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SUBJECT: Dresser No. 10 Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation
of the Dresser No. 10 dam:

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

This dam has been classified as unsafe, non-emergency by the St. Louis
District because the spillway can pass only 30 percent of the Probable
Maximum Flood without excessive spillway erosion and possible failure
of the dam. Also, the dam has excessively steep downstream embankment
slopes.
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Chief, Engineering Division Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Dresser No. 10 Dam
State Missouri
County Jefferson
Stream Tributary to Big River
Date of Inspection 23 March 1979

Dresser No. 10 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 was
based on an evaluation of the available data, a visual inspection, and
an evaluation of the hydrology and hydraulics of the site to determine
if the dam poses hazards to human life or property. The purpose of the
dam is to impound tailings from a barite separation and beneficiation
operation.

Dresser No. 10 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 life and property. The damage zone, estimated
by the U.S. Corps of Engineers, extends about 4 miles downstream of the
dam. There are several dwellings, two bridges, and a highway within
this damage zone.

The results of the inspection and evaluation indicate that the
spillway does not meet the criteria given in the Guidelines for a dam
with the size and hazard potential of Dresser No. 10 Dam. As a large
dam with a high hazard potential, it is required by the Guidelines to
pass the Probable Maximum Flood (PMF) without overtopping the crest.
The PMF is the flood that may be expected from the most severe combina-
tion of critical meteorologic and hydrologic conditions that is reason-
ably possible in the region. It was calculated that the spillway could
pass a 100-year flood (a flood having a 1 percent chance of being equalled
or exceeded in any 1 year) without overtopping the dam. It was also
estimated that the spillway could pass 30 percent of the PMF without
significant erosion of the spillway or embankment. However, the spillway -.

cannot pass 50 percent of the PMF without significant erosion of the
spillway and embankment.

The existing spillway terminates on the left abutment hillside
above the natural drainage. The spillway should be extended to the
natural drainage channel. The spillway should also be constructed



and/or the freeboard increased so that the PMF can be passed without over-
topping the dam and without significant erosion of the embankment and
spillway channel.

The soils immediately downstream of the dam on the left abutment
were soft and saturated. Seepage was observed in that area of the dam-
site. This soft soil condition and the steep downstream slope of the
dam could adversely affect the stability of the structure.

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. 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 sta-
bility of the dam.

An inspection and maintenance program should be initiated. Periodic
inspections should be made and documented by qualified personnel to ob-
serve the performance of the dam and spillway.

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

Kenneth B. King,'P.E.

Michael P. Forrest, P.E.

Donald R. Sanders, R.G.
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OVERVIEW OF DRESSER NO. 10 DAM
FROM RIGHT ABUTfIENT
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

DRESSER NO. 10 DAM - ID NO. 31153

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

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

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

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

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) Dresser No. 10 Dam is an earthfill dam that is used to im-
pound tailings from a barite separation and beneficiation
operation. The dam is being continually raised to provide
storage for tailings. The tailings consist of reddish-
brown soft silty clay, which is being deposited as a
slurry in a water environment.

(2) The spillway, located on the left abutment, consists of an
open channel cut into natural clayey soil. The spillway,
roughly trapezoidal in cross-section, is 14 feet wide at
the bottom and has a maximum depth of about 5.5 feet.

b. Location. The dam is located in the southern portion of
Jefferson Coun'ty, Missouri, as shown in Plate 1. The dam (shown in
Plate 2) is located in Section 17, Township 38 North, Range 4 East.

' -,,---- -___"__ I I



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
damage zone, as provided by the Corps of Engineers, extends about 4
miles downstream of the dam. There are several dwellings, two bridges,
and a highway within this distance.

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 tail-
ings from a barite separation and beneficiation operation.

g. Design and Construction History. Construction of the dam began
in about 1974. The dam is being continually raised to provide additional
tailings storage capacity. The design and construction information is
discussed in Section 2.

h. Normal Operating Procedures. The outflow of surface run-
off would pass through an uncontrolled spillway located on the left
abutment. Fine barite tailings are discharged in a slurry from the
mill into the impoundment, near the upstream face of the dam at the
right abutment. Water from the upstream end of the pond is recycled
back to the mill.

