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Name of Dam: Cedar Hill Lake No. 1 Dam, Missouri Inv. No. 30073
State Located: Missouri

County Located: Jefferson

Stream: Unnamed Tributary of Big River

Date of Inspection: October 2, 1978

Assessment of General Condition

1

Cedar Hi11 Lake No. 1 Dam No. M0o.30073 was inspected

using the "Recommended Guidelines for Safety Inspection of Dams".
These guidelines were developed by the Chief of Engineers, J

U.S. Army, Washington, D.C., with the help of Federal and state
agencies, 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 guidelines, the dam is 1in
' the high hazard potential classif{cation, which means that loss of
life and appreciable property loss could occur in the event of

failure of the dam. Six houses, two improved road crossings, and

one State Highway crossing would be subjected to flooding, with

possible damage and/or destruction, and possible loss of 1life.
Cedar Hill Lake No. 1 Dam is in the small size classification since

it is less than 40 feet high and impounds less than 1,000 acre-feet

of water.




Our inspection and evaluation indicates that the spill-
way of Cedar Hill Lake No. 1 Dam does not meet the criteria set
forth in the guidelines for a dam having the above size and hazard
potential. Cedar Hill Lake No. 1 Dam is a small size dam with a
high hazard potential required by the guidelines to pass from
one-half Probable Maximum Flood to the Probable Maximum Flood
without overtopping. Since there 1s significant development
downstream of the dam, the Probable Maximum Flood is the appropri-
ate Spillway Design Flood (SDF). It was determined that the
spillway will pass 28 percent of the Probable Maximum Flood without
overtopping of the dam. Our evaluation indicates that the spillway
will pass the 100-year flood; that is, a flood having a 1 percent

chance of being equalled or exceeded during any given year.

The Probable Maximum Flood 1is defined as the flood
discharge that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonm

ably possible in the region.

Other deficiencies noted by the inspection team were a
need for a periodic inspection by a engineer experienced in the
design and construction of dams; lack of a maintenance schedule;
trees and large brush on the downstream embankment slope; and
vegetative growth in the spillway channel. The lack of stability
and seepage analyses on record is also a deficiency that should be
corrected. These analyses should concentrate on the area exhibit-

ing seepage on the downstream embankment slope.

It is recommended that the owner take action to correct

or control the deficiencies described above.
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PHASE I INSPECTION REPORT
NATTONAL DAM SAFETY PROGRAM

CEDAR HILL LAKE NO. 1 DAM, Missouri Inv. No. 30073

SECTION 1: PROJECT INFORMATION

General

a. Authority

The Dam Inspection Act, Public Law 92-367 of
August, 1972, authorizes the Secretary of the Army, through
the Corps of Engineers, to initiate a national program of dam
inspections. Inspection for the Cedar Hill Lake No. 1 Dam was
carried out under Contract DACW 43-78-C~0160 to the Department
of the Army, St. Louis District, Corps of Engineers, by the
engineering firms of Consoer, Townsend & Associates Ltd., and
Engineering Consultants, Inc. (A Joint Venture), of St. louis,

Missouri.

b. Purpose of Inspection

The visual inspection of the Cedar Hill Lake No. 1
Dam was made on October 2, 1978. The purpose of the inspection
was to make a general assessment as to the structural inte-
grity and operational adequacy of the dam embankment and {ts

appurtenant structures.

-]




e

c. Scope of Report

This report summarizes available pertinent data
relating to the project; presents a summary of visual observa-
tions made during the field inspection; presents an evaluation
of hydrologic and hydraulic conditions at the site; presents
an evaluation as to the structural adequacy of the various
project features; and assesses the general condition of the

dam with respect to safety.

It should be noted that reference in this report to
left or right abutments 1is as viewed 1looking downstream.
Where left abutment or left side of the dam 1s used in this
report, this also refers to west abutment or side, and right

to the east abutment or side.

d. Evaluation Criteria

Criteria used to evaluate the dam were furnished by
the Department of the Army, Office of the Chief of Engineers,
in "Recommended Guidelines for Safety Inspection of Dams",
Appendix D, These guidelines were developed with the help of
several Federal agencies and many state agencies, professional

engineering organizations, and private engineers.




1.2

Description of the Project

a. Description of Dam and Appurtenances

It should be noted that design drawings are not
available for the dam or appurtenant structures. The follow-
ing description is based exclusively on observations and

measurements made during the visual inspection.

The dam embankment 1is likely a homogeneous earth-
fill structure. The crest of the embankment has a width of
14 feet and a length of approximately 620 feet. The crest
elevation is set at 530.5 feet above MSL, and the maximum
height of the embankment 1is 38.5 feet above the minimum

streambed elevation along the centerlne of the dam.

The embankment section is constructed with 1V to 2H
upstream and downstream slopes. A 20-foot wide berm 1is
located 25 to 30 vertical feet below the dam crest on the
downstream slope. The berm has a typical height of 8 feet,
and a side slope of IV to l1.5H. Surface observation of the
embankment material found the material to be sandy clay with
traces of silt. The material would be classified as CL by the
Unified Soil Classification System.

Bedrock at the site and within the vicinity is
composed of Ordovician age silty and chert dolomite. A
residual c¢lay, a weathered product of the bedrock, commonly

mantles the rolling hills. Alluvial deposits are encountered

along the stream courses of the area.




The right abutment of the dam and the spillway are
founded in hard dolomite, while the left abutment appears to
be founded in residual clay or bedrock. Bedrock bedding
planes exposed in the spillway have attitudes of N65°w, 2°sW.
Design or construction drawings of the project are not avail~
able, but it is 1likely the embankment, through the channel
section, has been placed on residual clays and/or alluvial

deposits.

Data is not available to provide a description of

the foundation preparation for the dam.

The spillway for the Cedar Hill Lake No. 1 Dam is
an open channel depression in the east abutment just beyond
the end of the dam embankment. The spillway was cut in rock,
and the discharge channel contains a series of rock falls
before entering the natural channel. Cross—-section of the
spillway crest is trapezoldal in shape, with bottom width of
30 feet, side slopes 1V to 5H on the left and 1V to 0.25H on
the right. A 2-foot high wire fence was constructed as a

trashrack across the crest section.

There is no operating outlet pipe or low 1level

drain at the dam.

The reservoir at Cedar Hill Lake No. 1 Dam impounds

about 200 acre-feet of water from a drainage area of

0.49 square miles.

e e 5




- b. location

Cedar Hi1l Lake No. 1 Dam 1s located on an unnamed
3 tributary of the Big River, Jefferson County, Missouri. The
‘ nearest downstream community is Cedar Hil1ll, Missouri, approxi-
mately 1-1/2 miles from the dam. The main access from
Cedar Hill, Missouri, is south on Highway 30 for one mile to
Route B, then east on Route B for approximately 800 feet, and
then south on Ficken Road. This road will lead directly to
the Cedar Hill Lakes, which are on Grandview and Hill-
top Roads. The dam and reservoir are shown on the Cedar Hill
Quadrangle Sheet (7.5 minute series) in Section 35, Town-
ship 42 North, Range 3 Fast.

