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SUBJECT: Lake Tanglewood South Dam Phase I Inspection Report
Lake Tanglewood North Dam Phase I Inspection Report

This report presents the results of field inspections and evaluations
of Lake Tanglewood South Dam (MO 31224) and Lake Tanglewood North Dam
(MO 31225).

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

These dams have been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

a. Spillways will not pass 50 percent of the Probable Maximum
Flood without overtopping the dams.

b. Overtopping of the dams could result in failure of the dams.

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

SUBMITTED BY:- SlGI' 13 JUL 1981
Chief, Engineering Division Date

:,"",;i , ' r-,p 14 JUL 198' ,

APPROVED BY:
Colonel, CE, Commanding Date
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ASSESSMENT SUMMARY

Names of Dams Lake ranglewood South Dam
Lake Tanglewood No.-th Dam

State Located Missouri
County Located Cape Girardeau County
Stream Tributary to Juden Creek
Date of Inspection October 28, 1980

Lake Tanglewood South Dam and Lake Tanglewood North Dam were inspected
by an interdisciplinary team of engineers from Hoskins-Western-Sonderegger,
Inc. The purpose of the inspections was to make an assessment of the general
conditions of the dams with respect to safety, based upon available data and
visual inspections, in order to determine if the dams pose hazards to human
life or property.

The guidelines used in the assessment were furnished by the Department
of the Army, Office of the Chief of Engineers, and developed with the help
of several Federal and State agencies, professional engineering organizations,
and private engineers.

In accordance with the guidelines, a small size dam has a height greater
than or equal to twenty-five (25) feet but less than forty (40) feet and a
storage capacity greater than or equal to fifty (50) acre-feet but less than
one thousand (1,000) acre-feet. The size classification is determined by
either the storage capacity or height, whichever gives the larger size
category.

Lake Tanglewood South Dam has a height of thirty-one (31) feet, a

maximum storage capacity at the minimum top elevation of the dam of thirty-
two (32) acre-feet, and is classified as a small size dam.

Lake Tanglewood North Dam has a height of 22 feet and a maximum storage

capacity at the minimum top elevation of the dam of 20 acre-feet. This dam
is small considering program requirements. It was inspected and included
in the program due to its proximity and hydrologic impact on Lake Tanglewood
South Dam. The hydrologic impact is discussed in Section 5, Hydraulic/
Hydrologic Section.

In accordance with the guidelines and based on visual observation, Lake
Tanglewood South Dam is in the high hazard potential classification. Due to
Lake Tanglewood North Dams' proximity and hydrologic impact on Lake Tanglewood
South Dam it is also classified as having a high hazard potential. The
estimated damage zone extends approximately two miles downstream of the North
Dam. Within the damage zone are Lake Tanglewood South Dam (MO 31224); six
dwellings at 0.25 to 0.4 miles; a dwelling, building, and road at 0.6 miles;
three dwellings at 0.7 miles; five dwellings and a road at 0.8 miles;
three dwellings, a building and a road at 0.9 miles; four dwellings and a
road at 1.0 mile; a dwelling, building and a road at 1.1 miles.



In consideration of the small volume of water impounded by the dams,
the width of the downstream floodplain, and the criteria set forth in the
recommended guidelines for small dams having high hazard potentials; 50%
of the Probable Maximum Flood is the appropriate spillway design flood
for each of the dams. The Probable Maximum Flood (PMF) is defined as the
flood that may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably possible in the
region.

Our inspections and evaluations indicate the following:

The spillways of Lake Tanglewood South Dam do not meet the criteria
set forth in the recommended guidelines. The spillways will pass the
100-year flood (1% probability flood - flood having a one percent chance
of being exceeded in any one year) without overtopping the dam. The
spillways will pass 10% of the probable maximum flood without overtopping
the dam.

Lake Tanglewood South Dam is in good structural condition. Deficiencies
noted, other than inadequate spillway capacity, are the lack of seepage and
stability analyses as required by the guidelines for all dams having a high
hazard potential; tree growth on the embankment and in the emergency spillway,
rodent holes in the embankment and erosion gullies along both sides of the
outlet end of the principal spillway conduit.

The spillways of Lake Tanglewood North Dam do not meet the criteria
set forth in the recommended guidelines. The spillways will pass the 100-
year flood (1% probability flood-a flood having a one percent chance of
being exceeded in any one year) without overtopping the dam. The spillways
will pass 9% of the Probable Maximum Flood without overtopping the dam.

Lake Tanglewood North Dam is in good structural condition, and the
maintenance of the dam is good. The deficiencies noted, in addition to
inadequate spillway capacity, are the lack of seepage and stability analyses
as required by the guidelines for all dams having a high hazard potential;
tree growth on the embankment and in the emergency spillway; and rodent
holes in the embankment.

Design data were not available for these dams. Based on the field
inspections and on the analyses made during and subsequent to the inspections,
the following recommendations are made:

a. Alternatives.

(1) It is recommended that the height of dam and/or the spillway
size be increased on both of the dams in order to pass 50% of
the probable maximum flood without overtopping the dams. In
either case, the spillways should be protected to prevent erosion
and to prevent encroachment of spillway discharges upon the
downstream section of the dams.
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(2) Tree growth should be removed from both of the embankments and
spillway channels and measures taken to prevent recurrent growth.
Removal of large trees should be under the guidance of an engineer
experienced in the design and construction of earthen dams.

(3) Rodent holes on both of the embankments should be repaired and

measures taken to eliminate rodent activity.

(4) Both of the embankments should be mowed periodically.

(5) The gulleys entering the scour hole at the outlet end of the
South Dam principal spillway conduit should be repaired and/or
stabilized.

(6) The wave erosion on the upstream slope of the South Dam should
be monitored on a periodic basis.

(7) The possibility of seepage occurring along the North Dam
principal spillway conduit should be monitored on a periodic
basis.

(8) A program of periodic inspection and maintenance designed to
cover the above items should be initiated and copies of the
inspection reports made a part of this project file,

R-]ey S. 0 cker
E-3703

Gordon Jamison

G'arol d Ulmer

E-19246

Harold P. Hoskins, Chairman of the Board
Hoskins-Western-Sonderegger, Inc.
E-8696
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

LAKE TANGLEWOOD SOUTH DAM - MO 31224
LAKE TANGLEWOOD NORTH DAM - MO 31225

CAPE GIRARDEAU COUNTY, MISSOURI

SECTION I - 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 safety inspections of Lake Tanglewood South Dam and Lake
Tanglewood North Dam be made.

b. Purpose of Inspection. The purpose of the inspections was to
make an assessment of the general condition of the dams with respect
to safety, based upon available data and visual inspection, in order
to determine if the dams pose hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dams were
furnished by the Department of the Army, Office of the Chief of
Engineers, in "Recommended Guidelines for Safety Inspection of
Dams," Appendix D to "Report of the Chief of Engineers on the
National Program of Inspection of Dams," dated May, 1975, and
published by the Department of the Army, Office of the Chief of
Engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dams and Appurtenances.

