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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM
SUNMARY

Name of Dam: Blues Pond Dam
State Located: Missouri
County Located: Phelps
Stream: Tributary of Little Beaver Creek
Date of Inspection: 22 May 1980

Blues Pond Dam was inspected by an interdisciplinary
team of engineers from Anderson Engineering, Inc. of Spring-
field, Missouri, and Hanson Engineers, Inc. of Springfield,
Illinois. 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 an interstate highway (1-44), seven
dwellings, one business, and two buildings. 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 it is
less than 40 ft high, and the maximum storage capacity is
greater than S0 acre-ft but less than 1,000 acre-ft.

Our inspection and evaluation indicates that the spillway
does meet the criteria set forth in the guidelines for a dam
having the above size and hazard potential. The spillway
will pass 70 percent of the Probable Maximum Flood (PMF) with-
out 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 low height of the dam (23 ft) and thelow reservoir storage capacity, SO percent of the PMF has
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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 I percent
chance of being exceeded in any given year.

Deficiencies visually observed by the inspection team
were: (1) erosion on tne upstream face due to lack of wave
protection; (2) tree and brush growth on the dam, especially
on the downstream face; (3) a few small animal holes on both
faces of the dam; (4) a minor slough on the downstream face;
(5) cracking and undermining of the spillway slab; (6) a
small leak through the bedrock below the spillway slab; and
(7) lack of erosion protection in the spillway approach
area. Another deficiency was the lack of seepage and stability
analysis records.

It is recommended that the owners take the necessary
action promptly to correct the deficiencies reported herein.
A detailed discussion of these deficiencies is included in
the following report.

Steve Brady, P.E. (AEIT

Tom Beckley, P.E....("AEI)

Gene Wertepny) P.E. (HEI)

Dave Daniels, P.E. (HEI)
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SECTI10 1 - PROJECT l.\FOFRMATION

i ;LNRA L

Fhe \ai oTial Dam I n sp ect io n A ct, PuLibIi c La w 9 2-aO0
iu tho ri-_ed t he S ec re t ary o f thle \ rrnv, th roug h the Co rp s ot
;-ngineers, to initiate a program,, of safety inspection of
damS throughout the Uni ted States. Pursuant to the above,
thQ St . Louis District , Corps ofFn-.ineers , District En- I-
neer directed that a safetv inspection be made of Blues Pond
Darn i n Phiel1p s Co un ty, isso0u ri.

P. Puraose of lanrection:

:e u r o se o f th ,e in-,)e ct i on w as to na k e a n a s ssre n t
eta ogeneral conditia n of the darn with. respect to safety,

aiScu' UDon a1Vailable data and a visual inspection in orler
o deOterm:ine it thne da.m' :Cses hIazards to human life er-

Eva u a t iL on :ri te-ia

o r i a u sed o eva Ilua te thie darni were furnished by the
D)e-ar::mernt of tie v, >ice of thle Chief of Engineers,

:r:' mcA oi -x e vr ;a:t I n.sect ion of Dams
\e d ix D. These a7ide lines we tre developed t ith the help
a: everal fEederal ax encies and many state agencies, pro-
~esina nineerin- organi:atio ns, and urivate engaineers.

1.2 DESCRIP1-ION OF PROJECT:

A . Descriotion of Darn and Appurtenances:

31Lues Pond Darn is an earth f ill structure approximately
3 't ighl and 43-D f t long at the crest. In this report,
ci o11 and l eft Or ientat ion i S based. on looking in the down -

t emdirect ion. The appurtenant \orks consist of a concrete
,Paved trape-_oidal cut spilli~av in the left abutment. A\

at e r ing structure :onlSiStin,3 Of a 12 in. diameter corrugated
:-.etal pipe C01P) uinder the dam is located at approximnate
Station 3+70. Sheet 3 of Appendix A shows a plan, profile,
and typ ical sect ion of the embankm:ent. Presented on Sheet 4
of Appendix A are a profile and section of the spillwaY.

R. Location:

The dam is located in the north central part of Phelps
Count%-, Missouri, on a tributary of Little Beaver Creek. File
darn and lake are within the TRolla, Missouri, '7.*5 minute
quadranglec shieet (Sect ion 9, T37N , R31V - latitude 37 0 Z-o.3'
longitude 91043. 4'). Sheet 2 of Appendix A shows the general

i c i n L. t%'



C. Size Classification:

With an embankment leight of 23 ft and a maximum
storage capacity of approximatel 113 acre-ft, the dam is in
the small size category.