Ce Size Classification

-~ According to the "Recommended Guidelines for Safety
Inspection of Dams", by the U.S., Department of the Army,
Office of the Chief Engineer, the dam is classified in the dam
size category as belng "Small" since 1its storage is less than
1,000 acre-feet. The dam is also classified as "Small" in dam
height category because 1its height i{s less than 40 feet. The

overall size classification is, accordingly, "Small" in size.
d. Razard Classification

The dam has been classified as having "High" hazard
potential in the National Inventory of Dams, on the basis that
in the event of failure of the dam or 1its appurtenances, |
excessive damage could occur to downstream property, together ‘
with the possibility of the loss of 1life. Our findings concur
with the classification. The estimated damage zone extends
three miles downstream of the dam. Within the damage zone are

six houses, two improved road crossings, and State Highway 30

crossing.
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c. Ownership

Cedar Hill Lake No. 1 Dam 1is owned by Property
Owners Corporation, a group of home owners who live around the
perimeter of the Cedar Hill Lakes. The mailing address is
Property Owners Corporation, c¢/o Duke Beckerman, P.O. Box 34A,
Route 2, Cedar Hill, Missouri 630l6.

f. Purpose of Dam

The purpose of the dam is to impound water for

recreational use as a private lake.

- 28 Design and Construction History

Cedar Hill Lake No. 1 Dam was originally designed
and constructed in 1949 by Walter Ficken, a private developer.
No design plans or specifications were used at the time of

construction.

h, Normal Operational Procedures

The dam is used to impound water for recreational
purposes. There are no facilities present at the damsite
which require any operation or maintenance. Water levels are

controlled by rainfall, runoff, evaporation, and an uncon-

trolled spillway. Water level and maintenance records are not

kept for Cedar Hill Lake No. 1 Dam.
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1.3 Pertinent Data

a. Drainage Area (acres): 314

b. Discharge at Damsite
Estimated experienced maximum flood (cfs): 200

Estimated ungated spillway capacity
at maximum pool elevation (cfs): 930

c. Elevation (Feet above MSL)

Top of dam: 530.5
Spillway crest: 527.0
Minimum streambed elevation at centerline of dam: 492.0
Maximum tailwater: Unknown

d. Reservoir

Length of maximum pool (feet): 2,360 .

e. Storage (Acre-Feet)
Top of dam: 208

f. Reservoir Surface (Acres)

f Top of dam: 16
Spillway crest: 13
g Dam
Type: Rolled Earthfill
Length: 620 feet
Height (maximum): 38.5 feet
Top width: 14 feet

Side slopes:

Downst ream 1V to 2H for top 25 to 30 vertical feet
to a 20 foot wide berm, and 1V to 1.5H
to ground surface

Upstream 1V to 2H

~7-




Zoning:
Impervious core:
Cutoff:

Grout curtain:

Niithtel N K
PIRSURESPRFU-SIP . SCERP-L S A R

Unknown
Unkwown
Unknown

Unknown

h. Diversion and Regulating Tunnel

i. Spillway

Type:
Length of weir:

Crest Elevation:

j. Regulating Outlets

None

Uncontrolled
30 feet
527 feet (MSL)

None




SECTION 2: ENGINEERING DATA

Design drawings are not available for the dam or appur-
tenant structures. The dam was designed and constructed in 1949 by
Walter Ficken, a private developer. No drawings were made for the

dam or adppurtenant structures.

2.2 Construction

No construction data 1is available for the dam and

appurtenant structures.

2.3 Operation

No operation data is available for Cedar Hill Lake No. 1

Dam.



Evaluation

a. Availability

No design drawings, design computations, construc-

tien data or operation data 1s available.

In addition, no pertinent data was available for
review of hydrology, spillway capacity, flood routing through
the reservoir, outlet capacity, slope stability, seepage

analysis, or foundation conditions.

b. Adequacy

The available engineering data is inadequate to aid
in evalvating the hydraulic and hydrologic capabilities and
stabllity of the dam for Phase I investigations.

The lack of engineering data did not allow for a
definitive review and evaluation. Therefore, the adequacy of
this dam could not be assessed from the standpoint of review—
ing and evaluating design, operation and construction data,
but is based primarily on visual inspection, past performance

history, and sound engineering judgment.

Seepage and stability analyses comparable to the
requirements of the "Recommended Guidelines for Safety Inspec-
tion 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

No valid engineering data is available.
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SECTION 3: VISUAL INSPECTION

Findings

a. General

A visual inspection of Cedar Hill Lake No. 1 Dam
was made on October 2, 1978. The following persons were

present during the inspection:

Name

Affiliation

Disciplines

Yin Au-Yeung

Engineering Consultants, Inc.

Project Engineer,
Hydraulics and

Hydrology
David Bramwell Engineering Consultants, Inc. Geology
Jon Diebel Engineering Consultants, Inc. Soils
John Ismert Engineering Consultants, Inc. Mechanical

Kevin Blume Consoer, Townsend & Assoc., Ltd.

Specific observations are discussed below.

b. Dam

The crest of the dam 1is well protected by a gravel
road base. Traffic on the crest 18 restricted to access to

several private homes on the east side of the dam,

The upstream embankment slope does not have riprap
for protection. As a result, some sloughing is occurring near
the high water elevation. This has caused some steepening of
the embankment slope, with the slope appearing to be as steep
as 1V to 1H in some areas. Vegetation on the slope 1is not

satisfactory for protection of the slope from erosion.

-12-
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The downstream embankment slope is overgrown with

trees and large brush, This heavy vegetation made proper
inspection of the slope virtually impossible. Rodent activity

was observed on the embankment slope.

A seepage area was observed on the downstream
embankment slope approximately 200 feet west of the right
abutment of the dam. The seep was found 2 to 5 vertical feet
above a berm located 30 vertical feet down from the dam crest.
The seep extends for a length of 75 feet, with a width of
10 feet, and 1is characterized by moist, boggy terrain, with
phreatophytes. The fill in the area contained a larger number

rocks than would normally be expected.

Coe Appurtenant Structures

(1) Spillway

The spillway 1s a cut section in rock on the
east side of the dam. The spillway approach channel,
crest structure and discharge channel are well defined.
A 2-foot high wire fence 1s constructed across the
spillway crest as a trashrack. The uncontrolled spiliway
is the only structure existing at this dam to control
pool levels. No water was observed to be flowing over
the spillway crest at the time of inspection. There is
heavy aquatic growth existing at the entrance to the
spillway crest. One large tree is located on the left
side of the approach channel and several smaller trees

were noticed immediately downstream of the crest.

=13~




(2) Outlet Works

No outlet works or reservoir drain are pro-

vided for the damsite.

d. Reservoir Area

The water level was at elevation 525.05 feet

above MSL at the time of the inspection.

There are thirteen private homes located near the
reservolr shore. All of these homes have well kept lake-front
properties. Behind these homes are woodlands and trees. No
erosion, wave wash or slope slides were noticeable along the

shore of the reservoir.

e. Downstream Channel

Spillway discharge through the crest structure will
flow over a series of rock falls to reach the original chan-
nel. The rock falls function as excellent energy dissipators,

and are in good condition.

3.2 Evaluation

The following items were observed which could affect the
safety of the dam, or which will require maintenance within a

reasonable period of time.

1. The seepage area observed on the downstream embankment

slope.

-14-




5.

The large brush and tree growth prevalent on the down-

stream embankment slope.

The sloughing and erosion of embankment materials on the

upstream slope of the dam.

The rodent activity on the downstream embankment slope.

The vegetative growth in the spillway channel.

-15~
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

Cedar Hill Lake No. 1] 1is used solely for recreational
purposes. There are no facilities or equipment at the damsite
which require operation. The lake is kept as full as possible at
all times, and there is no facility at the damsite for draining the
lake if the need arises. Water level 1is maintained by rainfall,

runoff, evaporation, and capacity of the uncontrolled spillway.

