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SUBJECT: Oresser No. 4 Dam, MO 30474

This report presents the results of field inspection and evaluation of

the Dresser No. 4 Dam. It was prepared under the National Program of
Inspection of Non-Federal Dams.

Dresser No. 4 Dam does not impound water at this time, hence, an hydrau-
lic evaluation of the spillways was not made. It is recommended that

such an evaluation be made if the dam is repaired and put into use
again.
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam Dresser No. 4 Dam

State Missouri

County Washington

Stream Tributary to Mill Creek

Date of Inspecticn 24 March 1979

Dresser No. 4 Dam was inspected by a civil engineer and an engi-
neering geologist from International Engineering Company, Inc. of San
Francisco, California. This dam is owned by Dresser Minerals Division
of Potosi, Missouri. The purpose of the inspection was to assess the
general condition of the dam with respect to safety. The assessment is
based on an evaluation of the available data, a visual inspection and an
evaluation of the hydrology and hydraulics of the site to determine if
the dam poses hazards to human life or property.

The purpose of Dresser No. 4 Dam is to impound tailings from a
barite separation and beneficiation operation. The dam completely encir-
cles the impoundment except for a 300-foot wide breach at the north (up-
stream) end where the structure failed in 1975. The dam cannot retain
water in its present state because of this breach in the dam.

Dresser No. 4 Dam was inspected using the "Recommended Guidelines
for Safety Inspection of Dams" furnished by the Department of the Army,
Office of the Chief of Engineers. Based on these Guidelines, this dam
is classified as large. The U.S. Corps of Engineers has classified it
as having a high downstream hazard potential to indicate that failure of
this dam could threaten 1ife and property. The damage zone, estimated
by the U.S. Corps of Engineers, extends about 6 miles downstream of the
dam. Several dwellings, low-water bridges and railroad bridges are with-
in this distance. Also, Lower Dresser No. 4 Dam (I1.D. 31123) is imme-
diately downstream of this dam.

Since the embankment cannot retain water, the overtopping potential
of the embankment was not analyzed. Instead, studies were made to esti-
mate the amount of flow that could occur in the diversion ditch (located
to the west and south of the impoundment) under different flood condi- |
tions. It was calculated that the diversion ditch could pass a 100-year
flood (a flood having a 1 percent chance of being equalled or exceeded in
any 1 year) probably without significant erosion of the ditch or adjacent
embankment toe. However, it was estimated that the ditch cannot pass 50
percent of the Probable Maximum Flood (PMF) without significant erosion
of the ditch and adjacent embankment materials.. The PMF is the flood
that may be expected from the most severe combination of critical meteo-
rologic and hydrologic conditions that is reasonably possible in the




region. Erosion protection should be provided in the diversion ditch
and it should be adequate to withstand the peak discharge velocity
resulting from the PMF so that significant erosion of the ditch and
adjacent embankment will not occur. The PMF was selected because Lower
Dresser No. 4 Dam (intermediate size) is located immediately downstream
of Dresser No. 4 Dam. Erosion could cause sediment to be deposited in
the reservoir formed by Lower Dresser No. 4 Dam, thus causing a decrease
in its storage capacity.

The soft soils at the downstream toe of the dam at the south end of
the impoundment could adversely affect the stability of the embankment.
The excavation of gravels from the dam has reduced the stability of the
dam at the east section of the impoundment. The excavation of gravels
from the embankment should be stopped so that the stability of the em-
bankment and crest elevation would not be reduced.

Seepage and stability analyses of the dam 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.

An 1nspect1on and maintenance program should be initiated. Periodic
inspections should be made and documented by qualified personnel to ob-
serve the performance of the dam and diversion ditch.

It is recommended that the owner take action to correct the defi-
ciencies described.
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
DRESSER NO. 4 DAM - ID NO. 30474

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of Engineers, to
initiate a program of safety inspections of dams throughout the United
States. Pursuant to the above, the St. Louis District, Corps of Engi-
neers, District Engineer directed that a safety inspection of the Dresser
No. 4 Dam be made and authorized International Engineering Company. Inc.

I 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 human life or property.

d. 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 Dams". 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) Dresser No. 4 Dam is an earthfill dam that is used to im-
pound tailings from a barite separation and beneficiation
operation. The dam completely encircles the impoundment
except for a 300-foot wide breach at the north (upstream)
end where the structure failed in 1975. The dam cannot
retain water in its present state because of this breach
in the dam. The tailings consist of reddish-brown soft
silty clay that are overgrown with vegetation. The tail-
ings were deposited as a slurry in a water environment.

(2) There is no spillway or active outlet pipes at the dam;
however, the 300-foot breach effectively acts as an outlet
for the impoundment. A diversion ditch conducts water from
the north end of the impoundment around the west side of the
impoundment to the pond formed downstream by Lower Dresser
No. 4 Dam (I.D. 31123).




b. Location. The dam is located in the eastern portion of Wash-
ington County, Missouri, as shown in Plate 1. The dam (shown in Plate 2)
is located in Sections 10 and 15, Township 38 North, Range 3 East.

c. Size Classification. This dam is greater than 100 feet high
and is therefore in the large size classification, according to the
"Recommended Guidelines for Safety Inspection of Dams".

d. Hazard Classification. The U.S. Corps of Engineers has classi-
fied this dam in the high hazard potential category. The estimated dam-
age zone, as provided by the Corps of Engineers, extends about 6 miles
downstream of the dam. Several dwellings, low water bridges and Missouri-
Pacific Railroad bridges are within this distance. Also, Lower Dresser
No. 4 Dam (i.C. 31123) is immediately downstream of this dam.

e. Ownership. This dam is owned by:

Dresser Minerals Division
Dresser Industries, Inc.
P.0. Box 8

Potosi, MO 63664

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

g. Design and Construction History. The exact date that construc-
tion began was not known by Mr. A. E. Williams, a representative of
Dresser Minerals Division. He did state that Dresser purchased the dam
in 1955 from J. R. Dillinger Company, and it may have been constructed
in about 1942. The dam failed in August 1975, and it has not been used
as an active tailings impoundment since the failure occurred.

h. Normal Operating Procedures. No operating records are known to
exist. The facility is inactive in that tailings are no longer conveyed
to the impoundment.

