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This report presents the results of field inspection and evaluation of
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This dam has been classified as unsafe, emergency by the St. Louis
District as a result of the application of the following criteria:

1) Spillway will not pass a 10-year frequency flood without
overtopping of the dam, The spillway is, therefore,9 considered to be unusually small and seriously inadequate.

2) Overtopping could result in dam failure.

3) Dam failure significantly increases the hazard to life and
property downstream.
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Dresser No. 1 Dam
State Missouri
County Washington
Stream Tributary of Rubeneau Branch of Mill Creek
Date of Inspection 22 March 1979

Dresser No. 1 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
oeneral condition of the dam with respect to safety. The assessment wab
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. The dam completely encircles the impoundment.
Runoff from the watershed is diverted around the north side of the impound-
ment via a diversion ditch.

Dresser No. 1 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 intermediate size. The U.S. Corps of Engineers has
classified this dam as having a high downstream hazard potential to
indicate that failure of this dam could threaten life and property. The
damage zone estimated by the U.S. Corps of Engineers extends approximatply
eight miles downstream of the dam. Information provided by the Corps of
Engineers and the inspection indicates that about five dwellings, two rail-
road bridges, a highway bridge, the town of Mineral Point with about eighty
dwellings and Tailings Dam MO 30753, are within this damage zone.

The results of the inspection indicate an absence of adequate
facilities for discharging flood water, inadequate freeboard, and fail-
ure of the dam to meet the hydraulic criteria given in the Guidelines for
a structure with the size and hazard potential of Dresser No. 1 Dam. As an)
intermediate size dam with a high hazard potential, the Guidelines
specify that the discharge capacity and/or storage capacity should be
capable of safely handling the Probable Maximum Flood (PMF) without
overtopping the crest. The PMF is the flood that may be expected from
the most severe combination of critical meteorologic and hydrologic
conditions that is reasonably possible in the region. The results of
the hydraulic and hydrologic analyses indicate that the dam cannot handle
50 percent of the PMF without overtopping the embankment. It was calcu-
lated that the impoundment cannot retain the 100-year flood (a flood
having a I percent chance of being equalled or exceeded in any 1 year)
without overtopping the dam. It was also calculated that the impoundment



cannot retain the 10 year flood (a flood having a 10 percent chance of
being equalled or exceeded in any 1 year) without overtopping the dam.

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

Adequate erosion protection should be provided on the embankment
slopes adjacent to the ponds located upstream and downstream of the
impoundment. Also adequate erosion protection should be provided in the
diversion ditch to prevent flows from eroding the embankment. Excavation
of gravels from the embankment has locally decreased the stability of
the embankment. This activity should cease, until an engineer qualified
to design and construct tailings dams has recommended safe methods to
proceed. The areas previously excavated should be repaired to provide
adequate embankment stability.

Seepage and stability analyses of this 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. Based on the results of these analyses, remedial
measures may become necessary. Remedial work should be done under the
direction of a professional engineer experienced in tailings dam design
and construction.

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 diversion ditch.

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

Shneth B. K .

Michael P. Forrest, P.E.

Donald R. Sanders, R.G.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

DRESSER NO. 1 DAM - ID NO. 3111/

SECTION I - PROJECT INFORMATION

1. 1 GENERAL

a. Authority. The National Dam Inspection Act, Ptbli.

authorized the Secretary of the Army, through the Corps of Eriq ieo np . t,

initiate a program of safety inspections of dams throughout thp

States. Pursuant to the above, the St. Louis District, CorpK Uf U riln -

neers, District Engineer directed that a safety inspection f thF ,)
No. I Dam be made and authorized International Engineering C, inpO ..c i no

to make the inspection.

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

c. Evaluation Criteria. Criteria used to evaluate the dam orte

furnished by the Department of the Army, Office of the Chief of £r~ciw-

neers, in "Recommended Guidelines for Safety Inspection of Dam . T,ese
Guidelines were developed with the help of sever'a? Federal agencies ind
many state agencies, professional engineering organizations, and priato
enqi neers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) This dam is an earthfili embankment that completel,, er-
circles the impoundment. The dam retains tailings from a
barite separation and beneficiation operation, and the tail-
ings consist of reddish-brown soft, silty clay. The\. were
deposited as a slurry in a water environment. lii, rS are

no longer conveyed to the impoundment, which is .:virqTrown
with brush and small trees.