(1) Embankments. The project consists of two earth fill dams
located on a tribut ry to Juden Creek. Lake Tanglewood
South Dam (MO 31224) is located approximately 650 feet
south and downstream from Lake Tanglewood North Dam (MO 31225).
The dams will be identified in the text of this report as
the South Dam and the North Dam.

(a) South Dam. The embankment consists of an earth fill about
275 feet in length and 31 feet in height. The maximum
storage capacity at the minimum top elevation of the dam
is 32 acre-feet. A concrete paved road crosses on the crest
of the dam.

-1-



(b) North Dam. The embankment consists of an earth fill
approximately 290 feet in length and 22 feet in height
with a maximum storage capacity at the minimum top of
dam elevation of 20 acre-feet.

(2) Pri pl lway. The principal spillways of the two dams
are uncontrolled and are identical in construction.

(a) Inlet Structure. The upstream end of the principal
spillway conduit for each of the dams is equipped with
a hooded inlet having an anti-vortex plate mounted on
top of the hood. The hooded inlets and anti-vortex
plates are bituminous coated. Trash racks protect the
inlet ends of both spillways. Views of the South Dam
inlet are shown in photos 10 and 11. The North Dam inlet
is shown in photos 30 and 31.

(b) Conduit. The principal spillway conduit for each of the
dams consists of 24-inch diameter bituminous coated
corrugated metal pipe. It is not known whether seepage
collars are located on either of the conduits. The
South Dam principal spillway is 138 feet in length and
is located at station 2+14 as shown on Plate C-I.
Its profile is shown on Plate C-2. Photos 12 and 13
show views of the outlet end of the conduit. The North
Dam principal spillway is 102 feet in length and is
located at station 1+43 as shown on Plate C-3. Its
profile is shown on Plate C-4. Photos 32 and 33 show
views of the outlet end of this conduit.

(c) Stilling Basin. There is no structural stilling basin

for the principal spillway of either of the dams.

(3) Emergency Spillway.

(a) South Dam. The emergency spillway is an uncontrolled,
vegetated earth spillway located in the left abutment and
a low area of the dam embankment. The control section of
the spillway is the concrete surfaced road that crosses the
dam which acts as a broad crested weir. The control section
has a parabolic cross section with a top width of about 100
feet. The concrete road width is 20 feet. The spillway
discharges onto the left abutment trough and downstream
slope of the embankment on the left side. Details of the
spillway are shown on Plate C-I. Photos 17 and 18 show
views of the emergency spillway.

(b) North Dam. The emergency spillway is an uncontrolled,
vegetated earth channel cut through the right abutment. The
spillway control section has a 5-foot bottom width with side
slopes of lV on 5H. The entrance channel is about 28 feet in
length on a negative grade of 11% to the control section at
the centerline of the dam. From the centerline of the dam,
the grade breaks downward to a positive grade of 8%. The
plan view, profile, and cross sections are shown on Plates
C-3, C-4, and C-5. Photos 34, 35 and 36 show views of the
emergency spillway.

-2-



(4) Low-Level Outlet. There is no low-level outlet structure for

either of these dams.

(5) Pertinent physical data are given in paragraph 1.3.

b. Location. The dams are located in the east central portion of Cape
Girardeau County, Missouri, just north of the City of Cape Girardeau,
as shown on Plate A-2. The dams are shown on Plate A-1 in the SWh
of Section 17, T31N, R14E.

c. Size Classification. Criteria for determining the size classifi-
cation of dams and impoundments are presented in the guidelines
referenced in paragraph 1.1c above. A small size dam has a height
greater than or equal to 25 feet, but less than 40 feet and a
storage capacity greater than or equal to 50 acre-feet but less than
1,000 acre-feet. The size classification is determined by either
the storage or height, whichever gives the larger size category.

(1) South Dam. Lake Tanglewood South Dam has a height of 31 feet
and a maximum storage capacity at the minimum top elevation of
the dam of 32 acre-feet. This dam is classified as a small
size dam.

(2) North Dam. Lake Tanglewood North Dam has a height of 22 feet
and a maximum storage capacity at the minimum top elevation
of the dam of 20 acre-feet. This dam is small considering
program requirements. It was inspected and included in the
program due to its proximity and hydrologic impact on Lake
Tanglewood South Dam. The hydrologic impact is discussed in
Section 5, Hydraulic/Hydrologic Section.

d. Hazard Classification. Guidelines for determining hazard classi-
fication of dams and impoundments are presented in the guidelines
as referenced in paragraph 1.1c above.

Aerial photographs of the downstream damage zone of this dam were
taken in October, 1980. These photographs were used as reference
in the field observations of the damage zone which were made during
the inspection. Based on the field observations and on the refer-
enced guidelines, Lake Tanglewood South Dam is in the High Hazard
Potential Classification. Due to Lake Tanglewood North Dam's
proximity and hydrologic impact on the South Dam it is also
classified as having a High Hazard Potential. The estimated
damage zone extends approximately two miles downstream of the North
Dam. Within the damage zone are Lake Tanglewood South Dam (MO 31224);
six dwellingsat 0.25 to 0.4 miles; a dwelling, building, and road
at 0.6 miles; three dwellings at 0.7 miles; five dwellings and a
road at 0.8 miles; three dwellings, a building and a road at 0.9
miles; four dwellings and a road at 1.0 mile; a dwelling, building
and a road at 1.1 miles.
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e. Ownership. The dams are owned by the Tanglewood Homeowners'
ATssociation, c/o Mrs. Thomas Millburg, Secretary, Cape Girardeau,
Missouri 63701.

f. Purpose of Dams. The dams were constructed as a part of a housing
development. The South Dam fo -ms a recreational lake covering
2+ acres and impounding 16+ acre-feet of water at normal pool
elevation. The North Dam also forms a recreational lake covering
2+ acres. The impoundment behind the North Dam at normal pool
elevation is 15+ acre-feet.

g. Design and Construction History. No design or construction data
were available. The following information was supplied by Mr.
Vernon Landgraf, a Cape Girardeau realtor who developed the area.
The dams were built in 1970 by a road contractor with some design
assistance from the Soil Conservation Service. There were, however,
no plans for the dams. The dams were deeded to the Tanglewood
Homeowners' Association in 1971.

h. Normal Operating Procedure. There are no operating facilities for
these dams. The pool levels are controlled by rainfall, infiltration,
evaporation, and the capacity of the uncontrolled spillways.