1.3 PERTINENT DATA

Field surveys were made by Booker Associates, Inc. of St. Louis, Mis-
souri on 29 March 1979. The survey data is shown in Plates 3, 4 and 5.

a. Drainage Area. 528 acres (Topographic Quadrangle, 7.5 minute
series, Tiff, Missouri, 1937)

b. Discharge at Damsite.

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




(2) Spillway. There is no spillway at this dam. Not appli-
cable.
(3) Diversion ditch (flowing full) - 2455 cfs.

¢. Elevation (Feet above N.S.L.)l/

(1) Top of dam - Varies from E1. 824.5 to E1. 839.5 along the
crest roadway. The tailings surface is approximately 6 to
8 feet above the crest roadway at the eastern end of the
impoundment because gravel has been excavated from the
embankment (see Plate 5B, cross-section at Station 59+00).

(2) Streambed at downstream toe of dam - E1. 735 feet +.

(3) Tailings surface adjacent to dam - Varies from E1. 807 at
the breach to E1. 835 +.

d. Reservoir. Length of impoundment - 2400 feet from east to west
and 1900 feet from north to south. (Aerial photograph, scale: 1 inch
equals 1000 feet.)

e. Storage. The tailings surface inside the impoundment slopes
downward to the north through the breached section while the natural
ground surface slopes downward to the south toward the impoundment
forming a topographic depression. The reservoir capacity consists of
the storage available in this depression. The average elevation of the
qround surface in this depression was assumed to be E1. 807. This area
was covered with tailings, which were released during the August 1975
failure of the dam. The following storage capacities pertain to the
active storage available above E1. B807.

(1) Active storage capacity at E1. 807 - 0 acre-feet.

(2) Active storage capacity at E1. 817 (Max. W. S. elevation re-
sulting from PMF - see Section 5) - 587 acre-feet.

f. Reservoir Surface Area.

(1) Area within impoundment - 74 acres.

v Elevations are based on a reference datum of 825.39 feet M.S.L. at

the temporary bench mark (see Plate 3). This elevation was estab-
lished from the temporary bench mark set at Lower Dresser No. 4 Dam
(1.D. No. 31123). The elevation of that bench mark was estimated
from the topographic quadrangle.




(2) The following reservoir surface areas pertain to the
combined areas within and north of the impounament above
£ 807

(a) Surface area at £1 807 - 33 acres

(b) Surface area at ). B1l7 (Max W S elevation re-
sulting from PMF - see Section 5) - 90 acres

(1) Type - Earthfil)
(2) Length of crest - 6759 feet
(3) Maximum height of dam above streambed - U5 feet +

(4) Top width - approximately 8 feet at the northwest end of
the impoundment to about 40 feet at the south end

(5) Side Slopes -
(a) Downstream 1 5(H) to 1 O(Vv)

(b) Upstream slope. approximately 1.5(H) to 1.0 (V)
where exposea at north side of impoundment

(6) Zoning - The embankment probably consists of a clay starter
dam at the south end of the impoundment with overlying
sands and gravels that are finer than 7/8-inch.

(7) Cutoff - There is no information available that pertains
to the design or construction of a cutoff.

h  Spillway. There is no spillway at this dam, however, the
breach at the north end of the impoundment effectively acts as a .pilil-
way. The breach is 265 feet wide at the bottom, 329 feet wide at the
top and 29 feet deep. The tailings level in the breached section varies
from £1. 807 to E1. 810 M. 5. L.

i. Regulating Outlets. There are no regulating outlets at this
dam. Not applicable.

J- Diversion Ditches. A diversion ditch carries water from the
north end of the impoundment around the west side of the impoundment to
the upper end of the pond formed downstream by Lower Dresser No. & Dam
(I1.0. 31123). This ditch is U-shaped and about 8 to 10 feet deep. This
ditch was excavated in clayey soil containing rock fragments. A cross-

section of the ditch at Station 29+96 is shown in Plate 5A.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No design drawings or data were available.

2.2 CONSTRUCTION

Mr. A. E. Williams, the owner's representative, indicated that he did not
know when the dam was constructed, but he estimated that construction

may have commenced in about 1942. Dresser purchased the dam in about
1955 from J. R. Dillinger Company.

No detailed construction data were available. This dam was probably con-
structed by the method generally used to construct barite tailings dams
in southeast Missouri. An earthfill starter dam was probably constructed
across the drainage at the south end of the impoundment. Sands and
gravels were then hauled in trucks from the mill and dumped on the crest
to raise the dam. The sands and gravels were spread and were pushed

over the upstream and downstream faces of the dam. The material pushed
over the upstream side rests on the tailings. The sands and gravels
placed in this manner are in a loose state and are at their natural

angla of repose on the downstream face. The centerline of the dam re-
mained approximately at the same position as the embankment was raised
above the starter dam. Material on the crest was compacted by con-
struction equipment.

