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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

SUMMARY
Name of Dam: Nuwer Lake Dam
State Located: Missouri
County Located: Oregon
Stream: Unnamed Tributary of Frederick Creek
Date of Inspection: June 18, 1980

Nuwer Lake Dam was inspected by an interdisciplinary
team of engineers from Anderson Engineering, Inc. of Spring-
field, Missouri, and Hanson Engineers, Inc. of Springfield,
Il1linois. The purpose of the inspection was to make an
assessment of the general condition of the dam with respect
to safety, based upon available data and visual inspection,
in order to determine if the dam poses hazards to human life
or property.

The guidelines used in the assessment were furnished by
the Department of the Army, Office of the Chief of Engineers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations,
and private engineers. Based on these guidelines, the St.
Louis District, Corps of Engineers has determined that this
dam is in the high hazard potential classification, which
means that loss of life and appreciable property loss could
occur if the dam fails. The estimated damage zone extends
approximately two miles downstream of the dam. Located
within this zone are three buildings, two trailers, two
sheds, two roads, and one dwelling. The existence of these
downstream features was verified during the field inspection
and at the time the aerial photographs were taken. The dam
is in the small size classification, since the maximum stor-
age czpacity is greater than 50 acre-ft but less than 1,000
acre-tt.

Our inspection and evaluation indicates that the com-
bined spillways do not meet the criteria set forth in the
guidelines for a dam having the above size and hazard
potential. The combined spillways will pass 22 percent of
the Probable Maximum Flood (PMF) without overtopping. The
Probable Maximum Flood is defined as the flood discharge that
may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably
possible in the region. The guidelines require that a dam
of small size with a high downstream hazard potential pass
50 to 100 percent of the PMF. Considering the small height
of the dam and the low reservoir storage capacity, 50
percent of the PMF has been determined to be the appropriate
spillway design flood. The 1 percent probability flood will
not overtop the dam. The 1 percent probability flood is one
that has a 1 percent chance of being exceeded in any given
year.




Deficiencies visually observed by the inspection team
were: (1) thick brier growth on the downstream embankment
face; (2) apparent seepage areas on the downstream face
between Stations 1+50 and 2+00 and at Station 2+84; and
(3) lack of wave protection for the upstream face. Another
deficiency was the lack of seepage and stability analysis
records.

It is recommended that the owners take the necessary
action without undue delay to correct the deficiencies
reported herein. A detailed discussion of these defic-
iencies is included in the following report.

Steve Brady,

o ekl

Tom Beckley, P.E. #AEI)

g&f.,b A)Jbuu.éi

Dave Daniels, P.E. (HEI)




AERIAL VIEW OF LAKE AND DAM
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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 Engi-
neer directed that a safety inspection be made of Nuwer
Lake Dam in Oregon County, Missouri.

B. Purpose of Inspection:

The purpose of the inspection was to make an assessment
of the general condition of the dam with respect to safety,
based upon available data and a visual inspection in order
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,
"Recommended Guidelines for Safety Inspection of Dams,
Appendix D." These guidelines were developed with the help :
of several federal agencies and many state agencies, pro- :
fessional engineering organizations, and private engineers.

1.2 DESCRIPTION OF PROJECT: 3

A, Description of Dam and Appurtenances:

Nuwer Lake Dam is an earth fill structure approximately
22 ft high and 540 ft long at the crest. In this report,
right and left orientation is based on looking in the down- ;
stream direction. The appurtenant works consist of a 30 in. ;
diameter drop inlet primary spillway and an 18 in. diameter :
outlet pipe connected to a 12 in. diameter drawdown pipe
and slide gate. This intake structure is located near the
center of the dam. A 2 in. diameter pipe passes through
the dam next to the primary spillway pipe. This pipe has a
wye connection on the downstream end with valves on both
pipes which stem from the wye. One pipe empties into the
plunge pool. The other pipe goes to a hog barn downstream
of the dam. In addition, a trapezoidal earth cut emergency
spillway is located at the left abutment. Sheet 5 of
Appendix A shows a plan, profile, and typical section of the
embankment. Presented on Sheet 6 of Appendix A are a pro-
file and section of the emergency spillway.
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B. Location:

The dam is located in the centrul part of Oregon County,
Missouri, on an unnamed tributary of Frederick Creek. The
dam and lake are within the Couch, Missouri, 15 minute quad-
rangle sheet (Section 2, T23N, RS5W - latitude 36°41.0';
longitude 91°28.7'). Sheet 2 of Appendix A shows the general
vicinity.

C. Size Classification:

With an embankment height of 22 ft and a maximum
storage capacity of approximately 83 acre-ft, the dam is in
the small size category.

D. Hazard Classification:

The St. Louis District, Corps of Engineers has clas-
sified this dam as a high hazard dam. The estimated damage
zone extends approximately two miles downstream of the dam.
Located within this zone are three buildings, two trailers,
two sheds, two roads, and one dwelling. The existence of
these downstream features was verified during the field
inspection and at the time the aerial photographs were taken.

E. Ownership:

The dam is owned by Mr. Allen Nuwer. The owner's
address is Route 3, Alton, Missouri 65606.

F. Purpose of Dam:

The dam was constructed primarily for recreation,
livestock watering, and irrigation.

