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SUBJECT: Sky Ranch Lake Dam, MO 31293, Phase I Inspection Report

This report presents the results of field inspection and evaluation of the Sky
Ranch Lake Dam (MO 31293):

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

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

1) Spillway will not pass 50 percent of the Probable Maximum Flood
without overtopping the dam.

2)  Overtopping of the dam could result in failure of the dam.

3) Dam failure significantly increases the hazard to loss of life
downstream.

SUBMITTED BY: SIGNED 15 oct 1980

Chief, Engineering Division Date

15 0CT1980

APPROVED BY: - S;I(;pQEE{} j{

Colonel, CE, District Engineer Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Sky Ranch Lake Dam
State Located: Missouri

County Located: Warren

Stream: Tributary of Lost Creek
Date of Inspection: 9 July 1980

The Sky Ranch Lake Dam was visually inspected by engineering personnel of
Horner & Shifrin, Inc., Consulting Engineers, St. Louis, Missouri. The
purpose of this inspection was to assess the general condition of the dam with
respect to safety and, based upon this inspection and available data,

determine if the dam poses a hazard to human life or property.
)
/
The following summarizes the findings of the visual inspection and the
results of certain hydrologic/hyd?gulic investigations performed under the
direction of the inspection team.W/Based on the visual inspection and the

results of these hydrologic/hydraulic investigations, the present general

condition of the dam is considered to be somewhat less than satisfactory. -The

following deficiencies were noticed during the inspection and are considered
to have an adverse effect on the overall safety and future operation of the
(

dam®
!

-

1. An eroded section of embankment (up to 6 feet in depth and
approximately 8 feet wide and 30 feet long), that appears to be due
to spillway releases impinging upon the dam, exists at the junction
of the downstream toe of the dam and the spillway outlet channel.
Loss of embankment material by erosion can be detrimental to the

structural stability of the dam.

2. The upstream face of the dam has only a grass cover to prevent

erosion by wave action or fluctuations of the lake surface level. A

i
!
i
{
i
!
!
!




) grass cover is not considered adequate protection to prevent erosion

e s

of the embankment by wave action or fluctuations of the lake surface,

n s 2/

3. 'Several small trees along with some brushy undergrowth that could
conceal animal burrows exists at the waterline along the upstream
face of the dam.\ Tree roots and animal burrows can provide o
passageways for lake seepage that could develop into a piping
condition (progrgssive internal erosion) and possible failure of the

dam.

L

-ty
4. ‘According to survey data obtained during the inspection, the crest

elevation of the emergency spillway was found to be approximately 0.1
foot lower than the low area in the top of the dam between stations
1+00 and 1+50. As a result of this suspected settlement, the

effectiveness of the emergency spillway is virtually negated. __

K —

According to the criteria set forth in the recommended guidelines, the
magnitude of the spillway design flood for the Sky Ranch Lake Dam, which is
classified as small in size and of high hazard potential, is spccified to be a
minimum of one-half the Probable Maximum Flood {(PMF). Considering the fact
that there are but four dwellings, one of which is unoccupied, within the
estimated flood damage zone and the fact that the downstream flood plain is
fairly broad and that the level of the living quarters of the dwellings within
the flood damage zone are at an elevation appreciably above the bank of the
downstream channel, it is recommended that the spillway for this dam be
designed for one-half the Probable Maximum Flood. The Probable Maximum Flood
(PMF) is the flood that may be expected from the most severe combination of
critical meteorologic and hydrologic conditions that are reasonably possible

in the region.

Results of the hydrologic/hydraulic analysis indicated that the spillways,
principal plus emergency, are inadequate to pass lake outflow resulting from a

storm of one-half PMF magnitude without overtopping the dam. The spillways

are capable, however, of passing lake outflow resulting from the one percent

probability (100-year frequency) flood and the outflow corresponding to about




§
|
|

14 percent of the PMF. According to the St. Louis District, Corps of
Engineers, the length of the downstream damage zone, should failure of the dam
occur, is estimated to be two miles. Within the downstream damage zone are

four dwellings, one of which is unoccupied, several farm buildings and State

Highway 94.

A review of available data did not disclose that seepage or stability
analyses of this dam were performed. This is considered a deficiency and

should be rectified.

It is recommended that the Owner take the necessary action within a
reasonable time to correct or control the deficiencies and safety defects
reported herein. The provision of additional spillway capacity should be

pursued on a high priority basis.

