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SUBJECT: Lake Bono Oel Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of the
Lake Bono Del Dam (MO 30434):

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.

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

2.  Dam failure significantly increases the hazard to loss of life
downstream.
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Lake Bono Del Dam

State Located: Missouri

County Located: Jefferson

Stream: Tributary of Belew Creek
Date of Inspection: 25 November 1980

.(The Lake Bono Del Dam, which according to the St. Louis District, Corps of
Engineers, is of high hazard potential, 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 an inordinate danger to human life
or property. Evaluation of this dam was performed in accordance with the
"Phase I" investigation procedures prescribed in "Recommended Guidelines for
Safety Inspection of Dams" dated May 1975.

The following summarizes the findings of the visual inspection and the
results of certain hydrologic/hydraulic investigations performed under the
direction of the inspection team. Based on the visual inspection and the
results of these hydrolegic/hydraulic investigations, the present general
condition of the dam is considered to be somewhat less than satisfactory.
Several deficiencies were observed during the visual inspection which are
considered to have an acverse effect on the overall safety and future
operation of the dam. These deficiencies include such items as trees and
brush on the downstream face of the dam, animal burrows in the upstream face
of the dam, embankment erosion at the upstream face of the dam, and a fence
extending across the spillway channel.

Accoraing to the criteria set f&rth in the recommended guidelines, the
magnitude of the spillway design flood for the Lake Bono Del Dam, which,
according to Table 1 of the guidelines, is classified as small in size and of




high hazard potential, is specified, according to Table 3 of the guidelines
for a dam of high hazard potential and small size, to be a minimum of one-half
the Probable Maximum Flood (PMF). 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. Considering the fact that a relatively small volume of water is
impounded by the dam, that the gownstream flood plain is fairly broad, and
that there are but six dwellings within the potential flood damage zone, it is
recommended that the spillway for this dam be designed for one-half the
Probable Maximum Flood.

Results of a hydrologic/hydraulic analysis indicated that the spillway is
inadequate to pass lake outflow resulting from a storm of one-half PMF
magnituce without overtopping the dam, which could cause failure. However,
the spillway is capable of passing lake outflow resulting from the one percent
chance (100-year frequency) flood and the lake outflow correspcnding to about
30 percent of the PMF lake inflow, without overtopping the aam. 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 apprxoimately
one mile. Within the possible damage zone are six dwellings, five of which
are located abcut the upstream end of Lake Tishomingo, a privately owned lake
of about 115 acres of surface area.

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

It is recommended that the Owner take the necessary action within the near
future to correct or control the deficiencies and safety defects reported
herein.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
LAKE BONO DEL DAM - MO 30434

SECTION 1 - PROJECT 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
Engireers, to initiate a program of safety inspection of dams throughout the
United Staes. Pursuant to the above, the St. Louis District, Corps of
Engineers, directed that a safety inspection of the Lake Bono Del Dam be made.

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

make an assessment of the gemeral condition of the dam with respect to safety
and, based upon available cata and tnis inspection, determine if the dam poses
an inordinate danger to human life cr property.

c. Evaluation Criteria. This =valuation was performed in accordance wth

the "Phase 1" investiqation procedures as prescribed in "Recommended
Guidelines for Safety Inspection cf Dams", Appendix D to "Report to the Chief
of Engineers on the National Program of Inspection of Non-Federal Dams", dated
May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Lake Borno Del Oam is an

earthfill type embankment rising approximately 27 feet abcve the natural
streambed at the downstream toe of the barrier. The embankment has an
upstream slope (above the waterline) of approximately lv on 2.7h, a crest
width of about 12 feet, and a downstream slope on the order of lv on 2.2h. A
section of chain-link fence fabric about 6 feet in width lies along the
upstream face of the dam at about the normal waterline. The fabric serves to
protect the dam from burrowing animals. The length of the dam is
approximately 514 feet. A plan and profile of the dam is shown on Plate 3

1-1
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and a cross-section of the dam, at about the locatinn of the origina! stream
on which the dam was constructed, is shown on Plate 4. At normal pool
elevation, the reservoir impounded by the dam occupies approximately 4.0
acres. There s no lake grawdown facility to dewater the ake. An nverview
photo of the Lake Bono Del Dam is shown following the prefac— at tne neginning
of the report.