4.2 Maintenance of Dam

The dam is maintained by the manager of Property Owners
Corporation, with corrective measures being performed as they are
needed. TItems that were noticed which require maintenance include
clearing the downstream slope of all trees, and clearing of small
trees and brush from the the spillway channel. No maintenance or

water level records are kept.

4,3 Maintenance of Operating Facilities

As stated in Paragraph 4.1, there are no facilities or
equipment at Cedar Hi1l1l Lake No. 1. The water level is controlled
only by rainfall, runoff, evaporation, and capacity of the uncon-

trolled spillway.

~-16-




b.h Description of Any Warning System in Effect

The inspection team is not aware of any existing warning

( system in effect.

: 4.5 Evaluation

With the exception of those items mentioned in Para-
graph 4.2, the operation and maintenance appears tc be adequate.
The items listed as needing correction should be repaired within a

reasonable period of time.

-17-




SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design

No design data 1is available.

Cedar Hill Lake No. 1 Dam has a watershed of

approximately 314 acres. land gradients in the watershed

average roughly 17 percent. The lake lies on an unnamed

tributary of the Big River.

Elevations within the watershed range from approxi-

mately 500 feet above MSL at the damsite to over 745 feet

above MSL in the upper portion of the watershed.

The watershed 1is approximately 90 percent covered

with forest, with the remainder being covered by grass and

brush. A drainage map showing the watershed area is included

in Appendix B.

Evaluation of the hydraulic and hydrologic features
of Cedar Hill Lake No. 1 Dam was based on criteria set forth
in the Corps of Engineers’ Recommended Guidelines for Safety

Inspection of Dams, and additional guidance provided by the

St. Louis District of the Corps of Engineers. The Probable
Maximum Flood (PMF) was calculated from the Probable Maximum
Preciptation (PMP) using the methods outlined in the U.S. Wea-
ther Bureau Publication, Hydrometerological Report No. 33,
The probable maximum storm duration was set at 24 hours, and

storm rainfall distribution was based on criteria given {in

-18-




EM 1110-2-1411 (Standard Project Storm). The SCS triangular
hydrograph, transformed to a curvilinear hydrograph, was
adopted for developing the unit hydrograph. The derived unit
hydrograph is presented in Appendix B.

Initial and infiltration loss rates were applied to
the PMP to obtain rainfall excesses. The rainfall excesses
were then applied to the unit hydrograph to obtain the
PMF hydrograph, utilizing the Corps of Engineers computer
program HEC-1 (Dam Safety Version), which was prepared speci-
fically for dam safety analysis. The computed peak discharge
of the PMF and one-half of the PMF are 6,670 cfs and
3,335 cfs, respectively.

Both the PMF and one~half of the PMF inflow hydro-
graphs were routed through the reservoir by the Modified Puls
Method, also utilizing the HEC-1 (Dam Safety Version) computer
program. The peak outflow discharges for the PMF and one-half
of the PMF are 5,843 cfs and 2,594 cfs, respectively. Both
the PMF and one-half of the PMF, when routed through the

reservoir, resulted in overtopping of the dam.

The stage-outflow relation for the spillways were
prepared from field notes and sketches. The reservolr stage—
capacity data were based on the U.S.G.S. quadrangle topogra-
phic maps in combination with data given in the National Dam
Safety Inventory Table. Reservoir storage capacity included
surcharge levels exceeding the top of the dam, and the spill-
way rating curve assumed that the dam remains intact during
routing. The spillway rating curves and the reservoir capa-

eity curve are also presented in Appendix B.

-19-




From the standpoint of dam safety, the hydrologic
design of a dam aims at avoilding overtopping. Overtopping is
especially dangerous for an earth dam because the downrush of
water over the crest will erode the dam face and, if continued
long enough, will breach the dam embankment and release all
the stored waters suddenly into the downstream floodplain.
The safe hydrologic design of a dam calls for a spillway
discharge capabllity in combination with an embankment crest
height that can handle a very large and exceedingly rare flood

without overtopping.

The Corps of Engineers designs its dams to safely
pass the Probable Maximum Flood that is estimated could be
generated from the upstream watershed. This is the generally
accepted criterion for major dams throughout the world, and is
the standard for dam safety where overtopping would pose any

threat to human life.

b. Experience Data

No records of reservoir stage or spillway discharge
are maintained for this site. However, according to the local
residents, the maximum reservolr level was never higher than

the crest of the embankment.

Co Visual Observations

The rock spillway and falls, and the exit channel
are well defined and were in good condition. However, the
abundance of vegetation in the spillway area would adversely

affect the hydraulic efficiency of the structure.

-20-




There are no drawdown facilities to evacuate the

reservoir.
d. Overtopping Potential

As indicated in Section 5.1-a., both the Probable
Maximum Flood and one-half of the Probable Maximum Flood, when
routed through the reservoir, resulted in overtopping of the
dam. The PMF and one-half of the PMF overtopped the dam crest
by 1.73 feet and 0.79 feet, respectively. The total duration
of embankment overflow is 3,42 hours during the PMF, and
0.67 hours during one-half of the PMF. The spillway of the
Cedar Hill Lake No., 1 Dam 1is capable of passing a flood equal
to approximately 28 percent of the PMF just before overtopping
of the dam. The 28 percent PMF has a frequency occurrence
less than a 100-year frequency flood. Since the PMF is the
minimum Spillway Design Flood (SDF) for Cedar Hill Lake No. 1
Dam, according to the Recommended Guidelines for Safety
Inspection of Dams by the Corps, the spillway capacity of the

dam is considered "Inadequate".

The effect from rupture of the dam éould extend
approximately two miles downstream of the dam. Within this
area are six houses, two Iimproved road crossings, and State

Highway 30 crossing.
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6.1

SECTION 6: STRUCTURAL STABILITY

Evaluation of Structural Stability

3. Visual Observations

The seepage occurring on the downstream embankment
slope indicates a potential hazard to the structural stability
of the embankment. The location and extent of the seepage
area demonstrates a condition which should be analyzed in

further detail.

The sloughing on the upstream slope of the embank-
ment has not progressed to a serious extent at this time. The
condition should be monitored, but no remedial measures are
felt to be necessary at this time. Continual sloughing of the
embankment materials will necessitate remedial measures at

some future date.

The heavy vegetative growth, including large trees,
on the downstream embankment slope should be cleared as soon
as possible. The growth prevents proper inspection of the
embankment in addition to providing a hazard to the embank-

ment.

With the exception of an abundance of vegetation in
the spillway, the spillway and the rock at the exit channel

are in good condition.
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b. Design and Construction Data

No design or construction data relating to the
structural stability of the dam or appurtenant structures were

found.
Ce Operating Records

No operating records are available relating to the
stability of the dam or appurtenant structures. Water levels
have not been recorded, however, the reservolir was 1.5 feet
below the spillway crest on the day of 1inspection, and is
assumed to ue close to full at all times. No operating

facilities exis: at the damsite.
d. Post Construction Changes

No post construction changes are known which will
affect the structural stability of the dam.

e. Seismic Stability

In general, projects located in Seismic Zones O,
1 and 2 can be assumed to present no hazard from earthquake,
provided the static stability conditions are satisfactory and
conventional safety margins exist. Cedar Hill Lake No. 1 Dam
is located in Seismic Zone l. A detailed seismic analysis is

not felt to be necessary for this embankment.
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SECTION 7: ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

The assessment of the general condition of the dam is
based upon available data and visual inspections. Detailed inves-
tigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the investi-

gation is intended to identify any need for such studies.

It should be realized that the reported condition of the
dam is based on observations of field conditions at the time of

inspection along with data available to the inspection team.