Ralptf E. Sauthoff pr
P. E. Missouri E-19090

(b0, ook (],

Albert B. Becker, Jr. //
P. E. Missouri E-9168
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PHASE 1 INSPECTION REPORT
< NATIONAL DAM SAFETY PROGRAM

SKY RANCH LAKE DAM - MO 31291
SECTION | - PRO.JECT INFORMATION
1.1 GENERAL
a. Authority. The National Dam Inspection Act, Public Law 92-367, dated
8 August 1972, 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 ahove, the St. louis District, Corps of

Engineers, directed that a1 safety inspection of the Sky Ranch Lake Dam be made.

b. Purpose of Inspection. The purpose of this visual inspection was to

make an assessment of the general condition of the dam with respect to safety
and, based upon available data and this inspection, determine if the dam poses

a hazard to human life or property.

c. Evaluation Criteria. This evaluation was performed in accordance

with the 'Phase I" investigation procedures as prescribed in "Recommended

tuidelines for Safety Inspection of Dams", Appendix D to "Report to the Chief

of Engineers on the National Program of Inspection of Non-Federal Dams", dated :
May 1975. f

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Sky Ranch Lake Dam is an

i earthfill type embankment rising approximately 34 feet above the natural
streambed at the downstream toe of the barrier. The embankment has an
upstream slope (above the waterline) of approximately lv on 1.9h, a crest :
width of about 14 feet, and a downstream slope on the order of lv on 3.0h.
The length of the dam is approximately 450 feet and the axis of the dam curves

moderately away from the lake between abutments. A plan and profile of the

dam are shown on Plate 3 and a cross-section of the dam is presented on Plate 4.




The dam has both a principal and an emergency spillway. The principal
spillway, a culvert consisting of two 18-inch diameter corrugated metal pipes,
is located at the left, or south, end of the dam. A concrete headwall serves

to protect the upstream face of the dam at the pipes. The emergency spillway,

a shallow V-gsection with the invert of the crest protected by concrete p
pavement, is also located at the left end of the dam. The outlet channel for

both spillways closely follows the intersection of the embankment and the left

abutment joining the original stream channel at a point about 100 feet

downstream of the dam centerline. Profiles of the two spillway pipes are

shown on Plate 4. The emergency spillway cronss-section is shown on Plate 5. i

The reservoir has two pipe outlets for lake drawdown. Omne of the outlets,
a 2.5-inch galvanized steel pipe, enters an old cistern located in the
downstream side of the dam at a point approximately 140 feet from the right,
or north, abutment. A valve located within the cistern serves to control flow
in the pipe. According to the Owner, it was intended that the cistern would
serve as a storage facility to supply water to the old farm house located just
downstream of the cistern. However, the Owner stated that this plan was never
imp lemented and that the old farm house is not used. The second outlet, a
2-inch galvanized steel pipe, is located just to the left of the dam center.
A valve located in a small shed near the toe of the dam serves to control flow
in the pipe. The outlet pipe for this line, elevated about 3 feet above the
ground surface, joins the original stream channel at a point just downstream
of the dam. The piping within the shed is protected from freezing by heating
tape and lamps as well as insulation attached to the building interior.
According to the Owner, the inlet end of the 2-inch diameter pipe projects 8
feet above the bottom of the reservoir at a location just upstream of the base i
of the dam; the inlet end of the 2.5-inch diameter pipe is near the bottom of
the reservoir opposite the cistern, and both pipes have well screen type

filters on the inlet ends.

b. Location. The dam is located on an unnamed tributary of Lost Creek,
about 1 mile east of the intersection of a private unnamed road and State
Highway 94, and approximately 4 miles northwest of the town of Pinkney,
Missouri, as shown on the Regional Vicinity Map, Plate 1. The dam is located

within U. S. Survey No. 1765, approximately 6,900 feet southeast and 8,700

feet southwest of the northwest corner, within Warren County.




¢. Size Classification. The size classification based on the height of

the dam and storage capacity, is categorized as small (per Table 1,

Recommended Guidelines for Safety Inspection of Dams).

d. Hazard Classification. The Sky Ranch Lake Dam, according to the St.

Louis District, Corps of Engineers, has a high hazard potential, meaning that
if the dam should fail, there may be loss of life, serious damage to homes, or
extensive damage to agricultural, industrial and commercial facilities,
important public utilities, main highways, or railroads. The estimated flood
damage zone, should failure of the dam occur, as determined by the St. Louis
District, extends two miles downstream of the dam. Within the possible flood
damage zone are four dwellings, one of which is unoccupied, several farm
buildings and State Highway 94. Those features lying within the downstream
damage zone reported by the Corps of Engineers, St. Louis District, were

verified by the inspection team.

e. Ownership. The lake and dam are owned by Elmer C. Edelmann. Mr.
Edelmann's address is Box 211, Rural Route 1, Marthasville, Missouri 63357,

f. Purpose of Dam. The dam impounds water for recreational use.

g.- Design and Construction History. According to the Owner,

construction of the dam was completed in 1970 and the builder of the dam was
Arthur Whaley, an excavator and earth moving contractor, from Jonesburg,
Missouri. Efforts to contact Mr. Whaley to ascertain details of the dam

design were unsuccessful. Records of the design were unavailable.

h. Normal Operational Procedure. The lake level is unregulated. Lake

outflow is governed by the combined capacities of a culvert type spillway,
consisting of two 18-inch diameter pipes, and an overflow type emergency

spillway.