(2) No open channel spillways exist at this dam. Iwo 12-inch
diameter steel pipes are present, and they are licated at
the southeast corner and on the west side of the impoundment
however, these pipes are considered inactive as discussed in
paragraph 1.3b. These pipes were apparently used for decant-
ing water from the pond when active tailings deposition was
taking place. Ponds are adjacent to the impoundment on the
east (downstream) and west (upstream) sides. A diversion

-1- 1



ditch is located along the north side of thF ' mFcu(m:etL,,
and it connects the two ponds and leads eventually to tte
Rubeneau Branch of Mill Creek.

b. Location. The dam is located in the eastern port u, ,f .

inqtuor County. Missouri, as shown in Plate 1. The da (showii i.
is located in Spction 8, Township 37 North, Range 3 East.

c. Size Classification. This dam is greater than 40 feet hiul' and
less than 100 feet high and is therefore in the intermediate :ze
fication, according to the "Recommended Guidelines for Safet, inspect,,,,
(if Dams .

d. Hazard Classification. The U.S. Corps of Engineer fl C -

fied this dam in the high hazard potential category. The damage zo ,,
estimated by the Corps of Engineers, extends approximately eight mii

downstream of the dam. Information provided by the Corps of Engir'e-rv
and the inspection indicates that about five dwellings, two rail;'oa:,'
bridges, a highway bridge, the town of Mineral Point with about eiqlhty

dwellings and Tailings Dam MO 30753 are within this damage zone.

e. Ownership. This dam is owned by:

Dresser Minerals Division
Dresser Industries, Inc.
P.O. Box 8
Potosi, Missouri 63664

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

q. Design and Construction History. Mr. A. E. Williams of Dresser
Miner,, , Division indicated that construction of the dam began about
1954. No design information or construction data are available.

h. Normal Operating Procedures. No operating records are knc-;wn to
exist. Dresser personnel consider the tailings impoundment inactike be-
cause tailings are no longer conveyed to the impoundment. Available in-
formation indicates that the impoundment became inactive in the mid-1960':.

1.3 PERTINENT DATA

Field surveys were made by Booker Associates, Inc. of St. Louis, Missouri
on 2 April 1979. The survey information is shown in Plates 3, 4, and 5.

a. Drainage Area. Since the impoundment is completely enclosed by
an embankment and because runoff is diverted around the north end of the
impoundment, the only drainage area is the impoundment itself, which has
an area of 44 acres. (Aerial photograph, scale: 1 inch 660 feet., 1971.)

2-
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b. Discharge at Dam Site.

(1) Overflow pipes (inactive) -

(a) 12-inch diameter steel pipe at southeast c, '..
impoundment (Station 13+06) - This pipe wc(i'
discharge flood water because it is located at ,
highest point within the impoundment. Ihis E,
therefore inactive.

(b) 12-inch diameter steel pipe at west end uf imlvL'-
ment (Station 42+85) - For the purpose of >id'.
and hydrologic analyses (see Section 5), this pot.
considered to be plugged with debris and u
fore be inactive.

(2) Spillway. lhere is no spillway at this dam. Nf , ,

(3) Maximum experienced outflow at damsite. No avaliai;te
mation.

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

(1) Top of dam - Varies from El. 930.3 to El. 3,44.3 alorq ,tie
crest roadway. Upstream berms in sections of tne ewt
south and west embankments are about 2 to 3 feet higher
than the crest roadway.

(2) Tailings surface - Varies from El. 928 + at the west end
to El. 940 + at the southeast corner of the impoundment.

(3) Downstream (east) pond water surface - El. 905.3 (o:i Jate
of survey).

(4) Upstream (west) pond water surface - El. 926.6 (on nate of
survey).

(5) Streambed at east end of impoundment (below east pond water
surface) - El. 880 + (from topographic quadrangle, 7.5-minute
series, Mineral Point, Missouri, 1958).

(6) 12-inch diameter steel overflow pipe inlets (inactive) -

(a) 92-foot pipe at Station 13+06 - invert El. 939.63.

(b) 60-foot pipe at Station 42+85 - Invert El. 929.79.