G. Design and Construction History:

The dam was designed by the Soil Conservation Service
in 1969. Available design information includes calculations
to size the spillways. These design data are included on
the construction plans (Sheet 3, Appendix A).

The dam was constructed in 1969. The owner indicated
that the dam was built according to the design plans. The
embankment is comprised primarily of clayey materials obtained
from the emergency spillway excavation, from the lake area,
and from a knob upstream of the dam on the left side. The
owner reported that a 10 ft deep key trench was incorporated
into the dam. The base of the trench was in clay. In addition,
select clayey material was used for a central embankment core.
The embankment materials were placed with scrapers, and no
sheepsfoot compactor was used. The owner indicated that
construction was observed by SCS personnel. However, it is




uncertain if any field tests were performed during construc-
tion. Anti-seep collars were provided around the spillway

pipe.

The lake was drawn down sometime after the embankment
was completed so that a riser pipe could be added to the 2
in., diameter pipe. This was done to provide better quality
water for livestock and agricultural purposes.

H. Normal Operating Procedures:

Normal flows are discharged through an uncontrolled
drop inlet spillway located near the center of the dam. The
owner reported that the dam had never overtopped, and the
emergency spillway located at the left abutment had never
operated.

1.3 PERTINENT DATA:

Pertinent data about the dam, appurtenant works, and
reservoir are presented in the following paragraphs. Sheet
5 of Appendix A presents a plan, profile, and typical section
of the embankment, prepared from the site survey.

A. Drainage Area:

The drainage area for this dam, as obtained from SCS
information is approximately 108 acres.

B. Discharge at Dam Site:

(1) All discharge at the dam site is through uncontrolled
spillways.

(2) Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam - El1. 912.5): 223 cfs

(3) Estimated Capacity of Primary Spillway: 36 cfs

(4) Estimated Experienced Maximum Flood at Dam Site:
26 cfs (Elev. 910.0)

(5) Diversion Tunnel Low Pool Qutlet at Pool Elevation:
Not Applicable

(6) Diversion Tunnel Outlet at Pool Elevation: Not Applicable
(7) Gated Spillway Capacity at Pool Elevation: Not Applicable

(8) Gated Spillway Capacity at Maximum Pool Elevation: Not
Applicable

i
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C. Elevations:

All elevations are consistent with an assumed mean sea
level (MSL) elevation of 909.0 for the crest of the primary
spillway (estimated from quadrangle map).

(1) Top of Dam: 912.5

(2) Primary Spillway Crest: 909.0

(3) Emergency Spillway Crest: 910.7

(4) Primary Spillway Pipe Invert at OQOutlet: 890.5

(5) Streambed at Centerline of Dam: 892.0

(6) Pool on Date of Inspection: 908.7

(7) Apparent High Water Mark: 910.0

(8) Maximum Tailwater: Unknown

(9) Upstream Portal Invert Diversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel: Not Applicable

D. Reservoir Lengths:

(1) At Top of Dam: 800 ft
(2) At Primary Spillway Crest: 700 ft
{3) At Emergency Spillway Crest: 750 ft

E. Storage Capacities:

(1) At Primary Spillway Crest: 56 acre-ft

(2) At Top of Dam: 83 acre-ft %
(3) At Emergency Spillway Crest: 69 acre-ft

F. Reservoir Surface Areas:

(1) At Primary Spillway Crest: 7.3 acres

(2) At Top of Dam: 7.9 acres

(3) At Emergency Spillway Crest: 7.6 acres
G. Dam: i

(1) Type: Earth

(2) Length at Crest: 540 ft
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(3) Height: 22 ft
(4) Top Width: 11 ft

(5) Side Slopes: Upstream 2.3H:1.0V (from crest to water's
edge); Downstream varies (see Sheet 5, Appendix A)

(6) <Zoning: None
(7) Impervious Core: Center clay core of select material

(8) Cutoff: Key trench 10 ft deep and 10 ft wide at base
(from owner)

(9) Grout Curtain: None

H. Diversion and Regulating Tunnel: i

(1) Type: Not Applicable

(2) Length: Not Applicable

(3) Closure: Not Applicable

(4) Access: Not Applicable

(5) Regulating Facilities: Not Applicable

I. Spillway:

I.1 Primary Spillway:

(1) Location: Near Center of Dam

(2) Type: Drop Inlet Steel Pipe (30" Drop Inlet, 18" Outlet Pipe)

1.2 Emergency Spillway:

(1) Location: Left Abutment
(2) Type: Trapezoidal Earth Cut

J. Regulating Qutlets:

A 12 in. diameter steel pipe and slide gate are connected
to the primary spillway intake structure. The slide gate is
bolted in place to provide a positive seal to prevent leakage.
To drain the lake, the bolts are removed and the gate is .
pulled up the inside of the riser tube from above.

The 2 in. diameter pipe through the dam is considered too
small to effectively regulate the pool.




SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

An engineering geology report of the proposed lake site
was prepared in 1968 by the Missouri Geological Survey.
This report is included as Sheet 3, Appendix B.

The dam was designed in 1969 by the Soil Conservation
Service. Available design information includes section and
plan views of the dam and hydrologic and hydraulic calcula-
tions presented in Sheet 3, Appendix A.