1.3 PERTINENT DATA

a. Drainage Area. The area tributary to the lake is for the most part

in & native state covered with timber. The watershed above the dam amounts to

approximately 134 acres. The watershed area is outlined on Plate 2.

1-3




b. Discharge at Damsite.

l (1) Estimated known maximum flood at dam site ... 11 cfs* (W.S.Elev. 610.5) ?

(2) sSpillway capacity ... 38 cfs.

¢. Elevation (Ft. above MSL). The following elevations were determined

by survey and are based on topographic data shown on the 1974 Berger,

Missouri, Quadrangle Map, 7.5 Minute Series.

(1) Observed pool ... 609.5
(2) Normal pool ... 610.0
(3) Spillway crest
A, Principal ... 610.0
B. Emergency ... 613.8
i (4) Maximum experienced pool ... 610.5%
(5) Top of dam ... 613.9 (min.)
3 (6) Streambed at centerline of dam ... 583+ (Est.)
(7) Maximum tailwater ... Unknown

(8) Observed tailwater ... None

d. Reservoir.

(1) Length at normal pool (Elev. 610.0) ... 1,400 ft.
(2) Length at maximum pool (Elev. 613.9) ... 1,500 ft.

e. Storage.

(1) Normal pool ... 51 ac. ft.
(2) Top of dam (incremental) ... 32 ac.ft.

f. Reservoir Surface.

(1) Normal pool ... 8 acres

(2) Top of dam (incremental) ... 1 acre

*Based on an estimate of depth of flow at pipe spillway as observed by the

Owmner.

14 1




g. Dam. The height of the dam is defined to be the overall vertical #

distance from the lowest point of foundation surface at the downstream toe of
the barrier, to the top of the dam. !
(1) Type ... Earthfill, homogeneous * -

(2) Length ... 450 ft.
(3) Height ... 34 ft.
(4) Top width ... 14 ft.
(5) Side slopes

R SRR Shpipd o Bl anih i)

PR

a. Upstream ... lv on 1.9h (above waterline)

RSP PR

?
i
] # b. Downstream ... lv on 3.0h
(6) Cutoff ... Core trench¥*
(7) Slope protection
a. Upstream ... Grass

b. Dowastream ... Grass

h. Principal Spillway.

e 1+ e e e e e et ¢

(1) Type ... Uncontrolled, two 18-inch diameter corrugated metal

pipes (culvert)

(2) Location ... Left abutment
(3) Crest ... Elevation 610.0 & 610.4

(4) Outlet channel ... Excavated earth, irregular trapezoidal section

i. Emergency Spillway.

(1) Type ... Uncontrolled, V-section, paved concrete invert at crest
(2) Location ... Left abutment
(3) Crest ... Elevation 613.8

(4) Outlet channel ... Common with principal spillway outlet channel

5 S

<> *Per Owner

g
i
L
+




j» Lake Drawdown Facility.

(1) Pipe, 2.5~inch diameter with control valve and outlet in old

cistern located in downstream face of dam at station 2450+,

(2) Pipe, 2,0~inch diameter with control valve in shed located near

downstream toe of dam at station 1410+,
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Data relative to the design of the dam were unavailable.

2.2 CONSTRUCTION

As previously stated, the dam was constructed in 1970 by Arthur Whaley, a
local earth excavating contractor. According to the Owner, a core trench for
seepage cutoff was excavated along the axis of the dam. The Owner reported
that the material used to backfill the trench and construct the dam was clay
that was obtained from the hillside just north of the lake. The Owner also
recalled that the embankment material was compacted using a sheepsfoot

roller. Records of the construction of the dam were unavailable,

2.3 OPERATION

The lake level is uncontrolled and governed by the elevation of the crest
of the southern most of two 18-inch diameter pipes. No indication was found
that the dam has been overtopped. The Owner reported that the dam has never
been overtopped and that to his knowledge, the highest lake level experienced
to date produced a depth of flow at the pipe spillway estimated to be about 6

inches above the invert of the south pipe.