1.3 PERTINENT DATA

Field surveys were made by Booker Associates, Inc. of St. Louis, Missouri.
The date of the survey was 28 March 1979. Since the dam is being continu-
ally raised, the data gathered during the survey applies only to the time
that the survey was made. The survey information is presented in Plates
3, 4, and 5.

a. Drainage Area. 187 Acres (Topographic Quadrangle; 7.5-minute
series, Vineland, Missouri, 1960).

b. Discharge at Damsite.

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

(2) Spillway discharge for pool at top of dam (El. 705.5) -

695 cfs.

-2-
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(3) Maximum experienced outflow at damsite - no available

information.

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

(1) Top of dam - Varies from El. 705.5 to El. 712.5.

(2) Streambed at downstream toe of dam - El. 606 +.

(3) Spillway crest - El. 700.0.

(4) Tailings surface adjacent to dam - Varies from El. 698.0
to El. 702.1.

d. Reservoir. Length of existing impoundment - Approximately
3000 feet (Topographic Quadrangle; 7.5 minute series, Vine-
land, Mo., 1960)

e. Storage.

(1) Spillway crest (El. 700.0) - 1118 acre-feet.

(2) Top of dam (El. 705.5) - 1310 acre-feet.

f. Reservoir Surface Area.

(1) Spillway crest (El. 700.0) - 36.0 acres.

(2) Top of dam (El. 705.5) - 39.5 acres.

g. Dam.

(1) Type - Earthfill.

(2) Length - 765 feet +.

(3) Height (maximum above streambed) - 107 feet +.

(4) Top width - 40 feet +.

Elevations are based on a reference datum of 740.00 M.S.L. at the
temporary bench mark (see Plate 3). This elevation was estimated
from the topographic quadrangle.

-3-



(5) Side slopes -

(a) Downstream: 1.5 (H) to 1.0 (V).

(b) Upstream: Unknown.

(6) Zoning - The zoning of the dam consists of a clay starter

dam, which is overlain by sands and angular gravels. The

sands and gravels are from the barite ore milling process,

and the gravels are finer than 7/8-inch.

(7) Cutoff - A clay core trench to bedrock is shown on a design

drawing for the starter dam.

h. Spillway.

(1) Type - Uncontrolled open channel spillway.

(2) Control section - 14-foot bottom width, 5.5-foot depth,

34-foot top width, and approximate side slopes of

1.5(H) : 1.0(V) and 2.2 : 1.0.

(3) Crest elevation - El. 700.0 M.S.L.

(4) Upstream channel - Clear.

(5) Downstream channel - Shallow cleared section.

i. Regulating Outlets. None.

J. Diversion Ditches. None.

-4-
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Documentation of the design of the starter dam is shown on a drawing
by Dresser Minerals dated November 17, 1975 and entitled "No. 10
Starter Dam, Plan and Sections, St. Francis County, Mo.", (no drawing
number). This drawing was in the Dresser Minerals office near Mineral
Point, Missouri. The drawing indicated the following data for the star-
ter dam:

Downstream slope - 2 (H) to I (V)
Crest width - 40 feet
Maximum section - 41 feet
Spillway channel - 14 feet wide

The drawing also depicted a cutoff trench of unknown depth.

Spillway channel hydraulic computations and runoff calculations are
shown in a record by Dresser Minerals entitled "Spillway for Dam at
Washer No. 10", dated November 18, 1975. These computations were avail-
able at the Dresser Minerals office, Mineral Point, Missouri. Watershed
runoff was computed as follows:

Q = Aci,
where, A = 200 acres

c =0.5
i = 3.5 in/hr.

therefore, Q = 200 x 0.5 x 3.5 = 350 cfs.

The discharge capacity of the spillway was calculated by Dresser Minerals
using Manning's Equation to equal 351.3 cfs for a 14-foot wide channel
flowing 3 feet deep with side slopes of 2 (H) to I (V) on one side and 1
to 1 on the other side.