- Elevations are based on a reference datum of El. 932.00 feet M.S.A. at
the temporary bench mark (see Plate 3). This elevation was estimated
from the topographic quadrangle.

3-



d. Reservoir - Approximate maximum dimensions of tailing, ,
merit: 1600 feet (north-south) by 1600 feet (east-west). The appcu,.imate
plan shape of the impoundment is shown in Plate 2. (Aerial photqr,qh, 1971,
scale: 1 inch = 660 feet.

e. Sto ja.

(1) Approximate active storage for pool at. top of dai (! I
930.3) - 10 acre-feet.

(2) Estimated approximate quantity of tailings in imPotun:I1to t
1400 acre-feet.

t. Reservoir Surface area.

(1) Water surface area for pool at top of dlam (I I. 930 .) -

8 acres +.

(2) Area of impoundment - 44 acres.

q. Dam.

(1) Type - Earthfill.

(2) Length - 5231 feet.

(3) Height (maximum above streambed) - 5b feet .

(4) lop Width - Varies from 15 to 40 feet.

(5) Side Slopes -

(a) Downstream - 1.5(H) to 1.O(V).

(b) Upstream - Unknown.

(6) Zoning - The embankment probably consists of a clay starter
dam with overlying sands and gravels that are finer than
7/8-inch. A clay section of the embankment begins at
Station 26+70 and ends at Station 35+71.

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

h. Spillway. None.

i. Regulating Outlets. None.

j. Diversion Ditches. A diversion ditch is located along the
north side of the impoundment adjacent to the downstream toe of the dam.
The ditch conducts runoff impounded in the upstream pond located at the
west end of the impoundment to the downstream pond located at the east
end of the impoundment. The diversion ditch is V-shaped to U-shaped,
about 6 to 8 feet deep and about 1800 feet long. A cross-section of this
ditch at Station 23+20 is shown in Plate 5A.

4-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No design drawings or data were available.

2.2 CONSTRUCTION

No detailed construction information was available. Mr. A. E. Williams,
the owner's representative, indicated that construction beqa2 , Q4.
This dam was probably constructed by the method generally used to contrtiCt
barite tailings dams in southeast Missouri. An earthfill starter dai,.
was probably constructed across the drainage. 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 up-
stream 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 angle of
repose on the downstream face. The centerline of the dam remained
approximately at the same position as the embankment was raised above
the starter dam. Material on the crest was compacted by construction
eqtiipment.

2.3 OPERATION

No records of operation are known to exist.

2.4 EVALUATION

a. Availability. No design or construction records were avail-
able. The only information made available to the inspection team was
provided during conversations with the owner's representative.

b. Adequacy. The field surveys and visual inspections documented
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 the appropriate
loading conditions, including earthquake loads, and should be made a
matter of record.

c. Validity. Not applicable because no design data were avail-
able.

-5-



SECTION 3 - VISUAL INSPECTION

3. 1 FINDINGS

a. General. The dam was inspected by a civil en(lineei :i ,
enjineering geologist from International Engineering Company, lit
March 1979. Mr. A. E. Williams from Dresser Minerals met with tr
inspection team on 21 March 1979. The impoundment contains barite
tailings; however, tailings are no longer conveyed to the impo - '

Photographs taken during the inspection are included if thi, T-;
lhe field locations of the photographs are shown in Plate 6

b. Project Geology. The area geology has been mapped as cherty
dolomite of Cambrian Age (Geologic Map of Missouri, Missouri Geowq'ai
Survey, scale 1:500,000, 1979). In the reservoir area, dolomite outcrops
were observed to be horizontally bedded and closely jointed. The ,Uface
soils consist of reddish brown silty clay containing resistant nodules
of chert. The surface soils generally appear to be less than I0 feet
thick.

c. Dam. The plan of the dam is shown in Plate 3. The profile and
cross-sections of the dam are presented in Plates 4A, 4B, 4C, 5A and 58.

Ihe gravel sections of the dam are almost free of vegetative cover.
Some small trees, which appeared to be rooted in the foundation, were
ob,,erved growing through the embankment. The section of the dam at the
north end of the impoundment is constructed of clayey soil and is overgrown
with small trees and brush. The tailings pond is heavily vegetated with
,mall trees and brush.