2.4 EVALUATION

a. Availability. Engineering data for assessing the design of the dam

and spillways were unavailable.

b. Adequacy. No data available. 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.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Sky Ranch Lake Dam was made by
Horner & Shifrin engineering personnel, R. E. Sauthoff, Civil Engineer, and
A. B, Becker, Jr., Civil and Soils Engineer, on 9 July 1980, An examination
of the dam area was also made by an engineering geologist, Jerry D. Higgins,
Ph.D., a consultant retained by Horner & Shifrin for the purpose of assessing
the site geology. Also examined at the time of the inspection were the areas
and features below the dam within the potential flood damage zone.
Photographs of the dam taken at the time of the inspection are included on
pages A-1 through A-5 of Appendix A, The locations of the photographs taken

during the inspection are indicated on Plate 1.

b. Site Geology. The lake and dam are located within the Ozark Plateaus
Physiographic Province near the border with the Dissected Till Plains Section
of the Central Lowlands Province. The topography is moderately rugged, and
theve is up to approximately 280 feet of relief hetween the reservoir and the
surrounding drainage divides. 1In the general area, the bedrock formations
consist of gently northward-dipping Ordovician-age dolomites of the Jefferson
City-Cotter formation and sandstones of the St. Peter formation. The dam and
reservoir are situated on Jefferson City-Cotter dolomite with the St. Peter
sandstone exposed well above the reservoir level. No faulting was observed or

has been reported in the vicinity of the site.

The Jefferson City-Cotter dolomite is a light brown, medium to finely
crystalline dolomite or argillaceous dolomite. It is thin- to medium-bedded,
often argillaceous, and cherty. Solution enlargement of joints and bedding
planes frequently occurs in the dolomite, and the contact between bedrock and
the overlying surficial materials is usually an irregular surface. Jefferson
City-Cotter dolomites outcrop in the spillway channel. The St. Peter
sandstone is 38 white, fine~ to medium-grained, pure quartz sandstone. It

generally is massively bedded and although loosely cemented, exposed rock

surfaces usually are case hardened by weathering processes,
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The unconsolidated surficial materials are composed principally of soils
of the Winfield series overlying residual clays. This series consists of
deep, well-drained soils derived from the wind-deposited silts on the uplands
ad jacent to the Missouri River Valley. The soils consist of light brown silts
in the upper layers, hecoming darker and more clavey with depth. According to
the Unified Soil Classification System, they are classified as CL or CL-ML
materials, are moderately permeable and susceptible to erosion, hut are
generally suited for embankments and water impoundments. The bottom of the
valley beneath the reservoir is covered by alluvial soils of the Cedargap and
Nodaway series. The Cedargap scries consists of a dark, grayish-brown silt
grading with depth to a very cherty clav. The soils are classified as ML to
GC material, are permeable, and may be subject to piping. The Nndaway series
consists of a dark brown silt. The soils are classified as CL or CL-ML
materials and are moderately permeahble. Seepage may be common in both
alluvial soils. Residual cherty clays are exposecd in the dam abutments.

These soils typically are somewhat permecable and often cause some seepage from

reservoirs.

No geologic condition was noted that would be considered to severely

affect the stability or performance of the dam or reservoir.

c. Dam. The visible portions of the upstream and downstream faces of
the dam (see Photos 1, 2 and 7) as well as the dam crest were inspected and,
except as noted herein, found to be in sound condition. No surface cracks or
sloughing of the embankment slopes were noted. A section of embankment,
approximately 30 feet long and 8 feet wide, was eroded to a depth of about 6
feet at a location adjacent to the lower end of the spillway outlet channel.
No other significant erosion of the dam was noticed. No seepage was observed
at the dam or in the area adjacent to the downstream toe of the dam. Except
for the dam crest, which had a combination of turf that had heen recently
mowed, and crushed stone surfacing, the grass on the dam was about 3 feet high
at the time of the inspection. Several small wiilow trees on the order of 1
inch in diameter along with some brushy undergrowth were found along the
unprotected (no riprap) upstream face of the dam ncar the normal waterline.
Examination of a soil sample obtained from the downstrcam face of the dam
indicated the surficial material of the embankment to he a brown, silty lean

clay (CL) of low-to-medium plasticity.

3-2
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The visible portions of the two 18-inch diameter corrugated metal spillway
pipes (see Photos 3 and 4) including the pole structure at the upstream end of
the pipes were examined and found to he in satisfactory condition. According
to the Owner, the poles are intended to support a dock that is planned to be
constructed at some future time. The concrete headwall that serves to protect
the upstream face of the dam at the pipes was also inspected and found to be
in good condition without cracks or deterioration due to weathering. Some
minor erosion of the embankment at the downstream ends of the pipes was
evident; however, it did not appear to be significant. Inspectinn of the
concrete slab (see Photo 5) that serves to prntect the top of the dam at the
emergency spillway indicated the pavement to be in satisfactory condition
without cracks or spalls., Some minor erosion of the spillway outlet channel
invert was noticed; however, it appeared that most of the channel bottom
between the spillway pipes and the downstream channel was protected by bedrock
outcrops. As previously stated, erosion that appeared to be due to spillway
releases, has damaged a section of the embankment adjacent to the spillway

outlet channel.