2.2 CONSTRUCTION

No construction records were available. Mr. A. E. Williams, a representa-
tive of Dresser Minerals, indicated that construction of Dam No. 10 was
begun in 1974. The representative stated that the damsite was cleared of
vegetation before the clay starter dam was constructed. After construc-
tion of the starter dam, sand and angular gravels (finer than 7/8-inch)
from the No. 10 mill were hauled to the crest of the dam by truck, end-
dumped and spread by dozer or grader. Excess material was pushed over
the upstream and downstream faces of the dam. The sands and gravels
placed in this manner are in a loose state and are at their natural
angle of repose on the downstream face. The material pushed over

5
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the upstream side rests on the tailings. The centerline of the dam re-
mains approximately at the same position as the embankment is raised.
Compaction of the material on the crest is by construction equipment.
Presently, the construction Is proceeding in the same manner.

A report by J. H. Williams of the Missouri Geological Survey dated 30
September 1975 and entitled "Engineering Geologic Report on Dresser No.
10 Barite Pond", indicates that sliding occurred in the starter dam.
The report also indicates that the starter dam had been leaking severely,
particularly in the left portion of the dam. This report is in Appendix B.

The representative from Dresser also indicated that a spring was located
on the right abutment hillside, downstream of the starter dam and above
the natural stream channel. The representative indicated that a 12-inch
diameter steel pipe was constructed from the spring to a discharge point
downstream in the natural stream channel. The length of this pipe is
not known. The pipe was set in concrete at the spring. This spring was
covered by the dam as it was expanded in the downstream direction. No
construction records of the pipe installation were available.

2.3 OPERATION

No operating records are known to exist. The outflow of surface runoff
would pass through an uncontrolled spillway. Barite tailings are being
conveyed as a slurry to the impoundment. Water is separated from the
tailings by a filtering process through a gravel dike located at the
upper end of the impoundment. The water is then pumped back to the mill.

2.4 EVALUATION

a. Availability. Limited design records and construction informa-
tion were available. The starter dam design and runoff/spillway calcula-
tions were prepared for documentation purposes after construction began.
The only construction information available to the inspection team was
a verbal communication with the owner's representative.

b. Adequacy. The field surveys and visual inspections presented
herein are considered adequate to support the conclusions of this report.
Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" were not avail-
able, and this lack of information is considered a deficiency. These
seepage and stability analyses should be performed for appropriate
loading conditions, including earthquake loads, and made a matter of
record.

c. Validity. Available information pertaining to the starter dam
could not be confirmed by the visual inspection because the starter dam
underlies the embankment sands and gravels. According to the Guidelines,
the computed runoff of 350 cfs is not adequate for the dam, as indicated
in Section 5 - Hydraulic and Hydrologic Analyses.

-6-
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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 23
March 1979. Mr. A. E. Williams, a representative of Dresser Minerals,
met with the inspection team on 21 March and 23 March 1979. The impound-
ment created by Dresser No. 10 Dam is currently in use as a barite
tailings storage site. The dam is being continually raised to provide
additional tailings storage capacity. Photographs taken during the
inspection are included in this report. The field locations of the
photographs are shown in Plate 6.

b. Project Geology. The reservoir watershed is covered by a
residual reddish-brown sandy clay that contains irregular masses of
barite, chert, and quartz druse. Soil cover appears to be generally
less than 5 feet thick but can be 10 feet or more in some areas. The
underlying bedrock consists of massive dolomite of late Cambrian age.

Natural outcroppings of dolomite bedrock occur as nearly vertical
cliffs about 100 feet high along the east side of the Big River about
300 feet west of the left abutment of the dam. Bedrock has been exposed
by excavation immediately downstream of the dam on the right abutment
hillside. The bedrock surface is highly irregular and contains numerous
small solution cavities and pinnacles of resistant druse. Dolomite ex-
posures were also observed in the natural stream channel downstream of
the dam. Both dam abutments are covered with reddish-brown clayey soil
with gravel and rock fragments. The soil downstream of the dam appears
to be reddish-brown silty clay.

