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SUBJECT: Springdale Lake Dam, Mo. ID No. 20238
Phase I Inspection Report

This report presents the results of field ispection and evaluation of
the Springdale Lake Dam.

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

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

a. Spillway will not pass a 10-year frequency flood without over-
topping of the dam. The spillway is, therefore, considered to be unusually
small and seriously inadequate.

b. Overtopping could result in dam failure.

c. Dam failure significantly increases the hazard to life and
property downstream. 4
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Springdale Lake Dam
State Located Missouri
County Located Cass County
Stream Oil Creek
Dae of Inspection 6 May 1980

Springdale Lake Dam was inspected by a team of engineers.from Black
& Veatch, ConsultinsEginers for the St Louis Distrc, Corps of
Engineers.-',he purpose of the inspection was to e an assessment of
the general condition of the dam with respect to safety, based upon
available data and visual inspection, in order to determine if the dam
poses hazards to human life or property.,

The guidelines used in the assess~nt were furnished by the Depart-
ment of the Army, Office of the Chief of Engineers and were developed
with the help of several Federal and state agencies, professional engi-
neering organizations, and private engineers. Based on these guidelines,
this dam is classified as a small size dam with a high downstream hazard
potential. According to the St. Louis District, Corps of Engineers,
failure would threaten lives and property. The estimated damage zone
extends approximately three miles downstream of the dam. Over fifteen
homes are located between one-half and one mile below the dam. Contents
of te estimated hazard zone were verified by the inspection team.

Our inspection and evaluation indicates the spillway does not meet
the criteria set forth in the guidelines for a dam having the above size
and hazard potential. The spillways will not pass the probable maximum
flood without overtopping but will pass 4 percent of the probable maximum
flood. The spillways will not pass the 10 percent probability flood
flow. The spillway design flood recommended by the guidelines is 50 to
100 percent of the probable maximum flood. Considering the hazard zone
downstream of the dam, the spillway design flood should be 100 percent
of the probable maximum flood. The probable maximum flood is defined as
the flood discharge which may be expected from the most severe combina-
tion of critical meteorologic and hydrologic conditions which are reason-
ably possible in the region.-\

Based on visual observ~ions, this dam appears to be in good condi-
tion. Deficiencies visually observed by the inspection team were an
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area of possible seepage downstream of the dam, erosion on the upstream
slope and around the principal spillway, trees growing on the embankment,
a few small animal burrows and the uncovered principal spillway drop
inlet. Seepage and stability analyses required by the guidelines were

f not available.
There were no observed deficiencies or conditions existing at the

time of the inspection which indicated an immediate safety hazard.
Future corrective action and regular maintenance will be required to
correct or control the described deficiencies. In addition, detailed
seepage and stability analyses of the existing dam, as required by the
guidelines, should be performed. A detailed report discussing each of
these deficiencies is attached.

Paul R. Zapij,e P
Illinois 6r-29261

Edwin R. Burton, PE
Missouri E-10137

Harry L. Callahan, Partner
Black & Veatch
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SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of Engineers, to
initiate a program of safety inspection of dams throughout the United
States. Pursuant to the above, the District Engineer of the St. Louis
District, Corps of Engineers, directed that a safety inspection of the
Springdale Lake Dam be made.

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

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief of Engi-
neers, in "Recommended Guidelines for Safety Inspection of Dams." 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 PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is an earth structure with an asphalt road on the
crest. It is located in the valley of Oil Creek (Plate 1). The water-
shed consists of cropland, grassland, and urban areas (Plate 2) in hilly
terrain. The watershed is presently undergoing commercial development
particularly near U.S. 71 highway. The dam is approximately 600 feet
long along the crest and 17 feet high. The dam crest is 27 feet wide.
The downstream face of the dam slopes uniformly from the crest to the
valley floor below.

(2) The primary spillway from the lake consists of a 30-inch
corrugated-metal drop inlet without a grate covering the top and a
24-inch corrugated-metal pipe through the dam. The drop inlet is 8 feet
deep. Flow through the pipe discharges into the natural stream channel
below. The emergency spillway appears to be a low area in the natural
material of the right abutment. A chain link fence approximately three
feet high acts as a trash screen at the upstream crest of the embankment.
The downstream channel is grass-lined with a low dike along the right
side to direct the flow toward the natural stream channel.

I
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(3) The facilities for water-supply withdrawal were not observed.

(4) Two 8-inch corrugated-metal pipes lie underneath the pavement

in the emergency spillway.