According to survey data obtained during the inspection, the crest
elevation of the emergency spillway was found to be approximately 0.1 foot
lower than the low area in the top of the dam between stations 1400 and 1+50.
It appears likely that the dam has settled to some extent in the vicinity of
stations 1+00 to 1450; however, the extent of the possible settlement in this

area could not be determined.

The visible portions of the two lake drawdown pipes and appurtenances were
examined and both features appeared to be in satisfactory condition. The
2-inch diameter pipe system within the shed (see Photo 6) was protected from
freezing by heating tape and lamps as well as by insulation secured to the
interior of the structure. The 2.5-inch diameter pipe outlet within the

cistern (see Photo 8) was exposed to the weather at the time of the inspection.

The cistern, a concrete block structure parged with mortar and about 6.5
feet in diameter, was inspected and no serious defects were noted. The bottom

of the cistern was sounded and found to about 19.5 feet below the top of the

structure which was approximately 5 feet below the top of the dam. The water




lavel within the cistern was approximately 8.5 feet below the top at the time

of the inspection. The incoming lake drawdown pipe was located about 3.5 feet

below the top and the outlet pipe was approximately 7.% feet helow the cistern
top. The upper 8 fect of the structure appeared to he newer than the lower

portion and was probably added when the dam was builr.

d. Appurtenant Structures. Except for the lake drawdown pipes, there

are no appurtenant structurcs at this dam,

e. Downstream Channel. Except as nnted herein, the downstream channel

is unimproved. A culvert type structure allows State Highway 74 to cross the
stream at a point about | mile downstream of the dam. A bridge conveys a
railroad over the stream at a point almost 2 miles downstream of the dam just
upstream of its juncture with the Missouri River. Hoetween the dam and Highway
94 two low-water type crossings allow the road that aceosses the Owner's
property to cross the tributary. The tributarv joins Lost Creeck at a point

about 1.5 miles downstream of the dam.

f. Reservoir. At the time of the inspection, the reservoir was

approximately 0.5 feet below normal level and clear. WNo crosion of the lake

banks was evident. Except for a section near the nor:h end of the dam, the
area about the lake was tree covered. The amount of sediment within the lake
could not be determired during the inspection; however, due to the vegetation

covering the surrounding area, it is not expected to be significant.

3.2 EVALUATION

The deficiencies observed during the inspection and noted herein, are not

considered of significant importance to warrant immediate remedial action.




SECTION 4 - OPERATIOLAL PROCEDURES

4.1 PROCEDURES

The spillways are uncontrolled. The lake surface level is governed Ly
precipitation runoff, cvaporation, seepage, and the combined capacitics of the

uncontrolled spillways.

f 4.2 MAINTENANCE OF DAM

According to the Owner, in 1979, a concret: diaphragm (wall) approximately
18 inches wide, 12 feet deep and 20 feet long, was installed in the dam at the
location of the two culvert type spillwav pipes. The Oumer reported that
miskrats had tunneled into the embankment adjacent to the pipes and that the
1 purpose of the wall was to prevent evosion by pining nf the dam at the
spillway location. Since installation of the wall, the Owner indicated that
S there have been no problems with muskrats or erosion at the =piflwav
location. The Owner also reported that mastratrs are removed from the dam area

by trapping.

4.3 MAINTENANCE OF OUTLET OPERATING FACTLITIES

With the exception of the valves on the two lake drawdown pipes, no outlet
facilities requiring operation exist at this dam. The valves on both lake
drawdown pipes appeared to be in good condition, although neither valve was
operated to check performance. As previously stated, the valve located in the
shed at the base of the dam is protected from freezing bv heat tape and lnmps,
whereas the valve located in the old cistern is exposed to the weather. There

is no reservoir regulation plan.

4.4 DESCRIPTION OF ANY WARNING SYSTEMS IN EFFECT

The inspection did not reveal the existence of a dam failure wiarning

system.




4,5 EVALUATION

It is recommended that maintenance of the dam also include periodic
cutting of grass on the slopes and the removal of the small trees along the

upstream face of the dam. Provisions should also be taken to prevent further

erosion of the embankment at the left side of the dam adjacent to the spillway
outlet channel. Tt is also recommended that a detailed inspection of the dam
be instituted on a regular basis by an engineer experienced in the design and

construction of dams and that records be kept of all inspections made and

remedial measures taken.