0. 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 an interstate highway (1-44),
seven dwellings, one business, and two buildings. The
existence of these downstream features .as verified during
the field inspection and at the time the aerial piiotographs
were taken.

Ownershir:

-he dam is owned by Murray ?enick, 1115 Duane Avenue,
Rolla, Missouri, 634101 t telephone 314-364-1786) and .J. F.
Brenneisen, 1103 Joyce, .'olla, Mlissouri, 65401 (telephone
314-3b4-3175).

F. Purpose of Dam:

[he dam was constructed primarily for recreation.

G. Design and Construction History:

According to Mr. Renick, the dam was originally built
in 1955 by M-1r. Luther M1athis of :,ewburg, ,'issouri. The lake
was drained for enlargement in 1959. The lake was enlarged
by raising the height of the dam 3 ft and by excavating
material from the upper reaches of the lake. The material
excavated was used as fill for the Htoliday Inn, which is
located just upstream of the lake. The spillway was raised
about 6 in. at this time, and a concrete section was placed.

A 12 in. diameter corrugated metal pipe dewatering
structure was also constructed at this time. According to
Mr. Renick, the 12 in. CMIP has a concrete foundation at its
entrance invert and a slide gate at the upstream end which
could be raised by attaching to it under water and then
hoisting from above. Also, apparently installed at that
time, was a 2 1/2 in. steel pipe with a nut valve on the
downstream end. There are no plans or design calculations
available and, to our knowledge, no modifications have been
made since 1959.
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II. Normal Operating Procedures:

Normal flows are discharged through an uncont rolled
trapezoidal spillway in the left abutment. *he owner
indicated that the lake maintains a relatively constant
level and that he has never seen it lo%,er than About I ft
below the spillway crest. The owner also indicated that the
dam has never overtopped, and that he has never seen ater
more than 1 ft above the spillway crest.

1.3 PERTINENT DATA:

Pertinent data about the dam, appurtenant works, and
reservoir are presented in the following paragraphs. Sheet
3 of Appendix .\ presents a plan, profile, and t,'pical section
of the embankment.

A. Drainage .\rea:

The drainage area for this dam, as obtained from the
USGS quad sheet, is approximately 200 acres.

B. Discharge at Dam Site:

(1) All discharge at the dam site is through an uncontrolled
sp i I lwa.

(2) Estimated Total Spillway Capacity at '.laximum Pool Top

of Dam - El. 922.3): 1,600 cfs

(3) Estimated Capacity of Primary Spillway: 1,000 cfs

(4) Estimated Experienced Maximum Flood at Dam Site: -4 cfs

(5) Diversion Tunnel Low Pool Outlet 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

C. Elevations:

All elevations are consistent with an assumed mean sea
level (.%ISL) elevation of 917.7 for the spillway crest (estimated
from quadrangle map).

(1) Top of Dam: 922.3 (low point); 923.0 (high point)
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(2) Principal Spillway Crest: 917.7

(3) Emergency Spillway Crest: Not Applicable

(4) Principal Outlet Pipe Invert: Not Applicable

(5) Streambed at Centerline of Dam: 900.3

(6) Pool on Date of Inspection: 917.5

(7) Apparent High Water Mark: None Found

(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: 1,400 ft

A2) .\t Principal Spillway Crest: 1,100 ft

(3) At Energency Spillway Crest: Not Applicable

E. Storage Capacities:

(1) At Principal Spillway Crest: 46 acre-ft

(2) At Top of Dam: 113 acre-ft

(3) A Emergency Spillway Crest: Not Applicable

F. Reservoir Surface Areas:

(1) .- t Principal Spillwav Crest: 8 acres

(2) .\t Top of Dam: 18 acres

(3) At Emergency Spillway Crest: Not Applicable

G. Dam:

(I) Type: Earth

(2) Length at Crest: 485 ft

(3) Height: 22.5 ft

(4) Top Width: 13 ft
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(5) Side Slopes: Upstream 2.4:1; Downstream 1.9:1

(6) :oning: Homogeneous

(7) Impervious Core: Unknown

(8) Cutoff: Unknown

(9) Grout Curtain: None

H. Diversion and Regulating Tunnel:

(1) Type: Not Applicable

(2) Length: Not Applicable

(3) Closure: Not Applicable

(4) Access: Not Applicable

(5) Regulating Facilities: Not Applicable

I. Spillway:

1.1 Principal Spillway:

(1) Location: Left Abutment

(2) Type: Trapezoidal Cut with Concrete Paving

1.2 Emergency Spillway:

(1) Location: Not Applicable

(2) Type: Not Applicable

J. Regulating Outlets:

The only regulating outlets are two drawdown pipes
under the dam. The owner indicated that these pipes were
installed in 1959 when the lake was enlarged and the dam was
raised. The 12 in. CMP reportedly has a steel slide gate at
the upstream end which could be raised by attaching to it
under water and then hoisting from above. The 2 1/2 in.
steel pipe has a nut valve on the downstream end. ro our
knowledge, neither pipe has been used since 1959.
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SECTION 2 ENGINEERING DATA