A. Surveys:

A preliminary site survey was performed by SCS in 1969.
A plan view of the area was prepared from this site survey
and is presented on Sheet 4, Appendix A.

Sheet 5, Appendix A, presents a plan, profile and cross
section of the dam from survey data obtained during the site
inspection. The crest of the primary spillway (reservoir
normal pool) was used as a reference point to determine all
other elevations. It is estimated that this site datum
approximately corresponds to mean sea level (MSL) elevation
909.0.

B. Geology and Subsurface Materials:

The site is located on the southern edge of the Ozarks'
geologic region of Missouri. Th Ozarks are characterized
topographically by hills, plateaus and deep valleys. The
most common bedrock types are dolomite, sandstone and chert.
The "Geologic Map of Missouri" indicates that the bedrock in
the site area consists primarily of the Jefferson City
formation of the Canadian Series of the Ordovician System.
The Jefferson City formation is composed principally of
light brown to brown, medium to finely crystalline dolomite
and argillaceous dolomite. The average thickness of the
Jefferson City is 200 ft. An engineering geology report was
prepared for this site by the Missouri Geological Survey in
1968 (see Sheet 3, Appendix B). This report states that the
site ''appears to have excellent possibilities for the con-
struction and success of a small water retention structure."

The publication, ''Caves of Missouri,'" indicates that
nine caves are known to exist in Oregon County, only one of
which is within ten miles of the site. That cave is located
approximately four miles northwest of the dam.




The soils in the area of the dam are of the Clarksville-
Fullerton-Talbott soil association. These soils have developed
from cherty limestone and dolomite. The thickness of loessial
deposits in upland areas is less than 2.5 ft.

Information from the Soil Conservation Service indicates
that surface soils in the area are Elsah and Doniphan series.
The Elsah series consists of well-drained soils developed in
recent alluvium washed from uplands underlain by cherty dolomite
and sandstone. The Doniphan series consists of upland soils
formed in material weathered from cherty dolomite.

C. Foundation and Embankment Design:

The foundation and embankment design was performed by
the Soil Conservation Service. The plans for construction
(see Sheet 3, Appendix A) indicate a 10 ft wide key trench
beneath the dam. In addition, an impervious core is indicated.
The owner reported that the key trench was excavated about 10 ft
deep, and that select clayey material was used in the central
portion of the embankment section. The base of the key trench
was in clay.

Upstream and downstream embankment slopes are shown on
the plans as 3H:1V and 2H:1V, respectively. Survey data
obtained during the site inspection indicate that the upstream
embankment slope is about 2Z.3H:1.0V from the crest to the
water surface, and the downstream slope varies from 1.9H:1.0V
to 2.4H:1.0V.

D. Hydrology and Hydraulics:

Sheet 3, Appendix A contains some hydraulic and hydrology
data developed by the Soil Conservation Service for this dam.
Based on these data and a field check of spillway dimensions
and embankment elevations, hydrologic analyses using U.S.

Army Corps of Engineers' guidelines were performed and appear
in Appendix C, Sheets 1 to 9.

E. Structure:

There are no structural design data available for this
dam.

2.2 CONSTRUCTION:

The owner reported that a Soil Conservation Service
representative was present during construction of the dam.
However, it is not known if any field testing was performed,
and no construction inspection data were available.




2.3 OPERATION:

Normal flows are passed by an uncontrolled drop inlet
primary spillway and an earth cut emergency spillway. A 12
in. diameter steel dewatering pipe and slide gate are
connected to the primary spillway inlet structure. In
addition, a 2 in. diameter steel pipe passes through the dam
next to the spillway pipe. This pipe has a wye connection
on the downstream end with valves on both pipes which stem
from the wye. One pipe empties into the plunge pool. The
other pipe goes to a hog barn downstream of the dam. The
lake was drained, and a riser was placed on the upstream end
of the 2 in. pipe to obtain better quality water. This was
done sometime after the lake was initially filled.

2.4 EVALUATION:

A, Availability:

The engineering data available are as listed in Section
2.1.

B. Adequacy:

The engineering data available were inadequate to make
a detailed assessment of the design, construction, and
operation of this structure. Seepage and stability analyses
comparable to the requirements of the "Recommended Guide-
lines for Safety Inspection of Dams' were not available,
which is considered a deficiency. These seepage and sta-
bility analyses should be performed for appropriate loading
conditions (including earthquake loads) and made a matter of
record.

C. Validity:

The available engineering design data are considered
valid. No valid engineering data on the construction of the
embankment are available.

- .‘:.—v_w,r,‘.._,m,.."




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

A. General:

The field inspection was made on June 18, 1980. The
inspection team consisted of personnel from Anderson Engi-
neering, Inc. of Springfield, Missouri, and Hanson Engineers,
Inc. of Springfield, Illinois. The team members were:

Steve Brady - Anderson Engineering, Inc. (Civil Engineer)

Tom Beckley - Anderson Engineering, Inc. (Civil Engineer)
Dave Daniels - Hanson Engineers, Inc. (Geotechnical Engineer)
Gene Wertepny - Hanson Engineers, Inc. (Hydraulic Engineer)

Photographs of the dam, appurtenant structures, reservoir,
and downstream features are presented in Appendix D.