SECTION 5 ~ HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Design data were not available.

b. Experience Data. The drainage arca and lake surface area were

developed from the 1974 USGS Berger, Missouri, Quadrangle Map. The
proportions and dimensions of the spillways and dam were developed from
surveys made during the inspection. Records of rainfall, streamflow, or flood

data for the watershed were not available.

Due to the fact that the watershed for this reservoir is small, the lake
level was assumed to be at normal pool as a result of antecedent storms prior

to occurrence of the PMF and the probabilistic storm.

According to the St. Louis District, Corps of Engineers, the estimated
flood damage zone, should failure of the dam occur, extends two miles
downstream of the dam. The embankment for State Highway 94, which crosses the
stream at a point about one mile downstream of the dam, is expected to act as

a barrier in the event of dam failure.

c. Visual Observations.

(1) The dam has both a principal and an emergency spillway. The
principal spillway, a culvert type installation consisting of two 18-inch
diameter corrugated metal pipes, is located near the left abutment of the
dam. The emergency spillway, a V-section with the crest protected by a

concrete slab, is also located at the left abutment.
(2) A single outlet channel serves both spillways. The channel
follows closely the junction of the dam and the abutment joining the original

stream on which the dam is constructed just downstream of the dam.

(3) Spillway releases have caused damage by erosion to an area of

the embankment adjacent to the outlet channel.

. . . N
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(4) The reservoir has two outlets for lake drawdown. One outlet
consists of a 2.5~inch diameter pipe that has its control valve within a
cistern located in the downstream face of the dam. A 2.5-inch diameter pipe
extends from the cistern at a lower elevation than the control valve, but
presently is capped near the cistern. The second outlet consists of a 2-inch
diameter pipe that has its control valve within a shed located at the
downstream toe of the dam. A 2-inch diameter discharge line conducts flow to

the downstream channel at a point just downstream of rthe dam.

d. Overtopping Potential. The spillways are inadequate to pass the

probable maximum flood, or 1/2 the probable maximum flnod, without overtopping

the dam. The results of the dam overtopping analyses are as follows:

(Note: The data appearing in the following table has been extracted from the
computer output data appearing in Appendix B. Decimal values have been
rounded to the nearest one-tenth in order to prevent assumption of unwarranted

accuracy.)

Max. Depth (Ft.) Duration of

Q-Peak Max. Lake of Flow over Dam Overtopping of
Ratio of PMF  OQutflow (cfs) W.S. Elev. (Elev. 613.9) Dam (Hours)
0.50 1,435 615.4 1.5 7.4
1.00 2,998 616.2 2.2 11.7

Elevation 613.9 was found to be the lowest point in the dam crest. The
flow safely passing the spillway, just prior to overtopping amounts to
approximately 38 cfs, which is the routed outflow corresponding to about 14
percent of the probable maximum flood inflow. During peak flow of the
probable maximum flood, the greatest depth of flow over the dam is projected

to be 2.2 feet and overtopping will extend across the entire length of the dam.

e. Evaluation. Examination of the surficial material of the dam
indicated it to be a brown, silty lean clay of low-to-medium plasticity.

Experience indicates that this type of material, under certain conditions,



such as high velocity flow, can be very erodible. An example of such erosion
exists along the downstream toe of the embankment adjacent to the spillway
outlet channel. Such a condition exists during the PMF when large lake

out flow, accompanied by high flow velocities, occurs. For the PMF condition
where the depth of flow over the dam crest, a maximum of 2.2 feet, and the
duration of flow over n1e dam, 11.7 hours, are appreciable, damage by erosion
to the crest and downstream face of the dam is expected. The extent of these
damages is not predictable withir the scope of these investigations; however,
there is a possibility that they could result in failure by erosion of the
dam. A similar condition, although not quite as severe, also exists during

the 1/2 PMF event.

f. Re ferences. Procedures and data for determining the probable maximum
flood, the 1 percent probability flood, and the discharge rating curve for
flow passing the spillways are presented on pages B-1 thru B-3 of the
Appendix. Listings of the HEC-1 (Dam Safety Version) input data for both the
probable maximum flood and the 1 percent probability flood are shown on pages
B~4 through B-6. Computer output data, including unit hydrograph ordinates,
tabulation of PMF rainfall, loss and inflow data are shown on pages B-7
through B-10; tabulation of lake surface area, elevation and storage volume
is shown on page B~1l; and tabulations titled "Summary of Dam Safety
Analysis" for the PMF and 1 percent probability (100-year frequency) flood are

also shown oif page B-11.