It is also important to note that the condition of a dam
depends on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only -hrough continued care and inspection can there be any chance

that an unsafe condition could be detected.
a. Safety

The spillway capacity of Cedar Hill Lake No. 1 Dam
was found to be 1inadequate. The spillway 1s capable of
passing a flood equal to 28 percent of the PMF without over-
topping.
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The seepage occurring on the downstream embankment
slope should be investigated to determine its effect on the
stability of the embankment. Seepage and stability analyses

should be performed on this section in particular.

The heavy brush and tree growth on the embankment
slope pose a potential hazard to the dam. The extensive tree
growth is considered unsatisfactory in terms of dam safety for
several reasons: First, trees toppled by wind expose holes
that invite rapid erosion, and second, decay of large existing
root systems could form channels for eventual piping. Rodent

activity also should be eliminated on the embankment.

The sloughing of embankment materials on the
upstream slope is not considered to be a serious problem at
this time. However, the condition should be watched and

repaired at some future date.

The vegetative growth in the spillway channel which
inhibits the hydraulic efficiency of the structure should be

cleared, and further growth prevented.

b. Adequacy of Information

Information concerning the dam and appurtenant
structures in not available. It is recommended that the
following programs be initiated to help alleviate this prob-

lem:

1. Periodic inspection of the dam by a professional

engineer.
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2. Set up a maintenance schedule and log all visits to

the dam for operation, repairs and maintenance.

3. The dam should be surveyed and an as-built set of

plans and drawings should be completed.

4, Perform seepage and stability analyses comparable to
the requirements of the "Recommended Guidelines for
Safety Inspection of Dams".

Ce Urgency

The remedial measures recommended in Paragraph 7.2

should be accomplished in the near future.
d. Necessity for Phase II Inspection
Based on results of the Phase I inspection, and {f
the remedial measures recommended in Paragraph 7.2 are under-

taken as soon as possible, a Phase II inspection is not felt

to be necessary.

7.2 Remedial Measures

a. Alternatives

Al ternatives for increasing the spillway capacity

include:

-26-




A.

bl

Widening the spillway by excavating into the right

abutment.

lowering the crest elevation of the spillway.

Raising the elevation of the embankment.

Conmbination of the above.

Seepage and stability analyses should be performed

by a professional engineer experfenced in the design and

construction of dams. This study should concentrate on the

area exhibiting seepage on the downstream slope.

d'

Repair the erosion and sloughing on the upstream

embankment slope as {s becomes necessary.

e.

2.

3.

0 & M Maintenance Procedures

The owner should initiate the following programs:

Periodic inspection of the dam by a professional

engineer.

Set up a maintenance schedule and log all visits to

the dam for operation, repairs and maintenance.

Clear the vegetative growth from the spillway
channel. Keep the fence across the spillway free of

debris.
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The dam should be surveyed and an as-built set of

plans and drawings should be completed.
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GCeneral Geonlogic Map

Explanation

Mississippian System

- cherty and crinnidal limestone, with some shale,

intercalated limestones and shales.

Ordovician System

shale and limestone.

shale with thin fossiliferous limestone beds and dense limestone.

dolomite with interbedded limestone, shale, and black limestone.

massive, cross-bedded sandstone; and dolomite, lithographic 1ime-
stone with interbedded sandstone.

silty and cherty dolomite with oolitic chert.

sandstonc¢, chert, and interbedded dolomite.

cherty dolomite with a basal sandstone.

Reference: Conloglr M|p of staouri 1961, Division of Geologlcal Survey
Water Resources, State of Missouri.




APPENDIX A
PHOTOGRAPHS TAKEN DURING INSPECTION




Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

CEDAR HILL LAKE DAM NO. 1

View of upstream slope of embankment taken from left abut-
ment. Spillway 1is located at far right side of dam.

View of typical section of downstream embankment slope.

Close-up of seepage area on downstream embankment slope
at right side of dam.

Close—up of moisture indicating seepage near location of
Photo 3.

Picture of approach channel for spillway at right abut-
ment of dam.

Picture of spillway channel with concrete weir and fence
taken from downstream looking upstream.

Picture of spillway channel taken from road looking up—
stream.

Picture of spillway discharge channel bedrock taken just
downstream of road.
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Codar Hill Lalke Mo. ! Nam

Photo 1 = View of upstream slope of embankment taken from
left abutment. Spillway is located at far right
side of dam.
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Photo 2 = View of typical section of downstream embankment
slope.
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Codar tli Lake Noo 1 Dam

Photo 7 = Picture of spillway channel taken from road look-

ing upstream.

Photo 8

- Picture of spiilway
discharge channel
bedrock taken juut
downstream of road,
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HYDROLOGIC COMPUTATIONS




S “h ’%%‘ %\ \k" \N¥\‘/ \
=2/ ,”21

g AW

A SS )

{ // .3@0//?:‘4%
ZRA T

,
(S , JAN
N RN

- ,‘

NN

33\\\% § %/ 0

ILL LAKE NO. |~/

e
4 m
/-0 3

.

T

—— N
==\

s Y
/

N 7 Y ,\/,
~ i g R i
(il AN Z N7
) : 247
] A y -
1

A W7

e 2 NS Ry ;
4 SN\
NN
5 A e .

R : e ofe (Vi
o, & JN RN NI \ =
4

N

TS TSN

= &
T

SCALE
0

({ W=
N

L

CONTOUR INTERVAL 10 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929

DRAINAGE BOUNDARY — = =— ===

CEDAR HILL LAKE NO. | DAM
DRAINAGE AREA




€Cr-a

DA AFETY INSPECTION — MissoctRI

CFPAR  #HiLL LAKE NUMBER L DAM

— RESFR Vo/R  pREA cn/’ﬂcfr/ onra

ENGINEERING CONSULTANTS, INC.

oF =
. .30B No./RRF-~oc0os/-/ .

.SHEET NO. /

ey A28

L~

Ci0AR RiLl LARE, NUMBER 4 AM

KESERVOIR _AREA CALACI Ty DRTA .

ELEV. SURFACE IﬂcﬁemwrnJ TOTAL
() AREA Vol oL ME VoLdmEe REMARK S
CACRES) CAC- FT) {CAC-FT) ‘
|
i
Y I o - o
s20 P 80 fo
527 /3" 7€ 75¢ ASSUMED sPilway
CRESY ELEY
530 /6 1| Ree | ARea mEasure)
on d.5 §.5.MAP
530.5 /6.9 * 8 208 JoP of, Dam
S 4o 2¢4 2o/ Yo 3 ‘ AREA MMJUR:) ,w
dS.&6S. map
550 | 37 35 7294 AREA MEASARED
l o -5 é-{: ”'ﬁf
) IR
v cf e O

paTe /%78




1333-3¥0V 'ALIOVdVD HIOAY3S3N

006 008 00l 009 00§ 00V 00¢ 00z 00l oomv

00¢s

/ ols

02¢

226 37153480 AvM11IdS QIWNSSY »d

REEIA oss

508 13'WVG 40 dOL ] —

ovs

05¢

CEDAR HILL LAKE *| pDAM
RESERVOIR CAPACITY CURVE

— 09s

0Ls

y-——d

1334 '(OISW) NOILVYA3I3

086

06S

—

009

019

029




.m -
o u

FE

C ) __ W - 1

Mo m oL |

o L , ¢ | ,

R QLeEl  [ovSOl 0T |eo ¥ |14 € | L&.CET | BUEE| LT\ [sr90T

Mo 2 W S6T 8  \IB'F) 0TI [€9.C |ST'T | SBTYLS | Y¥T| pl.0\OWE

b m g 1 9¢98% Q0TZ| OTD | $9-C|TT. | | ZL-\=q | O] [B.B 518\
o« 5 @ | ]

< - AN OYL | OTD 10LT|8S0 | BO ARG | ZETli ¢R.D 18.L¥|

H P -

I 688 T¥.0eS | €8 |ZL L (SIS

ol !
ﬁw z 4 <o9 LL-62G | €09 | 20.L lzL. S8
A s

Z X M > 1§ zv.8z5| el | sz.gleras

0 o _
G - 3 VJT-l ﬁ.nn.m (E

0 %4 . Vs o ooy [T

5 SEEC 9 =i e | | B | s | e | | ey
. O\ 7ayom

A o

H oyt

R e

i o M \h L szso ///
,,»,v o - T e o

A4l 7 ™~ — iR

4 1z m~ - S.c2g =3 )

Ho D T .