B. Dam:

The dam embankment appears to be in good condition. The
downstream embankment face is heavily overgrown with briers,
making inspection very difficuit. The owner reported that he is
currently spraying the briers to kil) them. Small seepage
areas were noted about 11 ft below the crest of the dam
between Stations 1+50 and 2+00 and at Station 2+84. These
areas were damp and soft, but no noticeable flows were noted.

It did not appear that soil particles had been transported
from these areas. The owner reported that this condition
has been present since completion of the dam.

The horizontal and vertical alignments of the crest
appeared good, and no surface cracking or unusual movement
was obvious. No wave erosion was noted, although no erosion
protection is provided for the upstream embankment face.

The embankment-abutment contacts were in good condition.

Shallow auger probes into the embankment indicated the
dam to consist of reddish brown clayey silt to silty clay
with chert fragments (ML-CL). Information from the owner
indicates that material for construction of the dam was
obtained from a knob upstream of the dam on the left side,
from the emergency spillway excavation, and from the lake
area. Sheet 7 of Appendix A presents a plan sketch of the
dam showing observed features.

C. Appurtenant Structures:

C.1 Primary Spillway:

The primary spillway consists of a 30 in. diameter drop
inlet pipe and an 18 in. diameter outlet pipe. A wood plank
anti-vortex wall and wire mesh trash rack fence are also pro-
vided.




The approach to the primary spillway is clear (see

Photo 10). The spillway pipe appeared to be in good condi-
tion. The spillway outlets into a plunge pool which is lined
with riprap at the toe of the dam (see Photo 13).

C.2 Emergency Spillway:

The earth cut emergency spillway is located at the left
abutment. The approach channel is clear, and the spillway
section is grass-covered. The owner reported that the
emergency spillway has never operated. Spillway flows would
be directed well away from the embankment.

D. Reservoir:

The watershed is generally wooded, with some agricultural
activity on the left side of the lake. The slopes adjacent
to the reservoir are moderate, and no sloughing or serious
erosion was noted. No significant sedimentation was observed.

E. Downstream Channel:

The downstream channel is clear below the plunge pool
before entering a wooded area approximately 150 ft downstream
of the dam (see Photos 14 and 15).

3.2 EVALUATION:

The heavy growth of briers on the downstream embankment
face can provide shelter for small burrowing animals. The
seepage areas on the downstream face could adversely affect
the stability of the dam. The owner is currently spraying a
herbicide on the briers.

Because the 2 in. diameter pipe valves are located
on the downstream side of the dam, the full head of water
impounded by the dam is acting entirely through the dam.
The area around the drain outlet should be periodically
inspected for seepage which might indicate a leak or rupture
of the pipe and could eventually initiate a piping failure
through the embankment. The owner indicated that the 2 in.
pipe is beside the 18 in. diameter spillway pipe and goes
through the antiseep collars for the 18 in. pipe.

i
|
1
}
'
b




AR ORI A LKl . o SO 1

:

SECTION 4 - OPERATIONAL PROCEDURES
L 4.1 PROCEDURES:

The pool is normally controlled by rainfall, runoff,
evaporation, the capacity of the uncontrolled spillways, and
seepage from the reservoir. The Z in. diameter pipe is
opened periodically to water livestock and irrigate the
owner's garden.

T T YL

A 12 in. diameter drawdown pipe and bolted slide gate
are incorporated into the spillway intake structure (see
Photo 12). 1In order to effectively dewater the lake, the
bolts sealing the slide gate are removed, and the gate is
lifted manually with a chain from above.

4.2 MAINTENANCE OF DAM:

With the exception of the heavy brier growth on the down-
stream embankment face, the dam appears to be well maintained.
The owner is currently removing the briers.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The slide gate is visible from above and appeared to be
in good condition. It is unknown if a program of regular
maintenance of operating facilities is followed by the owner,

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT:

The inspection team is unaware of any existing warning
4 system for this dam.

F 4.5 EVALUATION:

The briers on the downstream embankment face and lack
of wave protection for the upstream face are deficiencies.
Vegetation on the dam should be cut annually, and wave
protection should be provided for the upstream face. A
program of regular maintenance of the operating facilities
should be established and followed.




SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES:

A. Design Data:

The available SCS hydrologic and hydraulic design data
are contained in the plans for construction (Sheet 3,
Appendix A).

B. Experience Data:

No recorded rainfall, runoff, discharge, or reservoir
stage data were available for this lake and watershed. The
owner indicated that the maximum depth of water over the
primary spillway was about 1 ft. The emergency spillway
has never operated.

C. Visual Observations:

The spillway approaches were clear, and the spillways
were in very good condition. The downstream channel is
clear for 150 ft beyond the toe and enters a wooded area.

D. Overtopping Potential:

The hydraulic and hydrologic analyses (using the U.S.
Army Corps of Engineers guidelines and the HEC-1 computer
program) were based on: (1) a field survey of spillway
dimensions and embankment elevations; and (2) the design
data contained on the construction plans.