No sliding, detrimental settlement, depressions, cracking, sinkhnles, or
animal burrows were observed in the embankment. Flow in the diversic;n
ditch is undercutting the foundation soils at the toe of the dam along
the north section of the impoundment. The resulting scarp was observed
to be about 2 to 3 feet high (see Photo No. 4). Gravels have been excavated
from the dam at the southeast corner of the impoundment at the overflow
pipe location and at the west side of the impoundment adjacent to the other
overflow pipe. Vertical scarps 10 to 20 feet high have resulted from the
excavation activities (see Photo No. 2).

No confirmed seepage or springs were observed; however, several small
ponded areas along the east and south sides of the impoundment adjacent
to the downstream toe of the dam were observed. Most of these ponded
areas appear to be excavated pits that were filled with runoff. A
possible seepage area was observed at the northeast corner of the impound-
ment (see Photo No. 6). Wet ground was observed, but it could not be
determined if this condition was caused by seepage or rainfall.

-6-



lhe difference in elevation between the dam crest and the tailinq,
surface varies from 0.5-foot to about 8 feet. Sections of the oast,
west and south embankments have irregular berms at the upstream P'drv.
of the crest. These berms at a few locations of the east aid ,. C

sections are about 6 inches above the tailings level.

No erosion protection exists on the downstream faces of the dam ,d !1.(tit
to the ponds. The vegetation on the clayey embankment sectit: to i

dam at the north end of the impoundment would provide some eros;m)
protection.

d. Appurtenant Structures.

(1) Overflow pipe at southeast corner of impoundment, :tiun
13+06 (Photo No. 2). The 12-inch diameter steel overflow,
pipe appears to be in good condition. Some cobble,, and soil

are inside the pipe. The inlet end of the pipe is , the

level of the tailings (Photo No. 3). The outlet end of the
pipe protrudes 6 feet beyond the face of the dam, just above
a scarp formed by excavation activities. No erosion protec-

tion exists at the outlet end of the pipe. This pipe is located

at the highest point in the impoundment and therefore cannot

decant flood water. A second 12-inch diameter steel pipe
lies below the overflow pipe and it emerges from the
scarp. The inlet end of this second pipe could not be
found and it could be buried under the tailings

(2) Overflow pipe on west side of impoundment, Station 42 *5
(Photo No. 8). This 12-inch diameter steel pipe has a 45-

degree elbow at the inlet end which is about 2 to 3 feet
above the tailings surface. The pipe outlet is at the pond

on the west side of the impoundment. It could not he deter-

mined if debris is inside the pipe.

(3) Diversion ditch (Photo No. 4 and No. 5). A diversion ditch
is located along the north side of the impoundment ad.jacent

to the dow'stream toe of the embankment. This ditch conducts

water froi, the west pond to the pond at the east side of the

impoundment. The ditch is in clayey soil.

P. Reservoir Area. The impoundment consists of silty clay tailings
which were deposited as a slurry in a water environment. Tailings are no
longer conveyed to the impoundment. Some consolidation of the tailings
ha,, probably taken place. The tailings slope downward to the west and are
overgrown with brush and trees.

The watershed area is characterized by downward sloping ground to the south

and east. Most of the watershed consists of mined areas. These areas
have irregular topography, which consist of numerous pits and stripped
land. This area is partially vegetated with small trees and brush. The
mined areas are subject to erosion and sedimentation. Backwater flooding
would not at present be a potential problem because no structures are
located immediately upstream of the impoundment.

-7-



f. Downstream Channels. The impoundment was constructea 3c,,:

tributary to Rubeneau Branch of Mill Creek. Runoff is diverted aro~rv1
the north side of the impoundment, which eventually flows into R,!h: -. ,,
Branch. Rubeneau Branch intersects Mill Creek immediately t, I, :(,th
(downstream) of Mineral Point, approximately I mile northeast (-I.

impoundment. No Name 587 Tailings Dam (MO 30753) is located atuoo 6,1 lelt
east (downstream) of Dresser No. I Dam (seePlate 2).