R

W_ U .uu Wm . %tmrTl\mmc,JAon - T T g T ) D
SRUENS

T4

N
—-—




S32 '394VYHDISIA

CO0'wt ooc'el  ooo'z 000"l 000'0i 000'6 000'8 cco'e Co0'9 Jlrwmo_w 000"y 000'¢ coc'e cocl oNNm W
EENERBEREERERERREEERERE N R ﬁ I LI T LA T T z
it et SREEEEENE SN RS RS RENE RN 425 13 ‘1SIYY AVR TGS | ] BEns =g

_ il HERRE RN RN O B R A A dol L L L] _ q O
_ | | HEREEN 1 BERR i 11 1 _ T il Q (-
—— P e e (i an Sttt SR SEIEY SR R St S sk wne {825 (&)
N _ [ I O SENEEEEE .Y T N » - =Z
N EENEEEEEEREREEN NN | B / # F
. SN T N SN N U (OO L 0 O O O NN NN L] s
! | | M i M 1 : | . i , L E T i T T ] o i [§7]
BENE AEEERE I T TR TS SR I A0 i I
EENE T 0 A I B O A | SE
1 NN NS EEEE O A A N NG N O A OV 5
I ! 1 , ! \ : 4 | _ _ . , : a / !
4 | ! L s i Omwl._.dl - >
] | RN R B SN NN U A N 0 O U O A0 N vl Aol = &
; ] ! ! ; ] i @ i i ' i i ! ! i ! ' ! ! ! M_L T Fee)
1 HEEEEERERE E I PPy L LI L LT ZT P AT T T T I»)
S — N T AR SR I I | _sose ﬂw Wvd 30 dOL D= U W I S o g <
! IS N (ST S A SO SO S N IO U U 0P SN Y A N N B ] >
[ N R T L_lL «T T ..h ! ! T \\A ,|+r* f ,. I ml —M.“ -
- | ‘ =
L NN ERN N _ HEg - d NN R a
_ HEREEERERE B I LT == 4 B ~ L lode L] W
H HEEEEEEEREERE BENEPE= R ERERREEN st 1]
SEEE ENEERERN AR ESERNEEI | SR
T M + +
- i L i B oy N I BN 0 S I O A IS IS NS B SN I B O B SRR
1 ] il N EEREENN LT I m ]
T | i I ! ] ] ] I A | : *‘l
100 Sl s A ek S S bl e S
FN I S VO N AV O B N O AN IR OO
S R e . ;
4“ H T - 3.?.*.41
AP S SN RPPNS SR SN SN VU SRR SN (U S GUUDAY SO S S
_ 1 L | ! ; i 4
. T .
it . 1 ' 1 |
e ey e
: —— ; e 555+
Bl IEREEEEN BEREEEEEER
- i SE el R ot Ao NN NER S S S
_‘ e e — 1985 1+—
19 N NS UUUPI O SHE U I I
_ 4 ] Hliﬁ RN gi ]
N O N O O ST S R S SN
T janRERES BN




il

T e Ty

ECi-a ENGINEERING CONSULTANTS, INC.

Lnm SAFETY LNSPEcTIoN — '.'7/;5,4’(/!“.‘; . _ _sHEeT No. / . oF . 3 _
EOAR H// NUMBER A pAM .. JoB No. /223 -001-.1. .

— UNIT  HYORCESRAPH FARAMETERS oy ALB _ oare s 16-28

L~
). LRAINACE ARFR ~ F)49 Ac - OYF SQ. m/.

2. LEwgTH ©f srREAM , L = (477 r 2000’ S5 280 ) © .69

3 DIFFERSWCE (y £LEVATIUEN, AH
an = 7485 - $§2§ =220

9, JimE OF CoN<crnwrRATion , Te

. (_//,‘;113_)0‘385
< vy 7

(//. g « o-élf) <355

~t

20
. = 0.9 HR ;
$ lAG TimE , (= o é¥Te

lt ‘6,5*0'/7 :' d’z{/lﬁ,

&. RAINWFRAY conriy DURAT 10N L b

o = f,—t = o;” T 0,03 4n
use€ 0= Sminv = o©.083 MR

My DURAr/on CRITERIA.

7o TimE ro fEAK , Tp

0 — <. o
Cor If&‘é*lc = ___ii?.* 0:(4’0;/7

7;,, = 0.76 4R

Y x e YB8YX 047
& 7p * j_ﬁ"ﬁ— 0 .76 S (482 s




N ENGINEERING CONSULTANTS, INC.

CEDAR

UAM 597 ET ) T WSFESTION = MISsouR)
MY NUMBER 4 24AM

- YA T HIDROGCRAPY DLERIVAYON

7) CURVILINEAR  tnsy HY BDREGRALH

72 )€

D1scHAREE
RAT 7o

2/ 2p

Lny T BYPROGRALY

Time | 1
CHR )

DIScHARGE
CcFS)

{
0 900

~
~

[N

NG w XN AR

~ o~

/-3

Q.05
o, 078
o./é
0. 2%
< YS
0,é0
0.72
0,87
0[’7
ol
0/ 76
o, 92
o ey
0.7
2. 6¢
14
0. 92
O, 32
Zreii
0. /8
o,/3
0,098
0,078
0. ¢3€
o .0
D.009
o.00Y

0.0
L,03
0.086
o.08
O.08
o./0
-/
o0./3
.79
O./6
0,/8
.19
2.2/
2,22,
0.24
.26
029
2,32
.35
0,38
2,42
.98
D.98
.56
0.6y
2,72
o. 20

o, 000
22.23
N 75
23712
WY, %
666.50
$89. 20
W9l
’3,.8.98
Y37, 59
/982, 00
74852.36 .
/363,99
/244.88
Ml/.So
978,12
 §27.92
&22. 49
429,24
755,68
266 .76
192, é¢
/1,5’211
7). 78
§3,35
26.68
)3.34
5.93

SHEET NO. ‘%

joB No. /428 ~o0s~/

BY . }(l;Aeﬁ DATE M= JE-2¢




| ; l ~
I ; g o
?)‘
]
| |
i |
. [ lo
[}
/
/1 le
o~ /
2 /
M // Laid
Z x
w
je
\, y. N
-/7 o
' (
\
I~ —
S
.
ol o
o

S42 ‘394VHISIA

CEDAR HILL LAKE #* | DAM
5 MINUTE UNIT HYDROGRAPH

TIME, HOURS

ﬁ________________..__—.J



i

ECI 4

1 Ata

= PROGCALL-

ENGINEERING CONSULTANTS, INC.