re splllway, an excavated earth trapezoicai section, i¢ locatec at the
Tignt, Or aest atutment. The crest section and a portion of tne exjit sectinr
f the s illwav 3re paved with concrete. Just downstream of the paved
se~tis", tre chann=! jnvert is protected from erosion by stone riprap and
pi2z2: 9f croken contrete., Three Z-Iinch glameter stee! pipe: supnor® a
VI-ingh tiom el mesnh type fence that crosses the channe.l at “he crast -f twe
spilleay . The 3piilwav outliet channel, ar irregular excavatec earth
trerezoizal zestion, Jains the origiral stream on which the dam lie- a% a
reint ahclt (LS f2et Jownstream gf the toe of the dam. A profile of *re

<O.. w3v &t 3 Trass-section of the chamnel at the crest .ocation are shown on

tate s,
" Location.,  The dam s located an an unnamed tributary af Mo ew Creek
3nout .0 mila south of the intersection of Eisenhauer Road ard House Springs

4iilspor> Jaac and aoproximately 5 miles southeast of the community of Cedar
Hil., Missesri, as shown on the Regicnal vicinity Map, Plate 1. The dam is
lr~ated in the southeast one-quarter of Section 4, Township 4! North, Range 4
E4st, witnin Jefferson County.

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

the cam ang storage capacity, is categorized as small (per Table 1,
Recommendec Guidelines for Safety Inspection of Dams).

d. Hazard Classification. The Lake Bono Del Dam, according to the St.
Louis District, Corps of Engineers, has a high hazard potential, meaning that

if tre dam should fail, there may be loss of life, serious damage to homes, or
extensive damaige to agricultural, industrial and commerical facilities,
important public utilities, main highways, or railroads. The estimated flood
damage zone, should fajlure of the dam occur, as determined by the St. Louis
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district, axtend, one #j.2 Jow - tream f e Jam.  Within the potentia! camage
2o0ne are six Jwellings, *ive of wnic™ are located about the spstream eng _f
Lake Tishomingo, a privately owne: | ke of about 115 acres of surface area.
Thuose feat .r»s lying with.r. t™ne Jowstream amage zone reported by the ~orps ..f
Engiveers, St. Louis District, were verifieo hy the inspection team.

e. Oenership. 'he jake an0 Jam ire dwned Dy Lake Bono Del, Inc., a
Missouri corporation. Mr>. Sy!vig A..en i< the current presilent cf the
corporation's Boarg of Trusizes. M:s. Allen's address s RAoute 4, Box 475,
Hillsboro, Missouri 63050.

f. Purpose of Dam. T e 3a~ [~p0.nds water for recreational use.

. Design ang Construct.on ®istory. Accarding to Mr. Joseph €. Bouska,
the sor of the owner. of the Droperty 1t the “ime the Jam was built, the Jam

was constructed bout (Y54 .7 ettty DS parerts, Mr. ang Mrs. Joseph C.
Bouska. Mr. Bouska, Sr. (5 der2acel, ,nd Mrs. Bouska #ds navailable during
the course Jf these i~vestigaticns. Mr. Bouska reported *hat the dam was
2uilt oy wubart ang Lucas, In =2xravating contractor from DeSoto, Missour:.

The present status Jr whereabnu' : 0F Messrs. HUbArd and Lucas are unknown. No
record. of the design or lata relating to the construction of tne cam were
availatle. Mr. Bouska aiso reportec that *he property was sold to a Mr. and
Mrs. Cietus J. Mol. in 1960, 9nd that they, in turn, sold the property to Mrs.
Sylvia Allen in about 1972,

h. Normal Operatjona! Procedure. The lake level is unregulated. Lake
outflow is governed by the capacity of a concrete paved, excavated earth type
spillway.

1.3 PERTINENT DATA

a. QOrainege Area. With the exception of the land adjacent to the lake,
which is an established residentjal type development, the area tributary to
the lake js essentialy meacow!ing. The watershed above the dam amounts to
approximately 63 acres. The watershed area is outlined on Plate 2.