On 15 August 1975, Dresser No. 4 Dam failed at the north (upstream) end of
the impoundment causing the release of barite tailings and water. The
details of the failure are contained in a report by J. H. Williams of
the Missouri Geological Survey dated 22 September 1975 and entitled
"Engineering Geologic Aspects of Barite Tailings Pond Failure, Dresser
No. 4, Washington County, MO". The report is in Appendix B. The size
of the pond at the time of the failure was 135 acres, with 75 acres of
exposed tailings and 60 acres of clear water lakes. The height of the
dam above the natural ground surface at the point of failure, where the
embankment crossed a stream channel that flowed to the south, was about
50 feet. The breach that resulted from the failure was about 300 feet
wide. The section that failed acted to filter the water from the barite
tailings so that clear water could be discharged or recycled to the
mill. Williams indicated in the 1975 report that the embankment section
that failed could have been founded on natural alluvial soils and even
possibly on soft barite tailings. It was postulated that weak founda-
tion materials caused the 1975 failure of Dresser No. 4 Dam. The por-
tion of the dam to the west of the breach was damaged subsequent to the
failure and outflow of tailings and water. This damage reportedly
consisted of rotational slides, which moved inward toward the pond.
Extensive fractures parallel to the alignment of the dam were reported
to have occurred on the crest.




2.3 OPERATION

No records of operation are known to exist.

2.4 EVALUATION

a. Availability. There are no engineering data available. The
only information available to the inspection team was a verbal communi-
cation with the owner's representative pertaining to construction.

b. Adequacy. The field surveys and visual inspections presented

herein are considered adequate to support the conclusions of this report.

Seepage and stability analyses comparable to the requirements of the
“Recommended Guidelines for Safety Inspection of Dams" were not avail-
able; the lack of this information is considered a deficiency. These
seepage and stability analyses should be performed for appropriate load-
ing conditions, including earthquake loads, and made a matter of record.

c. Validity. Not applicable because no design data were available.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. The dam was inspected by a civil engineer and an
engineering geologist from International Engineering Company, Inc. on 24
March 1979. Mr. A. E. Williams, a representative of Dresser Minerals
met with the inspection team on 21 March 1979.

The impoundment contains barite tailings; however, tailings are no
longer conveyed to the impoundment. The dam failed in 1975 by breaching
at the north end of the impoundment. The tailings surface slopes down-
ward toward the breach; the impoundment cannot retain water because of
the breach in the dam. Photographs taken during the inspection are
included in this report. The field locations of the photographs are
shown in Plate 6.

b. Project Geology. Bedrock in the area is massive dolomite of
late Cambrian age. It i1s overlain by dark red-brown residual clay that
generally ranges in depth from 1 or 2 feet to 10 feet. The clay soil
contains masses of barite, chert, and quartz druse. The surface of the
bedrock is highly irregular and contains numerous pinnacles of chert and
quartz druse.

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

The embankment itself is practically free of vegetation. The tailings
pond is vegetated with brush.

No detrimental settlement, depressions, sinkholes or animal burrows were
observed in the embankment. Several cracks that parallelled the embank-
ment alignment were noted on the crest of the northwest section (see
Photo No. 4). Locally, these cracks were 2 inches wide and 2 to 3 feet
deep at a minimum. No vertical displacement was observed. Vertical
scarps about 2 feet high on the upstream face of the northwest portion
of the dam were evident (see Photo No. 5).

Gravel is being excavated from the dam at the east side of the impound-
ment. The tailings surface is higher than the crest of the dam in this
area as a result of the excavation activity (see Plate 58, Dam Cross-
Section at Station 59+00 and Photo No. 2).

A marshy area is located at the downstream side of the south section,

and a spring at Station 16+17 is located immediately to the east of this
area (see Plate 6). Flow from the spring was clear and was estimated to
be about 2 gpm. The soil in the channel was clayey and soft, and some
green algae was growing in the channel. Piping may have occurred because
silt sediment was observed on leaves in the channel; this indicates recent
deposition. A seep was observed at the maximum section (Station 11+25) at
the south side of the impoundment. The estimated flow was about 1/2-gpm

-7 -




and it was clear. The soil downstream of the toe of the dam at the seep
was very soft to a depth of 2 to 3 feet. Some piping may also have
occurred at this location.

The maximum difference in elevation from the dam crest to the tailings
surface is about 30 feet. This difference occurs at the north end of
the impoundment where the tailings surface is at the lowest elevation.
The dam crest has been lowered typically about 6 to 8 feet below the
tailings level at the east end of the impoundment where gravels are
being excavated from the embankment.

d. Appurtenant Structures. There is no active spillway or outlet
pipe at this dam. The 300-foot wide breach at the north end of the
impoundment acts as an outlet. The soft clay tailings slope downward
toward the breach and also are upstream of the breach to the north of
the impoundment.

Two 12-inch diameter steel pipes are located at the northwest end of the
impoundment at Stations 37+88 and 37+90. These pipes are embedded in
the embankment sands and gravels. The inlet end of the pipe at Station
37+88 is buried within the embankment and is inactive. The inlet end

of the pipe at Station 37+90 is bent downward about 6.3 feet below

the outlet level. The pipe at the bend is about 10 feet above the
tailings surface, and this pipe is inactive.

An 8-inch diameter steel pipe that emerges from the toe of the dam at
the south side of the impoundment near the maximum section was located
during the visual inspection. The pipe was partially plugged with soil,
and the inlet end could not be found and was presumed to be buried
beneath the tailings. It is not known if this pipe was intended to
function as an outlet pipe.