2.1 DESIGN:

.'No design computations or reports for Blues Pond Dam
are available. No documentations of construction inspection
records were obtained. To our knowledge, there are no
documented maintenance data. An Engineering Geologic Report
of Blue Lake by the Missouri Department of Natural Resources
dated October 1977 is included as Sheets 3 and 4 of Appendix
B.

A. Surveys:

No information regarding pre-construction surveys was
available. The crest of the spillway was used as datum for
the inspection survey and assumed to he at elevation 917.7
(estimated from the USGS quadrangle).

B. Geology and Subsurface Materials:

The site is located in the central portion of the
Ozarks geologic region of MIissouri. The Ozarks are charac-
terized topographically by hills, plateaus, and deep valleys.
The most common bedrock types are dolomite, sandstone, and
chert.

The publication "The Geology of the Rolla Quadrangle"
indicates that the bedrock in the area of the dam and lake
is the Roubidoux formation of the Canadian Series in the
Ordovician System. The Roubidoux formation is the most
widely exposed formation in the Rolla quadrangle, and consists
of sandstone, dolomitic sandstone, and cherty dolomite. The
beds of the Roubidoux are, as a whole, nonresistant to
weathering. Consisting of alternating thin beds of chert,
quartzite, sandstone, and thin-bedded dolomites, the formation
is easily broken down. An Engineering Geologic Report of
Blues Pond by the Missouri Department of 'Matural Resources
indicates that "sandstone and cherty dolomite of the Roubidoux
Formation make up the lake basin with dolomite of the Jefferson
City-Cotler Formation making up the drainage area." The
complete report is included as Sheets 3 and 4 of Appendix B.

The publication "Caves of Mlissouri" indicates that at
least 56 caves exist in Phelps County. Of these caves, at
least five caves are located in the Rolla quadrangle, and
eleven caves are in the adjacent Yancy Mills quadrangle.
All of the 14 caves which are within ten miles of the site
are clustered to the west and southwest.

' "':'l ll'ilfl .. .. . "= .. .. .. . . . .. . . .. I . . .. . . . . ..'710



The "Geologic Map of Mis-,ouri" indicates several normal
faults about 30 miles east and northeast of the site. The
Missouri Geological Survey has indicated that the faults in
this area are generally considered to be inactive and have
been for several hundred million years.

Information from the United States Department of Xgriculture,
Soil Conservation Service indicates that soils in the watershed
area of Blues Pond are comprised of the following soil
types :

Soil (Slopes) Percent of tWatershed

Bardley (5-9%)33
Bardley (9-14%) 62
Hartville (0-2%) S

The Bardley soils typically have dark brown cherty silt
loam A-horizons and red silty clay and clay B-horizons and
are underlain by bedrock at depths of 20 to 40 in. The
Bardley soils are on gently sloping ridges and strongly
sloping to steep side slopes. They have formed in residuu:iI
from cherty dolomite interbedded with some limestone and
sandstone.

The [iartville soils are generally silt loams for the
upper 14 in. and silty clay and clay below that, and are
underlain by a cherty clay at a depth of 5 ft to 6 ft. The
Hartville soils are typically poorly drained soils on alluvial
terraces.

C. Foundation and Emban:,ment Design:

No foundation and embankment design information was
available. Seepage and stability analyses apparently were
not performed as required in the guidelines. It is antici-
pated that the dam is homogeneous without any internal
drainage features. The material is probably primarily silts
and clays taken from the lake area. It is not known whether
a cutoff trench was provided. o construction inspection
tests were available.

D. Hydrology and Hydraulics:

No hydrologic or hydraulic design computations for this
dam were available. Based on a field check of spillway
dimensions and embankment elevations, and a check of the
drainage area on USGS quad sheets, hydrologic analyses using
U.S. Army Corps of Engineers guidelines were performed and
appear in Appendix C, Sheets I to 9.



E. Structure:

No design information for appurtenant structures was 1
avai lab le.

2.2 CONSTRUCTION:

No construction inspection data were available.

2.3 OPE RATION:

Normal flows are discharged through an uncontrolled

concrete paved trapezoidal cut spillway in the left abut-
ment. The only regulating facilities are the two drawdown
pipes (one 12 in. CMP and one 2 1/2 in. steel) under the
dam. To our knowledge, these pipes have not been used since
1959.