3. Uischarge at Demsite.

(1)

Py

Estimated known maximum flood at camsite ... 43 cfs* (W.S. Elev. 615.7)
Spillway capacity ... 248 cfs (w.S. Elev. 617.1)

<. Elevation (Ft. above MSL). Unless otherwise ingicated, the following

e.evations were cetermined by survey and are based on topographic data shown
on tne 1954 Belew "reek, Missouri, Quadrangle Map, 7.5 Minute Series,
(photurevised 1968 and 1974).

(1)
vZ)
(3)
(a)
(5)
(6)
(7)
(8)
(%)

Jbserved pool ... 614.5

Normal pool ... 615.0

Spillway crest ... 615.0

Maximum experienced pool ... 615.7 (per J. E. Bouska)
Top of cam ... 617.2 (Min.)

tffective top of dam ... 617.1#*

Streambed at centeriine of cam ... 592+ (Est.)
Maximum tailwater ... Unknown

Observea tailwater ... None

d. Reservoir.

(1)
(2)

e. Storage.

(1)
(2)

*Based on an estimate of maximum lake level as reported by Mr. J. €. Bouska.
esflevation of lake at which depth of flow in spillway exceeds elevation of
dam erosion protection.

Length at normal pool (Elev. 615.0) ... 700 ft.
Length at maximum pool (Elev. 617.2) ... 750 ft.

Normal pool ... 35 ac.ft.
Top of dam ... 44 ac.ft.

l-4
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g.

e ———

Reservoir Surface Arca.

(1) Normal pool ... 4.0 acres
(2) Top of dam ... 4.6 acres

Oam. The height of the gam is defineo to be the overall vertical

gistance from the lowest point of foundation surface at the downstream toe of
the barrier to the top of the agam,

(1) Type ... €arthfill

(2) Length ... 514 ft.

(3) reight ... 27 ft.

(4) Top wioth ... 12 ft,

(5) Sice slopes
a. Upstream ... lv on 2.7h (above waterline)
b. Downstream ... lv on 2.2h

(6) Cutoff ... Core trench (per J. E. Bouska)

\7) Slope protection
a. Upstream ... Grass ang fence fabric
. Downstream ... Grass

Principal Spilliway.

(1) Type ... Uncontrolled, paved concrete, excavated earth,
trapezoidal section

(2) tocation ... Right abutment

(3) Crest elevation ... 615.0

(4) width ... 20 ft.

(5) Approach channel ... Lake

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

Emergency Spillway. ... None

Lake Drawdown facility. ... None

1-5




SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Data relating to the design of the dam were not available.

2.2 CONSTRUCTION

As previously indicated, the dam was constructed about 1954 by Hubard and
Lucas, an excavating contractor from DeSoto, Missouri. According to
information provided by Mr. Joseph F. Bouska, son of the original owners of
the dam, a core section, excavated to bedrock and backfilled with clay, was
constructed along the centerline of the dam. Mr. Bouska also reported that
the material to build the dam was clay which was obtained primarily from the
hillside on the right, or west, side of the dam, and that the material was
compacted by the equipment used to haul the fill. According to Mr. Bouska,
the concrete pavement and sill section were installed when the dam was built,
and since then, there have been no changes or additions to the dam. Mr,
Bouska did not recall seeing plans for construction of the dam, and no other
information regarding construction of the structure was available.

2.3 OPERATION

The lake level is uncontrolled and governed by the elevation of the paved
concrete crest of the excavated earth spillway. There is no lake drawdown
facility. No indication was found that the dam has been overtopped.

According to both Mrs. Silvia Allen, the Qwner's representative, and Mr,
Joseph Bouska, the son of the original owners of the dam and a nearby
resident, the dam has never been overtopped. Mr. Bouska reported that on
several occasions, like after a heavy spring rainfall, the lake surface has
been within 1.5 feet, or so, of the top of the dam. Information obtained from
Mrs. Allen substantiated this judgement.