The diversion ditch on the west and south sides of the impoundment is U-
shaped and about 8 to 10 feet deep. A cross-section of the ditch is
shown in Plate 5A. The ditch is in clayey soil. The flow at the time
of the inspection was measured to be about 12 inches deep. The ditch
discharges into the pond formed by Lower Dresser No. 4 Dam (1.0. 31123)
that is located downstream.

e. Reservoir Area. The impoundment consists of soft red-brown
silty clay tailings that are overgrown with brush. The tailings sur-
face slopes downward toward the breach in the dam at the north end of
the impoundment. The reservoir area is encircled by the dam; there- |
fore, no sedimentation can occur within the impoundment. Also, drainage ,
from the watershed is diverted around the impoundment. Since the dam ;
was breached in August 1975, no water can be retained in the impoundment. \

Ponding can occur upstream of the impoundment and to the north of the ;
breach. A highway and a few dwellings would be subject to potential
backwater flooding.




f. Downstream Channels. The upstream end of a pond is formed in
the natural drainage by Lower Dresser No. 4 Dam (1.0. No. 31123) and is
approximately 600 to 700 feet downstream from the dam crest. The embank-
ment of Lower Dresser No. 4 Dam is about 1500 feet downstream. The
natural drainage flows into a tributary of Mill Creek about 0.5-mile
downstream of the south end of the impoundment formed by Dresser No. 4
Dam.

3.2 EVALUATION

The impoundment cannot retain water in its present state. Runoff flows
north over the tailings surface and exits through the breach in the dam.

The soft soil conditions downstream of the dam at the south end of the
impoundment and the steep downstream slope could adversely affect the
stability of the embankment. The soils were very soft to a depth of 2
to 3 feet at the seep, which is at the maximum section.

The slope facing the impoundment at the northwest section of the dam
appears to be unstable. Cracks in the dam crest and the scarps which
may have resulted from previous slide activity are indications of slope
instability. As long as the impoundment remains inactive and cannot
retain water, the consequences of slope instability toward the impound-
ment would not appear to be serious.

The excavation of gravels from the dam has reduced the stability of the
dam at the east section of the impoundment. .

Heavy flood discharge in the diversion ditch along the west side of the
impoundment could cause erosion of the toe of the embankment. Also,
heavy discharges could erode the diversion ditch itself. Erosion could
cause sediment to be deposited in the reservoir formed by Lower Oresser
No. 4 Dam (an intermediate size dam) and could cause a decrease in its
storage capacity.

r -
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

There are no regulating structures at this dam and no regulating proced-
ures are known to exist. This dam cannot retain water in its present
state. Surface runoff would pass through the breach at the north end
of the impoundment.

4.2 MAINTENANCE OF DAM

Information available to the inspection team indicates that the dam is
not regularly maintained.

4.3 MAINTENANCE OF OPERATING FACILITIES

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

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECY

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 diversion ditch, or an increase in the
volume or turbidity of emerging seepage. Particular attention should be
given to indications of instability of the embankment section between
Stations 5+00 and 25+00 at the south end of the impoundment. A mainte-
nance program should be initiated for the dam and diversion ditch.




SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES

5.1 EVALUATION OF FEATURES

a. Design Data. The significant dimensions of the dam and diver-
sion ditch are presented in Section 1 - Project Information and in the
accompanying field survey drawings, Plates 3 through 5. Hydrologic
and hydraulic design information are not available.

For this evaluation, the watershed drainage area, stream lengths, and
reservoir areas were obtained from the 1937 7-1/2-minute USGS Tiff,
Missouri Quadrangle, which has a 20-foot contour interval. The soil i
group for this watershed is classified as Clarksville Gravelly Loam, ‘
equivalent to a hydrologic soil group B classification, which has a
moderate rate of water transmission.

The drainage area is about 528 acres (0.825 square miles). The water-
shed above the tailings dam, as shown on Plate 2, can be hydrologically
subdivided into two parts: the area within the circular tailings im-
poundment (74 acres) and the watershed upstream of the impoundment (454
acres). Lland use and vegetation patterns on the upper watershed were
determined from field observations and aerial photographs of the area;
these patterns are divided into the following categories:

Approximate
Type of Cover Percent of Watershed
Woodlands 17
0)d Mined Areas 50
Recently Mined Areas 10
Homesteads and Roads 10
Tailings (from barite mining) 13

The estimated runoff curve numbers (CN) weighted for the upper watershed
are CN 54 for the antecedent moisture condition (AMC) II condition and
CN 73 for the AMC III condition.

The tailings inside the circular embankment consist of recently disposed
tailings from barite mining. The estimated runoff curve numbers for the
tailings are AMC 11, CN 80 and AMC III, CN 97.

It was assumed for these analyses that all the roads and the drainage
facilities within the watershed would not substantially change the time
of concentration or the quantity of the flood contribution to the
impoundment. Only minor two-lane roads are within the watershed. The
old and recently mined areas within the watershed are mostly barite
mining sites, which consist of irregular scars on the topography. These
areas were assigned lower runoff curve numbers in the overall weighting
of the basin CN. The computed parameters, such as lag time, unit hydro-
graph, probable maximum precipitation, losses and net runoff, are in
Appendix A.

-11-




The northern part (upstream side) of the impoundment has been breached,
and the breach is over 300 feet wide (see Plate 4C). The tailings surface
inside the impoundment slopes downward to the north through the breached
section while the natural ground surface slopes downward to the south
toward the impoundment forming a topographic depression. The reservoir
capacity consists of the storage available in this depression. The
reservoir area-capacity data are in Appendix A. The capacities were
determined in the computer program by the conic method; they are the rela-
tive capacities above the minimum elevation that was entered as input,

and not the total reservoir capacities at the given elevations.

The average elevation of the ground surface immediately north of the
impoundment was assumed to be E1. 807. One cross-section for the
drainage ditch was surveyed, and this is located at about Sta. 30+00
(see Plate 5A). The ditch entrance, at about Sta. 39+00, was assumed

to have the same geometry as the surveyed section. The ditch invert at
the entrance was assumed to be at E1. 807.