Based on the hydrologic and hydraulic analysis pre-
sented in Appendix C, the combined spillways will pass 22
percent of the Probable Maximum Flood. The Probable Maximum
Flood is defined as the flood discharge that may be expected
from the most severe combination of critical meteorologic
and hydrologic conditions that are reasonably possible in
the region. The recommended guidelines from the Department
of the Army, Office of the Chief of Engineers, require that
this structure (small size with high downstream hazard
potential) pass 50 percent to 100 percent of the PMF,
without overtopping. Considering the small height of the
dam and the low storage capacity of the reservoir, 50 per-
cent of the PMF has been determined to be the appropriate
spillway design flood. The spillways will pass the 1 per-
cent probability flood without overtopping the dam.

Application of the Probable Maximum Precipitation
(PMP), minus losses, resulted in a flood hydrograph peak
inflow of 2,631 cfs. For 50 percent of the PMP, the peak
inflow was 1,315 cfs.
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The routing of the PMF through the spillways and dam 3
indicates that the dam will be overtopped by 1.8 ft at ?
elevation 914.3. The duration of the overtopping will be
6.0 hours, and the maximum outflow will be 2,561 cfs. The
maximum discharge capacity of the spillways is 223 cfs. The
routing of 50 percent of the PMF indicates that the dam will
be overtopped by 1.2 ft at elevation 913.7. The maximum
outflow will be 1,116 cfs, and the duration of overtopping
will be 1.8 hours. Overtopping of an earthen embankment
could cause serious erosion and could possibly lead to
failure of the structure.




SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

A. Visual Observations:

Observed features which could adversely affect the
structural stability of this dam are discussed in Sections
3.1B and 3.2.

B. Design and Construction Data:

The only design data for this dam are contained on
Sheets 3 and 4, Appendix A. No construction data were
available. Seepage and stability analyses comparable to the
requirements of the guidelines were not available, which
constitutes a deficiency which should be rectified.

C. Operating Records:

No operating records have been obtained.

D. Post-Construction Changes:

The only post-construction change involved dewatering
the lake and placing a riser on the 2 in. diameter steel
pipe soon after the dam was completed.

E. Seismic Stability:

The structure is located in seismic zone 1. An earth-
quake of this magnitude would not generally be expected to
cause severe structural damage to a well constructed earth
dam of this size. However, it is recommended that the
prescribed seismic loading for this zone be applied in
stability analyses performed for this dam.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT:

This Phase I inspection and evaluation should not be
considered as being comprehensive since the scope of work
contracted for is far less detailed than would be required
for an in-depth evaluation of dams. Latent deficiencies,
which might be detected by a totally comprehensive inves-
tigation, could exist.

A. Safety:

The embankment is generally in good condition. Several
items were noted during the visual inspection which should
be investigated further, corrected or controlled. These
items are: (1) thick brier growth on the downstream embank-
ment face; (2) apparent seepage areas on the downstream face
between Stations 1+50 and 2+00 and at Station 2+84; and (3)
lack of wave protection for the upstream slope.

Another deficiency was the lack of seepage and stability
analysis records.

The dam will be overtopped by flows in excess of 22
percent of the Probable Maximum Flood. Overtopping of an
earthen embankment could cause serious erosion and could
possibly lead to failure of the structure.

B. Adequacy of Information:

The conclusions in this report were based on review of
the information listed in Section 2.1, the performance
history as related by the owner, and visual observation of
external conditions. The inspection team considers that
these data are sufficient to support the conclusions herein.
Seepage and stability analyses comparable to the '"Recom-
mended Guidelines for Safety Inspection of Dams' were not
available, which is considered a deficiency.

C. Urgency:

The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. If the defici-
encies listed in paragraph A are not corrected, and if good
maintenance is not provided, the embankment condition will
deteriorate and possibly could become serious in the future.
The item recommended in paragraph 7.2A should be pursued
without undue delay.




D. Necessity for Additional Inspection:

Based on the result of the Phase I inspection, no
additional detailed inspection is recommended.

E. Seismic Stability: ;

The structure is located in seismic zone 1. An earth-
quake of this magnitude would not generally be expected to
cause severe structural damage to a well constructed earth
dam of this size. However, it is recommended that the
prescribed seismic loading for this zone be applied in any
stability analyses performed for this dam.

B

7.2 REMEDIAL MEASURES:

The following remedial measures and maintenance pro-
cedures are recommended. All remedial measures should be
performed under the guidance of a professional engineer
experienced in the design and construction of dams.

A. Alternatives:

(1) Spillway size and/or height of dam should be
increased to pass 50 percent of the PMF. In
either case, the emergency spillway should be
protected to prevent erosion.

B. O&M Procedures:

(1) Seepage and stability analyses comparable to the
requirements of the recommended guidelines should
be performed by an engineer experienced in the
construction of dams.

(2) The brier growth should be removed from the down-
stream face, and the vegetation on the dam should
be cut annually.

(3) The seepage areas previously described should be
investigated by an engineer experienced in the
design and construction of dams. Remedial measures
may be required. As a minimum, these areas should
be monitored to determine if there is any increase
in flow quantities and whether soil particles are
being carried with the seepage water,

(4) Wave protection should be provided for the upstream i
face of the dam. {

(S) A detaiied inspection of the dam should be made

periodically by an engineer experienced in the
design and construction of dams.