2.4 EVALUATION "
H
t

a. Availability. Engineering data for assessing the design of the dam
and spillway 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. i
These seepage and stability analyses should be performed for appropriate ;
loading conditions (including earthquake loads) and made a matter of record.
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SECTION 3 ~ VISUAL INSPECTION
3.1 FINDINGS

a. General. A visual inspection of the Lake Bono Del Dam was made by
Horner & Shifrin engineering personnel, R. E. Sauthoff, Civil Engineer,
H. B. Lockett, Hydrologist, and A. B. Becker, Jr., Civil and Soils Engineer,
on 25 November 1980. The Owner's representative was not present during this
inspection. An examination of the dam site was also made by an engineering
geologist, Jerry D. Higgins, Ph.D., a consultant retained by Hornmer & Shifrin
for the purpose of assessing the area 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-l1 through A-3 of Appendix A. The locations of the
photographs taken during the inspection are indicated on Plate 3.

b. Site Geology. The topography of the Lake Bono Del area is moderately
to gently rolling, and there is a maximum of approximately 90 feet of relief
between the reservoir and the surrounding drainage divide. The topography
becomes more rugged toward the Big River valley to the west, so that
regionally there is about 350 feet of relief. The area is included within the
northeastern part of the Ozark Plateaus Physiographic Province, and regionally
the bedrock dips northeastward into the Illinois Basin.

The reservoir and dam are underlain by the Ordovician-age Jefferson
City-Cotter formation. This is a light brown to gray, finely crystalline,
argillaceous dolomite. It is generally thin- to medium-bedded and contains
both nodular and bedded chert, as well as some thin sandstone layers.
Solution weathering commonly causes enlargement of joints and bedding planes,
and the contact between bedrock and overlying soils is generally very
irregular as a result of the weathering. The solution features are commonly
the cause of reservoir leakage when soil cover is thin. 1n recent years, a
sinkhole reportedly opened up in a yard immediately west of the reservoir and
has since been filled. Although sinkhole collapse in this area is very rare,
it should be considered as a possibility. No faulting was noted or reported
in the vicinity of the dam site.
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The soils were derived from the weathering of the Jefferson City formation
and the once-present overlying St. Peter formation. Some weathered sandstone
fragments of the St. Peter formation are present in the residuum. These soils
are brown to tan-colored, moderately plastic clays (CL, Unified Soil
Classification System ). They are usually mixed with silt on the uplands, and
at the reservoir site contain a sand component.

The spillway channel has been eroded to bedrock, and has exposed dolomite
and thin, weath>red sandstone and shale layers. This erosion does not appear
to endanger the embankment. The most significant geologic condition at the
site is the presence of solution-weathered bedrock. The solution features
could cause excessive water loss, although this does not appear to be a
problem presently. Also, due to the proximity of the formation of a collapsed
sink, the possibility of a similar incident under the dam does exist.

c. Dam. The visible portions of the upstream ana downstream faces of
the dam (see Photos 1 and 3), as well as the dam crest were inspected and
except as noted herein, appeared to be in sound congition. However, due to
the presence of dense brush and trees up to 8 inches in diameter, all areas of
the downstream face of the oam could not be thoroughly examined. No cracking
of the surface, sloughing or sliding of the embankment slopes, undue
settlement of the dam, or misalignment of the strucutre was noted. The crest
and the upper portion of the upstream face of the dam were covered with grass
about 2 inches high, while grass and weeds up tc 12 inches high were present
on the upstream face of the dam, just above the waterline. Chain-link type
fence fabric (see Photo 2) was found along the upstream slope extending from
about the normal waterline to a level about 3 feet below the normal waterline,
and several small holes which appeared to be animal burrows (see Photo 9) were
present along the upstream face at about stations 0475 and 2+58. In addition,
erosion of the upstream face of the dam (see Photo 8), apparently by wave
action, had created an almost vertical bank approximately 12 inches high above
the normal waterline along most of the upstream face.

No seepage was noticed, although the area agjacent to the toe of the dam

at about the location of the original stream was camp and the ground was
slightly soft. Examination of a soil sample obtained from the downstream face

3-2
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of the embankment near the center of the dam indicated the surficial material g
to ve a somewhat sandy, yellow-brown, silty lean clay (CL) of low-to-medium
plasticity.

