel, and the 
anti-seep collars ~hould be about 20 percent longer than the length of 
pipe of conduit lyin~ within the zone of saturation. The line should be 
constructed with a material which will not deteriorate and create a 
void through the embankment. 

8. Impoundments in which part or all of the inflow from the design 
storm is to be stored shall b~ subject to a drawdown criteria. The draw­
down criteria is met if 90 percent of the volume of water stored durinR 
the design sto1:m can be evacuated, within 10 days, from the facility. 

9. Surfaces of channels and diversion ditches should be capable 
of withstancJ.ing the expected maximum velocity of the design flow witlwut 
undue erosion or !H"'.our. A good reference for the sizing of riprap for 
open . channels is "UsL' of Riprap · for Bank Protection", Bureau of Public 
Rt1,.1d~;, Hydrnuli.c E11gineering· Circular No. 11, ~June 1967. 

Get) t e~hn lcn l Cc,ns i cl er.at i.ons - .... --.. ·-·-·---.. . --··-~--·-- · ---
l. The stab i 1 i ty of an impounding s true ture should have min 1.mum, 

static and dynamic factors of safety of 1.5 and 1.2, respectively, 
under full anticipated design capacity. 
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2. For dry embankments · that do no.t and cannot impound water, 
tailings, and/or silt, the mined waste should be designed to minimum 
static and dynamic safety fatto~s ~f 1.5 and 1.2, respectively. 

3. Foundations fat embankments and impoundments must be properly 
pn•parcd by removing all vegetation and undesirable material in order 
to achieve a firm foundation. 

4. Filters, drainage - hlankers, etc., that ar~ so thin that 
contamination may occur during construction, are not considered adequate. 
Normally, a blanket of well-graded fuaterial five feet thick is preferred; 
tl1rce feet is the minimum and will require special construction considera­
tion to be acceptable. If, in general, the proposed co~struction requires 
c lt>se field control to nssure that the facility is properly cons true ted, 
tlwn careful consideration must be given to all elements of the . design 
prjor to ctpproval. A good reference on filter design requirements is, 
''Design of Small Dams." 

5. ~1en an operating company has requested approval to raise the 
ht:~ight of an i.mpoundment by upstream construction over tailings sediment, 
the following is recommended: 

a. The operating company perform suitable tests on the 
tailings (subsurface investigation) to prove that the tailings 
have suffic~ent strength for stability and support of the added 
material. The construction of the dam addition must be engineer 
controlled and suitably compacted in layers. The beneficial 
ef f cct on stability of compaction outweighs the dl·creased per­
meability produced by the compaction. 

h. The dumping of material over the freeboard area of the 
d,tm crest to extl.,nd nnd raise the 0mhankmc11t is not allowed unless 
it is in accordance with an approved plan. 

6. A starter dike which is to be the downstream toe should be 
constructed of coarse rock, gravel, and sand mixture with a gradation 
to sand on the upstream side to prevent piping of tailings. 

APPENDIX - Plan Review Checklist 
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APPENDIX 

PLAN REVIEW CHECKLIST 

The following is a list of items generally required to make a comprc­
hen!d.Vc plan and specifi.cation review. 

A. SITE DESCRIPTION 

1. Name of site. 
2. Ownership of property. 
3. Active or inactive site • 

. ,.. · General description of site, including downstream developme.nt. 
5. Detailed location. 
6. Construction history. 
7. Other. 

B. DRAWINGS OF SITE 

Drawings showing the existing conditions and the proposed improve­
ments in sufficient detail that specifications~ be . prepared and 
construction accomplished. The drawings should include the following 
as a minimum: 

1~ Plan view, including elevations and dimensions, at a scale 
large enough to show all details such as the location of 
(a) tailings embankment, (b) impoundment, (c) diversion 
ditches, (d) spillway, (e) slurry inlet, (f) pumping and 
decant system, and (g) access road. 

2. · One or more sections -through the tailings embankment showing 
all dimensions, grades, slopes and material. 

3. . Sections for the diversion ditches, decant, and spillway, 
·showing a J.1 dimensions, grades, slopes and material. 

4. Original topography. 

-5. Time schedule for completion of each phase of work. 

6. · Other. 

C. FUTURE PLANS 

1. Ultimate size of embankment and impoun<lment. 
2. Method of removing water from impoundment during life of site. 
3. Plans to change type of mill or grinding circuits. 
'•· Other. 
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D. .MINED WASTE EMBANKMENT 

1. ty~~ - sidchill, cros~-~allcy, inactive, active, etc • 
. 2: · _ .Method of construction and compaction. 

3.· Seepage ... areas and amounts. 
4. · · Stability analysis of · embankment and foundation. 
5. .Classif icatlon and mechanical tests of embankment materials 

and foundation. 
6. Other. 

R. · TAILINGS IMPOUNDMENT 

1. 
2. 
3. 
4 • . 
5. 
6. 
7. 
8. 

9. 
10. 