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

There is no vegetation on the embankment itself. Some grass cover
exists on the natural soils downstream of the dam.

No detrimental settlement, depressions, sinkholes, animal burrows, or
cracks were observed; however, it is doubtful such features would be
apparent because of the continual addition of new gravel fill. Minor
erosion of the northern end of the upstream face of the dam was observed.
The mill discharge has undercut a small portion of the upstream face and
has caused minor sloughing of the embankment materials. This erosion is
repaired by adding sand and gravel material to raise the dam.

Extensive seepage was observed along the downstream toe of the left
abutment of the dam from Station 1+00 to Station 5+00 and in the area
downstream of the left abutment. Throughout this area, the ground was
soft and wet with water oozing from the clay soils. The seepage accumu-
lated in many small rills with the total cumulative quantity of seepage
estimated at about 10 gpm. The flow was clear and no evidence of piping
was observed.

-7-
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Clear water from a spring in the dam foundation was being discharged
from a 12-inch diameter steel pipe that emerges in the stream channel
downstream from the dam. The flow in the pipe was about 3 inches deep
and was estimated to be 50 to 100 gpm.

The difference in elevation between the top of tailings and the dam
crest ranged from about 7 to 12 feet on the date that the survey was
made (28 March 1979). The elevation difference from the spillway crest
to the low point in the dam crest was 5.5 feet on the date of the survey.

d. Appurtenant Structures. The only appurtenant structure associ-
ated with the dam is the spillway at the left abutment. The spillway
consists of an unlined open channel excavated in natural soil on the
left abutment hillside. The north side of the spillway channel abuts on
the dam embankment. The bottom of the spillway consists of soft clayey
soil. Some sloughing of the abutment (south) side of the spillway was
observed near the dam axis. The spillway extends downstream about 160
feet from the centerline of the dam and curves toward the toe of the
dam. Downstream of the spillway crest, the channel is shallow and does
not extend to the natural stream channel. It terminates on the left
abutment hillside.

e. Reservoir Area. No evidence of landsliding was observed in
the reservoir area. Very little erosion was evident on slopes covered
with natural woodland vegetation, which comprises about 90 percent of
the watershed area above the impoundment. Erosion of slopes below the
mill caused by the tailings discharge was observed, but this is con-
fined to a small area. The tailings in the impoundment consist of soft
silty clay that is being deposited by hydraulic methods. Minimal consoli-
dation of the tailings has probably taken place. There are no upstream
structures within the watershed of this dam that would be subjected to
backwater flooding.

f. Downstream Channels. Discharge from the spillway channel would
flow down the left abutment hillside, for a vertical distance of about
90 feet, into a small pond in the natural downstream channel. The
outlet for that pond is a shallow channel about 3 feet wide and 50 feet
long. This channel flows into the Big River. The width of the flood-
plain of the Big River ranges from 500 to 1200 feet between the dam site
and the town of Blackwell, about 2 miles downstream of the dam.

3.2 EVALUATION

Minimal consolidation of the clay tailings has probably taken place,
and, 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

(
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due to flood runoff, there could be significant seepage through the embank-
ment which could adversely affect the stability of the dam.

The soils located downstream of the left abutment of the dam were soft
and saturated. Seepage was observed in the left abutment area of the
dam. Currently, the dam is being constructed in the downstream direc-
tion over these soft foundation soils. This soft soil condition and
the steep downstream embankment slope could cause potential instabil-ity of the embankment as the dam is raised.

The spillway consists of an unlined side-hill bench cut in clayey soil.
The soft clay soils are subject to erosion. Sloughing of the uphill,
or abutment, side of the spillway was observed. The spillway channel
does not extend to the natural drainage channel downstream of the dam.
During high flood flows, discharge from the spillway could erode the
soil downstream of the dam and eventually undercut the toe of the dam.
Since the spillway channel abuts on the dam, flood flows could also
erode the embankment materials.