The excavated earth spillway (see Photos 4 and 5) including the concrete
pavement at the spillway crest, were examined and found to be in reasonably
good conaition, although the concrete pavement just downstream of the crest
was badly weathered and somewhat deteriorated with numerous small cracks and
spalls evigent in the surface. The spillway crest section was essentially
clear of ocebris and foreign objects; however, a wire mesh (hardware cloth)
type fence, about 12 inches high supported by three 2-inch diameter steel pipe
posts at about 10-foot centers, spanned the opening and an 8-foot long
railroaa tie lay across the pavement at about the center of the invert. Dense
brush and small trees (see Photo 6) were found on the left bank, or dam sige,
of the channel just downstream of the crest. The riprap protected invert
section (see Photo 7) located just downstream of the paved concrete section
was aiso inspected ang, except for some minor erosion of the bottom and left
bank, was found to be in good condition. Oownstream of the protected section,
the channel was eroded to bedrock and the banks were quite steep, but not
excessively high.

d. ARppurtenant Structures. No appurtenant structures were observed at
this agam site.

e. Downstream Channel. The downstream channel joins Lake Tishomingo, a
manmacde reservoir with a surface area of approximately 115 acres, about 0.7 of
a mile downstream of the Lake Bono Del Dam. The dam for Lake Tishomingo,
which is not considered to be within the potential flood aamage zone, lies
about 2 miles downstream of Lake Bono Del. With the exception of one roadway
crossing, the downstream channel within the potential flood damage zone is
unimproved. The channel section is irregular and for the most part, lined
with trees.

f. Reservcir. The area adjacent to the lake is a residential type
developmen: with large tree covered lots and well maintained lawns. As
previously indicated, a sinkhole was reported to have geveloped in a yard

3=3
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adjacent to the lake. The sinkhole is believed to have been located just
north of the carport of the first house north of the dam on the west side of
the lake. According to Gene Brucker of Brucker & Associates, Consulting
Engineers, St. Louis, Missouri, who supervised the remedial work, the subsided
area was excavated to bedrock at a depth ot about 20 feet and a concrete cap
was constructed to seal an exposed fissure in the rock. The hole was then
backfilled with compacted earth. Mr. Brucker also reported that two grout
pipes were installed within the concrete cap in case it was found necessary at
some time in the future to pressure grout the opening in the rock. The
sinkhole was repairea in 1970 and since then, no further problems have
developed.

No significant erosicn of the lake banks was notea. At the time of the
inspection, the lake was clear ano acout one-half foot below normal pool
level. The amount of segiment within the lake could not pe determined during
the inspection; however, due to the fact that the drainage area is well
covered with vegetation, it is not expected to be cignificant.

3.2 EVALUATION

The veficiencies observed auring this inspection and noted herein are not
considereo of significant importance to warrant immediate remedial action.
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SECTION 4 - OPERATIONAL PROCEDURES
4.1 PROCEDURES

The spillway is uncontrolled. The lake level is governed by precipitation
runoff, evaporation, seepage, and the capacity of the uncontrolled spillway.

4.2 MAINTENANCE OF DAM

According to Mrs. Silvia Allen, the Owner's representative, the grass on
the dam crest is cut regularly during the growing season, and muskrats in the
area of the dam are trapped during the winter. Mrs. Allen reported that
muskrat burrows are filled with crushed stone and that the fence fabric along
the upstream face of the dam was installed in an effort to prevent muskrats
from burrowing into the dam, but that the plan has not been entirely
successful since they, the muskrats, go under the fabric from the lake side.
Mrs. Allen also indicated that the downstream face of the dam is periodically
inspected for animal burrows and other abnormalities, and that the wire screen
fence at the spillway crest is either cleaned or lifted out of the way during
periods of appreciable lake outflow.

4.3 MAINTENANCE OF OQUTLET OPERATING FACILITIES

No outlet facilities requiring operation exist at this dam.
4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

Mrs. Allen reported that telephone numbers of the local police and fire
departments were readily available in the case of an emergency, such as the
imminent failure of the dam. The inspection did not reveal the existence of
any other type of dam fallure warning system.

4.5 EVALUATION

It is recommended that maintenance of the dam also include the removal of
brush and trees from the downstream face of the dam, restoration of the dam at
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eroded areas along the upstream face, as well as the provision of a suitable
form of protection (not grass) along the upstream face of the dam in order to
prevent erosion by wave action or by fluctuations of the lake level. It is
also recommended that a detailed inspection of the dam be instituted on a
regular basis hy an engineer experienced in the design and construction of

dams ana that records be kept of all inspections made and remedial measures
taken,
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SECTION 5 - HYDRAULIC/HYDROLOGIC
S.1 EVALUATION OF FEATURES

a. Design Data. Design data were not available.

b. Experience Data. The drainmage area and lake surface area were
detarmined from tne 1954 USGS Belew Creek, Missouri, Quadrangle Map
(photorevised 1968 and 1974). The proportions and dimensions of the spillway
and dam were developed from surveys made during the inspection. Records of
rainfall, streamflow, or flood data for the watershed were not available.