- 16 -
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APPENDIX C
HYDROLOGIC AND HYDRAULIC OVERTOPPING ANALYSIS

To determine the overtopping potential, flood routings were performed
by applying the Probable Maximum Precipitation (PMP) to a synthetic unit
hydrograph to develop the inflow hydrograph. The inflow hydrograph was
then routed through the reservoir and spillway. The overtopping analysis

. was accomplished using the systemized computer program HEC-1 (dam Safety
& Version), July 1978, prepared by the Hydrologic Engineering Center, U.S.
LF Army Corps of Engineers, Davis, California.

The PMP was determined from regional charts prepared by the National
Weather Service in "Hydrometeorological Report No. 33." Reduction
factors were not applied. The rainfall distribution for the 24-hour PMP
storm duration was assumed according to the procedures outlined in EM
1110-2-1411 (SPD Determination). Also, the 1 percent chance probability
flood was routed through the reservoir and spillway. Sullivan rainfall
distribution (5 min. interval - 24 hours duration), as provided by the
St. Louis District, Corps of Engineers, was used in this case.

The synthetic unit hydrograph for the watershed was developed by
the computer program using the SCS method. The parameters for the unit
hydrograph are shown in Table 1 (Sheet 3, Appendix C).

The SCS curve number (CN) method was used in computing the infiltra-
tion losses for rainfall-runoff relationship. The CN values used, and
the results from the computer output, are shown in Table 2 (Sheet 4,
Appendix C).

The reservoir routing was accomplished by using the Modified Puls
Method assuming the starting reservoir elevation at normal pool. The
hydraulic capacity of the spillway was used as an outlet control in
the routing. The hydraulic capacity of the spillway and the storage
capacity of the reservoir were defined by the elevation-surface
area--storage-discharge relationships shown in Table 3 (Sheet 4,
Appendix C).

The rating curve for the spillway (see Table 4, Sheet 5, Appendix C)
was determined assuming charts for corrugated metal pipe with entrance
control and full flow control, from the U.S. Bureau of Public Roads.

The flow over the crest of the dam during overtopping was determined
using the non-level dam option ($L and $V cards) of the HEC-~1 program.
The program assumes critical flow over a broad-crested weir.

A summary of the routing analysis for different ratios of the PMF
is shown in Table 5 (Sheet 6, Appendix C).

The computer input data, a summary of the output data, and a plot
of the inflow-outflow hydrograph for the PMF are presented on Sheets 7,
8 and 9 of Appendix C.

Sheet 2, Appendix C
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH

Parameters:
Drainage Area (A) 0.17 sq. miles

S Length of Watercourse (L) 0.38 miles
' Difference in elevation (H) 96 feet
¢ Time of concentration (Tc) 0.15 hours
, Lag Time (Lg) 0.10 hours
¢ Time to peak (Tp) 0.14 hours
o Peak Discharge (Qp) 588 cfs
7” Duration (D) S5 min.

Time (Min.) (*) Discharge (cfs)(*)

4
: 0 0

5 372

10 551
E 15 242
- 20 94

25 36
. 30 14
. 35 6
‘ 40 2

(*) From the computer output

FORMULA USED:

e o (11.9 L3 )0.385
H From California Culverts Practice, California
Highways and Public Works, September 1942.
Lg = 0.6 Tc
D+L

Tp’-f g

p = 484 A.Q Q = Excess Runoff = 1 inch
{ Tp

1
i
1
i
i

Sheet 3, Appendix C j
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TABLE 2
- RAINFALL-RUNOFF VALUES
:
‘ Selected Storm Event Storm Duration Rainfall Runof f Loss
e (Hours) (Inches) (Inches) (Inches) ]
‘ PMP 24 36.00 34.55 1.45

' 1% Prob. Flood 24 7.55 4.87 2.68

Additional Data:

1) Soil Conservation Service Soil Group B

2) Soil Conservation Service Runoff Curve CN

3) Soil Conservation Service Runoff Curve CN
1 percent probability flood

4) Percentage of Drainage Basin Impervious 8 percent

88 (AMC III) for the PMF
75 (AMC II) for the

hon

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHIPS

o g

Lake
y Elevation Surface Lake Storage Spillway
: (feet-MSL) Area (acres) (acre-ft) Discharge (cfs)
1 892.0 0 0
900.0 2.7 11
* 909.0 7.3 56 0
910.7 7.6 69 34
*% 912.5 7.9 83 223
915.0 8.4 103 1018
920.0 9.3 147

*Primary spillway crest elevation
*2Top of dam elevation

The above relationships were developed using data from the SCS
plans and the U.S.G.S. COUCH, MO. 15 minute quadrangle map (1944).

Sheet 4, Appendix C

. . —




TABLE 4

SPILLWAYS RATING CURVE

Reservoir Primary Emergency Total
Elevation Spillway Spillway Discharge
(fr, MSL) Discharge (cfs) Discharge (cfs) (cfs)
909.0 0 0
909.5 9 9
910.0 26 26
910.7 34 0 34
911.2 35 21 56
911.7 35 69 104
*912.5 36 187 223
912.7 36 227 263
913.5 37 430 467
914.5 38 780 818
915.5 39 1225 1264

* Top of dam elevation

METHOD USED:

a) Primary Spillway

Q= C.L.Hl'5 for weir control condition

Q = Co.A. (2 gh)l/?

for orifice pipe entrance control condition
Discharge in c.f.s.