9
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

No regulating procedures are known to exist for this dam. The dam is
continually being raised to provide additional tailings storage capa-
city. Surface runoff passes through an uncontrolled spillway channel on
the left abutment. Water used to transport tailings from barite separation
to the impoundment is recycled back to the mill from the upstream end of
the pond. Water is separated from the tailings by a filtering process
through a gravel dike located at the upper end of the impoundment.

4.2 MAINTENANCE OF DAM

The embankment is currently being enlarged to provide additional tailings
storage capacity, and, therefore, maintenance of the dam is not strictly
practiced. Sand and gravel materials are being dumped in the upstream
and downstream directions.

4.3 MAINTENANCE OF OPERATING FACILITIES

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

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

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

4.5 EVALUATION

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

-10-
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SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES

5.1 EVALUATION OF FEATURES

a. Design Data. The significant dimensions of the dam and spill-
way are presented in Section 1 - Project Information and in the accom-
panying field survey drawings, Plates 3 through 5. The availablehydro-
logic and hydraulic design information is limited, as discussed in
Section 2 - Engineering Data.

For this evaluation, the watershed drainage area, stream lengths, and
reservoir areas were obtained from the 1960, 7-1/2-minute, USGS Vineland,
Missouri, Quadrangle, a 20-foot contour interval topographic map. The
soil group for this watershed is classified as Clarksville Gravelly
Loam, equivalent to a hydrologic soil group B classification, which has
a moderate rate of water transmission.

The watershed above the impoundment consists of about 90 percent wood-
land cover and 10 percent exposed areas. This was determined from fieid
observations and aerial photographs of the project area. The estimated
curve numbers are CN 60 for antecedent moisture condition (AMC) II
condition, and CN 78 for AMC III condition. Other pertinent data such
as basin lag times, unit hydrograph, and probable maximum precipitation
are presented in Appendix A.

Two spillway cross-sections were surveyed near the spillway entrance.
Channel geometry indicated that the spillway discharge rating curve can
be better approximated by using the weir flow-formula instead of uniform
flow or critical flow formulae. About 120 feet downstream from the en-
trance, the spillway channel becomes steeper, and supercritical flow
conditions may occur. Computations of the spillway discharge rating
curve and the discharge rating curve for flows over the dam crest were
made by the weir flow formula, assuming weir coefficients of C = 2.7 for
the spillway and C = 3.0 for the dam crest. The combined discharge
rating curve is shown in Appendix A under the input data listing as Y4
and Y5 cards. The reservoir area-capacity and other pertinent data are
also in Appendix A in the computer printout.

b. Experience Data. No recorded rainfall, runoff or other expe-
rience data are available. Reportedly, the tailings dam has been over-
topped once (see letter by J. H. Williams, dated 18 December 1975, in
Appendix B).

c. Visual Observations. An open channel spillway is located on
the left abutment. Specific information on tN# visual observations is
presented in Section 3 - Visual Inspection.

- 11 -



d. Overtopping Potential. The 100-year flood, probable maximum
flood (PMF), and floods expressed as a percent of the PMF were computed
and routed through the reservoir and spillway. The PMF is defined as
the hypothetical flood event that would result from the most severe
combination of critical meteorologic and hydrologic conditions that is
reasonably possible at a particular location or region. The Modified
Puls Method of spillway routing was employed. For all spillway flood
routings, the level of the reservoir surface was set at the spillway
crest elevation at the start of the floods. In the spillway routing, it
was assumed that erosiLn of the earth channel and the spillway section
through the embankment will not occur as flood discharges increase;
therefore, the spillway discharge rating curve was computed for a speci-
fic cross-section and configuration. Results of the overtopping analyses
indicate that the spillway is able to pass the 100-year flood. Routing
studies indicate that the spillway can also pass about 85 percent of the
PMF without overtopping the embankment; however, at 85 percent PMF, the
peak spillway outflow is about 690 cfs with a flow depth of 5.0 feet
and a flow velocity of about 6 feet per second. High discharge velocities
such as those at 85 percent PMF peak outflow could cause significant
erosion of the spillway channel or the embankment section.