Jue to the fact that the watershed for this reservoir is small and since
thera is no histaory of excessive reservoir leakage that would adversely affect
tne normal operating level of the lake, the lake was assumed to be at normal
pool as 3 result of antecedent stomms prior to occurrence of the prob-ble
maximum flood and the probabilistic storm.

Accoraing to the St. Louis District, Corps of Engineers, the estimated
flood damage zone, should failure of the dam occur, extends one mile
downstream of the dam. The upstream end of Lake Tishomingo lies within the
potential flood damage zore.

c. Visual Observations.

(1) The spillway, an excavated earth trapezoidal section, is located
at the right, or east, abutment. The invert ana a portion of the left side of W
the channel are protected by concrete pavement at the spillway crest.

(2) The spillway outlet chanmnel joins the original stream channel.at
a point approximately 125 feet downstream of the toe of the dam. Portions of f
the spillway outlet chamnel have been eroded to bedrock.

(3) There is no lake drawdown facility.

(4) Spillway releases within the capacity of the protected portion
of the spillway ocutlet should not endanger the dam. )
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d. Overtopping Potential. Tne spillway is inacequate to pass the
probable maximum flood, or 1/2 the probable maximum flood, without overtopping
the dam. The spillway is adequate, however, to pass the 1 percent chance

(100-year frequency) flood without overtopping the cam. The results of the

dam overtopping énalyses are as follows:

(Note: The data appearing in the following table were 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 unwarrantead
accuracy.)

Max. Depth (Ft.)
of Flow over Duration of
Q-Peak Max. Lake Effective Top of Overtopping of .
Ratio of PMF  Outflow (cfs) W.S. Elev. Dam (Elev. 617.1) Dam (Hours) |

0.50 603 617.8 0.7 0.5
1.00 1,474 618.3 1.2 1.2 :
4
1% Chance Flood 203 616.9 0.0 0.0 '

Elevation 617.1 is the elevation of the lake at which the depth of flow in 1
the spillway exceeds elevation 616.5, the top of the concrete pavement that
serves to prevent erosion of the dam. For lake levels above elevation 617.1,
it was found that the velocity of lake outflow within the spillway exceeded
the assumed permissible non-erosive velocity of 5 feet per second. It should u
be noted that the low point of the dam crest was found to be elevation 617.2,
or only 0.1 foot higher than the effective top of dam elevation. The flow
safely passing the spillway just prior to exceeaing the effective top of dam
elevation was determined to be approximately 248 cfs, which is the routed
outflow corresponoing to about 30 percent of the probable maximum flood
inflow. This flow is greater than the outflow from the 1 percent chance
(100-year frequency) flood. Ouring peak flow of the probable maximum flood,
the greatest depth of flow over the dam is projectec to be 1.2 feet and
overtopping will extend across the entire length of the dam.

5-2
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e. Evaluation. The results of the overtopping analyses indicate the
existing spillway is inadequate to pass the lake outflow resulting from the
PMF or from one-haif the PMF, which is the recommended spillway design flood
for this dam. with regarc to these flood events, the following evaluation of
dam overtopping is offered:

Experience with embankments constructed of similar material (a silty lean
clay of low-to-medium plasticity) to that used to construct this dam has shown
evidence that under certain conditions, such as high velocity flow, the
material can be very erodible. An example of such erosion is evident at the
spillway outlet channel. Such a condition exists during the PMF when large
lake outflow, accompanied by high flow velocities, occurs. For the PMF
condition where the depth of the flow over the dam crest, a maximum of 1.2
feet, and the duration of flow over the dam, 1.2 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 within the scope of this
investigation; however, there is a possibiity that they could result in
failure by erosion of the gam. A similar condition, but not as severe, also
exists during occurrence of one-half the PMF.

f. References. Procedures and data for determining the probable maximum
flood, the 100-year flood, ano the discharge rating curve for flow passing the
spillway and dam crest are presented on pages B-1 and B-2 of Appendix B.
Listings of the HEC-1 (Dam Safety Version) input data for both the probable
maximum flood, and the probabilistic flood, are shown on pages B-3 through
B8-5. Computer output gata, including unit hydrograph ordinates, tabulation of
PMF rainfall, loss ana inflow uata are shown on pages B-6 through B-9;
tabulation of lake surface arza, elevation and storage volume is shown on page
B-10; tabulations titleg "Summary of Dam Safety Analysis" for the PMF and the
1 percent chance (l00-year frequency) flood are also shown on page B-10 of
Appendix B.
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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.