The channel bottom slope approaches the critical slope for the beginning
reach of the diversion ditch. Two methods were employed to compute the
discharge rating curve for the ditch:

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

o Manning's equation for uniform flow, using the bottom slope of
the beginning reach of the ditch (Sta. 39+00 to Sta. 30+00) as
the average bottom slope (S = 0.00822) and a Manning's "n" of
0.035.

At a given depth, the discharge and velocity computed by the Manning's
equation were slightly less than the computed critical discharge and
velocity. The results computed by the Manning's equation for uniform
flow were adopted as the discharge capacities for the ditch. These are
shown in Appendix A as Y4 and Y5 cards in the data input and also appear
in the computer printouts.

b. Experience Data. Recorded rainfall, streamflow and flood data
are not available. The upstream side of the impoundment was breached in
August 1975. Data and information on this failure are presented in
Section 2 and Appendix B.

c. Visual Observations. Specific information on the visual obser-
vations is presented in Section 3 - Visual Inspection.

d. Overtopping Potential. Because the embankment has failed, it
is not meaningful to analyze the overtopping potential of the embank-
ment. Instead, studies were made to estimate the amount of flow and
velocities that might occur in the diversion ditch under different flood
conditions. High flows and discharge velocities in the ditch could
lead to significant erosion of the ditch and the embankment toe, which
could cause additional embankment failure.
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The 100-year flood, probable maximum flood (PMF), and floods expressed

as percentages of the PMF were computed and routed through the area of
the depression and diversion ditch. The PMF is defined as the hypotheti-
cal flood event that would result from the most severe combination of
critical meteorologic and hydrologic conditions that is reasonably
possible at a particular location.

The Modified Puls Method of flood routing was employed. Ffor all routings,
the water surface elevation in the depression was set at €1. 807, the
assumed invert elevation of the ditch. It was assumed that erosion of

the ditch and of the outside toe of the embankment will not occur as

flood discharges and velocities increase; therefore, the discharge

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

The discharge capacity of the diversion ditch flowing full (2455 cfs) was
estimated to be adequate to pass the outflow resulting from the PMF. The
routed outflow from the PMF was calculated to equal 2275 cfs with a peak
discharge velocity of 11.9 feet per second. However, significant erosion
of the diversion ditch and adjacent embankment materials would occur at
that discharge velocity.

Based on the Corps of Engineers Manual EM 1110-2-1601, “Hydraulic Design
of Flood Control Channels", the maximum permissible velocity for the
clayey soil in the diversion ditch was estimated at about 4 feet per
second. Using this as the criterion, the diversion ditch could pass the
100-year flood but could sustain some erosion. This erosion might not
be significant because the peak velocitv was calculated to be slightly
greater than 4 feet per second. The 100-year peak inflow was estimated
to be 370 cfs. The routed peak outflow is 75 cfs at an approxmiate
velocity of 4.4 feet per second and a flow depth of about 1.5 feet in
the ditch. Using 4 feet per second as the permissible velocity, the
diversion ditch can pass about 5 percent PMf without erosion. At 5 per-
cent PMF, the peak outflow is about 57 cfs at a flow depth of 1.25 feet
and a velocity of 4 feet per second.
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Results of the analyses are reported in Appendix A and are summarized
below.

Flow Velocity Duration

Peak Peak Max Ditch in Vel. in Ditch

Inflow Outflow WS Elev** Flow Depth Ditch over 4 ft/sec
Flood (cfs) (cfs) (ft) (ft) (ft/sec) (hr)
10% PMF 462 126 809.3 1.9* 5.1* 8.6
25% PMF 1154 433 811.4 3.6* 7.5*% 14.2
50% PMF 2308 1015 813.3 5.6% 9.6* 15.7
65% PMF 3001 1365 815.0 6.4* 10.3* 17.8
80% PMF 3694 1782 816.0 7.3% 11.1* 19.1
PMF 4617 2275 817.2 8.2* 11.9* 20.6

These flow depths and velocities are considered to produce the effects
of significant erosion.

X% Water surface elevation is in the topographic depression at upstream
(north) end oi impnundment

Note: Water surface elevations include the velocity heads corresponding
to the velocities computed for the various flow depths for the
diversion ditch section.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

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

b. Design and Construction Data. No design or construction data
pertaining to the structural stability of the dam were available. Seep-
age and stability analyses comparable to the requirements of the "Recom-
mended Guidelines for Safety Inspection of Dams" were not available, and
the lack of this information is considered a deficiency. These seepage
and stability analyses should be performed for appropriate loading
conditions, including earthquake loads, and made a matter of record.

c. Operating Records. No appurtenant structures reguiring opera-
tion exist at this dam and no records were located.

d. Post-Construction Changes. Barite tailings have not been con-
veyed to the impoundment since the August 1975 failure that caused a
breach in the dam. Excavation of gravels from the embankment has de-
creased the stability of the dam at the east side of the impoundment.

e. Seismic Stability. The dam is located in Seismic Zone 2, as
defined in the Uniform Building Code. Because of the large height of
the dam and the soft saturated clay foundation soil, there appears to be
a potential for instability caused by ground shaking during earth-
quakes. Some ravelling of the gravels and crest settlement could also
occur during seismic shaking because the gravels are loose and the
downstream slope is at or near the natural angle of repose.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The dam cannot retain water in its present condition
because of the breach in the dam. There are several deficiencies that
should be corrected. (1) The soft soil conditions at the south end of
the impoundment could adversely affect the stability of the embankment.
{2) The excavation of gravels from the dam has reduced the stability of
the dam at the east section of the impoundment. (3) Flood discharge in
the diversion ditch could cause erosion of the toe of the dam at the west
side of the embankment. Also, erosion of the ditch itself could occur.
The discharge capacity of the ditch was computed to be inadequate to pass
50 percent of the Probable Maximum Flood (PMF) without significant erosion
of the diversion ditch and adjacent embankment materials. Because there
is an intermediate size dam immediately downstream (Lower Dresser No. 4
Dam), the discharge capacity of the ditch should be adequate to pass
the PMF without significant erosion of the ditch and embankment. Erosion
could cause sediment to be deposited in the reservoir formed by Lower
Dresser No. 4 Dam, thus causing a decrease in its storage capacity.