3.2 EVALUATION

Water flowing in the diversion ditch along the north side ottf,
poundment is undercutting the foundation soils at the downstream tw 0.
the dam. lhis erosion process could adversely affect embankment Wtbity
during times of high flow in the diversion ditch. The downbtrean slope
of the embankment is steep (at the angle of repose of the gravel,, anrd
its long-term stability cannot be determined until seepage and stability
analyses are performed. The scarps caused by excavating activities at the
west end and southeast corner of the embankment are potentially unstable.
No erosion protection of the embankment slopes is provided adjaceit to the
ponds located upstream and downstream of the impoundment. The wet ground
condition at the northeast corner of the impoundment could adversely affect
embankment stability.

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

[he southeast overflow pipe is located at the highest elevation of the
tailings impoundment. Because of its location, this pipe cannot decant
water from the impoundment. During flood runoff within the impoundmenwt,
debris could plug the pipe at the west end of the impoundment.

8-



SECTION 4 - OPERATIONAL PROCEDURE%

4.1 PROCEDURES

No regulating procedures are known to exist.

4.2 MAINTENANCE OF DAM

Information available to the inspection team indicates that the dam 15

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 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, emerging seepage or piping in or near
the dam. A maintenance program should be initiated for this embankment
and the diversion ditch.

9- j



SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES

5.1 EVALUATION OF FEATURES

a. Design Data. The significant dimensions of the dam at-
sented in Section I - Project Information, and in the field survey draw-
ings, Plates 3 through 5. Hydrologic and hydraulic design information is
not available.

The tailings impoundment is completely enclosed by the embankment (see
Section 1.3.a). The total enclosed area inside the embankmenlt i ,!irox-
imately 44 acres (0.07 square mile). The impoundment is shown in Plate 2.

No topographical information of the tailings impoundment surface is given
on the U.S.G.S. Mineral Point Quadrangle (1958). Field surveys indicate
that the tailings surface elevation is variable (see Plate 3). To obtain
an approximate reservoir area-elevation relationship, the spot elevations
on the tailings were transferred to the 1971 U.S. Agricultural Stabilization
and Conservation Service aerial photograph (scale: 1 inch = 660 ft.)
which were used as a guide to develop approximate contours of the tailings
surface.

For computations of "basin" characteristics, a lag time of 0.1-hour, and
a runoff curve number (CN) of 100 were assumed for the computations of
flood runoff for the tailings within the impoundment.

The input data and computed parameters, such as basin lag time, unit
hydrograph, probable maximum precipitation, and the reservoir elevation-
area-capacity data are in Appendix A. The capacities were calculated by
the conic method in the computer program and are the active capacities at
a given elevation. No spillway is present at the damsite. The drain pipes
in the embankment were assumed to be non-functional (see Sections 1 and
3). Computations of the discharge rating curve for flows over the dam
crest were made by using the weir flow formula with a weir coefficient
of 3.0 for the dam crest. The discharge rating curve for flows over the
dam crest is in Appendix A, under the input data listing on the Y4 and Y5
cards. The overtopping analysis was based on the elevations as surveyed
on the dam crest. The crest elevation for overtopping was assumed to be at
El. 930.3, the lowest point along the dam crest, at about Sta. 1+00 to Sta.
2+00. Overtopping could also occur at higher water surface elevations at
about Sta. 44+00.

b. Experience Data. Rainfall, streamflow, and flood data for the
watershed are not available. There is no evidence of overtopping of
Dresser No. 1 Dam.

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

-10-



d. Overtopping Potential. The probable maximum flood (PMF), and
floods expressed as percentages of PMF were computed and routed through
the impoundment. The probable maximum flood is defined as the flood
event that would result from the most severe combination of critical
meteorologic and hydrologic conditions that is reasonably possible it a
particular location or region.

The computed floods were routed through the impoundment using the Mudificd
Puls Method of flood routing. For all cases of flood routing, the start-
ing water surface was set at El. 929.0. This corresponds to approximatelv
1 to 2 feet of active water storage above the bottom of the reservoir, which
was assumed to be the antecedent condition prior to the occm'ePrip of th),
floods. For the purpose of the overtopping computations, it was assumed
that erosion of the embankment would not occur as flood water is dischar-ed
over the crest. Therefore, the discharge rating curve was computed for the
specific profiles shown in Plates 4A, 4B and 4C.

