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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

NAME: Glen Leonard

LOCATION: Jefferson County, Missouri

STREAM: Unnamed Tributary of Heads Creek

A DATE OF INSPECTION: 5 September 1978

Glen Leonard Dam (Mo. 30428) was inspected using the"Recommended Guidelines for Safety Inspection of Dams." These

guidelines were developed by the Chief of Engineers, U.S. Army,
Washington D.C., with the help of Federal and State agenc e ,

professional engineering organizations, and private engineers. The
resulting guidelines are considered to represent a consensus of the
engineering profession.

Based on the criteria in the guidelinesthe dam is in the high
hazard potential classification, which means th~at loss of life and
appreciable property loss could occur in the event of failure of the
dam. The downstream damage zone is approximately 3 miles long.
Over 10 existing homes plus more than 10 additional planned home
sites are located within one mile downstream of the dam. These
homes and four improved road crossings would be subjected to
flooding with possible damage and/or destruction and possible loss
of life if the dam should suddenly fail. The dam is in the small
size classification because it is less than 40 feet high and
impounds less than 1000 acre-feet of water.

For its size and hazard category, this dam is required by the
guidelines to pass one-half PMF to the PMF. However, considering
the high hazard potential to life (10 existing homes and 10 planned
homes) and property downstream of the dam, the PMF is considered the
appropriate spillway design flood. The PMF is defined as resulting
from the most severe combination of critical meteorologic and
hydrologic conditions that are reasonably possible in the region.>,w
The spillway of this dam will pass only 15 percent of the PMF
without overtopping the dam. Our evaluation indicates that the
spillway will not pass the 100-year flood, that is a flood having a
I percent chance of exceedence in any given year, without the dam
being overtopped. Since the spillway for Glen Leonard Dam is not
capable of passing a minimum of one-half (50 percent) of the PMF
without overtopping the dam which may cause failure, the spillway is
considered seriously inadequate and the dam is accordingly
considered an unsafe, non-emergency structure.



The inspection team observed heavy vegetation covering the dam
and spillway. Some trees were 12 to 14 inches in diameter. All
areas not covered with trees were overgrown with very heavy brush.
The root systems of this vegetation are a potential seepage hazard
and constitute a maintenance deficiency. Visual observations were
very limited because of the heavy vegetation. Potential exists for
other deficiencies such as rodent holes to be found after the trees
and brush have been removed.

Seepage and stability analyses are not on record as recommended
in the guidelines, which is considered a deficiency that should be
rectified.

It is recommended that action be taken by the owner to
implement the remedial measures listed herein in the near future.

Any corrective works performed in relation to increasing the
spillway size and/or dam height and stability, and seepage
investigations of the embankment should be made in accordance with
analyses and design performed by an engineer experienced in the
design of dams. These conclusions were reached by the undersigned
inspection team members.

ROBERT MacDONALD RICHARD LEIIELD
Soils Engineer Hydraulic Engineer

MICHAEL CULLIff-

Hydraulic Engineer

SUBMITTED B. i5 . 76
4 W f, Engineering Division Date

APPROVED BY: o, isti gineer "Date
Cotonel, CDs i gne Date
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
GLEN LEONARD DAM ID NO. 30428

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law
92-367, authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of dams

throughout the United States. Pursuant to the above, the St. Louis
District, Corps of Engineers, District Engineer directed that a
safety inspection of the Glen Leonard Dam be made.

b. Purpose of Inspection. The purpose of the inspection was

to make an assessment of the general condition of the dam withrespect to safety, based upon available data and visual inspection,

in order to determine if the dam poses hazards to human life or
property.

c. Evaluation Criteria. The inspection was accomplished

using the "Recommended Guidelines for Safety Inspection of Dams."
These guidelines were developed by the Chief of Engineers, U. S.
Army, Washington, D. C., with the help of several Federal and State
agencies, professional engineering organizations, and private

engineers. The resulting guidelines are considered to represent a

consensus of the engineering profession.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is an earth structure built in a small valley in
the north-east portion of the Missouri Ozark Region. Topography

adjacent to the lake is rolling. Topography in the vicinity of the
dam is shown on PLATE 2.