N S VA A

SA LV oy _SHEET NO._. | oOF
CELEK Rl WAKE WOMEER. 4 «)‘AM .. .. JOoB NO. \2"
S AAXITIVEA <(T(ﬁp ™ C,‘i“M &) . By 34&:"—” DATE

r I |

(/‘//"

PDETERIANATAECN ST FBIiS

ﬁ-;:baicw‘r\'\'nc, 'A’(d\’naaea ot e fj e ‘Q‘:a:::w\.

Lo = 214 acves = 674D dgemil
2. Delaivarne FMP Frrd e ~ A {2
Locadon af CemX (ol d§ Yoo sva

\-—l‘f\fa 90 64 \—t"\k. 35 3?)

-éPMP ’fm 200 /gﬂu we. X 24 fes émm:\m,.

| =25 “C Arom Fteg 4 wMR No 32D
3. Determine Aoasin varafall imderms g3 pesceroge
dj F™Mp c:nv_\w saactal S vaTews Awwukvn.s'
Lo(‘.a-lvn \-.Jr\a « 90 64o LaX s 38-33°

ﬁ’;”‘ Zsne 7

Duvodion | Fev ceml To+ o.{ &C'n-(k\\, D u'rax\Ch
of Fndeg | v mAal | Lacremands 63 nove-
~ ool rrent

C Wae _) C%‘) GY\." \(\f 5) Or'\c»\‘_s) C\m o)
& 100 256 25'G =
Y= 120 23067 54 =

24 120 233 2 b \=

: "OOL_ -




_ . - -—n s s L T - T © e e ans - N T R S s - . - e . . .o o —
-— . oo . . - . . T - ’ s
- '

AWd A0 RIWNWEZLI G
Sdﬁ..»l.ﬂ.dwU&SO? TUWH ¥Nza=s > \\,W.m.“

Iy TR N YR Y R Y ™ St

e\ (veg: SR
R g R W
N g’l ):7’

’

p
13

g5t

YRR

ot S e g e 06 0 Do oy

- I
S ——
32073ANI NOSUIS ITv 3ny
" | TOREECIO) Snow b2 = LIt 5:0ABS OOF g
NOILVLIdID34d NNMIXYN 3I9VBONE
| dnbyg

]
[0

R

POANR iy Ay

AN YA

A ¥
e

c: ;

Myt
-

RS
£ h

i

Ve

N DTN SR R

ey

LT AR -
T’ T T M

PN Dl
Y
N

A B
FarAt
-~

¢
2

o Aeis -
Al gs
|;-’4’4

s




ENGINEERING CONSULTANTS, INC.

tC. a

_D/’ﬂ! },’A,—f-; y l‘"/ﬂf Feé o770, - mlAJfO(IA’/' ) SHEET NO. / OF ]
CTEPAR H/LL L AKE NUMBER A4 PAM | o /RFI-20/ /.
/o0 Yk Fleoel BJ KiGRESSipA EQuArion) oy /LG DATE. /- 22-7¢

Lie-

<t PR Ml T Dand

00 ~YEAR Flooh (By REGRESSIon EFQUATIon

REGRESSIon EDUATION FOR 100 YEAR Flood FOR

ssOUR T
4- 0‘02
o, 739 o.857€
4)/@ = &5,/ 4 5
WMELE

A DRAINACE ARCA v SR, M/
S E AN CHAVNEL SLOPE y Ft./mi
(AVE  StoPr BETwEn 0.1 L Ano Q.85

L, QEmwG LENGTH oF STREAM )

FOR E0AR i/l ¥/ oA

4= 0,497 sa.m;
P Joo — 30 . tze
° T 0751 0.6y o8 T 3ISHPIL/ n/,
~ 002
0.93% 0,49 ) o. 576
oo = 85.] (049) 354.77
= /273 CcrFS
/L3 S




el - iy " i i N ek et " . - ARG - . - e = . _—
e N e T LT e - T s e o 2o A Al e e S oo+ - - ———
it e Ve T £ .

HECIDB INPUT DATA

\/"';/




T T e e e — T VTR
Yy “ n‘.w¢. ‘ X . Ty . ¥ * . \.4 . ! < .ts\ F.w.. .\. v
T 5 - .{ “w iy A . ..l.ﬂ. 4 1&{

-~ .r.ll.u'“ll.

BT S > Sy

F - o
. N ~.

. L D
. o

EIREY NQPUU J (
A

® Lty s
, o, .
n|1$ﬂﬂ!l4JtPlll:.1WA4.. —_—
.ok A

bl

. p’l:\!-lp e ey e . -
> .

' E

0% ons e 119 ofS 25
nei Y1 s0¢ 0pg | egl

7T T4 S TS IR T T SR T ] Sty eve £09 ot
08'0fFh  E0Y0ES 4 %626 2M°WRS

’Ih ..... ,M.‘ :.J:S.sz.:mce.;m
....lr( - - . S i ‘i2se N

“n . T - - . :
‘ . . " g : wvg 1 bigneNy ..:x 4vQ4d WONUeK] .::32_9.. EFOIVE
Port e e - pay e et < - S TR

T Tt

e, LTI o
o« S te H . s v
. Iy to .. o X C . _on Le “el L9y LT aant

wo‘o 108

lm:-i; N1 9013
T T ekt ety
NAVEOUNAAN | Im oun INANT OLAVY uNnY zo::*nﬁ:-.. ¥30nl

LI

—— g = = -

1
- o|4.1||.. - v.« R ' l..l' qu Lvdx‘.
INTINGE GNY z::.:.:.:a .... :.ﬁ..i 05 GnY 4we
) wyo m __..eu v G e
..5._: S....a :. .:o .

. %% viv @
PSSt 11

} " .I. L ;A.v:.; na.-.: -g-c.l
. AU nx o ...ﬁﬂm.«...u.....u....sou.u-b. b
. Y

\vA.W,.. ‘.‘{.‘

...t. . !’# e ..;. ‘. . § : ., ’ A A
C &.-G .i_..: ¢§§ig§? G

..‘;




e T R S M

e e Al el L

——i-

L
ot g

- !

NGUNE 4P S0 GNT

S . 0y __
- e

N N 0 ~ Lo N
<q?.:..io.j..ezﬁ:w.x&%.%.mz.&.ﬂ-,

. » *

it

a '
- -A. ’ - ' ... ‘.-..~<1\.
RN ; . e

. 1..:. . . TN qw» - » ; q,ofJ 4
. _. w«-.« .. Is. Mrciv . f u,...:...n:‘u. Q&M’s *w-b_.u_v .n'




INFLOYW PMF AND ONE-HALF PMF HYDROGRAPHS




44..3
2.? R &.. .:f

é&“ﬁﬁsﬁu »:w w

}..,..». 4

_ :a..: E:.. e..rﬂ .w:“: | “.. 3!.. . ..
5 . : 'y
i .':Pr..Tf;tE..:.ﬁ-BBF11I1w - L..Lw e .e,

oo 1 _javsy _ 1_ 48 »._.. ’ «.
Ll ALE_W wa uunm - :unco. LNTTE del«muc -: ..j&-* ..quauﬂuﬂ N I
rﬂ%kwﬁ.ﬁlri;ﬂ.._m_. L NoNiy4ei0] 4sung Yaaveuns x..}H:.....:I, S WO