A major consideration in evaluating the safety of the dam is assessing
the potential for overtopping and the subsequent failure of the embank-
ment as a result of erosion. Since the spillway is composed of erodible
materials, high velocity discharges through the spillway will lead to
erosion of the spillway and embankment even if the dam is not over-
topped. Based on the Corps of Engineers Manual EM 1110-2-1601, "Hydraulic
Design of Flood Control Channels", the maximum permissible velocity for
the materials found in the spillway and the embankment section is about
4 feet per second. Using this as a criterion, it was estimated that the
spillway can pass the 30 percent PMF without significant erosion. The
30 percent PMF spillway routed outflow is about 165 cfs with a flow
depth of 2.2 feet and velocity of about 4 feet per second. Thus, for
determining the erosion potential of the spillway, flows above 4 feet
per second and depths higher than 2.2 feet are considered to produce the
effects of embankment failure.

Results of the overtopping analyses are reported in Appendix A and are
summarized on the following page.

t
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Spillway Duration
Peak Peak Max Res Spillway Flow Spillway Vel.
Inflow Outflow WS Elev Flow Depth Velocity Over 4 ft/sec

Flood (cfs) (cfs) (ft) (ft) (ft/sec) (hrs)

25% PMF 727 123 702.0 1.9 3.7

50% PMF 1453 324 703.6 3.3* 4.9* 5.3

75% PMF 2180 580 705.0 4.6* 5.8* 8.0

90% PMF 2616 777 705.7** 5.4** 6.2** 9.2

PMF 2906 967 706.1** 5.5** 6.3** 9.8

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

* Dam overtopped (Minimum Dam Crest Elev. = 705.5 feet).

Note: Reservoir water surface elevations include the velocity heads corres-
ponding to the velocities computed at the spillway control section.

-13-
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

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

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

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

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

e. Seismic Stability. The dam is located in Seismic Zone 2, as
defined in the Uniform Building Code. 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 earthquakes.
Some ravelling of the gravels could also occur during seismic shaking
because the downstream slope is at or near the natural angle of repose.
Crest settlement could also occur because the gravels are in a loose
state.

- 14 -



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. There are several deficiencies that should be cor-
rected. (1) No erosion protection has been provided in the spillway
channel. Since the spillway channel terminates on the left abutment £

hillside above the natural stream channel, discharge through the spill-
way could erode the soil downstream of the dam. (2) The discharge
capacity of the spillway was computed to be inadequate to pass 50 per-
cent of the Probable Maximum Flood (PMF) without significant erosion of
the spillway and dam. The PMF is the flood that may be expected from
the most severe combination of critical meteorologic and hydrologic
conditions that is reasonably possible in the region. The "Recommended
Guidelines for Safety Inspection of Dams" specify that the spillway
design flood for this dam should be the PMF. (3) The seepage and soft
soil conditions on the left abutment at the downstream toe of the embank-
ment could adversely affect the stability of the dam. (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. All 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 spillway flood
discharge capacity.

c. Urgency. The Phase I inspection indicated apparent deficien-
cies in the condition of the dam and spillway. Seepage and stability
analyses and measures to increase the spillway capacity and provide the
spillway with adequate erosion protection should be given priority.

d. Necessity for Phase II. No Phase II investigation Is recommend-
ed; however, additional investigations are recommended as outlined in
Section 7.2.c.