SECTION 6 ~ STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of conditions which

adversely affect the structural stability of the dam are discussed in Section

3, paragraph 3.lc.

b. Design and Construction Data. No design or construction data

relating to the structural stability of the dam are known to exist. 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

per formed for appropriate loading conditions (including earthquake loads) and

made a matter of record.

c. Operating Records. With the exception of the valves on the two lake

drawdown pipes, no appurtenant structures or facilities requiring operation
exist at this dam. According to the Owner, no records are kept of the lake

level, spillway discharge, dam settlement, or seepage.

d. Post Construction Changes. As discussed in Section 4, paragraph 4.2,

in 1979 a concrete diaphragm (wall) was installed in the dam at the locationm
of the spillway pipes in order to prevent erosion of the embankment.
According to the Owner, no other post construction changes have been made or

have occurred which would affect the structural stability of the dam.

e. Seismic Stability. The dam is located in an area close to the

boundary separating the Zone I and Zone II seismic probability areas. An
earthquake of the magnitude that might occur in this area would not be
expected to cause structural damage to a well-constructed earth dam of this
size provided that static stability conditions are satisfactory and
conventional safety margins exist. However, it is recommended that the
prescribed seismic loading be applied in any stability analyses performed for

this dam.




SECTION 7 - ASSESSMENT/REMEDIAI. MEASURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that the spillway is capable
of passing lake outflow of about 38 cfs without the level of the lake
exceeding the low point in the top of the dam. A hydrologic analysis of the
lake watershed area, as discussed in Section 5, paragraph 5.1d, indicates that
for storm runoff of one-half probable maximum flood magnitude, the recommended
spillway design flood for this dam, the lake outflow would be about 1,435 cfs,
and that for the 1 percent probability (100-year frequency) flood, the lake

out flow would be about 35 cfs.

Seepage and stability analyses of the dam were not available for review,
and therefore, no judgment could be made with respect to the structural

stability of the dam.

Significant items noticed during the inspection that could adversely
affect the safety of the dam were the embankment erosion adjacent to the
spillway outlet channel, the lack of adequate slope protection to prevent
erosion of the upstream face of the dam, the small trees and undergrowth along

the upstream face of the dam, and possible settlement of the dam crest.

b. Adequacy of Information. Due to lack of design and construction

data, the assessments reported herein were based on external conditions as
determined during the visual inspection. The assessments of the hydrology of
the watershed and capacities of the spillways were based on a hydrologic/
hydraulic study as indicated in Section 5. Seepage and stability analyses
comparable to the requirements of "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 for the
items concerning the safety of the dam noted in paragraph 7.la should be
accomplished within a reasonable time. The item recommended in paragraph 7.2a
concerning the provision of additional spillway capacity should be pursued on

a high priority basis.




d. Necessity for Phase II. Based on the results of the Phase I

inspection, Phase II investigation is not recommended.

e. Seismic Stability. The dam is located in an area close to the

boundary separating the Zone I and Zone II seismic probability areas. An
earthquake of the magnitude that might occur in this area would not be
expected to cause structural damage to a well constructed earth dam of this
size provided that static stability conditions are satisfactory and
conventional safety margins exist. However, it is recommended that the
prescribed seismic loading be applied in any stability analyses performed for

this dam.

7.2 REMEDIAL MEASURES

a. Recommendations. The following actions are recommended.

(1) Based upon criteria set forth in the recommended guidelines,
spillway size and/or height of dam should be increased in order to pass lake
out flow resulting from a storm of one-half the probable maximum flood
magnitude, which is the recommended spillway design flood for this dam. In
any event, the Owner should address the relationship of the crest elevation of
the emergency spillway and the low area of the top of the dam between stations
1+00 and 1+50; since the effectiveness of the emergency spillway is virtually

negated under the existing condition.

(2) Obtain the necessary soil data and per form dam seepage and
stability analyses in order to determine the structural stability of the dam
for all operational conditions. Seepage and stability analyses should be
performed by a qualified professional engineer experienced in the design and

construction of earthen dams.

b. Operations and Maintenance (0 & M) Procedures. The following O & M

Procedures are recommended:

(1) Restore the embankment at the eroded area adjacent to the

spillway outlet channel and provide some form of protection in order to




prevent erosion by spillway releases. Loss of embankment material by erosion

can impair the structural stability of the dam.

(2) Provide some form of protection other than grass aiong the
upstream face of the dam at and above the normal waterline in order to prevent
erosion. A grass covered slope is not considered adequate protection to
prevent erosion of the embankment by wave action or by a fluctuating lake

level.

(3) Remove the trees and brushy type undergrowth that may conceal
animal burrows from the upstream face of the dam. Tree roots and animal
burrows can provide passageways for lake seepage that could lead to a piping

condition and failure of the dam.

(4) Provide maintenance of all areas of the dam including periodic
cutting of the grass on the slopes, on a regularly scheduled basis in order to

insure features of being in satisfactory operational condition.