.y o ¢ cc:cccccc - AT TILIYTTY S ::c-:: e to XTI

e s i maamae
Y . - - s

,, (L S - e N oo & B 0 . - . ; .‘
Lo t 4 e . . v LI LARTEAY A h 0s* [ ) T .t s L
i » .’.Jl.d-vl!l( i—— ‘r,..bn&l.‘c.. S IR ¢ e e _ _00%1__e60lL0 s IO 23 . s
o o L+ v I oy S _ , Y e.x-ﬁ_:uwuﬁuww..m» Jﬂ".-n"uwn:a:z . . ’ e #e g
. . -t - v LA . . 3 . - o ]
g m.lmu‘.ﬂ.‘ ,.~ w ! oy e e —— s e D N Ll
e . Ll B e TR o , . . ot
3 eh : . . : 0, .8 . . R T |
L A o T e ML S \ «rnu_u.f& ;o..._ »..z o dadur ¢ o - S S e T
o : 3 - o 0 ¢ T 0 T T gy T oo oo e s
‘ol . . . NYION  ldal 4] dwgam NIWl und AV wEWw W o .. : [ N
! ’.l.\.‘.' w T jdl I I .lbubﬂu—h\buu‘n e -—— —— - - —————— 'I«J.‘J"IN
. N N - a- - . . . -
u‘ PR IR ... . anlshoy az«oz:_:"uttuuﬂx. .zuw".: 06 any awd Y L, » @
2 N AT e - . — " L) i L —— — ” )
‘ ° A B 1 .r'.rl £ Tundge In m iy :nzmu»:u:uug T -
N . s . -~ .
1 S5 » vt -8 K : . } ,
0. P ST N e A e S AT ¥hthe s e
¢ "SCNI o XN Lo R U Yo, B R I AR e ¥ ET 0 ®
o —— — r1sh|'v, - ILl;lw I-wlll’.fb.r - - - s - T e - —~z - _— . — ll‘.&lﬂu \Om S‘ S -
i ¥ \ ' .. , . K] e - art .. T ucc‘cuunc“Mn:m:.cc-::@:qcc.‘ -» ..
- e e At L.J.v..m- e R PRV S gy s e e e - N Y v .
’. & ‘b‘. ot “_ o .N_' \; . o [P 0«&#’-‘“ Pw iy e m Q*” M-M *3 4
. Yooy ¢ - ¢ S S !*er& N «”nwuu 4w.uuuw=.:««u“r’¢cubz Yo® - .
hyng: ‘!...le\r'...b, oot [ A Lo A (U A . A S - ? : .
X, ﬂ.' . . . a B , [ :Q - - L.Ml K ) I ..n... R » % PR -2 -
. .., Vs .y . . K. ST - P Q@
. h S
dw..l‘_la;g.w: ..«ii v ooegkaa .,ﬂ.{pa rve- ’z .Sﬂ. !ﬂniit -y
” n N 2 ) Rl X - R L D ot 8

“.al - fosw .v.‘ v’w .‘ ‘

. - ) ), "
. NN Y . g . [ ) ...
Jo 6 ed” t.A .i.o ‘e sl v. ...y.ﬁ '..1.‘%;._‘\‘ ..ﬁ‘n%f 3 € e .m. o™ A a}oc 7~ :




L84

.1«Nﬂ~

._98}

vyl

.fel

_dnt

'l

es’ Gul

wmn'i;bgu

H{ 0t

{3y |

Y | DA 73

e ¥4

.
mnm. - u.

i
13
92°

il
-

A e ———

€. ..t

oo-
991}

[T M

R 3\
sp's

-.ruuov.m.

1341
¢ ue et

5291 10%})

gerst
s1'st

1 34 13

mo.r_
. 00°81

jo*i -
joty L)

10ty *o
_o.. :
fely.
1%
10’
et
10

ety 104y

R 4]
ma:l

o_ )
mo.,_
[T a.

1w
~.

_o.-

T

00'e
000
'TM I
oo.o
000

FINRTUR VR 11

167 outp
votp

[4

Taam

e 10°

e
10
0

T4 opva
wqpxnv*el

-00%0
cota

0% -

LI}

_oa*o.jo*

“ooto
0u*p

~°
oot

et o

to*

to?

i

0% -

[T
[

10

jo? ww

.e.
:o

RSO

A
A 173

% - 0% Thot
-n up'e

-

(138

1o*
tar
197
iar _n
0
ot

en
o

v
em. 10

to?

. .a. .
rupwu_ -_u..-u.u 22 At

1

T

‘e,
E3hadn & £

T LT M
" . L3 .2’
Py N. Cwa

L 1A Y R T Y

(A1) 0s*ft1  Jo! 00ty 10 o«

. (1] s.n. “o.“ . ' 000 . .c“ [ 1
.. IO W L I L A S LY Jo 2o gectot for - »y [ 2 3 TR

: mm. .am¢ (1] .ﬂ, 101 ; «. 000 ' s w”.~ * .«

nnu "' 291 _... . 'Ig [T TN ~” TN

—_ - . ) SNSRI | RO T 2 JP- S T RS LRI |

mn«.. m“. ««o~ . N 1 o..‘kv to? ™ ”.. ¢

. ‘ A § ‘ .. Do*Q 1eY a'..

W - BT T ) W UL ] 1L T I

92¢ me..~ ﬁ.” 10 pot *

e 1IN to? 0§ !

. c.o«r..
' ‘op! n
mrnwnav *3 ., ”* * ~
Ly ] *
s
* -

[N o3 _.w‘ rw; . T
nur 1SR ol | AR 1

AP ' B O

S T34 S 10
TN
I T

T s

v A. ..,L‘ )

-ty

-

-8

el

B

v




N .:

.&

Q .H -
b DOSH ]
#‘h#. 1.0\. .
i e 1
* g .. _§
R ] «b N‘wm- P ITE :.. 3
mu !_M._.. a.“mW
e, _ 9%
ma Tewd T ftoe . .
~.. (114 pstox’ to*
g0° _6v3 1|nw“a~ _md
3... . -“ mw:.m :. ;e ““m 5
gr. a1
.:R 00'02 o'l “._-w )
»mml. |-mm.”" : a. q.whl]l."m -J.’m|_
;. L 1T LN i N N K
e "" "" : 5"“ B MU 1) SRR T AU | RN | 00 SN 1 I SNPGRS,
L oM T T T e T IO T e0d LI T 00y :
652 7 55l %. e 0 90 Lo ] W0y iv
nfd-  0f'el ‘o M AP T LR T S e..m L I AR 4
4 ‘& “b ,.,..ﬁw.r 11 TN o“ . Mw" o —..m«l. .mt. rwm.a J.m"— .f.%.v’l..'... .
i g B ST e T TS o "o \ v,
m“ o:~. 'y i b o ﬁ... S erte mam ) D Y ]
” 14 I'M 2 0o 0%, b .
, v — A aq.r.-ow-s' lwa.“ll ' et iinbip
0 e :: e RIM N e
0 90° -.n‘ R 1T T —
M T »“ 02%q 0 PP ,
T YL T TER Y S1°0.8 14 -
o _ 300 L cob omd o gfte A% . . T
oY T Y | an!t: S o'l P
TN T TR T ! S [ 2K 2 o.«., ... 07
" qo° 100 0 - oty - 19 o
LT TG~ {ov e~ T /ot L _
o......’ .. TIEY RO U S PR
w - A 1L L mm?. MUDE S S 28
B, ...T " i
5 ‘. ey 0N [ ]




Mw :u‘_
..uﬂ.m *MJ»

w v tsﬁ ...:..-iat:. N.n.x af A
ARSI ,L S
. h -
&:. .
nb»_ S w-
.wﬁ—G e [T i-”d.
e it TR
e A R T e
.... . N *odes il *gof Cotte EEEY - ‘et
IT}  a——t ,al: ——. MNP ._29 Buonegi | _WNOKenZ  g00K=®  a¥¥4