Weir discharge coefficient (varies 3.2 to 3.5)

Crest length in ft

Depth of water above the weir crest in ft

me oo
L

Co = Orifice discharge coefficient = 0.60

A = Orifice area (outlet pipe area) in ft

g = Acceleration of gravity = 32.2 ft/sec

h = Head measured from riser or reservoir elevation to center of
orifice (in ft)

2

b) Emergency Spillway: Assuming open channel flow

Using charts from "UD Method of Reservoir Flood Routing," S.C.S.
Technical Release No. 35, February 1967.

Sheet 5, Apendix C
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TABLE 5 ¥

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth i
of Inflow Elevation Storage Outflow (ft.) ¥
PMF (CFS) (ft.-MSL) (AC.-FT.) (CFS) Over Top i
of Dam :
! 0 *  909.0 56 0 3
b 0.10 263 910.9 71 44 {
- 0.20 526 912.4 82 200 ;
3 0.22 579 ** 912,5 83 223 0 [
* 0.25 658 912.8 85 303 0.3 .
: 0.30 789 913.1 88 437 0.6 ‘
» 0.35 921 913.3 90 600 0.8 i
: 0.40 1052 913.5 91 803 1.0 '
q 0.50 1315 913.7 92 1116 1.2
0.75 1973 914.0 95 1882 1.5
1.00 2631 914.3 97 2561 1.8

LI S B =

The percentage of the PMF that will reach the top of the dam is 22 percent.

*Primary spillway crest elevation
**Top of dam elevation

Sheet 6, Appendix C




C°Cié
34

818
coris

80°0

Levis
0SS

9

C°f1s

0°l

0°vis  9°tl6  C°fié
1141 0vS 08y

0°0Z6 0°S1é
vl 2ot
£9c £ee vol

Tl STTIE Lt 1Lé
- 9

** 3115 WY@ LV 57Nd QITJIQON A€ ONILNOY ¥I0A¥ISIY

I '

e’ 0G° o

£els
Cit

£°Cis
£8
9<
AN Y
I
0

otl
{100

25 NOTLVLINAWOD HIVNOO0NAAH ROTANT

ce”

(A 47 ]
/] 14

£°016
&9
"
L0164

1

(114

ot*

1°£16
121

0°406
9<
144
0°0Lé

AT

0°006
1

é

£°606

(4
14 Le-

0l1°0
zol LT
Zito 4

$
114 0c
1 6
<

66
gl

- 41
0°606
0°Zé8

1424}

S°Cté
0°4806

[
0
c1°0

0
04
|
<
oot

100£S08 # €OF NOILDIASNI AL34VYS NV °“INT SYIINIONI NOSNVH
NOO3YO ! IHVN ALNNOD 04610 °“ON QI 31V1S
CZL R ) HYQ 3NV ¥3ANN HO4 SISATIVNY SNIJJ0LY¥3ND

]
he

L 1)

csa«nm

PMF RATIOS
INPUT DATA

Sheet 7, Appendix C




00°0 £9°S1 26°S "198e *L6 900 9z Vi 00°1
0070 ¢9°61 SLty *zesl °Gé 1} 10°¥16 A
00°0 Tasy £8° 1 9Lt *e6 81"l 89°£1é 0c°0
00°0 LTARN | 80°1 "f£o8 “1é 00°1 0S°£1é or°0 O
00°0 GL°51 2670 ‘009 “04 £8°0 £Etlé SE°0 y
00°0 £8°51 SL°0 47 ‘88 9°0 AN 4T ] 0£°0 pa)
00°0 £8°G1 05°0 ‘g0t ‘ce 1£°0 18°Z1é §Z°0 g
00°0 Z6°S1 00°0 *002 A 00°0 11 AT ) 0z°0 < &
00°0 £E° 91 00°0 v Y4 00°0 vt 016 01°0 Qe <
SYNOH SANOH SHNOH §33 13-2¥ WYa ¥3n0 A373°S°A ELL A Iy
JHNIVY ADT4LNO XYW 401 ¥3IA0 n014LN0 39vH01S Hid3d 41004383y 40 35 o
10 1L 40 3INIL NOTLIVNNG WANTXYH WORIXYH UARIXYN HARIXYH orivy B o
g5 2 ]
[ VRS) (7
‘g2z ‘0 "0 no41no
‘£ °98 °98 39v¥01S
0S°¢Cié 00°606 007606 NOILYA3T3
WYq 40 401 15342 AUNTTLdS 3NTYA WILINI A B AL
SISATYNY A134YS HVQ 40 A¥YNKNS .
(16°%4  )(OE°ES  HCUI9°IE  M(EL°ZZ  H(BE°FL  )(BL"ZL  )({LS°8 }(89°S S TAN! ) (¥¥°0 ) {
"19s8e "Zas8i 91l *£08 ‘009 “LEY ‘fof *002 ‘v ‘ Z1°0 z 01 @31noy
(6%°FL  H(LB°SS  )(BZ°LE M(0B°8T  )(L0°9C  I(SE°ZZ  (Z9°BL  )(04°¥L ) (S¥°¢ ) (v 0 )
“ig9c 4 1) ‘siel *zsol Y4 ] X174 "8S9 ‘9ze 34 { a0 ! 1V H4VNO0NaAN
00°1 g0 0s°0 ov°o SE°0 0£°0 st°o 0z°0 01°0
6 OILVY B8 OT1VE (¢ OILYM 9 OTLYM S OIIVY ¥ OTIVY € OILVN T OIivd | OILVY NY¥d (LY NOILVLS NO11vy340