5 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
‘ performed for appropriate loading conditions (including earthquake loads) and
; made a matter of record.

c. Operating Records. No appurtemant structures or facilities requiring
operation exist at this dam. According to Mrs. Silvia Allen, the Owner's
; representative, records of the lake level, spillway discharge, dam settlement,
or lake seepage are not maintained.

d. Post Construction Changes. According to Mr. Joseph Bouska, who lives

nearby and is familiar with the dam since its inception, no 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 within a Zone II seismic
probability area. An earthquake of the magnitude that might occur in this
area would rot be expected to cause structural damage to a well constructed
earthen 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 for this zone be applied in
any stability analyses performed for this dam.

6-1
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES
7.1 DAM ASSESSMENT

a. Safety. A hyoraul® analysis inoicatea that the spillway is capable
of passing lake outflow of .uout 248 cfs without the level of the lake
exceeding the top of the concrete pavement providea at the spillway in order
to prevent erosion of the dam. It :¢hou 4 be noted that the actual low point
of the dam is only 0.1 foot higher than the top of the concrete slope
protection at the dam, which was considered to be the effective top of dam.
Therefore, for all practical purposes, the actual top of dam and the effective
top of dam are the same. A hydrologic analysis of the ike watershed area, as
discussed in Section 5, paragraph 5.1d, indicates that for storm runoff of
one-half probable maximum flood magnitude, the lake outflow would be about 603
cfs, and that for the 1 percent chance (l100-year frequency) flood, the lake
outflow would be about 203 cfs. The existing spillway is inadequate to pass
lake outflow resulting from a storm of one-half probable maximum flood
nagnituge (the recommended spillway design flood for this dam) and as a result
of this inadequacy, overtopping of the dam is expected during this flood
event. Overtopping by the one-half probable maximum flood lake outflow could
result in failure of the dam. A description of the features within the
potential flood gamage zone should failure of the dam occur is presented in
Section 1, paragraph l.2d.

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.

Several items were noticed during the inspection that could adversely
affect the safety of the dam. These items include trees and brush on the
downstream slope of the embankment, animal burrows on the upstream face of the
dam, erosion of the upstream face of the dam, and a fence extending across the
spillway channel at the crest.

b. Adequacy of Information. Due to lack of design and construction
data, the assessments reported herein were based on external conditions as
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ceterminea during the visual inspection. The assessments of the hydrology of ;
the watershed ang capacity of the spillway were based on a hydrologic/ |
hydraulic study as indicatea in Section 5. Seepage and stability analyses ‘
comparanie 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 the near future.

d. Necessity faor Phase 11. Based on the results of the Phase 1
inspection, a Phase 11 investigation is not recommended.

e. Seismic Stability. The dam is located within a Zone II seismic
probability area. An earthquake of the magnitude that might occur in this

area would not be expected to cause structural damage to a well constructed
earthen dam of this size provided that static stability conditions are :
satisfactory and conventional safety margins exist. However, it is
recommenaed that the prescribed seismic loading for this zone be applied in
any stability analyses performed for this dam.

7.2 REMEDIAL MEASURES

a. Recommencations. 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
outflow resulting from a storm of one-half probable maximum flood magnitude, ]
the recommenoed spillway design flood for this dam. |

(2) Obtain the necessary soil data and perform 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 qualifiea professional engineer experienced in the design and
construction of earthen dams.
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b. Operations and Maintenance (0O & M) Procedures. The following 0 & M.
Procedures are recommended:

(1) Remove the trees and brush from the downstream face of the dam
including the area adjacent to the spillway. The removal of trees should be
performed under the direction and guidance of an engineer experienced in the
design and construction of earthen dams, since indiscriminate clearing can
jeopardize the safety of the dam. All holes should be filled with compacted
impervious material (clay) and the existing turf cover should be restored if
destroyed or missing. Maintain the turf cover at a height that will not
hinder inspection of the embankment or provide cover for burrowing animals.
Restore the areas of the upstream face of the dam that have been damaged by

burrowing animals. Holes from tree roots and voids created by burrowing
animals can provioe passageways for lake seepage that couid lead to a piping
condition (progressive internal erosion) and potential failure of the dam.