2.4 EVALUATION:

A. Availability:

No engineering data, seepage or stability analyses, or
construction test data were available.

3. Adequacy:

The engineering data available were inadequate to .ake
a detailed assessment of the design, construction, and
operation of this structure. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available, which 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.

S 'alidit:

To our knowledge, no valid engineering data on the
design or construction of the embankment are available.



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

A. General:

The field inspection was made on 22 May 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)
Gene Wertepny - Hanson Engineers, Inc. (Hydraulic Engineer)
Dave Daniels Hanson Engineers, Inc. (Geotechnical Engineer)

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

B. Dam:

The dam appears to be in less than satisfactory condition.
The upstream face is grass covered; however, there is no
riprap protection. Some bank erosion and several small
sloughs caused by -wave action and saturation have occurred.
A few small animal holes were noted. The horizontal alicnment
of the crest appeared good, and no surface cracking or
unusual movement was obvious (see Photos 4 and 5).

The downstream face is moderately covered with trees
and brush and is fairly steep (survey indicates slopes
between 1.7 and 2 horizontal to 1.0 vertical). A small
slough was noted near the crest at approximate Station 3+00.
A few small animal holes were noted. 'o seepage was noted
at the base or through the dam. Shallow auger probes in the
dam encountered a brown clayey silt to silty clay material
(ML-CL). Photo No. 0 shows the downstream face. Sheet 5
of Appendix A presents a plan sketch of the dam showing
observed features.

C. Appurtenant Structures:

C.1 Primary Spillway:

The spillway is a trapezoidal cut in the left abutment
with concrete paving in the upper portions of the spillway
(see Photos 7 through 15). The slab has experienced some
cracking, and a hole in the slab was noted as shown in
Photo No. 12. Apparently, water is entering the hole and
causing some undermining of the slab. A pile of concrete
rubble and rock was placed on the right side of the slab
downstream of the hole (see Photo No. 13) in an apparent
effort to reduce soil loss from under the slab. Some
grading has been done recently in the approach area of the
spillway on the dam side. rhis area would appear to be
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susceptible to erosion during floods. .A small seep (+ 1/2
GPNI) was noted below the end of the concrete paving and was
apparently coming through the bedrock. There was no evidence
of soil being carried with the water. The owner indicated
that this seep has been there for many years (see Photo No.
15).

C.2 Emergency Spillway:

There is no emergency spillway.

C.3 Drawdown Pipe.s:

\ 12 in. CMP drawdown pipe was installed in 1959, but
according to the owner, it has never been used. A slide
gate is incorporated at the entrance, but would have to be
opened by divers. The exit end (see Photo No. 18) appeared
in good condition, and no water was seen in or around the
pipe. A 2 1/2 in. steel pipe was also seen about 12 ft
right of the 12 in. pipe (see Photo No. 19). The steel pipe
has a nut valve on the end and, according to the owner, was
probably also installed in 19S9. No water was seen around
the smaller pipe.

Because the valve of the 2 1/2 in. drain is 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 lake drain outlet should be periodically
inspected for seepage which might indicate a leak or rupture
of the drain pipe and could eventually initiate a piping
failure through the embankment.

D. Reservoir:

The watershed is mostly grass and agricultural land
with some patches of fairly dense woods. About 20 acres of
the watershed are terraced, and 6 acres drain from concrete
surfaces. The slopes adjacent to the reservoir are moderate,
and no sloughing or serious erosion was noted. No evidence
of significant sedimentation was observed.

E. Downstream Channel:

Spillway flows cascade down the left abutment area on
sandstone and dolomite bedrock (see Photo No. 14) and through
a roadway culvert immediately downstream of the dam (see
Photo No. 16). Spillway releases would not be expected to
endanger the dam. The roadway culvert has been seriously
undermined by spiliway releases (see Photo No. 17). Beyond
the roadway, the valley is fairly wide, and the channel is
fairly densely wooded on both sides.
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3.2 EVALUATION:

Trees and brush on the dam constitute a potential
seepage hazard and encourage animal burrowing. There is no
wave protection provided for the upstream face of the embank-
ment, and significant bank erosion and some sloughing has
occurred.

The approach area on the dam side of the spillway is
unprotected and will experience erosion during significant
floods. The spillway slab has some cracks, holes, and
apparent undermining. This condition will worsen unless
voids under the slab are grouted, and holes and cracks are
sealed. The seep through the bedrock in the spillway area
could increase and should be monitored.