(2) The spillway is a non-regulated broad-crested weir located

in the left abutment. The approach and exit channels are not well
defined because of heavy vegetation growth. (See photographs 2 and
3.)

(3) Pertinent physical data are given in paragraph 1.3 below.



b. Location. The dam is located in the north-east portion of
Jefferson County, Missouri, just southwest of Otto, Missouri. The
lake formed by the dam is shown on the 1974 revised Belew Creek,
Missouri USGS Quadrangle Sheet in the southeast quarter of Section
26, Township 42N, Range 4E (see PLATES I and 2).

c. Size Classification. Criteria for determining the size
classification of dams and impoundments are presented in Volume 1,
Appendix D, Chapter 5, of the National Program of Inspection of Dams
Report. Based on these criteria, this dam and impoundment is in the
small size classification.

d. Hazard Classification. Criteria for determining hazard

classification are presented in the same report as referenced in
paragraph c above. Based on referenced criteria, this dam is in the
High Hazard Classification. A high hazard dam is one which poses
hazards to human life or which would cause extensive property damage
should the dam suddenly fail. Over 10 existing homes plus more than
10 additional planned home sites are located within one mile
downstream of this dam. These homes and four improved road
crossings would be subjected to potential damage and/or destruction
and loss of more than a few human lives could result if this dam
should suddenly fail. A sudden failure of this dam may cause damage
up to three miles downstream.

e. Ownership. This dam is owned by the Colwil Investment
Company, Route 2, Highway 21, Arnold, Missouri.

f. Purpose of Dam. The dam forms a 7-acre recreation lake.

g. Design and Construction History. The dam was reportedly
constructed in 1956 by Glen and Marvin Leonard. The history
available is that which follows as verbally reported by Marvin
Leonard. Vegetation was stripped from the foundation area of the
dam and a cutoff trench was excavated to bedrock at the centerline
of the dam. The bottom of the trench reportedly was 12 to 15 feet
wide and the maximum depth was about 12 feet. Clay backfill was
placed in the trench. The dam embankment was constructed of random
clay gravel material excavated from the lake area. The spillway
width was doubled to its present width and the depth was increased

one foot during 1957, subsequent to a large rainfall which caused
the spillway to flow. Seepage began as soon as the lake was
filled. Mr. Leonard estimated the seepage which occurred in 1957 to
be equivalent to an 8-inch diameter pipe flowing full, and indicated
that the lake dropped to a low level in about three weeks. The
seepage surfaced at a point about 300 feet downstream of the right
abutment near the road, the same location where seepage still occurs
(see paragraph 3.1d). An unsuccessful attempt was made to seal the
lake by placing material on the bottom. A core boring was made from

2



the top of the dam near the old streambed. The driller concluded
that the leakage was occurring through a rock strata which was
located at a depth of 80 feet. Mr. Leonard indicated that since he
and his brother had constructed several small dams in the area, they
had not sought engineering assistance to design the dam. No
construction plans or documented records are available.

h. Normal Operating Procedure. There are no spillway or
outlet structures which can be manually controlled. The normal
level of the pool is far below the spillway crest because of seepage
which occurs at higher lake levels as described in paragraphs 1.2g.

1.3 PERTINENT DATA

a. Drainage Area - 246 Acres

b. Discharge at Damsite - Unknown - The spillway is the only
outlet from the dam. Former owner reports that spillway discharge
occurred only once (1957) at which time water was about 2 feet below
the top of the dam. The spillway was subsequently enlarged as
reported in paragraph 1.2g.

c. Elevation (feet above MSL)

(1) Top of dam - 760.0 +

(2) Spillway Crest - 756.0 +

(3) Streambed at toe of dam - 731.0 +

(4) Maximum tailwater - Unknown

d. Reservoir:

(1) Length of maximum pool - approximately 2300 + feet.

(2) Length of recreation pool - approximately 1300 + feet.

e. Reservoir Surface (acres):

(1) Top of dam - 8.0 (reported by owner)
7.4 (topographic quadrangle map)

(2) Spillway crest - 6.5 (topographic quadrangle map)

f. Storage (Acre-feet)

(1) Top of dam - 100 (estimated from map)

(2) Spillway Crest - 75 (estimated from map)

+ • _ , , _ . . .



g. Dam.