(2) Restore the upstream face of the dam and provide some form of
protection other than grass (or fence fabric) at and above the normal
waterline in order to prevent erosion. A grass covered slope is not
considered adequate protection to prevent erosion by wave action or by a
fluctuating lake level. Loss of embankment material due to erogsion can impair
the structural stability of the dam.

(3) Remove the fence that crosses the spillway opening. Lake
carried debris can lodge upon the fence resulting in a reduction of spillway
capacity and the possibility of dam overtopping by lake surcharge.

(4) Provide maintenance of all areas of the dam and spillway on a
regularly scheduled basis in order to insure these 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. It is also recommended that records be kept for future reference of all
inspections made and remedial measures taken.
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APPENDIX A

INSPECTION PHOTOGRAPHS
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APPENDIX B
HYDROLOGIC AND HYDRAULIC ANALYSES




HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. The HEC-1 Dam Safety version (July 1978, Modifieo 26 February 1979)
program was used to develop inflow and outflow hyarographs and dam overtopping
analyses, with hyarologic inputs as follows:

a. Probable maximum precipitation (200 sq. miles, 24-hour value equals
25.5 inces) from Hydrometerological Report No. 33. The precipitation
ogata used in the analysis of the 1 percent chance (l100-year
frequency) flood was provided by the St. Louis District, Corps of
Engineers.

b. Storm duration = 24 hours, unit hydrograph duration = 5 minutes.

c. Drainage area = 0.098 square miles = &3 acres.

d. SCS parameters:

3.0.385
Time of Concentration (Tc) = (11.9L7) = 0.099 hours
H
Where: TC = Travel time of water from hydraulically most distant
point to point of interest, hours.
L = Length of longest watercourse = 0.284 miles.
H = Elevation difference = 85 feet.

The time of concentration (Tc) was obtained using method C as
described in Fig. 30, "Design of Samll DOams”, by the United States
Uepartment of the Interior, Bureau of Reclamaticn, and was verified
using average channel velocity estimates and watercourse lengths.

Lag time = 0.59 hours (0.60 Te)

Hydrologic Soil Group = 100%¥ D (Gasconade Series primarily meadowland
per SCS Missouri General S0il Map and fiulog
investigation; 15% impervious)




Soil type CN = 80 (AMC II, 100-yr flood)

91 (AMC 111, PWF condition)

| 2. The spillway consists of a paved concrete, broad-crested trapezoidal
}f section, for which conventional welr formulas do not apply. The following
K procedure was usead to determine spillway release rates:

a. Spillway crest section properties (areas, "a", and top width, "t")
were computea for various depths, "d®.

b. It was assumed that flow over the spillway crest would occur at
critical depth. Flow at critical depth Qc was computed as

3 0.5
G = (29) for the various gepths, "g". Corresponding

velocities (vc) and velocity heads (ch) were determined using
conventional formulas.* Reference "Handbook of Hydraulics", Fifth

Edition, by King & Brater, page 8-7.

c. Static lake levels corresponding to the various flow values passing
the spillway were computed as critical depths plus critical velocity
heads (ac + ch)' and the relationship between lake level and
spillway discharge was thus obtained. The procedure neglects the
minor insignificant friction losses across the length of the spillway.

d. The spillway discharges for corresponding elevations were entered on
the Y4 and Y5 cards.

3. 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 gam crest proper were entered into the HEC-1 Program on
the $L and $V cards. The program assumes that flow over the dam crest occurs L
at critical oepth and computes internally the flow passing the dam crest and
adds this flow to the flow passing the spillway as entered on the Y4 and Y5
cards.
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ANALYSIS OF DAN OVERTOPPING USING RATIOS OF P ’
HYDROLOGIC-HYDRALLIC ANALYSIS OF SAFETY OF LAKE BOND DEL DAM
RATIOS OF P ROUTED THROUGH RESERVOIR
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INFLOW HYDROGRAPH
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