II -
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

There are no operating facilities associated with this
darn. The pool is normally controlled by rainfall, runoff,
evaporation, the capacity of the uncontrolled spillway, and
apparent leakage from the reservoir. The drawdown pipes
have not been operated for many years.

4.2 MAINTENANCE OF DAIM:

The crest and the upstream face were clear on the day
of the inspection. Apparently, there is no other regular
maintenance.

4.3 -LINTENANCE OF OPERATING FACILITIES:

There are no operating facilities, except for the slide
gate for the 12 in. CMP, which is under water and has no
above-water stem.

4.4 DESCRIPTION OF ANY t-:RNING SYSTEM IN EFFECT:

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

4.5 EVALUATION:

The vegetation on the dam, animal holes, lack of riprap,
and deterioration of the spillway slab are deficiencies
which could become serious if repairs are not made and
regular maintenance is not provided.
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SECTION 5 -tYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES:

A. Design Data:

No hydrologic or hydraulic design computations for this
dam were available.

B. Experience Data:

No recorded rainfall, runoff, discharge, or reservoir
stage data were available for this lake and watershed. The
owner indicated that the lake maintains a relatively constant
level, and that he has never seen it lower than about 1 ft
below the spillway crest. The owner also indicated that the
dam has never overtopped, and that he has never seen water
more than I ft above the spillway crest.

C. Visual Observations:

The spillway slab has experienced some cracking and
undermining. The approach area is unprotected on the dam
side and would be susceptible to erosion. A small seep (+
1/2 gpm) was noted in the spillway below the end of the slab
and is apparently coming through the bedrock. The spillway
outlet channel is well separated from the embankment, and
spillway releases would not be expected to endanger the dam.

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) an estimate of
the reservoir storage and the pool and drainage areas from
the Rolla, 'Iissouri, 7.5 Minute USGS quad sheet.

Based on the hydrologic and hydraulic analyses presented
in Appendix C, the spillway will pass 70 percent of the
Probable MIaximum Flood. The Probable :laximum Flood is
defined as the flood discharge that may be expected from the
most severe combination of critical meteorologic and hydro-
logic 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 low height of the dam (23 ft) and the low
storage capacity (113 acre-ft) of the lake, 50 percent of
the PMF has been determined to be the appropriate spillway
design flood. The spillway will pass the 1 percent proba-
bility flood without overtopping the dam.
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Application of the Probable Maximum Precipitation
(PNlP), minus losses, resulted in a flood hydrograph peak
inflow of 3,392 cfs. For 50 percent of the PMP, the peak
inflow was 1,796 cfs.

The routing of the PMF through the spillway and dam
indicates that the dam will be overtopped by 0.8 ft at
elevation 923.1. The duration of the overtopping will be
0.6 hours, and the maximum outflow will be 2,781 cfs. The
maximum discharge capacity of the spillway is 1,600 cfs.
The routing of 50 percent of the PMF indicates that the dam
will not be overtopped. The maximum outflow will be 1,094
cfs. Overtopping of an earthen embankment could cause serious
erosion and could possibly lead to failure of the structure.
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SECTION b STRUCTURAL STABILITY

o.l 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:

No design and construction data for the foundation and
embankment 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 dam was raised 3 ft, and the concrete spillway slab
was constructed in 1959. The drawdown pipes were also
installed at this time. No other modifications are know¢n to
have been made since that time.

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.

is3



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 less than satisfactory
condition. Several items were noted during the visual
inspection which should be investigated further, corrected,
or controlled. These items are: (i) erosion on the upstream
face due to lack of wave protection; !2) tree and brush
growth on the dam, especially on the downstream face; (3) a
few small animal holes on both faces of the dam; (4) a minor
slough on the downstream face; (S) cracking and undermining
of the spillway slab; (6) a small leak through the bedrock
below the spillw<ay slab; and (7) lack of erosion protection
in the spillway approach area (on the dam side). Another
deficiency was the lack of seepage and stability analysis
records.

The dam will be overtopped by flows in excess of 70
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 the
performance history as related by others and visual obser-
vation of external conditions. The inspection team considers
that these data are sufficient to support the conclusions
herein. Seepage and stability analyses comparable to the
"Recommended 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
continue to deteriorate and possibly could become serious in
the future.
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D. Necessity for Additional Inspection:

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

E. Seismic Stability:

rhe 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.

7,.2 REMIEDIAL MEASURES:

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

A. Alternatives:

(1) Our analyses indicate that the spillway size and
height of dam are adequate to pass 70 percent of
the P.IF, which meets the requirements3 of the

guideguidelines for this size dam.