"R

Lﬂ V} W g...uq aamém 1144 : ) RN oy RN B

A RINTLY B 101 T A0 SO — e L O
Fn :

hqo%a  99%0 000  00f% W'l 0y . ,w. {2 - nmw. oge2r 4oty
00°0 __0Q°q . 662 =200y . 12 . ..il:
“...am.x ...p e m-u i T X ..., v ﬁa«
. _...‘ 00°0 &40 - | n... 0’ e . .fer,_- e
*l.z g _%g - ont s ,_o.: R F LI
00%0 " se? 2Y e
90°%0 wed . . Su LT L0° (LT .
089 e 2 0'__ 0% . t0° L1 n o
00%0 ““de? srewr= 4o btm.; a8V |Tq
w0 , ie : _“u - a0y, io* w: il :.“, -
Sogto ge2 ) R LT S [ 2 1 L T} - vy unt (M T
08'o 7 e02 1eY Ta0v " oo ok ¥ _L ” -
20! e . 10° [-To o wil vt et L
C#0 w2 i SRTME 113 . —_ L tet
n“ [TH] . ap’? 0%y
R T! a,“ : 110}
MR T ] . . %o ]
M H LT s rm:.
d . . LT : 10°
q0° Y [ 3. BL
w" lot '] .mz....~

§ m.mn,.«_i,;, —e

S

90° (TN | 34
90 _ub* "~ m..“

e T T - §'d

“”.M«.M“.._"
l O ‘ OJ
- ..:Lé».. 8- ..E..
’o o _ LTI Bt “-_ 3]
”’mosty - i, BTN W ety

TN Al *i

N " . C » DR RV ]
L W) L ... , Ve " Yk o
L ) L A. W X ) . s d¢\ R

.t
L W.wﬁ ?aﬁ‘fto\f -,r.w vird N . . ' ) .JO@J..¢7‘A us'..

[ X Iy ..r‘..q .H.w- -- ...-... A .' L.- ‘uh. “i N x Vo




S o

SIS NI

. dxd

‘cége-
({3

U Avy.,_. e e |~l .
.....wm.J;.»_..*::un

R S
¥19"

-
e vt.-.rb.
3

R .0
BTSRRI

-

A%

L4 -
YT

v
S vy ~pvy
A EAL T

N .
.
*

.
.

"

~y ®
Lt Tregeg
YA (T

LA N
] Inwn:

' nc.a.u.snac. - YYCEBEREY

35U
[

i

. SAMWNICHD
&
T ojive

0~
LA
viuvy
*065
.1 T
.‘hc.
BTN
‘eage _000°0Q
LTI 1 PO

.
'L

dl

| I
1§

L]
sl
wilies
"'

')
TR

AT}
R T

BT L A,
[}

I
B P

T tag
e
T ‘b
27 . Z R
dl lm‘ Dl

a0Winn, o W

: P .5
HAVURUYAAH B0THIde 5QeONT .
QTR B BT TYU S S

e R10€6
RECI

v <

“o*q’ (AL
(] ¥} 0003
viv0 WYO

X 3
RLERER N T ¥] LIRS

T T e T
LR teor Y

<.‘ e 4
‘ope ¥ .o

T TeeEs ek

Jboote_ovetpurig 0}
Ll ISHe  9VY WisN T Tedite

Vi T gate . 0000 o gte M °

(Y1} inye} [T AY s80Y ssuv0

viva 9NBRNOY :

- ' SN SN )

FPT ¥ SUNTIET 1] PEDEL oq.ow

HIPwON NTH Wv0F) HONWEH] HAVEBOKIsH JioT
- N

Cotaas
363

o¥o
Glmd$ "

(T

o er o —

TTTegEg T O 1YY Y

Lo
o Al

LAI'T Y

9nl

-,

0
"

T tete |

s

(T

LY

-—— N

HevNORuden ©

B T
C ke .

-

angyidy

L2 1T C o~ Brsewreese
=




SUMMARY OF PME AND ONE-HALF PMF FLOOD ROUTING

AND
PAM SAFETY ANALYSS




s N AR
S RNy T s I e
AT TR TR T T T
ok K N - N G-
N E A P WL LT
AT No LIRS (ot o ORI
Sr AU, <SG S R
LA oo -

O A "
. T § ———— e - e o . .« o .o
R LIS . Cy -~ - - S T v N - - s -
. R N | hd Ty B ) ) J"n e M“na a%y ) W' Ty — = - o
At i L ) o6 Srus y sn° 0w Ul 931004
- Ry, S en s . o powbeeT LA ) T T T T —
Y- D Fe . i (1319 TL99 | - NE vt .
. R ~ D : - - et m s , LV HavabuNdAm
- Al . ot . v . D - - - - - - E )
"I : P . - . e L .
TR VS PELSNG. M SUU g go't :
b, Y S e = - - Lo . 2 .
. A T TR AR SR L R R S L L B LN L2 R S
“. 2 ' ﬁ.«'lh Jﬂ.).l,'lf*n:rb.kv J.'Wéﬂn \-;‘(4.. : - -+ K . . * e . ‘ . ’ - - ) h
- . . S ’ (RU3L AU M, QavOE) §IViw JAVABSNE dgev ~ = T T '
% oln - PR v ' (aNUQ3S #3d SA3L3 STV JaVAETNE daev - Tt 7
% od . T e S — ANREYV40n)) 2InINGYD LYY z.m_::uw‘:z:uu... Wig 4434 JienI NT S04
ty - . L v NVl $1ge 1N Mt AnvgMns (ANJ47Y4 40 .
Y o e - Myt ey ooy gt A0.940) 303ui)S Qv pO0y -nu‘ "
‘A IV I w, I ' s \ Fl -t ) R . ~ x . ——————
U e S AR S e R . CL : v
» " 4 . ., ey I TR S LY WV S o - t .
’ Yo e N & 2L o, ) . ¢ * o )
- o . .
- & v oy R v S - - - - Lo z
o rl 3!’&.,. " \ N , ,FJ X .14"‘4‘ .‘j. » Q.‘.q..l - l-r .=, T N r’v.t.'4a -
w.&.i YM” 3 vt : « R PRR S 4, S t . -
" x iop . -, Y $ oy ~h o A LY r. LR +
£ e Sy LA
.. N . A 3
. & -t . \" - R S N . % » X . IS o
E B L o - " : X I P v ol " v
¥ B 7T W T L X L S A T UNE N S




e
040

I
.- 10

g o 0

i

TNY
[ L2 3

D

R

S8N0OH
CRM0T4400 Xww
L T Yol

e 1 . 'y

: g
e e e llh.:f»la

v..nﬁ..

[Vl
(YA

19t
ents
ST s T
dlll udAn
_Nulivang

“agad

S ve®

vo'y

«2Viss

[ XA 119

RS R R I
qL0AN 4o 300
winlxyn

-

M LTS
”
T wv0 MiAg
niqd0
L ULIRA L

BTk
LERE T
LOLI S AT

Li=2y
39vau;s
wulvey

. .
Yagy™ ~rdes
00ties "Towo'ige
AT grelige aqiva Wy

' . - : -

“ 4
-—m>~<2<.>*y;<.

ve_gp iwelweny o

Tana
)
alyve

LISAFYN ]
Wl s
NOfLva3T)

‘fue .
05'04%"
“va 40 401

- .,.,oo-...o-..ooc 1 Y Ve

LY IR
.

© e : »
i . N
- . e me '\A‘ - gy - - = -
. , s . P .
. £ "

R ) . 4
\ R4 ».mﬁ!ﬂ 43v‘w~’Jr X

.

..\u ! nﬂh”hﬁmy‘llv“ﬂqaa

-