(5) A detailed inspection of the dam should be instituted on a
regular basis by an engineer experienced in the design and construction of

dams. 1t is also recommended, for future reference, that records be kept of

all inspections made and remedial measures taken.
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1 APPENDIX A

INSPECTION PHOTOGRAPHS




NO. 1l: UPSTREAM FACE OF DAM

VALVE SHED AT DOWNSTRKAM TOF

oy

DAM




NO. 3: UPSTREAM END OF SPILLWAY PIPLS

NO. 4: DOWNSTREAM END OF SPILIiWAY 1! DPES

b



NO. 5: CONCRETE SLAB AT CREST
OF EMERGENCY SPILLWAY

NO. 6: 2" LAKE DRAWDOWN PIPING WITHIN SHED
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NO. 7: CISTERM AND OLD HOUSE 1M DOWHMNSTRIAM TACE OF DAM

NO. 8: 2%" LAKE DRAWDOWN PIPING IN CISTEDRN
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EMBANKMENT EROSION ADJACENT TO SPILLWAY OUTLET CHANNEL




APPENDIX B

HYDROLOGIC AND HYDRAULTC ANALYSES




1.

HYDROLOGIC AND HYDRAULIC COMPUTATIONS

The HEC-1 Dam Safety Version (July 1978, Modified 26 February

1979) program was used to develop inflow and outflow hydrographs and dam

overtopping analyses, with hydrologic inputs as follows:

a.

Probable maximum precipitation (200 sq. mile, 24-hour value
equals 25.1 inches) from Hydromcteorologica! Report No. 33, The
precipitation data used in the analysis of the 1 percent
probability flood was provided by the St. louis District, Corps

of Engineers,
Drainage area = 0.209 square miles = 134 acres.

SCS parameters:

3 0.385
Time of Concentration (T.' = (llﬁgk_) = 0.100 hours

Where: Tc = Travel time of water from hydraulically most
distant point to point of interest, hours.
L = Length of longest watercourse, 0.388 miles

= Elevation difference, 272 feet

The time of concentration (Tc) was obtained using Method C as
described in Figure 30, '"Design of Small Dams", by the United
States Department of the Interior, Bureau of Reclamation and was
verified using average channel velocity estimates and

watercourse lengths,

Lag Time = 0.060 hours (0.60 Tc)
Hydrologic Soil Group = 40% B (Winfield, Cedarpgap and Goss
Series) + 60 D (Holstien and Gasconade

Series) per County SCS Soil Report.

Soil type CN = 76 (AMC II, | percent prohahility flood condition)

= 89 (AMC III, PMF condition)




Y

[
—den

4
L - RSN

e L

2. Flow passing the double 18-inch diameter corrugated metal pipe

spillway was determined using Bernoulli's equation for flow in pipes. A
pipe friction factor (n) of 0.021 was used. Losses, including entrance,
pipe and exit loses totaled 3.95 velocity heads for the south pipe and
4.09 velocity heads for the north pipe. Reference "Handbook of

Hydraulics", Fifth Edition, King and Brater, pages 3-5 and 8-6.

Discharge quantities, determined by the methods described herein were
plotted versus corresponding lake water surface elevations to determine

the discharge rating curve for the principal spillway.

3. The emergency spillway section consists of a broad-crested,

V-section for which conventional weir formulas do not apply.
Spillway release rates were determined as follows:
"a" and top width, "t'")

a. Spillway crest section propertiecs (area,

were computed for various depths, 'd".

b. It was assumed that flow over the spillway crest would occur at

critical depth. Flow at critical depth was computed as

3_.0.5
Qc = (&g8) for the various depths, "d'. Corresponding
velocities (Vc) and velocity heads (HVC) were determined
using conventional formulas.* Refercnce, "Handbook of

Hydraulics", Fifth Edition, by King and Brater, page 8-7.

c. Static lake levels corresponding to the various values passing
the spillway were computed as critical depths plus critical
velocity head (dC + ch), and the relationship between lake
level and spillway discharge was thus obtained. The procedure

neglects the minor insignificant friction lnsses across the

length of the spillway.

0 .
ve ® :5 't Hve = 5%

<




4, The discharges for the principal and emergency spillways for

equal elevations were summated for entry on the Y4 and Y5 cards.

5. The profile of the dam crest is irregular and flow over the dam
cannot be determined by application of conventional weir formulas. Crest
length and elevation data for the dam crest proper were entered into the
HEC-1 Program on the $L and the $V cards. The program assumes that flow
over the dam crest section occurs at critical depth and computes
internally the flow over the dam crest and adds this flow to the flow

passing the spillways as entered on the Y4 and Y5 cards.
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