B. O,'. 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) Tree and brush growth on the dam should be cut
annually.

(3) The erosional areas on the upstream face should be
repaired, and wave protection should be provided.

(4) Animal holes should be filled and maintained.

(5) The spillway approach area on the dam side should
be provided with erosion protection.

(6) The voids under the spillway slab should be grouted,
and the holes and cracks in the slab should be sealed.

(7) The gate for the drawdown pipe should be opened
periodically to insure that it is operable.
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(8) The seep should be monitored periodically to determine
if there is any increase in flow and whether soil
particles are being carried with the water.

(9) A detailed inspection of the dam should be made
periodically by an engineer experienced in the design
and construction of dams.
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~~CATI.~: Ja,.ii, L'l, . ,T 17 1. i. V.'. P I' la 1_uadlra i1 'Iil.

i ike , con t ruct r d ippr.)ximito ly 10 yer~ , J., is in an -ai~it. -west trfmrdinq
?.r Lbut ry -.) .Ltle be!aver .7reek. .aiit~one aind Jlerty dolomite of the I'oubiloux
Fnrmation 7ake up the Lake basin with ,mt f the Jefferson City-Cotter Frcrma-
tion raking -ip the drainige area.

Th*i sandstone i:.'rt~icr. jf -,he Rout LdOtIX Forruti ~n is .,-ry permeable vertic~ally
d~ie to large cracks in 11io sanvistone bedrock that j;o for a considerible depth verti-
cally and for qrt-at di.~tances ! ._rizontally. The Neirock exposed below the spillway

o~the dam is somewhat toi ,f~' th.' sandstone bedrock. Sufficient quantities of
zil .ja-.hed in off tile sltoc~s evidentLy have mii:kel the oedrock to a depth sufficient

to pond water in the 1 ike2, and/er the core uncler the dam is placed at a ;ufficient
letrth to .nter7ept -water movinq throuqh the jointed --irlrock. ['he bedrock in the
wi rrsne : i !rast 1,, r- ltively watc r ti~jht :*r~ l irid maiEs a cnhtideil1

.. I !That nu:C", th, ri.nfall. in the wr:dwill eventually flow into
sTh -~ r ma, Le:'.?o I ike. A ofijk1 , of t inic the lake wo ild be cxlp. 2tted

on a :,.ear attin: i ~ s eitn-r on the surface )r th~e -hall -w siib:;urface.

The rt:~;. r.a v' n h l-&K-t l approxiin.l~y 21)03 surface acres. Telake
-jLcuIat,. I rm tr inhi a -. mp is h. tw-t-n e il 6 acres. The 1rti nage ir(-a

is a:-%-I, *:.,r ih iz.' l :' ike.

A sm.i li leak '-s ~ npr-qs2:t tor mnany v"'lir,; .-Tri.nitn fr~v P-hc -as F i

a::j .i l not -i~~j*xce~i; ive lelka';- (r !1-1nrroti.- to the lam unle:ss ,Ojii
r>itet'ijls !-art -'i'I~;r,.h '!Li st r in njred. A mni !1 vertical hole has forn'-1 ,n

the upsstr ?a 1-rt: )n T' sp i I way Th.it is Pr A) i v the resulIt o f saitnra ted soilI
7natcrial f .ln nt2 -. f tl-. .*,rti(:il cL3:,.4; i ne un~lerlyin nj 3ddston±-. 'Ahis
vortical hole willii : ill rr_,!hhil ity enlarge it--;tfl with time .in-l probably, .--in be
tomporarily rc pairel b I illin,.j the hole -with -, .1 fluid cement anateriai sicrh -A
neet cement (J come:,.t aI w iter mixturo With k :taly, t to make the esement a

~in vnute.- rad-her i, 1; ljr-;) 'hKtype* 1cr icl lAki(; c-in occuir 1r, this
,etting at 4:.- 14 7i ind i_-t repaiirud as i.. ' . nssLi e to prevent ren

Ite 4,1:n 2 L 2rliie' urnd consid'- i'j itn iaqt alt'i'jhi tht iuwflstredin

cf th-e 1 2~-1 .- save l. teej . aisin-i ' wa te r Leve I i n the 1 ke %,-ve raI
in a 1i r rAl is1-1 1A :i se s Iid- -s to ;cc-.r -n the downstream face o~f the dam.