7.2 REMEDIAL MEASURES

The following remedial measures are recommended:

- 15 -
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a. Adequate erosion protection should be provided on the spillway
channel bottom and side slopes. Erosion protection should also be pro-
vided on the upstream face of the dam adjacent to the spillway. The
erosion protection should be adequate to withstand the peak discharge
velocity resulting from the PMF. The spillway channel should be ex-
tended to the natural drainage channel and a sufficient distance down-
stream so that any discharge will not undercut the toe of the dam or its
foundation.

b. The existing spillway capacity was calculated to be adequate to
pass 30 percent of the PMF without significant erosion of the spillway
and without overtopping the dam. To comply with the Guidelines for a
dam of this size and hazard potential, the spillway should be (on-
structed and/or the freeboard increased so that the PMF can be passed
without overtopping the dam crest and without significant erosion of the
spillway and embankment.

c. Seepage and stability analyses should be performed by a profes-
sional engineer experienced in the design and construction of tailings
dams. The necessary data for these analyses would be obtained from
additional investigations. The investigations should consist of subsur-
face exploration and soil sampling and a laboratory testing program to
obtain the necessary engineering parameters of the dam and foundation
materials. These parameters should be used in an engineering study to
evaluate the stability of the dam. The embankment is a relatively
porous granular structure bove the tailings surface. If the impoundment
water level were to rise above the tailings surface, there could be
significant seepage through the embankment which could adversely affect
the stability of the dam. Included in these analyses, therefore, seepage
and stability computations should also be performed with the reservoir
water surface set at the top of the dam for the maximum planned height
of the embankment. Concurrent with the exploratory work, groundwater
monitoring wells should be installed in the drill holes to obtain water
level data, which would be used in the stability studies. Based on the
results of the stability studies, remedial measures may be necessary.
Remedial work should be done under the direction of an engineer experienc-
ed in tailings dam design and construction.

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 spillway. Observations should include
indications of instability, such as cracks in the embankment, slough-
ing, erosion, sudden settlement, or an increase in the volume or turbid-
ity of the seepage areas. Records should be kept of these inspections
and of any corrective maintenance performed at the dam and spillway.

-16-
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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:

* 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.

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

* 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.

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

* Reservoir Area-Capacity - Areas were measured from U.S.G.S.topographic maps. 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 flood 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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APPENDIX B

INFORMATION SUPPLIED BY OTHERS
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ENGINEERING CLOIOGIC RI.IW1 ON I)KESSIR NO. 10 BARITE POND

Jefferson County, Mo.

LOCATION: Center north 1_ Sec. 17, T. 38 N., R. 4 E., Vineland Quadrangle

GEOLOGIC SETTING:
The dam has been constructed on weathered Potosi dolomite. The material used

for the dam consists of red clay mixed with stone that has been borrowed from
deposits of Potosi residuum. Bedrock is exposed on the left abutment where a spillway
has been constructed.

The dam was suffering from slides on the interior slope. MESA recommended
adding red rlay to that inter front slope in order to stabilize these slides.

However, the customary mine procedure is to deposit gravels and other materials
on the front slope of the dam allowing these to fall and slide into the slime pond
and on top of liquid mud. This, there is no stability to the front slope of the
structure. The only stability is that of the original starter dam and the compacted
center portion of the gravel dam as it is carried upward to higher from the original
starter dam.

The starter dam is leaking severely, particularly in the lower 20 feet. Leakage
is more severe on the left portion of the starter dam. In addition, water is flowing
from the Potosi dolomite near the lower right toe of the dam. This flow is in the
atreambed, however, and some 20 feet downstream of the downstream toe of the dam.
This was reported to be a spring, however, the geologic setting and temperature
indicates that the water is primarily from water in the upstream portion of the dam.
Since the water is clear it has yet to be affected by the muds that are near the main
portion of the dam.

RECOMMENDATIONS:
It appears essential that a wide well compacted berm of large gravelly material

be placed at the downstream toe of the dam. This berm could be placed over the stream

provided that drainage facilities are maintained. This would require that the gravel

placed by the spring be free of fines that is silt and clay material.

The dam is seeping badly also at the point of contact between the overlying
gravel deposits and the crest of the original starter dam. It is my belief that
this seepage is being controlled by the contact of the original starter dam with
the gravels, and that this leakage will continue. However, the deposits of mud that

are being made along the upstream face of the dam are claimed to have sufficient
fines to seal the front slope of the structure. Again, I cannot accept this belief.
but rather I believe that leakage gradually ceases as water is eventually drained

from the clay and coarser materials that are deposited on the interior face of the dam.