1.3 PERTINENT DATA

a. Drainage Area.

(1) South Dam. 59-acres (0.09 square miles).

(2) North Dam. 45 acres (0.07 square miles).

b. Discharge at Damsites.

(1) South Dam.

(a) All discharges at the damsite are through a 24-inch diameter
bituminous coated corrugated metal pipe with hooded inlet and
through an uncontrolled, vegetated earth spillway located on
the left side of the dam with a concrete surfaced road normal
to the spillway acting as a weir control.

(b) Estimated maximum flood at damsite - unknown.

(c) The principal spillway capacity varies from 0 c.f.s. at ele-
vation 468.0 feet to 23 c.f.s. at the crest of the emergency
spillway (elevation 472.2 feet) to 26 c.f.s. at the minimum
top of dam (elevation 472.9 feet).

(d) The emergency spillway capacity varies from 0 c.f.s. at its
crest (elevation 472.2 feet) to 123 c.f.s. at the minimum
top of dam (elevation 472.9 feet).
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(2) North Dam.

(a) All discharges at the damsite are through a 24-inch diameter
bituminous coated corrugated metal pipe with hooded inlet and
through an uncontrolled, vegetated earth emergency spillway.
Discharges from this dam flow directly into the adjoining
Lake Tanglewood South Reservoir (MO 31224).

(b) Estimated maximum flood at damsite -- unknown.

(c) The principal spillway capacity varies from 0 c.f.s. at ele-
vation 486.8 feet to 9 c.f.s. at the crest of the emergency
spillway (elevation 488.1 feet) to 14 c.f.s. at the minimum
top of dam (elevation 489.0 feet).

(d) The emergency spillway capacity varies from 0 c.f.s. at its
crest (elevation 488.1 feet) to 18 c.f.s. at the minimum top
of dam (elevation 489.0).

(e) Total spillway capacity at the minimum top of dam is 32

c.f.s. ±.

c. Elevations (feet above M.S.L.). South Dam North Dam

(1) Observed pool - 465.5 485.0

(2) Normal pool - 468.0 486.8

(3) Spillway crests

Principal - 468.0 486.8

Emergency - 472.2 488.1

(4) Maximum experienced pool - Unknown Unknown

(5) Top of dam (minimum) - 472.9 489.0

(6) Streambed - 442± 467±

(7) Maximum tailwater - Unknown Unknown

d. Regervoir. (Length (feet) of pool).

(1) At principal spillway crest - 525± 550±

(2) At emergency spillway crest - 580± 650±

(3) At top of dam (minimum) - 600± 750±
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e. Storage (acre-feet). South Dam North Dam

(1) Observed pool - 12± 11±

(2) Normal pool - 16± 15±

(3) Spillway crests

Principal - 16± 15±

Emergency - 32± 18±

(4) Maximum experienced pool - Unknown Unknown

(5) Top of dam (minimum) - 32± 20±

f. Reservoir Surface (acres).

(1) Observed pool - 1.4± 1.7±

(2) Normal pool - 2.3± 2.2±

(3) Spillway crests

Principal - 2.3± 2.2±

Emergency - 4.0± 2.5±

(4) Maximum experienced pool - Unknown Unknown

(5) Top of dam (minimum) - 4.0± 2.9±

g. Dam.

(1) Type - Earth fill Earth fill

(2) Length - 275 feet ± 290 feet ±

(3) Height - 31 feet ± 22 feet ±

(4) Top width - 36 feet (includes 20 feet 10 feet
of paved road)

(5) Side slopes

(a) Downstream - IV on 3.1 H IV on 3 H

(b) Upstream - (Measured on IV on 3.1 H IV on 3.8 H
Exposed slope)

(6) Zoning - Unknown Unknown

(7) Impervious core - Unknown Unknown

(8) Cutoff - Unknown Unknown

(9) Grout curtain - Unknown Unknown
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g. Dam. (Continued) South Dam North Dam

(10) Wave protection - Well vegetated Well vegetated

(11) Drains - Unknown Unknown

h. Diversion Channel and Regulating Tunnel. None None

i. Spillways.

(1) Principal.

(a) Type - Uncontrolled, 24-inch diameter bituminous coated
corrugated metal pipe with hooded inlet, anti-vortex device
and trash rack passing through each of the embankments.

(b) Crest (invert) elevation - 468.0 feet (South Dam)
- 486.8 feet (North Dam)

Outlet (invert) elevation - 442.7 feet (South Dam)
- 467.0 feet (North Dam)

(c) Length - 138 feet ± (South Dam)

- 102 feet ± (North Dam)

(2) Emergency.

(a) Type.

1. South Dam. Vegetated earth, uncontrolled, located
in the left side of dam. Cross section is parabolic
with a top width of approximately 100 feet.

2. North Dam. Uncontrolled, vegetated earth channel
cut through the right abutment.

(b) Control section.

1. South Dam. Concrete surfaced road running normal to
the spilway channel centerline, approximately 20
feet wide.

2. North Dam. A 5-foot bottom width with IV on 5H
side slopes located on the centerline of the dam.

(c) Crest elevation.

1. South Dam. 472.2 (minimum top of road).

2. North Dam. 488.1
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(d) Upstream channel.

1. South Dam. Sparsely vegetated, many trees.

2. North Dam. Vegetated, small willows in entrance,
and on an -11% grade.

(e) Downstream channel.

1. South Dam. Vegetated, many trees, consists of
the left abutment trough and the downstream slope of the
left embankment.

2. North Dam. Vegetated, choked with brush and weeds,
and on an +8% grade.

j. Regulating Outlets. - No regulating outlets for either dam.

II

4 -8
I!



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No design data were available for these dams. Mr. Vernon Landgraf, a
Cape Girardeau realtor who developed the area, reported that some
design assistance was given by the Soil Conservation Service. The
Jackson, Missouri field office of the Soil Conservation Service was
contacted prior to the inspection. There were no plans or other data
in the SCS files regarding these dams.

2.2 CONSTRUCTION

No construction data were available for these dams. Mr. Vernon Landgraf
reported that the dams were constructed in 1970 by a road contractor.
No other information was available.

2.3 OPERATION

It was reported by Mr. Landgraf that the emergency spillways of the
two dams have never operated. Visual observation, however, indicated
that the emergency spillway of the North Dam has had some flow through
it. There was no evidence to indicate that either of the dams have
been overtopped. No other information on operation was available.