(1) Type - earth embankment

(2) Length - 560 + feet

(3) Height - 29 + feet maximum

(4) Top width - 14 + feet

(5) Side slopes -

(a) Downstream - IV on 1.8H (Average)

(b) Upstream - IV on 2.4H (Average)

(6) Zoning - Description reported by previous owner
indicated embankment was not zoned.

(7) Impervious core - Description reported by previous
owner indicated impervious core was not constructed.

(8) Cutoff - Reported by previous owner to exist with
dimensions of 12 to 15 feet wide and a 12-foot maximum depth to
bedrock (see paragraph 1.2g).

(9) Grout curtain - Description reported by previous owner
indicated no grout curtain was constructed.

i. Spillway

(1) Type - Uncontrolled (earth channel)

(2) Width of weir - 65 + feet

(3) Length of weir - approximately 300 feet

(4) Crest elevation - 756.0

j. Regulating Outlets: None

4



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No design drawings or calculations are available for this dam.
It was built by the previous owner and members of his family.

2.2 CONSTRUCTION

Construction was completed in 1956. No construction records

are available.

2.3 OPERATION

No operations because spillway is ungated.

2.4 EVALUATION

a. Availability. The only data readily available is that
which could be recalled by the present owner and the description
provided by the previous owner (see paragraph 1.2 g).

b. Adequacy. Data available were not adequate to make a
detailed engineering analysis of the dam. 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 and made a matter of record.

c. Validity. No valid engineering design data or
construction data were available.

5



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. Glen Leonard Dam was visually inspected by a
soils engineer and hydraulics engineers on 5 September 1978. Visual
observations of the dam and spillway and the area downstream of the
dam were very limited due to the areas being heavily overgrown with

SI vegetation. The owner met the inspection team and discussed briefly
some of the history of the construction and performance of the dam.
The previous owner was contacted on 12 September 1978 and furnished
additional information. Neither owner knew of any stability, or
overtopping problems since the dam was first filled in 1956.
Observations made by the inspection team are discussed below.

b. Dam. The dam has a narrow crest (14 + feet) and a height
estimated at 29 feet (see PLATES 3 and 4). An embankment cross
section is shown on PLATE 4. The slopes indicated are considered
typical of the slopes on the entire embankment. The upstream and
downstream slopes and spillway and exit channel are heavily covered
with trees, brush and grass which would be detrimental to spillway
flows. (See photographs 4, 5 and 6.) The spillway channel runs for
about 300 feet downstream from the dam on a very small slope, then
tapers off into the hills on the left of the old streambed.

No seeps, slides, cracks or detrimental settlement were
observed on the dam embankment.

No riprap was observed anywhere on the upstream or
downstream slopes of the dam or on the spillway. There was,
however, no evidence of erosion to the lake shore or dam embankment.

c. Reservoir Area. No wave wash, excessive erosion, or
slides were observed along the shore line.

It appears that the lake regularly fills to about 5-6 feet
above the water surface elevation of the lake observed on the day of
the field inspection which was approximatey 740.6. This was
confirmed by the owner who stated that each spring the water surface
rises about 5 or 6 feet with runoff.

d. Downstream Seepage Area. The owner stated that when the
water surface rises a few feet above the elevation on the day of the
inspection (740.6+), seepage surfaces at a point about 300 feet
downstream of the abutment. Rydrophytic growth indicated the
probable presence of water consistent with the reported fact that
seepage may have occurred at other times.

6



3.2 EVALUATION

The tree growth on the dam is very extensive and poses a
potential seepage problem. The seepage reported by the owner during
high water also poses a potential problem as the source and path of

the flow is unknown. (See paragraphs 1.2g.)

4
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

There is no regulation of flow.

4.2 MAINTENANCE OF DAM

As shown on Photos 2 through 6, the entire dam area has not
been maintained as evidenced by the heavy brush and tree growth.