Stability of this structure cannot be achieved unless a well compacted berm of
adequate width is placed at the downstream toe of the structure. This berm should
consist of bull rock that is large chert fragments up to boulder in size. Once
the drainage blanket for this is established, which would include the spring area,
the upper portion of the berm could consist of large rock fragments intermixed with

clays and silts.

James H. Williams, Chief

Applied Engineering & Urban Geology
Missouri Geological Survey
September 30, 1975
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Dceuber 18, 1975

Please reply to:
P. 0. Box 250
fell&, NO 65401

Bob Lindholm
Attorney GeneIgal's Of fice
loprem Court Bldg.
Jefferson City, No 65101

coat bobs

the tailings dam, reported overtopped by Bob Blackwell, is Dresser
010 located in sBM, NkX, thh, Sec. 17, T. 38 H., R. 4 H., ferxsot.Couqty.
This is a dan that has been the point of issue between canoeists on
Big River and the bridge constructed by Dresser for access.

X understand that MESA has cited Dresser for operating violations
at the 010 sitei MESA personnel had expected the da was overtopped based
on evidence that was observed when inspected for structt al condition.

I an concerned about this dam and have mntioned ey concern to Dres-
ser personnel Including Gene Willians and Bob Devine. This dam apparently
has high seepage rates through tho coMacted dirt used in the starter dan.
The back slope of the dam is soft due to this excess seepage. rn addition,
there is a spring flowing from bedrock just downstream of the dam. I an
told that flow in this spring increased as water aoamclated in the tail-
- pon.

I do not believe that a hazard exists to persons domtream d of
this nmet since construction has, in essence, just begun an the tALlinqs
dam. The present dam is no more than 40-41 feet in heiqhta however, the
completed structure may be uowe than 100 feet in height. Therefore, this
dam could cover the spring. The foundation might pessibly rest on soft

soil in the downstream area adjacent to Big spring area and failure with-
in the structure dus to the sprinq might also occur. Consequently. there
is reason for concern relative to safety of personnel as the height of
the dam increases with operation of the barite facility. WSA is review-
iag some plans submitted by Dresser on this dam. I suspect that their
oomm0ets will be such that Dresser will not be allowed to continue opera-
tio until som of these hazards are corrected.

I just received som historic air photos coverage Of Dresser 04.
ft 1955 only the main or downstream dam existed. At that time, md tailings

(.
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9 Bob L*Mdhols
Page 2
D mber i$, 1975

had aoouTAiat44& WVat beyond the point where the present levee failed
in huquat 1979. The negt photo is in 1964. At that tim, the tailinas
pond h d t outlIne as it exists today. The portion of the levee that
failed is across the trem channel which had previously been occupied
by tailinqg. Ons 1, then faced with the various possible a!ternatives
which iflGlu,, bildiiq the levee on mud, construoting a oore trench
through the W4, or loverinq the level of mud. The lost two procedures
would have be ,*r difficult to achieve.

Merry ChM~taa:

Sincerely yours,

Dr. J. Hadley William , Chief

Applied Enginearinq & Urban Gooloqy
Geology a Land Survey

.M/deb
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PII(TOGRAPII RECORD

DR[SSLR NO. 10 DAM- I.D. NO. 31153

iho o No. Description

I Downstream face and crest of dam toward right abutment.

2 Downstream face of dam toward left abutment. The upper-
most cut is the spillway.

r 3 Upstream face of dam toward left abutment. Sloughing
of gravels caused by the mill discharge which has under-

cut the face of the dam is apparent in photograph.

4, b Seepage and marshy condition at toe of dam.

6 View downstream of dam toward Big River.

I 12-inch diameter steel pipe which conveys discharge fr(m,

spring beneath the dam.

8 Upstream end of spillway and tailings impoundment.

9 View upstream in spillway channel with dam at left.

10 Downstream end of spillway showing poorly-defined shallow
channel.
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