2.4 EVALUATION

a. Availability. No data were available.

b. Adequacy. The field surveys and visual observations presented
herein are considered adequate to support the conclusions of this
report. Seepage and stability analyses comparable to the require-
ments 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. Validity. Not applicable.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. Visual inspections of Lake Tanglewood South Dam and
Lake Tanglewood North Dam were made on October 28, 1980. Engineers
from Hoskins-Western-Sonderegger, Inc., Lincoln, Nebraska, making
the inspection were:

Rey S. Decker - Geotechnical
Garold G. Ulmer - Hydraulics and Hydrology
Gordon Jamison - Hydraulics and Hydrology

Mrs. Thomas Millburg, Secretary of the Tanglewood Homeowners'
Association, was contacted prior to the inspection but was not
present during the inspection. Mr. Vernon Landgraf, a Cape
Girardeau realtor who developed the area, was also contacted
prior to inspection and was interviewed concerning the construction
and design of the dam. Mr. Landgraf did not accompany the
inspection team during the inspection.

b. Dam.

(1) Geology and Soils (abutment and embankment). The two embank-
ments are situated in the uplands of the loess mantled hills
west of the Mississippi Valley. Within the Ozark physiographic
province, the structure is controlled by earth movement
associated with the Ozark uplift and local structural activity.
The major structural features are the Jackson and Cape Girardeau
faults and the Brooks Dome. The Seismic Zone is 3. The bedrock
underlying the loess mantle is the Bailey information.

The embankment is composed of low plastic silty clays and
clayey silts derived from the Memphis-Loring soils and under-
lying loess. The loess mantle is 5 to 20 feet thick and covers
the eroded surface of the Bailey information. Locally this
formation consists of very light gray to light grayish brown
cherty limestone. Residual sandy silts and clays with chert
gravel fractions occur in the alluvium. The formation has a
low hydraulic conductivity acting as an aquitard to the under-
lying units. The seepage from the impoundment is perched
on the bedrock with static water levels- in local wells at over
150 feet (Robertson, Fuller & Knight, 1963). No evidence of
solution cavitation was observed. Catastrophic collapse from
leaky impoundments in this region was not observed. Aley,
Williams and Massello, 1977, do not list such collapse as
a high potential in this region

The denuded loess mantle is highly erosive. Rills and small
gulleys are evident in the as yet unvegetated lots. The
embankment is vegetated and shows no evidence of recent erosion.
Gulleys in the alluvium up to 5 feet deep are evidence of pre-
dam erosion.
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Stover, Reagor and Algermissen, 1979, list the following years
in which earthquakes above V on the Modified Mercalli Scale
were experienced: 1895, 1909, 1919, and 1977. These epicenters
are within 25 radial miles.

Groundwater seepage from the impoundment is controlled by the
alluvial-colluvial materials supporting the embankment. These
materials consist of slightly plastic clayey silts and silty
clays, residual clays and cherty gravels on the weathered
surface of the underlying bedrock and limestone fragments. The
thickness of the alluvium ranges from 5 to 10 feet.

(2) Upstream Slope.

(a) South Dam. The upstream slope is well vegetated with
adapted grasses above the normal pool elevation. Wave erosion
has caused a 6 to 8-inch scarp at normal pool elevation, but
it did not appear to be serious. No cracks, bulges or other
deformations were noted on the slope. Materials taken from
hand auger samples were field identified as silty clays and
clayey silts (CI-ML).

A number of small willow trees are growing along the normal
reservoir level. Some rodent activity was noted at about
normal pool level on the left side of the pipe spillway inlet.
Photos 2, 3 and 4 show the upstream slope.

(b) North Dam. The upstream slope is well vegetated with
adapted grasses from the crest down to the normal waterline.
No significant erosion was evident on the slope. A few small
willows are growing on the slope toward the right end of the
dam. No cracks, bulges or abnormal deformations were observed.
Some rodent (probably muskrat) activity was noted at the normal
water line about 50 feet from the right end of the dam (about
Station 2+50). Photos 24, 25 and 26 show the upstream slope.

(3) Crest.

(a) South Dam. The crest serves as a roadway with a 20-foot width
of concrete pavement. The remainder of the crest is sparsely
vegetated with grass and weeds. The crest is slightly higher
(0.5 ft. ±) in the center of the dam than at the abutments.
No cracks, slumps, or abnormal deformations were noted on the
crest. Photo 5 shows the crest of the dam.

(b) North Dam. The crest is sparsely vegetated with adapted grasses.
However, no significant erosion was noted. No cracks were
observed. The profile at the crest shown on Plate C-3,
Appendix C, indicates that the center section is I to 2 feet
higher than the ends of the dam. (It was undoubtedly con-
structed this way.) A slight depression or swag in the crest
was observed in the area of the principal spillway crossing.
No other deformations were observed. Materials on the crest
were sampled by hand auger and field classified as ML-CL.
Photos 25 and 27 show the crest.
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(4) Downstream Slope.

(a) South Dam. The downstream slope is well vegetated with
adapted grasses which should be mowed. No cracks, bulges,
slumps, or other deformations were observed. No seepage was
observed on the slope, along the toe, or in the outlet channel
below the pipe spillway outlet. Some rodent activity was noted
at several locations on the slope. Photos 7 and 8 show the
downstream slope.

(b) North Dam. The downstream slope is well vegetated. No
tree growth or rodent activity were observed on the slope.
Several trees (up to 8 or 10 inches in diameter) and brush
are growing along the toe of the dam on the right end. It
appears that these trees were left in place when the dam was
constructed. There were no indications of seepage on the
slope or along the toe of the dam. However, there was water
standing in the channel at the outlet of the pipe spillway,
and the reservoir level was about 3.5 feet below the inlet of
the spillway. There was no flow observed in the channel
downstream from this area. No cracks, bulges or other deform-
ations were observed on the slope.

Hand auger borings made up from the toe of the slope showed
dry ML soil to depths of 2.5 to 3 feet. Photos 27 and 28
show the downstream slope.

c. Appurtenant Structures.

(1) Principal Spillway.

(a) Inlet Structure. The inlet for each of the dams consists
of a hooded 24-inch diameter corrugated metal pipe with
anti-vortex device and trash rack.

1. South Dam. The inlet was not obstructed and appeared
to be in good condition. Photos 10 and 11 show the
inlet to the principal spillway.

2. North Dam. The inlet appeared to be in good condition.
A few very small willows were growing in and around the
trash rack. Photos 30 and 31 show the inlet structure.