SM074 01 431144 SOILVN

(S¥ILINOTIN IHYNDS) SITIN I¥VNOS NI VIV
(IN0JIS Y34 SYILIW JIENI) ANDI3IS ¥3d4 1334 J14ND NI SAOTd
SNOIIVINGWO0D JIWONOII OILVY-NY1d 3T4ILINN ¥O4 ANVHNNS (GOI¥3d 40 ONI) 39vVHOLS ONY ROV NV3Id

SEESRERERS 2ERREERRER SREEERBERE (i3 23332314 SEESESRRSS

- % " -y e . e - e . e o _ L.Plralh.lulwrllfﬂ‘ b

. " L
B _ 2 weie s . e ™. 4 o




. - L] L] . . L] . . QN .noﬂﬁOCN—

- L nb. . S. [ ] . L L) o . “. .'°~°°.N—

- . F“ L C|u . . L] L) . . ". .meﬂnn.o—

. . pw L] c . L] L] L] L] . ~. .Noﬂon.‘—

L] - . 1 . L] . L] L) . L] e L

Ne) o~

w - - o~ —— - o . . L] L] ". I’“-n".‘—
w L] p“' = . w . L] - [ ] L] . ”. ..’“oniﬁ’ c
g1 = 3. 2 . : 3. 5. ) - s 3
w - m . w- g . . ﬂ- .Hu . . . Qmo -Q@—oﬂoo— m
- 2. 5 > s 01 84181°91 g
w . m . . . ] - o e S . . . 01" MO"Mh-Q— M.
F - Rl L L] L] . L] L] L] ° " - L] 0 .‘“ -
m L] m ml ml m L] L] L] . - Q L] N - .N“.ec.ﬁ— 9

L] - . [ . . L] o ~ L[] L .-O—nn.nﬂ “

L) . . L] L] ° L] " o " L . L] .°’—°n.n— m

L] [ ] . L] [ ] ° L] ~ L] L L] L] .oo-n..n- w

- L L] L] H c - L] . . - L .oopo'.n—

- L] L] L] " L] o L] . L L] .Nc—nn.“—

. L] L] [ . L] L] N L] o . L] lﬁc—on.n—

- . . . . . . . 1 0 . -nc—nNan- ~

- . . L) L] . L - L] ” ° L] .'°—°N.n- m

- - . L] - L] - - L ~°. .n.-“—.n- m '

: : . : : : : : : 0 B

- - - - . . L] . L[] °~ -—e—no.n— m

. . . . . - . . - Mcl lec-oelﬂ— [ =i

- - . L] L] - L] L - _cﬂ .’N—nn"—

. L] L L] L] L] . L] . ~°l UON_O“.'—

- - - L] . L] . L] - ~=- .Na-n'.’-

L] L] L] - . . - . L] mo. .‘N—°'.'-

- - L) L) L] L] L] L] - ~°. .nN’”n.'—

L] - L] L] L] » [ . - ~°. .'N-°n.’-

L] - L L] L - L . - "‘ .n“-”N.’—

. L] L] . L] L] . . L ”l -Nh—°~.'-

. L] L] L] L] L] L] . (] ~° .—anﬂl'-
L] L] L] . L] ] . . L] Hca .°N~°ﬂ-.-
- - L] [ ] e . [ ] . - Re ."-”ei'—
. L] . . . L] L] . . .ﬂ t“‘nooio—
L - L] L] L] . L] L] . '~ .N"“nln-
L] L] . L L] L] L L] L] l~ .“—onln—
. [} L] . . (] . - L] lﬂ lnﬁﬂn"m-

(*s°3°7) 231eydsiq

2,800
2,400
2,000
1,600
1,200

800

400




T RN NG YW A j

APPENDIX D

Photographs
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LIST OF PHOTOGRAPHS

Photo No. Description

1. Aerial View of Lake and Dam

Z. Aerial View of Dam

3. Crest of Dam - Looking From Right Abutment

4. Upstream Face of Dam - Looking From Right Abutment
5. Crest of Dam - Looking From Emergency Spillway

6. Downstream Face of Dam

7. Emergency Spillway Crest - Locking Upstream

8. Emergency Spillway Crest - Looking Downstream

9. Emergency Spillway Outlet Channel - Looking Downstream
10. Primary Spillway Inlet and Approach Area

11, Close-Up of Primary Spillway Inlet

12, View Down Primary Spillway Riser Pipe

13. Primary Spillway Outlet and Plunge Pool

14, View of Downstream Channel - Looking Downstream

15. View of Plunge Pool and Downstream Channel

16, View of Lake and Watershed Area (Note buoys marking

location of 2 in. diameter riser pipe.)

Sheet 1, Appendix D
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