Results of the overtopping analyses indicate that the dam cannot retain
the 50 percent PMF without overtopping the minimum dam crest. he 100-year
flood and 10-year flood were computed and routed through the impoundment
in the same manner as discussed above. Results of the overtopping analyses
also indicate that the dam cannot store the 100-year flood or the 10-year
flood without overtopping the dam crest. There are two locations where
overtopping would occur. The primary overtopping location is at about Sta.
1+00 to Sta. 2+00, the lowest point of the embankment (El. 930.3). The
second overtopping location is at about Sta. 43+80 to Sta. 44+00 (El. 930.6).
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Results of the overtopping analyses are reported in Appendix A and are
summarized below.

Max Depth
Peak Peak Max Over Min. Duration
Inflow Outflow WS Elev Dam Crest Overtopped

Flood (cfs) (cfs) (ft) (ft) (hrs)

10-year 192 78 930.8* 0.5 12.5

100-year 277 115 931.0* 0.7 13.2

10% PMF 102 38 930.6* 0.3 8.7

15% PMF 154 64 930.7* 0.4 10.3

20% PMF 205 84 930.8* 0.5 11.1

25% PMF 256 102 931.0* 0.7 11.7

30% PMF 307 120 931.1* 0.8 12.4

40% PMF 410 219 931.2* 0.9 14.2

PMF 1025 651 931.8* 1.5 17.3

Dam overtopped (Minimum Dam Crest El. 930.3).

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

6.1 EVALUAIION OF STRUCTURAL STABILITY

a. Visual Observations. Conditions that may adversely affect the
structural stability of this 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.
Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" were not available,
and this lack of information is considered a deficiency. These seepaqe
and stability analyses should be performed for appropriate loading
conditions, including earthquake loads, and should be made a matter of
record.

c. Operating Records. No appurtenant structures requiring operation
exist at this dam, and no records of operation are known to exist.

d. Post-Construction Changes. The only apparent post-construction
change is the excavation of embankment gravels from the southeast corner
and from the west side of the impoundment. Scarps 10 to 20 feet high
have resulted from the excavation activities.

e. Seismic Stability. The dam is located in Seismic Zone 2, as
defined in the Uniform Building Code. Some settlement and ravelling of
the gravels could 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. There are several deficiencies that should be corrected.
(1) There is no erosion protection for slopes of the dam adjacent to the
upstream and downstream ponds. (2) Excavation of gravels from the dam
is causing vertical scarps to develop and to reduce the stability of the
dam. (3) The toe of the dam along the north side of the impoundment is
being undercut by flow through the diversion ditch. (4) The wet ground
condition at the northeast corner of the impoundment could advetsely
affect the stability of the embankment. (5) It was estimated that the
impoundment cannot safely handle 50 percent of the Probable Maximum
Flood (PMF) without overtopping the 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.
As an intermediate size dam with a high hazard potential, the "Recommended
Guidelines for Safety Inspection of Dams" specify that the discharge capa-
city and/or storage capacity should be capable of safely handling the PMF
without overtopping. (6) Seepage and stability analyses were not avail-
able, and they should be performed for appropriate loading conditions,
including earthquake loads, and 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 the "Recommended Guidelines for Safety Inspection of
Dams" were not available, and this lack of information is considered a
deficiency.

Results of the hydrologic studies could be changed if topographic maps of
the tailing surface become available. The only available topographic
maps are the 7.5-minute, 1:24,000 scale USGS quadrangles with 20-foot
contour intervals. No topographical information of the tailings impound-
ment surface is given on these quadrangles. Contours of the tailings
surface were approximated using the survey data (Plate 3) and an aerial
photograph (scale: 1 inch = 660 feet). The use of the survey data and
aerial photograph for the hydrologic studies results in an approximate
evaluation of the flood storage capacity.

c. Urgency. The Phase I inspection indicated apparent deficiencies
in the condition of the dam. Priority should be given to initiating
remedial work to provide adequate discharge capacity and/or storage
capacity of the impoundment.

d. Necessity for Phase II. No Phase II investigation is recom-
mended, however, additional investigative work should be done as re-
quired so that seepage and stability analyses can be performed. The
investigations should be undertaken by a professional engineer exper-
ienced in the design and construction of tailings dams.
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7.2 REMEDIAL MEASURES

The following remedial measures are recommended:

a. Adequate erosion protection should be provided for tt, ulo .4.., t
slopes adjacent to the upstream and downstream ponds to preveit wa.
erosion.