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

b. Location. The dam is located in Northwestern Cass County,
Missouri, as indicated on Plate 1. The lake formed by the dam is shown
on the United States Geological Survey 7.5 minute series quadrangle map
for Belton, Missouri in Section 7 of T46N, R32W.

c. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines refer-
enced in paragraph l.lc above. Based on these criteria, the dam and
impoundment are in the small size category.

d. Hazard Classification. The hazard classification assigned by
the Corps of Engineers for this dam is as follows: The Springdale Lake
Dam has a high hazard potential, meaning that the dam is located where
failure may cause loss of life, and serious damage to homes, agricul-
tural, industrial and commercial facilities, and to important public
utilities, main highways, or railroads. For the Springdale Lake Dam the
estimated flood damage zone extends approximately three miles downstream
of the dam. Within the first one mile downstream are over fifteen
residences. Contents of the estimated hazard zone were verified by the
inspection team.

e. Ownership. The dam is owned by the Springdale Management,
Inc., 222 W. Gregory Blvd., Suite #204, Kansas City, Missouri 64113,
Telephone 816-444-7810.

f. Purpose of Dam. The dam forms a 9-acre lake used for recrea-
tion and domestic water supply. About 30,000 gallons per day are drawn

for water supply.

g. Design and Construction History. No information on the design
was available. The dam was constructed in approximately 1954.

h. Normal Operating Procedure. Normal rainfall, runoff, inflow
from springs, transpiration, evaporation, outflow through the water-
supply pipe, and overflow through the uncontrolled outlet pipe all
combine to maintain a relatively stable water surface elevation.

4.
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1.3 PERTINENT DATA

a. Drainage Area - 580 acres

LI b. Discharge at Damsite.

(1) Normal discharge at the damsite is through an uncontrolled
30-inch drop inlet and a 24-inch outlet pipe through the embankment.

(2) Estimated experienced maximum flood at damsite - Unknown,
however a rainfall of approximately 6 inches in a 36-hour period occurred
in the general vicinity of the dam watershed on September 12-13, 1977.
The manager, Mr. Francis Pace, stated that the dam was overtopped at
that time.

(3) Estimated ungated spillway capacity at maximum pool elevation
1,300 cfs (Probable Maximum Flood Pool El.1035.0).

c. Elevation (Feet above m.s.l.).

(1) Top of dam - 1031.8 (see Plate 3)

(2) Emergency spillway crest - 1031.2

(3) Primary spillway crest - 1029.0

(4) Streambed at toe of dam - 1015 +

(5) Maximum tailwater - Unknown.

d. Reservoir.

(1) Length of maximum pool - 2,000 feet + (Probable maximum flood
pool level)

(2) Length of normal pool - 1,300 feet + (Primary spillway crest)

e. Storage (Acre-feet).

(1) Top of dam - 101

(2) Emergency spillway crest - 93

3



(3) Primary spillway crest - 63

(4) Design surcharge - Not available.

( f. Reservoir Surface (Acres).

(1) Top of dam - 16.3

(2) Emergency spillway crest - 15.1

(3) Primary spillway crest - 9.0

g. Dam.

(1) Type - Earth embankment

(2) Length - 600 feet

(3) Height - 17 feet +

(4) Top width - 27 feet

(5) Side slopes - upstream face 1.0 V on 2.2 H, downstream face
varies between 1.0 V on 2.7 H and 1.0 V on 4.9 H (see Plate 4)

(6) Zoning - Unknown.

(7) Impervious core - Unknown.

(8) Cutoff - Unknown.

(9) Grout curtain - Unknown.

h. Diversion and Regulating Tunnel - None.

i. Primary Spillway.

(1) Type - 30-inch corrugated metal drop inlet with a 24-inch
outlet pipe.

(2) Inlet crest elevation - 1029.0 feet m.s.l.

(3) Outlet invert elevation 1018.6 feet m.s.l.

4
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(4) Gates - None.

(5) Upstream channel - Not applicable.

((6) Downstream channel - Natural open channel to streambed.

j. Emergency Spillway.

(1) Type - Grass open channel.

(2) Width of channel - 63 feet.

(3) Emergency spillway crest - 1031.2.

(4) Gates - None.

(5) Upstream channel - Not applicable.

(6) Downstream channel - Natural open channel to streambed.

k. Regulating Outlets - Not observed.

!5
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No design data were available.

2.2 CONSTRUCTION

Construction records were unavailable, however, according to the
owner, the dam was constructed in approximately 1954.

2.3 OPERATION

Documentation of past floods was not available.

2.4 GEOLOGY

The dam is constructed across a broad shallow valley at the head-
waters of the Little Blue River. The soils of the drainage area consist
of the Macksburg, Martin, Snead, Sampsel, Oska and Blackoar soil series.