tac lii :: . ;I.~ ' - S. J I_.. en !everal feet, it .- tiLd probabLy he nece-:;-;ary to
--arr at tn: se .S r itT dr rather than increasinq -nty the heirjht of the top of t!,e
:i-. to fla,:*z_7 ouL t:i,: vownstreain slope. Paistnq -LE the water level of the lak.! e,,en
i-.-'veral feet n.a, wvel -~ravarc minor le.akige cnditions now presrnt and may well. facJi
nitate re-dc2_4gn and c-o.-tructioni of the, rpill-ay is well as extenling the end )f the
Aan; further to the :)Ih
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- Ln.11 of the Lke i, Ler lly hy excavat i, q on tle r!;horel in-,- is w, 1 1 As the

tailwOLr area of the lake is contempt lte,, both tor locatinq borrow material as

a fill source for another area and to 1,,.autify the like. Fxcavation alonq the shore-
line in the low lyinq areas can probably be accomplished without getting into the
Deir.::k excavation or tiimi to leakri'e conditiLnl into he.lrock. The lake ,h'>ever,
dihuld n, t core in c,,lt 1,-L with F,.td';t, ne b',Ir , ck over a larrqe area particuL irly
just upstream of the dam. xpousure -,,f !ho like *.,7-tr to the underlying bedrouk
would probably result in exces,3ive l. 2aa q-. Exterdling the shoreline of the lake
horizontally in the hiqh ireas would res.ilt in i high vertical bluff on t'.- shore-
lino as well as rock excaivation. It is anticip[it,] that a m.mxiim of 4-5 ft t of
soil is present generally on the shoLeline.

The upper 2nd o the lake would 1,ub.bly h:ivie L,,reatest potential yield of
horrow material and woull increase tn.,_ irface acr,?. )f the lake the most for the
,,mcunt of material r,,moved. Yardage ,.:;tim.ateq F-r b ,rr.)w materiil can roughly be
-aLcilated using a rule ..f tt,°b that -ne acre excivited 3 feet deep will yield about
4,8, ,; cubic vards of material. Thiz ,-:t-2rial, however, will normally shrink when
it i: 2ompacted in a till so it mi. qht take l0,C"J to 115,000 thou'iand cubic yiris

,1 i!u:) a 103,000 :'ar-i hole.

To determine whether sufficient so:l material is available on the floodplain
cn tor: upper end of the lake for antiri -ated fill eeds, it is rcommended that a
hackh.-, be employed to excavate several test pits to determine if sufficient borrow
material is available and whether sufficient depth c-an he attained to back the water
into the excavated area a sufficient depth to where the borrow pit is under water.
It is re.mmended that a minimum of 3 feet of water :,)ver the borrow area to prevent
execs. ;v,,e weed grcwth and the formation of lar p2 ul flats in the dry surmer months
when the lake level coidi drop i foot -r more be(-C.: , of evapor-i-in, eak1, c.
The hackhoe could also he utilized to probe the :ihorline of the lake to determine
thickness of soil over ,-drock in other potentiiL expansion areas. Approximately two
it ur , time w th backir, w uld be ';uLCiciont ti mik, this ,dk'tormiII.ItLJn.

Lowerino of the Lake level -iev.ral I ret would jtohably be necessary tr) ,xT.ejite
the ,x.-avati.'u in the lirper end ;if the lake as .o-il( improvements on other p.arts of
the slioreline. A time Lrame ne-ess.kry to lower a lale of this size several feet can
be rolIhl'i calculatel hy issuminq one acre of wat:r one foot deep contains approxi-
mati-: one-third of .1 m: llion ,gallons :)t tvater.

. ,.,j the >... level may res ult in excfssive leakage and requir, re-

'.;i:nin; ,f tL., -.m and spillwy.
Dori. wing matrial from the sides of the lal-,- on the high areas prnbably
will require rc'k excavation. The low areas would yield some earthen
material.

3. Exp'.mn! on :)I- ipm ,'per end of the ldk- -:oul,l probibly yield the largest
amount of borrow 'rater-Lal.

rt this ctfice tzin be it further issistance, hn't hesitate to call or write.
/ "

Thoma- J. Dean, reo log ist
Applied uigineering & trban G6,olo;y
Geol,'ly Land !Iurvey
0c0 'I "1 ' 1)77

': .;rrv 'nick

l ' .. ayre AV-.

ao11a, M)
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APPENDIX C

HYDROLOGIC AND HYDRAULIC 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-l (Dam Safety
Version), July 1978, prepared by the Hydrologic Engineering Center, U.S.

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).

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 result 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 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 result of the routings of the PMF ratios indicate that the dam
will pass the I percent probability flood without overtopping the dam.

The rating curve for the spillway (see Table 4 Sheet 5, Appendix C)

was determined assuming critical flow condition at the control section.