(b) Conduit. The conduit for each of the dams consists of 24-inch
diameter corrugated metal pipe passing through the embankment.

1. South Dam. The conduit appears to be in good condition.
Photos 12 and 13 show the outlet end of the conduit.
Erosional gulleys from surface runoff are head cutting
upstream from the stilling basin on both sides of the
outlet pipe. If left uncontrolled, these gulleys could
ultimately cause damage to the outlet end of the spill-
way pipe. Photos 14, 15 and 16 show the gulleys.
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2. North Dam. The outlet of the conduit appears to be
in good condition, but the coating is missing in some
areas and some rusting was observed. Photos 32 and 33
show the outlet of the conduit.

(c) Stilling Basin.

1. South Dam. The stilling basin consists of a small
scour hole eroded into the natural valley alluvium.
No abnormal nor detrimental erosion was noted in the
scour hole. Surface runoff is cutting gulleys on each
side of the pipe outlet. Photos 12 and 13 show the
scour hole.

2. North Dam. There is no stilling basin (or scour
hole) for the principal spillway. No significant erosion
was observed at the outlet of the conduit. It should be
noted that the normal pool level of the adjoining Tangle-
wood South Reservoir (MO 31224) is about 1 foot higher than
the outlet invert elevation of this reservoir. This
undoubtedly accounts for the lack of erosion at the outlet
of this structure. Photo 33 shows the outlet of the
pipe spillway conduit.

(2) Emergency Spillway.

(a) South Dam. The emergency spillway consists of a low
swag in the crest on the left end of the dam. The control
section of the spillway consists of the 20-foot wide concrete
roadway that passes over the dam. A few small willows are
growing on the right side of the inlet section. The discharge
from the spillway flows down the left abutment trough and the
left downstream slope of the dam. There was no indication
that the spillway has operated. Photos 17 and 18 show the
emergency spillway.

(b) North Dam. The emergency spillway consists of a narrow
cTainnelFcut through the right abutment. Trees and brush are
growing in both the inlet and outlet channels. The spillway
channel is well vegetated with grass, and no significant erosion
was observed. It appeared that small flows had passed through
the spillway. The spillway discharges into the right abutment
trough, and high flows would probably encroach upon the toe
of the embankment. The profile of the crest indicates that
the low area on the left abutment would also serve as an
emergency spillway. Photos 34, 35 and 36 show the emergency
spillway.

(3) Low-Level Outlet. There is no low-level or drawdown facility
for either of the two dams.
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d. Reservoir Area.

(1) South Dam. The area around the reservoir is well vegetated.
No slumps or slides were evident around the reservoir. No signi-
ficant erosion was observed along the shoreline and there was no
evidence of siltation. Photo No. 10 shows a portion of the reser-
voir. Lake Tanglewood North Dam (MO 31225) shows in the back-
ground.

(2) North Dam. The area around the reservoir is well vegetated.
No slumps or slides were evident around the reservoir. No signi-
ficant erosion was observed along the shoreline. There was no
evidence of siltation in the reservoir. Photo No. 30 shows a
portion of the reservoir area.

e. Downstream Channel.

(1) South Dam. The channel downstream from the principal spillway
is overgrown with brush and trees. However, this should not
significantly affect the operation of the pipe spillway. There
is no distinct channel for the emergency spillway. It discharges
over the slope of the embankment and into the left abutment trough.
Photos I and 9 show the downstream channel.

(2) North Dam. There is no downstream channel for the principal
spillway. At normal pool levels, all discharges from this dam
will pass directly into the Tanglewood South Reservoir (MO 31224).

3.2 EVALUATION

a. South Dam. This dam appears to be in relatively good condition. The
embankment slopes of 1V on 3H, the lack of abnormal deformations and
the lack of seepage on the downstream side would indicate that it is
safe against seepage and piping and against static shear stresses. The
effects of dynamic (earthquake) loadings on the embankment are not
known. The effects of overtopping are not known, but it would appear
that discharges through the emergency spillway on the left end and over
the low crest area on the right end could cause considerable erosion
in the abutment troughs and on the downstream slope of the dam. Gulley
erosion from surface runoff into the principal spillway scour hole
along both sides of the pipe outlet could ultimately result in damage
to the pipe. Tree growth and rodent activity on the embankment could
ultimately impair the stability of the dam and should be remedied and
controlled. Mowing the downstream slope would facilitate rodent

control and better observation of other potential deficiencies.

b. North Dam. This dam appears to be in good condition with no serious
potential of failure. The 1V on 3+H slopes of the embankment should
provide adequate safety against failures for a dam of this height.
No seepage was evident on the downstream slope or along the toe of the
dam. Tree growth and rodent activity on the upstream slope could
ultimately impair the stability of the dam. Tree growth in the inlet
section of the emergency spillway could affect spillway operation.

The effects of overtopping on the stability of this structure are
not known. However, the silty nature (ML) of the material in the
dam would indicate that overtopping would probably cause considerable
damage to this dam. -14-



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

There are no controlled outlet works for either of the two dams. The
pool levels are controlled by rainfall, infiltration, evaporation, the
capacity of the uncontrolled spillways. Discharges from Lake Tanglewood
North (MO 31225) flow into the reservoir formed by Lake Tanglewood South
Dam.

4.2 MAINTENANCE OF DAM

a. South Dam. Maintenance of the structure is fair. The trees on the
upstream slope and in the emergency spillway channel should be removed.
The rodents should be eliminated. The erosional gulleys around the
outlet pipe should be repaired and the downstream slope mowed.

b. North Dam. Maintenance appears to be reasonably good. The downstream
slope was mowed. Tree growth and rodent activity on the dam and in
the spillway should be controlled.

4.3 MAINTENANCE OF OPERATING FACILITIES

No operating facilities exist at these dams.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

There is no warning system in effect for these dams.

4.5 EVALUATION

a. South Dam. The deficiencies observed during the inspection can
be corrected with an improvement in the maintenance program.

b. North Dam. There are no operating facilities for this dam.
Maintenance is reasonably good but should include control of
tree growth and rodent activity on the structure.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF F TURES

a. Design Data. No L-sign data were found for these dams.

b. Experience Data. The d-ainage areas, reservoir surface areas, and
elevation-storage dta were developed from the USGS Cape Girardeau,
Missouri 7-1/2 minute topographic quadrangle map. The hydraulic
computations for the spillway and dam overtopping discharge ratings
were based on data collected it, the field at the time of the field
inspection. Hydraulic/hydrologic computations are included as
Appendix D of this report.

c. Visual Observations.

(1) South Dam.