11. 

· Description, including area and depths of water and tailings. 
History of impoundment. 
Tailings inlet - location and volume. 
De~cription of terrain. 
Hy<lrol6gy study of watershed area. 

· Diversion ditches - location, size, slopes, foundation, grade. 
Method of remov.lng water fr.om impoundment. 
Decant - type, wall dimensions, location, size, length, grade, 

: discharge channel. 
Fre.eboanl from slurry level to decant entrance. 
Spillwai - type, location, size, length, grade, discharge 
chann~l. 
Frcebonrd from slurry level to spillway invert and to low 
point on embankment. 
Other. 

F. ABANDONMENT PLANS 

1. Plans for abandonment, including an anticipated date of 
abnndonmcnt nnd reclamation of the mined waste embankment 
and impoun<lmcn t. 

2. Method of removing water from the site after abandonment. 

3. Thickness and type of sealer. 

4. Preparation, physical and chemical, of embankment of sealer. 

5. Type of vegetation. 

6. Other. 
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G. DESIGN CALCUlATIONS 

l. Hydrologic data am! methods of calcul.1tions used to determine 
inflow, outflow, and storage. 

2. Hydraulic data and method of calculations used to determine 
channel sizes· of spillways, decants, and diversion structures. 

3. Soil data and methods of calculations used to determine 
stability of structure under varying conditions. 

4. When computer facilities are used for engineering calculations, 
a copy of the input data and computer output listing shall be 
suh1nittcd for verification and checking purposes. The con­
sultant should also provide a listing of the program used in 
the computer analysis. If the program is used in a subsequent 
plan submission, the results should be accompanied by a state­
ment that the program has not been altered since its initial 
submission to MESA, or a new program listing should be provided. 
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ENGINEERING.. GEOLOGIC REPORT ON THE HORNSEY BRlTHERS TAJ:LINGS DAM .:.' v 715' 

Washington County, Mo. 

IDCATION: SEia, Sec. 23, NES., Sec • . 26, T. 38 N., a. 3 E., Mineral Point · Quadrangle 

GEOU>GIC SETTING: 
The dam is constructed on the Potosi dolomite. It is located on a north­

ward draining tributary separated by a . narrow ridge from Mill Creek. The dam has 
h&d previous problems of waterless with pollution of springs in the Mill Creek 
area as the result of siltation. • 

The dam ranges from a maximum of approximately 90 feet high on the northward 
portion of. the structure to an average height of 35 or 40 feet. Slopes generall.y 
are l~ to 1. Crest width is 15 feet and freeboard is 6 feet. Several leakage is 
occurring on the eastern ed:>anlanent near a waterline used to transfer water from 
a storage pond on Mill creek into the tailings pond. Water may .be leaking from 
the line. Water temperature at the outfall of the line is 100 F. Water in the 
area of leakage is 700 F. Leakage approximates 0.5 cfs. Leakage is spread out 
across some 100 feet along the toe of the l.evee. The levee affec:ts of piping or 
becoDLi.ng quick. 

ltECOMMENDATIONS: 
Although the structure is extremely high and leakage as noted is significant, 

there are no visual si·gns of failure or reasons to suspect failure. Thus, from a 
geologic aspect, the site is not cited as being one n~a~ treatment, 
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-l'OR FILE Oi 

ADDENDUM TO HORNSEY BROTHERS BARITE POND 

WASHINGTON COUNTY, MISSOURI 

Visit on 31 August 1977 showed that high seepage rates exist along the 
•••tern dike. Water flow was higher than observed on previous visits along 
the dike near the blacktop highway. Flow was equally as strong along other 
areas at the base of the levee as has been observed on previous visits. Gravel 
alumping .along portions of the levee was so .no-,_ :j~ 

L.. . , . ~ 

· D / J. Hadley liams, Chief 
/' Appli~ :n~'ering & Urban Geology 

Geology~n~ Survey 
September 1, 1977 
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PHOTOGRAPH RECORD 
CADET MINE TAILINGS DAM - I.D. NO. 30715 

Description 

View toward left abutment showing upstream face and crest 
of dam along north leg. 

View toward back of impoundment showing upstream face of 
dam along east leg. 

Downstream face and crest of dam along north leg. 

View toward back of impoundment showing downstream face 
and crest of dam along east leg. The 10-inch diameter 
inflow pipe at Station 21+93 is visible on the downstream 
slope. 

View north along downstream face of east leg of dam show­
ing seepage and wet zones along the toe. The larger rock 
seen in the left foregound of the photograph is the screen 
and bull rock which was dumped at the low point along the 
dam at Station 8+00 to widen the crest. 

View south along crest of east leg of dam at south end of 
impoundment. The low point in the dam crest and the widened 
crest at Station 8+00 are visible at the left side of the 
photograph just before the curve in the crest. 

Encroachment of the embankment fill onto the paved road 
adjacent to the· south end of the impoundment near Station 
6+00. 
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