(4) Seepage and stability analyses were not available, and they should
be made a matter of record.

b. Adequacy of Information. No detailed design or construction
data were available. Seepage and stability analyses comparable to the
requirements of "Recommended Guidelines for Safety Inspection of Dams"
were not available, and this lack of data is considered a deficiency.

Results of the hydrologic studies could be changed if larger scale
topographic maps with smaller contour intervals were used. The only
available topographic map is the 7.5-minute, 1:24,000 scale, 20-foot
contour interval USGS quadrangle. This quadrangle pre-dates the con-
struction of the dam, and no topographical information exists for the
tailings surface within and immediately north of the impoundment. A1l
measurements made on this map, such as drainage area, stream lengths,
river slopes and reservoir area-capacity data, are insufficient in
details, but the map suffices for the Phase I inspection. The use of
the USGS quadrangle for the hydrologic studies results in an approximate
evaluation of the diversion ditch discharge capacity.

c. Urgency. The Phase I inspection indicated apparent deficien-
cies in the condition of the dam. Priority should be given to initiating
seepage and stability analyses.

d. Necessity for Phase I1. No Phase Il investigation is recom-
mended; however, additional investigative work should be done as neces-
sary so that seepage and stability analyses can be performed. The
investigations should be undertaken by a professional engineer expe=~
rienced in the design and construction of tailings dams.

-16-

= g———————‘————“——J




7.2 REMEDIAL MEASURES
The following remedia) measures are recommended:

a. Seepage and stability analyses should be performed by a profes-
sional engineer experienced in the design and construction of tailings
dams. Emphasis should be placed on the section of dam between Stations
5+00 and 25+00 at the south end of the impoundment because soft founda-
tion soil conditions were encountered in portions of this section. Based
on the results of the stability studies, remedial measures may become
necessary. Remedial work should be done under the direction of an
engireer experienced in tailings dam design and construction.

b. Erosion protection should be provided in the diversion ditch
and it should be adequate to withstand the peak discharge velocity
resulting from the PMF so that significant erosion of the ditch and
adjacent embankment will not occur.

¢. The excavation of gravels from the embankment should be stopped
so that the stability of the embankment and crest elevation would not
be reduced.

d. An inspection and maintenance program should be initiated.
Periodic inspections should be made by qualified personnel to observe
the performance of the dam and diversion ditch. Observations should
include indications of fnstability, such as cracks in the embankment,
sioughing, erosion, sudden settlement or an increase in the volume or
turbidity of the seepage areas. Records should be kept of these inspec-
tions and of any corrective maintenance made to the dam and diversion
ditch.
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APPENDIX A
HYDROLOGIC AND HYDRAULIC ANALYSES

The hydrologic and hydraulic analyses were accomplished by using the com-
puter program "Flood Hydrograph Package, HEC-1, Dam Safety Investigations
Version, July 1978". This program was developed by the Hydrologic Engi-
neering Center, U.S. Army Corps of Engineers, Davis, California. The
criteria and methodology used are briefly discussed below:

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

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

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

e Hydrologic Soil Group, Antecedent Moisture Condition (AMC) and
Curve Number (CN) - The predominant hydrologic soil group for
the watershed was obtained from an agricultural soil classifi-
cation map prepared by the University of Missouri Agricultural
Experiment Station. For the PMF and floods expressed as a
percent of PMF, AMC III conditions were used. For the 100-
year and/or 10-year floods, AMC 1! conditions were assumed.
Watershed CN was estimated from field observations and from
aerial photos.

e Reservoir Area-Capacity - Areas were measured from U.S5.G.S.
topographic maps. Reservoir elevations and corresponding sur-
face areas were input in the computer program, which determined
the reservoir capacities by the Conic Method.

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

The following pages present the input data listing, the computer pro-
gram version and its last modification date, together with pertinent
computer printouts of results. Definitions of all input and output
variable names are presented in the computer program "Users Manual",
September 1978, and are not explained herein.
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( ENGILEERING GEOLOGIC ASPECTS OF BARITZ TAILINGS POND FAILURE "CRESSIR 0. 4" ~

| Washington County, lo. ff
‘ LOCATION: Secs. 10, 11, 1é, and 15, T, 33 N., R. 3 L., Ti?f Quadrangle /@gi

SIZE: 135 Acres (tailings pond ~ 75 acras, clear water lakas - €J acres;
dam inventory no. 30470). Area estinates basod cn topographic maps /
and aerial photography. 45%%~\

HEIGHT: Approxirately SO feet at point of failure, across a southward flcu~.\\\\\\\\
ing vallaey,

GCCLOCIC SLTTING:

- The tailings pond is unéerlain by the Potosi dolomite, a massive, pin-
nacled Cacbrian-aged Formation. 7Tha Fotosi is dansely jointsd. Solution
enlarged openings occur, but agt extensive in this arsa. Fowever, badrock
rangss from severly weathsred to frosh unveathered expcosures over short lat-
eral distancoes. Regionally, the watersheds are gaining. o significant wator-
loss {into cavernous bsdrock cvecurs within the region.