(a) The principal spillway appeared to be in good condition.
The trash rack is considered to be adequate, and no debris
was observed around the inlet. There was some deterioration
of the bituminous coating covering the pipe.

(b) The emergency spillway had trees located both in the entrance
and exit channels. The crest had recently been paved. The
upstream or entrance channel was sparsely vegetated. Flows
through the spillway could endanger the integrity of the
dam, if continued for an extended period of time, due to the
nature of the material in the embankment and the fact that
flows are released over the downstream slope of the dam
embankment.

(c) Lake Tanglewood North Dam (MO 31225) is located immediately
upstream of Lake Tanglewood South Dam on the same drainage
channel. All releases from the upper reservoir flow into the
Lake Tanglewood South reservoir.

(d) There are no drawdown facilities for this structure.

(2) North Dam.

(a) The principal spillway appeared to be in good condition.
The trash rack is considered to be adequate, and no debris
was noticed around the inlet. There was some deterioration
of the bituminous coating covering the pipe with some appear-
ance of rust in a few places.

(b) The emergency spillway appeared to have had some flow through
it. The entrance had some willow trees growing along the
normal pool waterline. The spillway channel just downstream
of the centerline of the dam was choked with brush and weeds.

(c) All discharges, from both the principal and emergency spillways,
would be released into Lake Tanglewood South Reservoir (MO
31224) immediately downstream of Lake Tanglewood North Dam.
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(d) There are no drawdown facilities available for this dam.

d. Overtopping Potential.

(1) South Dam. The hydrologic routing of this structure consisted
of a multiple dam analysis, taking into consideration Lake
Tanglewood North Dam. Sufficient field data were collected
for the upstream dam to route the probable maximum flood (PMF)
through it. It was determined that the upstream dam's spillways
would only pass 9% of the PMF without overtopping. The upstream
flood was therefore routed through Lake Tanglewood South Dam, both
without breaching and with breaching. The results of the routings
did not give significant differences for the PMF or 50% of the
PMF. However, there was a difference in the lower ratios as shown
in the table below:

*Maximum Depth Duration
Over Dam Over Top

Frequency (Feet) (Hours)

0.15 PMF - No Breach 0 0
Breach 0.2 1-

0.25 PMF - No Breach 0 0
Breach 0.3 1±

0.50 PMF - No Breach 0.6 1±
Breach 0.5 2±

PMF - No Breach 1.0 5-
Breach 0.9 6-

The routings with breaching of Lake Tanglewood North Dam are
more severe at the lower frequency ratios; therefore, the routings
with breaching shall be used to determine the hydrologic cap-
abilities of the Lake Tanglewood South Dam.

The spillways for Lake Tanglewood South Dam are too small to pass
50 percent of the probable maximum flood without overtopping the
dam. The spillways will pass 10% of the probable maximum flood
and the 1% probabilistic flood without overtopping the dam. Over-
topping is dangerous because the flow of water over the crest
could erode the face of the dam and, if continued long enough,
could breach the dam with sudden release of all of the impounded
water into the downstream floodplain.
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The results of the routings through the dam are tabulated in regards

to the following conditions:

*Maximum Duration

Inflow Outflow Maximum Depth Over
Discharge Discharge Pool Over Dam Top

Frequency c.f.s. c.f.s. Elevation Feet Hours

1% Flood 55 10 469.8 0 0
1/2 PMF 450 425 473.4 0.5 2-

PMF 925 920 473.8 0.9 6-
0.10 PMF 180 140 472.8 0 0

* Minimum top of dam elevation - 472.9

According to the recommended guidelines from the Department of
the Army, Office of the Chief of Engineers, this dam is classified
as having a high hazard rating and a small size. Therefore, the
1/2 PMF is the test for the adequacy of the dam and its spillways.

(2) North Dam. The spillways are too small to pass 50% of the probable
maximum flood without overtopping the dam. The spillways will pass
the 1% probability flood as well as 9% of the probable maximum
flood without overtopping the dam. Overtopping is dangerous because
the flow of water over the crest could erode the face of the dam
and, if continued long enough, could breach the dam with sudden
release of all of the impounded water into the downstream floodplain.

The results of the routings through the dam are tabulated in regards
to the following conditions:

*Maximum Duration

Inflow Outflow Maximum Depth Over
Discharge Discharge Pool Over Dam Top

Frequency c.f.s. c.f.s. Elevation Feet Hours

1% Flood 120 20 488.7 0 0
1/2 PMF 430 410 490.2 1.2 6-

PMF 870 870 490.7 1.7 7±
0.09 PMF 80 30 488.9 0 0

*Minimum top of dam elevation - 489.0
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According to the recommended guidelines from the Department of the
Army, Office of the Chief of Engineers, this dam is classified as
having a high hazard potential rating based on downstream hazards.
This dam, although not meeting the requirements of the recommended
guidelines to qualify as a small size dam, is located immediately
upstream from Lake Tanglewood South Dam (MO 31224) which is classified
as a small size dam having a high hazard potential rating. Approxi-
mately 76% of the water impounded by Lake Tanglewood South Dam must
flow through the spillways of this dam. Failure of this dam due to
overtopping could cause failure of Lake Tanglewood South Dam with
the combined volume of water impounded in both reservoirs being
released onto the downstream floodplain. The test for the adequacy
of this dam and its spillways is 50% of the probable maximum flood
which is the lame as the requirement for Lake Tanglewood Seath Dam
(MO 31224).

The estimated damage zone for these dams is described in paragraph
1.2.d in this report.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observation.

(1) South Dam. The embankment slopes of lV on 3H and the lack
of any deformation and seepage would indicate that this dam is
structurally stable against normal shear and seepage stresses.

(2) North Dam. Based on visual observation, this dam is considered
to be structurally stable. There is no sign of seepage, and the
cross section should provide adequate safety against shear failures.

b. Design and Construction Data. No design or construction data were
available for the two dams. 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.

c. Operating Records. There are no controlled operating facilities
for this dam.

d. Post-Construction Changes. The inspection team is not aware of
any post-construction changes other than the recent construction
of the concrete pavement on the crest of the South Dam.

e. Seismic Stability. These dams are located in Seismic Zone 3. An
earthquake of the magnitude predicted in this area might be expected
to cause some damage to these dams, but it is unlikely that it would
cause failure of dams of this height and cross section.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety.