4.3 MAINTENANCE OF OPERATING FACILITIES

None

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

No warning system is known to exist.

4.5 EVALUATION

Maintenance and Operation of existing facilities were
inadequate at the time of this inspection.

......
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. No design data were made available to the
inspection team. The present owner bought the property after the
lake was built, and he did not have any design data. The previous
owners indicated engineering assistance was not sought to design the
dam.

b. Experience Data. All of the pertinent data furnished in
this report are based on computations derived from either a U.S.
Geological Survey 7-1/2 minute quadrangle sheet (Belew Creek,
Missouri) or measurements and surveys made during the field

inspection.

c. Visual Observations. It appears that the lake regularly
fills to about 5-6 feet above the water surface elevation of the
lake observed on the day of the field inspection which was 740.6 *.

This was later confirmed by the owner who stated that each spring
the water surface rises about 5 or 6 feet with runoff. The spillway
exit channel at the left of the dam is not well defined. This
spillway channel runs for about 300 feet downstream from the dam on
a very small slope then tapers off into the hills on the left of the
old streambed. The channel and channel entrance are not well
maintained, being overgrown with thick vegetation and trees.

d. Overtopping Potential. The spillway cannot pass the
Probable Maximum Flood (PMF) without overtopping the dam. The 1
percent flood would also overtop the dam. 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 spillway
will pass approximately 15 percent of the PMF without overtopping.
For the PMF and the one-half PMF, the dam would be overtopped 1.8
feet and 0.9 feet for 5.7 hours and 0.9 hours with a discharge of
4600 cfs and 2300 cfs, respectively.

9



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of the dam and
spillway are discussed and evaluated in Sections 3 and 5. The dam
has no other appurtenant structures.

b. Design and Construction Data. No detailed design or
construction data are 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 and made a matter of record.

c. Operating Records. No operating records are available.

d. Post Construction Changes. A waterline was buried on the
downstream side of the crest of the dam. Backfill around the pipe
has settled unevenly. According to the previous owner the spillway
was enlarged to its present size in 1957 as reported in paragraph
1.2g.

e. Seismic Stability. Glen Leonard Dam is in Seismic Zone 2,
for which the recommended guidelines assign a "moderate" damageprobability. The relatively low height and the type of material of

which the dam was constructed minimize the likelihood of failure due
to earthquake shock.

10



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The spillway cannot pass the Probable Maximum
Flood without overtopping the dam. For its size and hazard
category, this dam is required by the guidelines to pass from
one-half PMF to the PMF. Considering the downstream hazard of 10
inhabited homes and 10 additionally planned homes, the spillway size
and/or height of the dam should be increased to pass the PMF without
overtopping the dam. Overtopping of the dam would be detrimental to
the structural integrity of the dam. The major deficiencies
observed were vegetation on the dam and spillway and the absence of
an exit channel designed to adequately pass at least the PMF. Also,
the backfill for the waterline crossing the dam has settled unevenly
leaving ruts in the crest of the dam. Since the spillway for Glen
Leonard Dam is not capable of passing a minimum of one-half (50
percent) of the PMF without overtopping the dam and causing failure,
the spillway is considered seriously inadequate and the dam is
accordingly considered unsafe.

b. Adequacy of Information. Due to the lack of engineering
design and construction data, the conclusions in this report were
based on performance history and limited visual observations.
Guidelines furnished for inspection of dams require that seepage and
stability analyses be on file for each dam inspected. No such data
are available for this dam. This is considered a deficiency which
should be corrected.

c. Urgency. It is recommended that the remedial measures
listed in Section 7.2 be accomplished in the near future. The item
recommended in paragraph 7.2a should be pursued on a high-priority
basis.

d. Necessity for Phase II. No Phase II inspection is
required.

e. Seismic Stability. Glen Leonard Dam is in Seismic Zone 2,
for which the recommended guidelines assign a "moderate" damage
probability. The relatively low height and the type of material of
which the dam was constructed minimize the likelihood of failure due
to earthquake shock.

7.2 REMEDIAL MEASURES

* a. Alterations. Spillway size and/or dam height should be
increased to pass the Probable Maximum Flood without overtopping.