Soil in the area consists of red clay, residual from the Potosi dolomite.
Thickness of the residual soil rances from 5 to rore than 30 feet. Alluvial
soil in streanm valleys is gensrally thin, 5 to 15 feet, and consicts of
s1lt loan mixad with gravels. €oil that would be characteristic of the val-
(’ ley at tho point of the dam failuro could not be cbserved. It s likely this
.. raterial consisted of silt loan mixed with gravel. <The thickness could have
ranged from S5 to perhaps 12 feet. Locally, it is also expected that bedrock
outcrops were present within the stream channel.

CIPCUMSTANCES OF FAILURT:

The dam failed at approximately 2:00 a.m. on Friday, Auqust 15th. Eo-
pPloyecaes in the plant area ropcrted that tne fafilure was catastrophic. It
was accorpanied by an extrerely loud noise. Plant Superintsndent Gene Wil-
l{ars arrived on the scene at approximately 3:00 a.m. The first action taken
was to notify people in the downstream area. Mr. Willia=3 reported that when
he was able to see the breached portion of the levee, the width of the breach
was approximately the same as 1t i1s at thc present, some 300 fcet in width
(1MESA report 2.Sept. 75, Identification No. 23-00806).

The levea failure occurred on tho upstrean slope of the valley that
forroriy drained pouthward uncder the tailings pond. This valley is a tribs-
utary to a left bank tributary to 'ill Creex. Drainage from %he waicrshed
upstream of the tailings pond had been diverted to tho west cicde of the pord.
The Jevee was breached on_the northeastorn cornar of the tailings pond at
the eastern end of the cast-west portion of the loves. This places the break
in the levee over the former stroam channel.

¢

With the break in the location descrited, the mul and water flowad up-
: slope, that {3 up the valley and across Missouri{ State I'vy. T. Mud and water
(-\ in cxcess of that which could ba contained by the upslope portion of the
) watershed flowed around the westomm end of the tailinecs pond enteoring the left
~ bank tributary to Mill Crdek. This mud und watar entered Mill Croex at Tif?

/ _ . .
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and eventually reached Big Piver. Since the break was unalope, ruch of thas
waste mater{al ;a3 containad in that topographic setting. Thus, there was
lictle damage as the result of flooding in the downstroam area. Howsver, a
largs volume of waterial has flowed from the tailings pond through the breach-
ed levee and has rerained for several weeks on tho upslope portion of the
watarshed outside the tallings pond.

The western portion of the leveo suffered severe damage subsaeguent to
the breach and outflow of pond mud and water. The erbankment fallure of the
western leves consisted of rotational slides moving inward into the ponk.
Some small slips occurred on the outside slope of the lovee. Extensive frac-
tures parallel to leves alignment occurred along the crost of the levea. On
21 Aug. 1975, the western portion of the levee was in extremn jeopardy and
could easily have failed with the further loss of additional mud westward
into the by-pass crainageways that circuswvented the tailings pond.

Some portions of the eastarn levee also failed in a similar manner, but
the destruction of the eastarn laveoe was less extreme than that of the west-
ern levee. No damage occurrad to the southern portion of %'~ laves, this
being the point at which the plant discharged into the tailiags pond.

Approxinate dimensions prior to failure at the point of failure were as
follows:

1). Height, SO feet.

2). Sslope, 35 decrces (lh:1).

3). Crest width, 25 feet, (locally 20 feet).

4). Freeboard, 5 to 6 feet.

5). Hydraulic height betwesn watar and rud level within the lagoon and
the clear water lake outside (north) of the lewvce, 35 feet.

6). Clear watasr lake depth, 10-15 foet.

7). Areal extent of the lagoon, 75 acres.

Water saturated mud was contained within the levee, A clear water lake
existed north of the levee and coverad the lowaer 10-15 feet of the levee. The
levee was functioning as a filter drain betwvesn rmud and watar in the tailings
pond and the receiving strcam so that clear water could dbe discharged to the
receiving tributary, or re-used in the plant operation. Watar continually
seeped through the levee. The pricary control on the level of the clear water
lake was a spillway on the diversion ditch designed so that water in the clear
wator lake did not flood Missouri State imy. E.

Mr, Williams, the Plant Suporintendent reportsd that water level in the
clear water lake would fluctuate no more than 2 or 3 feet. This fluctuation
was not abrupt. It relatsd rore to the wetness of a particular seasan than
to any sudden change. No significant water level fluctuations were renorted
to have occurred prior to dam failuro. As indicated by 1 Dr. Larry Fellows
(pero. corm.), no detectable seiamic related events, natural or man-made, were
recorded by the soiswographic station located at Frencit Village at the time
of failure (Otto luttli, St. Louis University, St. Louis, Mo.).

!
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l My, Williams, the Flant Suypertindent had reoorted thst trucks had
passzd over tha dive as late as 11:00 n.m, en the evening prior to the dan
fallure. Operations prior to dam failure anpear to have bean routine, in-

cluding no observaicce ol any incdication that faflure would occur at this

or any point {n the dive.

The levee has bren constructed of gravel as a hv-product fron the plant
cperation. Attached laboratory data indicates the size ard sorting of the
graval materifal. 21lrost all of the gravel is less tharn three-quarter inch
in size, but there i3 less than 10 percent clay and silt (fig. 1 and 2).

! Typical operations in the construction of a gravel leveea for a tallings pond
involve the hauling of gravel along the crest of the levesa. The qravel is
dumped either into the interior of the pond, or onto the extsrior portion
i of the lovee slope. Only the width of the leves travsaled by the truck re-~
‘ celves compaction, thug, the average corpacted width of the leves is likaly
] to be no more than 20 or 25 feet. Some lavees in Washington and Jofferson
Counties have a compacted width of 12 to 15 feet, others 35 to 40 feet. A
sample of gravel obtained on the eastern facs (west-facing) of the breached
Dresser no. 4 levee had a 90 pounda per cudbic foot unit dry weight (fig. 3).
s This jower thanhormal density of compacted gravel could be attributed to
' the lower spscific gravity that would bs expected of chert fragments that
are formed as a secondary or residual product from weathering. Specific
gravities of tha chert range from 2.54 to 2.56. 7The .cnsity of rmid contained
within the pond would be expected to exceed this (H. M. Wharton, 1972; Rarite
( Orc Potential, to. Geol. Survey, RI No. S53.)