(1) South Dam. Based on visual operation, this dam is in generally
good condition with no serious potential of failure. Tree growth
and rodent activity on the embankment, if allowed to continue,
would ultimately impair the stability of the structure. Approximate
analyses indicate that the dam would be overtopped by 50% of the
probable maximum flood and/or by breaching failure of Lake Tangle-
wood North Dam (MO 31225). The effects of overtopping are not known,
but it would appear that overtopping could cause considerable damage
and possible breaching of the dam. Tree growth and rodent activity
on the embankment as well as wave erosion of the upstream slope
could ultimately impair- the integrity of the structure if left
uncontrolled. Surface erosion around the outlet of the principal
spillway should be repaired and controlled. 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.

(2) North Dam. Based on visual observation, this dam is in good
structural condition with no serious potential of failure from the
structural standpoint. However, heavy emergency spillway flows
and/or overtopping might cause breaching of the dam in a relatively
short time. Breaching of the reservoir could cause overtopping and
possible failure of the Lake Tanglewood South Dam (MO 31224) immed-
iately downstream from this structure. Tree growth and rodent
activity on the embankment could ultimately impair the integrity of
the structure if left uncontrolled. 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.

b. Adequacy of Information. No design or construction data were available.
The performance history and information collected during the inspection
of these dams are considered adequate to support the conclusions pre-
sented in this report. 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.

c. Urgency. A program should be developed as soon as possible to
monitor at regular intervals the deficiencies described in this report.
The remedial neasures recommended in paragraph 7.2.b should be
accomplished in the near future. The item recommended in paragraph
7.2.a should be pursued on a high priority basis.
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d. Necessity for Further Investigations. The seepage and stability
analyses recommended in paragraph 7.2b should be accomplished by
the owner in the near future.

e. Seismic Stability. These dams are located in Seismic Zone 3. An
earthquake of this magnitude could be expected to cause some
damage to these dams. It is recommended that the prescribed seismic
loading for Seismic Zone 3 be applied in any stability analyses
performed for these dams.

7.2 REMEDIAL MEASURES

The following remedial measures and maintenance procedures are recom-
mended. All remedial measures should be performed under the guidance
of a registered professional engineer experienced in the design and
construction of earth dams.

a. Alternatives.

(1) It is recommended that the height of dam and/or the spillway
size be increased on both of the dams in order to pass 50% of
the probable maximum flood without overtopping the dams. In
either case, the spillways should be protected to prevent erosion
and to prevent encroachment of spillway discharges upon the
downstream section of the dams.

b. Operation and Maintenance Procedures.

(1) Seepage and stability analyses comparable to the requirements
of the recommended guidelines should be performed for both dams
by an engineer experienced in the design and construction of
dams. These analyses should include the prescribed seismic
loading for Seismic Zone 3.

(2) Tree growth should be removed from both of the embankments and
spillway channels and measures taken to prevent recurrent growth.
Removal of large trees should be under the guidance of an engineer
experienced in the design and construction of earthen dams.

(3) Rodent holes on both of the embankments should be repaired and
measures taken to eliminate rodent activity.

(4) Both of the embankments should be mowed periodically.

(5) The gulleys entering the scour hole at the outlet end of the
South Dam principal spillway conduit should be repaired and/or
stabilized.

(6) The wave erosion on the upstream slope of the South Dam should
be monitored on a periodic basis.
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(7) The possibility of seepage occurring along the North Dam
principal spillway conduit should be monitored on a periodic
basis.

(8) A program of periodic inspection and maintenance designed to
cover the above items should be initiated and copies of the
inspection reports made a part of this project file.
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CAPE GIRARDEAU COUNTY. MISSOURI

MO 31224PLATE B-1



/ PHOTO NO. 2 -OVERVIEW TAKEN FROM THE RIGHT SIDE

PHOTO NO. 3 -UPSTREAM SLOPE TAKEN FROM THE RIGHT END
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L... . . .



PHOTO NO. 4 - UPSTREAM SLOPE TAKEN FROM THE RIGHT END

PHOTO NO. 5 -CREST OF DAM TAKEN FROM RIGHT END
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PHOTO NO. 6 - SPILLWAY CREST TAKEN FROM THE DOWNSTREAM SLOPE
ON THE RIGHT SIDE OF THE DAM

PHOTO NO. 7 - DOWNSTREAM SLOPE TAKEN FROM THE RIGHT END
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PHOTO NO. 8 - DOWNSTREAM SLOPE TAKEN FROM THE LEFT END

PHOTO NO. 9 - LOOKING DOWNSTREAM AT ABOUT THE PIPE SPILLWAY
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Nod

PHOTO NO. 10 - LOOKING UPSTREAM OVER THE PIPE SPILLWAY.
NOTE UPPER DAM IN THE BACKGROUND

fill

PHOTO NO. II INLET AND TRASH RACK FOR THE PIPE SPILLWAY
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PHOTO NO. 12 - OUTLET OF THE
PIPE SPILLWAY AND THE CHANNEL
LOOKING DOWNSTREAM

.

II

PHOTO NO. 13 -OUTLET OF THE PIPE SPILLWAY
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PHOTO NO. 14 - GULLY COMING IN ON THE RIGHT SIDE OF THE
OUTLET PIPE

PHOTO NO. 15 GULLY COMING IN ON THE LEFT SIDE OF THE PIPE
SPILLWAY
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130

PHOTO NO. 16 GULLY COMING
IN ON THE LEFT SIDE OF THE
PIPE SPILLWAY

PHOTO NO. 17 LOOKING UPSTREAM INTO THE EMERGENCY SPILLWAY
TAKEN FROM THE EXIT CHANNEL
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PHOTO NO. 18 - LOOKING DOWNSTREAM INTO THE EMERGENCY
SPILLWAY ON THE LEFT END OF THE DAM. TAKEN FROM THE
ENTRANCE SECTION OF THE SPILLWAY

PHOTO NO. 19 - TWO OR THREE HOUSES ABOUT 0.5 MILES DOWNSTREAM
OF DAM THAT ARE IN POTENTIAL DAMAGE ZONE
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PHOTO NO. 20 - BACK OF THE IOTH HOUSE DOWNSTREAM OF THE DAM
ON THE EAST SIDE OF THE ROAD

L

PHOTO NO. 21 - CHURCH AND HOUSE ABOUT 0.5 MILES DOWNSTREAM
JUST BEFORE CHANNEL ENTERS INTO MAIN DRAINAGEWAY (JUDEN
CREEK).
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F

PHOTO NO. 22 - THREE HOUSES ON THE SOUTH SIDE OF THE ROAD
ABOUT 0.5 MILES DOWNSTREAM OF DAM

PHOTO NO. 23 - SHALEY LIMESTONE EXPOSED IN CREEK BED OF JUDEN
CREEK ABOUT 3/4 OF MILE DOWNSTREAM OF DAM
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LAKE TANGLEWOOD NORTH DAM PHOTO INDEX
CAPE GIRARDEAU COUNTY. MISSOURI