b. Adequate erosion protection should be provided in the di,,(-, iof
ditch along the north side of the impoundment to protect the dn. ' i
foundation from erosion.

c. The excavation of gravels from the dam has locally decreasel
embankment stability. This activity should cease until an engineet q.! ' I-
fied to design and construct tailings dams has recommended safe method,, to
proceed. The areas previously excavated should be repaired to pr'v'de
adequate embankment stability.

d. Seepage and stability analyses should be performed by a pro-
fessional engineer experienced in the design and construction of tailings
dams. The embankment is a relatively porous granular structure above 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.
Based on the results of the stability studies, remedial measures may
become necessary. Remedial work should be done under the direction of a
professional engineer experienced in design and construction of tailings
dams.

e. Adequate drainage should be provided at the northeast corner of
the embankment, where a wet ground condition was observed.

f. To comply with the Guidelines for a dam of this size and hazard
potential, adequate discharge facilities and/or freeboard should be
provided so thit the impoundment can handle the PMF without overtopping
the crest and without significant erosion of the embankment. Also, the
crest width should be sufficient so that when flood water rises within
the impoundment, adequate stability can be maintained.

g. Further studies may indicate the feasibility of other alternatives
to providing adequate overflow facilities and freeboard to handle the PMF.
For example, consideration could be given to grading the embankment crest
gravels level with the tailings surface so that no active storage can
exist. In this case, the gravel embankment around the tailings impound-
ment should be resistant to erosion from sheet flow over the impoundment.
These studies should be performed under the direction of an engineer expe-
rienced in the design and construction of tailings dams.
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h. An inspection and maintenance program shoO~l I.A' ,,. jte
Periodic inspections should be made by qualified personnel to ubserve
the performance of the dam and diversion ditch. Observations ,hould
include indications of instability, such as cracks in the embvn, ,
piping, sloughing, erosion, sudden settlement, or emercinq1,S1)q :d
Records should be kept of the inspections and of any correctivf- -

tenance made to the dam and diversion ditch.
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APPENDIX A

HYDROLOGIC AND HYDRAULIC ANALYSES

]he hydrologic and hydraulic analyses were accompi i shed by unii, i,
(omputer program "Flood Hydrograph Package, HEC-1, Dam % fet y If,,i
gations Version, July 1978". This program was developed by the ';, -

logic Engineering Center, U.S. Army Corps of Engineers, Davis, C,.iV ,

nia. The criteria and methodology used are briefly discussed Le: ).,

0 Probable Maximum Precipitation (PMP) - ihe 24-hour P'Mf ,,.j it,-
taineu from Hydrometeorological Report No. 33. Fh- (-
the 1-hour depth-duration distributions followed Cu!; ,
Engineers EM 1110-2-1411 criteria.

* 100-year and/or 1U-year storms - The 24-hour storm amount,,. n
distributions were supplied by Corps of Engineers, St. LOGYs
District, Missouri.

* Reservoir Area-Capacity - Areas were measured from U.S.G.S.
topographic maps and/or from aerial photographs. Reservoir
elevations and corresponding surface areas were input in the
computer program, which determined the reservoir capacities
by the Conic Method.

* Flood Routing - The Modified Puls Method was used for all
flood routing and dam overtopping analyses.

flhe following pages present the input data listing, the compute lr-
(Iram version arid its last modification date, together, with pertinent
computer printouts of results. Definitions of all input and outpvt
variable names are presented in the September 1978 computer program
"Users Manual", and are not explained herein.
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PHOTOGRAPH RECORD

DRESSER NO. 1 DAM - I.D. NO. 31117

Photo No. Description

1. Crest of dam and tailings surface at southeast corner
of impoundment.

2. 12-inch diameter steel pipes at southeast corner of im-
poundment. Gravel excavation has caused the 20-foot +
high scarp below the pipes. Face of embankment and
downstream pond are shown in the background.

3. Inlet end of upper 12-inch diameter steel pipe.

4. View downstream of diversion ditch at northeast corner
of impoundment.

5. Diversion ditch along north side of impoundment. Scarp
was caused by erosion.

6. Possible seepage at toe of embankment.

7. Clay embankment section from inside the impoundment.

8. Inlet end of 12-inch diameter steel pipe at west end
of impoundment.
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