. N

(.—" It can be shown from engineering calculations (Heacler, ners. com:.) that
a gravel levee of the dimensions at the Dresscr Dam site, if well cocpacted
throughout the lateral extant of the levee, ocould have a factor safety of 1.5
relative to the impounded riud and water., Howewvar, corron construction prac-
ticos of tailings ponds dams 29 Qeacribed above result in only the central
portion of the levee being compacted. The front portion (interior #=<in~}
of the leves i3 nacde up of oud-dusped gravel intermixad with mud (figs. 4 and
5). The back portion {o1tsids slope) of tha leves consis=s of cravel that
has rolled over the backslope after having been durpoed on tha crest of the
levee, Therefore, there is only one-half, perhaps on some levees only one=-
fourth of a dam relative to actual design needs for retardation of Lmpound-
ed nud and water.

Cormon_practice is to construct a starter dam at the rmain portion of

the levae., This starter dam consists of corpactad earth. Anain, 1f ~o-ron
practices ara followeo., the gravels from the plant are d'mped on the front
slope of the starter dam into the mud discharged from the plant., However,
the starter daa commonly extends only across ths downstrean portion of a
tallings pond across the valley bottom. Tha remainder of a lavees of a tail-
ings pond comronly is mada up only o qravels fron the plant oneration. These
gravels are dumped on tho natural snil materials. The gravels are not placed
on a sound foundation constructed for the purposes of a water detention struc-
turc. It io likely, z2lthough rot nubstantlated, at the arca of faflurs on

: the Drosser Dam, the gravel lcvee rested on natural sail material. In fact

by a portion of thegse gravels could have been end-durped onts "ud and water that

L, had backed up thae valley from the natn dam. It could have been a situatien
in which a levee had to be constructod across the unper portion of the tail-
ings pond to raotard the movement of mud and watoer upstrean &nd thersby flond-
ing tha highway. Thua, 4f cormon conatruction practices tvdical of bharite
tailing pends are £5llow2d, the pond levee at the point of failure consisted
[+] .

. 0l
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of gravel rcreting on nud, organic material, and alluvial s0il dononits.

The lovee would have been conpacted oinly in the center 22 n- 25 f0o%t section,
Tae front slope of the lewvec would have been made up of gravel mixad with
nud, and the back slone of tho levae would have consistel of loose gravel,
water gaturated in tie lower 15 to 30 fcet.

The construction practices described above violate 111 cormon pro-
coiures folloed ir the c¢onscruction of darz wishin thn 253t Af Y{goausl,
It has becn my ouservation that very few engineers or very fow contractors
either acting independzntly or togather would recommend the construction of
2 dam if tha founcation was not placed on sound subsoll or kedrock prapared
for purposes of impounding water, xud, or sewage. Usually core trenches are
constructed. The dams are corpactod throughout the extent of the structure
in a uni{form manner, and not limited to the centarline travelled by machinery.
If the dan is to be over 40 or 50 feet some effort {3 ~‘von to stabilization
of bLach slopes such as by berrs. If berms are used they consist of well coo~
pacted material, not loose debris durped from the dam crest.

Tho practices described in this report as cormonly usad in the construction
of barite darms are thoase wihich could lead to failures by a raizsive founlation
failure. This could occur on the natural soil nmatarials. It also could re-
sult due to the nixture of gravel and rud in the Las: of tlic founlaticon. There
could possibly be acdditional factors which could be considered that co:ld have
contributed to or have been an incependont causc of levece failur». This would
ingl ide siides within the levoa as the result of an zdni:ture of mud and clay.
The Drcssar levee failure could have bren a founcdation fafilure, a rotational
slide failure if a quantily of mud was incorporated in tho dile, a shear fall-
ure in qravel of low strencgth or corbination therxeof. I the Dresser tio. 4
dam wa3 built usirg procedurcs coron to constructicn of barite tatlings dans,
it rested on an inacdequate foundation and had inadequate strength and density
to ocontain vater and muds of clay size soil ard Yarite. Mssuming a foundation
condition typical of barite dans a foundation fallurc is tire likecly chcice.

If evidence remains subseguant to tle Jdanage cauased by the failure, eiploration
could assist in cefining the cause rorc precisaely.

Dr. J. Hadley ¥illianc, Chie?
Applied Engineerina & Urban Geology
Missourl Geolojical Survey
Septernber 22, 1775
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PHOTOGRAPH RECORD

DRESSER NO. 4 DAM - I.D. NO. 30474

Photo No. Description

1. View northwest through breach in dam.

2. Excavation of gravel from east side of impoundnent.
Tailings (left) are above the bench Tevel.

3. View westward of upstream face and crest of dam.
Scarp also shown in this view.

4, Crack in crest of dam at northwest end of impound-
ment.

5. Downstream face of dam at south end of impoundment.

6. 8-inch diameter steel pipe at south end of impound-
ment.

7. Outlet ends of the 12-inch diameter steel pipes at
northwest end of impoundment and diversion ditch at
toe of dam.

8. View downstream of diversion ditch at southwest end
of impoundment.

9, Spring at toe of dam.

10. Seepage at toe of dam and pond downstream formed by

Lower Dresser No. 4 Dam (I.D. No. 31123).
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