MO 31 2 5PLATE B-13



PHOTO NO. 24 - OVERVIEW TAKEN FROM THE LEFT SIDE

PHOTO NO. 25 - CREST TAKEN FROM THE RIGHT END
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PHOTO NO. 26 - UPSTREAM SLOPE TAKEN FROM LEFT END

PHOTO NO. 27 - DOWNSTREAM SLOPE TAKEN FROM THE RIGHT END
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PHOTO NO. 28 - DOWNSTREAM SLOPE TAKEN FROM LEFT END

PHOTO NO. 29 - LOOKING DOWNSTREAM FROM CREST NEAR PRINCIPAL
SPILLWAY. LOWER TANGLEWOOD LAKE IN THE BACKGROUND
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PHOTO No. 30 -LOOKING UPSTREAM OVER THE PIPE SPILLWAY

PH 0~ NO. 31 T NLET OF THE PRINCIPAL SPILLWAY

PLATE 8-17I



PHOTO NO. 32 - OUTLET
OF PRINCIPAL SPILLWAY

PHOTO NO. 33 - OUTLET OF PRINCIPAL SPILLWAY

PLATE B-18



PHOTO NO. 34- EMERGENCY SPILLWAY ON RIGHT END TAKEN FROM
UPSTREAM

PHOTO NO. 35 - LOOKING UPSTREAM IN EMERGENCY SPILLWAY ON
RIGHT END
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PHOTO NO. 36 - LOOKING DOWNSTREAM IN EMERGENCY SPILLWAY
ON RIGHT END

PHOTO NO. 37 - LEFT ABUTMENT LOOKING INTO RESERVOIR
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PHOTO NO. 38 - OVERVIEW OF LOWER LAKE TAKEN FROM THE CREST OF
UPPER DAM
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APPENDIX 0

HYDRAULIC AND HYDROLOGIC DATA



HYDROLOGIC COMPUTATIONS

1. The SCS dimensionless unit hydrograph and the systemized computer pro-
gram HEC-1 (Dam Safety Version), July 1978, prepared by the Hydrologic
Engineering Center, U.S. Corps of Engineers, Davis, California, were
used to develop the inflow hydrographs (see this section).

a. Twenty-four hour, one percent probabilistic rainfall for the dam
locations was taken from the data for the rainfall station at Cape
Girardeau, Missouri, as supplied by the St. Louis District, Corps
of Engineers, per their letter dated 5 December 1980. The twenty-
four hour probable maximum precipitation was taken from the curves
of Hydrometeorological Report No. 33 and current Corps of Engineers
and St. Louis policy and guidance for hydraulics and hydrology.

b. Drainage area: Total drainage area = 59 acres (0.09 square miles)
Lake Tanglewood North reservoir drainage area = 45 acres (0.07 square
miles) Lake Tanglewood South reservoir drainage area = 14 acres
(0.02 square miles)

c. Time of concentration of runoff = 8 minutes (Lake Tanglewood North
reservoir) and 5 minutes (Lake Tanglewood South reservoir). The
time of concentration was computed from the "Kirpich" forula and
verified using the equation from the California Culverts Practice,
California Highways and Public Works Department. Time of concentration
for the total area (assuming no upper dam or reservoir) = 11 minutes.

d. The antecedent storm conditions for the probable maximum precipi-
tation were heavy rainfall and low temperatures which occurred on
the previous 5 days (SCS AMC III). The antecedent storm conditions
for the one percent probabilistic precipitation were an average of
the "conditions which have preceded the occurrence of the maximum
annual flood on numerous watersheds (SCS AMC II). The initial pool
elevation was assumed at the invert of the principal spillways.

e. Lake Tanglewood North Reservoir Losses: The total twenty-four hour
storm duration losses for the one percent probabilistic storm were
4.42 inches. The total losses for the PMF storm were 3.17 inches.
These data are based on SCS runoff curves No. 60 and No. 78 for
antecedent moisture conditions SCS AMC II and AMC III respectively.
The watershed is composed of primarily SCS soil groups Menfro and
Clarksville (hydrologic soil group "B"). Heavy, thick woods cover
the majority of the watershed area with some residential development
around the reservoir.

Lake Tanglewood South Reservoir Losses: The total twenty-four hour
storm duration losses for the one percent probabilistic storm were 3.61
inches. The total losses for the PMF storm were 2.34 inches. These
data are based on SCS runoff curves No. 68 and No. 83 for antecedent
moisture conditions SCS AMC II and AMC III respectively. The water-
shed is composed of primarily SCS soil groups Menfro and Clarksville
(hydrologic soil group "B"). Heavy, thick woods cover the majority
of the watershed area with some residential development around the
reservoir.
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f. Average soil loss rates 0.09 to 0.13 inch per hour approximately
(for PMF storm, AMC III).

2. The combined discharge rating for both Lake Tanglewood Dams consisted
of three components: the flow through the principal spillway, the flow
through the emergency spillway and the flow going over the top of the
dam.

a. The principal spillway rating for both dams was developed by using
culvert flow tables for CMP culverts with inlet control as found
in FHA-BPR HEC Circ. No. 5.

b. The emergency spillway discharge rating for LakL Tanglewood South
was developed using methods for flow over highway embankments in
U.S.G.S. TWRI, Bk. 3, Ch. A-5 (coefficients based on h/L ratios
and ranging in value from 2.09 to 3.04, paved road surface, and no
submergence).

The emergency spillway rating curve for Lake Tanglewood North was
developed using the Corps of Engineers, Water Surface Profile
HEC-2 computer program assuming critical depth just downstream
of the centerline of the dam.

c. The flows over the dams were determined by using the dam overtopping
analyses (irregular top of dam) within the HEC-1 (Dam Safety Version)
program.

3. Floods were routed through the reservoirs using the HEC-1 (Dam Safety
Version) program to determine the capabilities of the spillways and dam
embankment crests. A 24-hour PMF storm was first routed through the
Lake Tanglewood North reservoir using data from the field inspection, The
Lake Tanglewood North Dam's spillways did not pass 50% of the PMF; therefore,
the Lake Tanglewood North Dam was breached in the routing of Lake Tanglewood
South Dam according to current Corps of Engineers and St. Louis policy and
guidance for hydraulics and hydrology. The Lake Tanglewood North Dam was
then routed in series with the Lake Tanglewood South Dam using a 24-hour
storm to determine the hydrologic capabilities of Lake Tanglewood South Dam.
The input, output, and plotted hydrographs are exhibited in this section.
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