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-l 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.
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH

Parameters:

Drainage Area (A) 0.31 sq miles
Length of Watercourse (L) 0.90 miles
Difference in elevation (H) 157 ft
Time of concentration (Tc) 0.33 hrs
Lag Time (Lg) 0.20 hrs
Time to peak (Tp) 0.24 hrs
Peak Discharge (Qp) 625 cfs
Duration (D) 5 min.

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

0 0
5 151

10 498
15 618
20 494
25 275
30 158
35 89
40 52
45 29
50 17
53 9
60 6
65 3
70 1

(*) From the computer output

FORNULA USED:

11 9 L3 0.385 From California Culverts Practice, California
Tc = ( ) Highways and Public Works, September 1942.

Lg = 0.6 Tc

D
Tp = + Lg

484 A.Q = Excess Runoff = I inch
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TABLE 2

RAINFALL-RUNOFF VALUES

Selected Storm Event Storm Duration Rainfall Runoff Loss
(Hours) (Inches) (Inches) (Inches)

PMP 24 33.80 32.11 1.69

Additional Data:

1) Soil Conservation Service Soil Group C
2) Soil Conservation Service Runoff Curve CN = 86 (AMC III) for the PMF
3) Soil Conservation Service Runoff Curve CN = 72 (AMC II) for the

I percent probability flood
4) Percentage of Drainage Basin Impervious 10 percent

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHIPS

Lake
Elevation Surface Lake Storage Spillway
(feet-MSL) Area (acres) (acre-ft) Discharge (cfs)

900.5 0 0

* 917.7 8.0 46 0

920.0 16.0 74 385
** 922.3 18.0 113 1600

925.0 20.5 165
930.0 25.0 280

*Primary spillway crest elevation
**Top of dam elevation

The above relationships were obtained from survey measurements and
the ROLLA, MO. 7.5 minute quadrangle map.
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TABLE 4

SPILLWAY RATING CURVE

Reservoir Spillway

Elevation Discharge
(ft, MSL) (cfs)

917.7 0
918.7 74
919.6 250
920.0 385
921.0 800
922.0 1400

* 922.3 1600
924.0 3200
924.6 3900

* Top of dam elevation

METHOD USED: Assuming critical flow at the control section

FORMULA: a2 A3 Design of Small Dams, Water and Power Resources
g T Service (U.S. Bureau of Reclamation), 1974 Edition,

page 553

Q = Discharge in cubic feet per second
A = Cross sectional area in square feet
T = Water surface width in feet
g = Acceleration of gravity in ft/sec2
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TABLE 5

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth
of Inflow Elevation Storage Outflow (ft.)
PMF (CFS) (ft.-MSL) (AC.-FT.) (CFS) Over Top

of Dam

0 *917.7 46 0
0.10 359 919.1 63 154
0.20 718 920.0 74 394
0.30 1078 920.6 83 616
0.40 1437 921.1 92 836
0.50 1796 921.5 99 1094
0.60 2155 921.9 106 1345
0.65 2335 922.1 110 1479
0.70 2515 ** 922.3 113 1618 0
0.75 2694 922.5 117 1786 0.2
1.00 3592 923.1 128 2781 0.8

The percentage of the PMF that will reach the top of the dam is 70 percent.

*Primary spillway crest elevation
**Top of dam elevation
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APPENDIX D

Photographs



LIST OF PHOTOGRAPHS

Photo No.

1 Aerial View of Dam Looking East

2 Aerial View of Lake and Dam Looking South

3 Aerial View of Lake and Watershed Looking Northwest

4 Upstream Face of Dam Looking Southwest

5 Crest of Dam Looking South from Right Abutment

6 Downstream Face of Dam Looking South from Right Abutment

7 Spillway Crest Looking South - Note Fish Screen and
Walking Blocks

8 Spillway Crest Looking North

9 Spillway Looking Downstream From Crest

10 Spillway Channel Looking Downstream at Culvert
Under Road

11 Spillway Looking Upstream From Dc'qnstream Edge of
Paved Section

12 Spillway Slab - Note Hole in Concrete

13 Right Edge Spillway Slab - Note Apparent Erosion
and Possible Undermining (Filled in With Rubble)

14 Spillway Channel Looking Upstream

is Spillway Channel Near Lower Edge of Concrete Section -

Note Small Trickle of Seepage Coming Through Bedrock

16 Culvert Under Roadway Looking Downstream

17 Undermining of Culvert Abutment Left Side

18 Outlet 12 in. CMP Under Dam

19 Outlet 2 1/2 in. Steel Pipe Under Dam

20 View of Lake From Crest
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