11
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b. O&M Maintenance and Procedures. The following O&M
maintenance procedures are recommendei:

(1) Remove all trees and bushes growing on the embankments of
the dam and in the spillway approach and exit channels. Potential
exists for other deficiencies sucl as rodent holes to be found after

the trees and brush have been removed. Establish a grass or ground
cover in those areas after the trees and brush have been removed and
any rodent holes found have been filled.

(2) Level the dam crest along the waterline traverse and in

the small ditch traverse to the dam axis at approximately station
0+25 as shown on PLATE 3 and establish a grass cover.

c. Seepage and stability analyses should be performed by a
professional engineer experienced in the design anA construction of
dams.
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HYDROLOGIC AND HYDRAULIC ANALYSIS METHODOLOGY

1. The hydrologic analysis used in development of the overtopping
potential is based on applying a hypothetical storm to a unit
hydrograph to obtain the inflow hydrograph for a reservoir routing.
The Probable Maximum Precipitation for those dams in the high hazard

potential category is derived and determined from regional charts
prepared by the National Weather Service in "Hydrometeorological
Report No. 33." Reduction factors have not been applied. A 24-hour
storm duration is assumed with the 24-hour rainfall depths
distributed over 6-hour periods in accordance with procedures
outlined in EM 1110-2-1411 (SPF Determination). The maximum 6-hour
rainfall period is then distributed to hourly increments by the same
criteria. Within-the-hour distribution is based upon NOAA Technical
Memorandum NWS HYDRO-35. The non-peak 6-hour rainfall periods are
distributed uniformly. All distributed values are arranged in a
critical sequence by the SPF criteria. The final inflow hydrograph
is produced by deduction of infiltration losses appropriate to the
soil, land use, and antecedent moisture conditions according to the
SCS hydrograph computation procedure.

2. The reservoir routing is accomplished by using Modified Puls
routing techniques wherein the flood hydrograph is routed through
lake storage. Hydraulic capacities of the spillway, and crest of
dam are used as outlet controls in the routing. Storage in the pool
area is defined by an elevation-storage capacity curve. The
spillway capacity was determined as described in paragraph 3 below.
The hydraulic capacity of the top of dam was calculated using the
weir equation.

3. The spillway rating curve was derived from the results of
backwater computations through the spillway. Computer program
HEC-2, November 1976, prepared by the Hydrologic Engineering Center,

U. S. Army Corps of Engineers, Davis, California, was used to
compute the water surface elevations for a range of f!ows through
the spillway. The elevation-discharge values at the spillway
entrance were used for the spillway rating curve. PLATES A-8 and
A-9 show the HEC-2 input and summary printout.

4. Dam overtopping analysis has been conducted by hydrologic

methods for this dam and lake. This computation determines the
percentage of the PMF hydrograph that the reservoir can contain

without the dam being overtopped. An output summary in the
hydrologic appendix displays this information as well as other
characteristics of the simulated dam overtopping.



5. The above overtopping analysis has been accomplished for this

report using the systemized computer program HEC-1 (Dam Safety
Version), July 1978, prepared by the Hydrologic Engineering Center,
U. S. Army Corps of Engineers, Davis, California. The numeric
parameters estimated for this site are listed on PLATE Al.
Definitions of these variables are contained in the "User's Manual"

I for the computer program.*I
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PHOTO 1 SEEPAGE AREA DOWNSTREAM OF
DAM (Seepage Exits in Group of
Willows at Left Foreground
When Lake Level is Higher)

PHOTO 2 SPILLWAY APPROAC14
(Looking Toward Spillway From
N4ear Water's Edge. Spillway

is at Left Abutm2ent - Upper
Right of Photo).



PHTI PLWYEI
A

(Looking Downstream from Near
Center Line of Dam)

IPHOTO 4 UPSTREAM SLOPE OF DAM
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PHOTO 5 TOP OF DA-!
(Looking From Left Abutment
Toward Right Abutment)

PHOTO 6 DOWUNSTREAY! FACE OF DA0Y1
(Slope of Embankment Shown
in Area Indicated)
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