The Sampsel series consists of deep, somewhat poorly drained soils
formed in residuum weathered from shale. It is classified for engi-
neering purposes as a low or high plastic clay. The depth to rock
varies from forty to seventy inches. The Snead series consists of
moderately deep, moderately well drained soils on the hillsides. The
soil is formed in residuum weathered from calcareous clayey shales and
thin interbedded limestones. The soil is classified as a low or high
plastic clay for engineering purposes. Rock is generally 15-30 inches
below the surface of the Snead series. The Blackoar series consists of
deep, poorly drained soil located on floodplains. It is formed in
alluvial deposits and is classified as a low plastic silt or clay for
engineering purposes. Rock is generally greater than five feet below
the surface of the Blackoar series.

2.5 EVALUATION

a. Availability. No engineering data were available.

b. Adequacy. Seepage and stability analyses comparable to the
requirements of the "Recommended Guidelines for Safety Inspection of
Dams" were not available, which is considered a deficiency. These
seepage and stability analyses should be performed for appropriate
loading conditions (including earthquake loads) and made a matter of
record.

c. Validity. The validity of the design, construction, and opera-
tion could not be determined due to the lack of engineering data.

6



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

( a. General. A visual inspection of Springdale Lake Dam was made
on 6 May 1980. The inspection team consisted of Ed Burton, team leader;
Bob Pinker, geologist; Gary Van Riessen, geotechnical engineer; John
Ruhl, hydrologist; Mark Snyder, hydrologist; and Alan Reif, structural
engineer. The dam is in generally good condition. Specific observa-
tions are discussed below. No observations were made of the condition
of the upstream face of the dam below the pool elevation at the time of
the inspection.

b. Dam. The inspection team observed the following conditions at
the dam. The upstream face of the dam is covered with crushed limestone
gravel approximately 1 to 1-1/2 inches in size. The downstream face is
grass covered. One small tree is located on the upstream face and a row
of trees stands at the top of the downstream embankment. Trees also
exist at the toe of the embankment near the primary spillway outlet.
Guard posts have been placed along each side of the road. The posts on
the upstream embankment are leaning toward the slope. The upstream face
of the dam is fairly steep which is possibly the result of foot traffic.
Minor erosion was observed on the upstream face of the embankment. One
horizontal hole at the left end measured three feet in depth. The
material being eroded is silty clay (CL). The only possible area of
seepage observed was below the dam to the left of the primary spillway
outlet pipe. This area of ponded water is more likely caused by poor
drainage. A few small animal burrows exist in the downstream embank-
ment. No cracking, sliding, sloughing, settlement, or sinkholes were
observed. There are no toe drains or relief wells.

c. Appurtenant Structures. The inspection team observed the
following items pertaining to appurtenant structures. The inside of the
drop inlet and about two feet of the outlet end of the primary spillway
pipe were observed. The pipe appeared to be in good condition. Trash
and debris have collected in the bottom of the riser pipe. Observation
of the pipe from the downstream end revealed a slight horizontal curve
to the left but no pipe distortion. The soil underneath the concrete
splash pad at the primary spillway is being eroded. There is no evi-
dence of erosion of the silty clay (CL) material making up the emergency
spillway. Concrete has been dumped on the upstream face at the left end
of the emergency spillway possibly because of erosion.

d. Geology. The surrounding terrain is gently rolling with moder-
ately wide and gentle interstream divides. The area is not glaciated
although varying amounts of loess are present throughout the area. The

7
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soils at the location of the dam are of the Sampsel and Snead series
along the sides of the reservoir and of the Blackoar series downstream
of the dam.

The subsoil geology in the vicinity of the dam consists of the Lane
formation and the Frisbie, Quindaro and Argentine members of the
Wyandotte formation. The Lane consists of a gray, silty, micaceous
shale ranging in thickness from seven to forty-two feet. The Frisbie is
a massive limestone, four to five feet thick. The Quindaro consists of
a black fissile and yellowish-gray limey shale or shalelike limestone.
The Argentine is a limestone 20 to 40 feet thick. It is thin and wavy
bedded with open bedding planes and closely spaced vertical joints (1-2
ft). It contains secondary porosity due to solutioning along bedding
planes and joints.

No outcrops were observed at the dam itself. However, an outcrop
at the upper end of the reservoir of Argentine limestone was observed
extending from below the water level to near the crest of the hill where
it was covered with soil. It is anticipated that the abutments of the
dam are in the Argentine limestone and possibly the Frisbie and the
Quindaro. The foundation of the dam is probably the Lane shale covered
by the Blackoar soil, if it was not removed during construction. The
area around the dam is known for springs, and the reservoir is said by
the caretaker to be springfed. One spring was observed at the outcrop
of the Argentine at the upper end of the reservoir. Flow was estimated
at less than 5 gpm.

e. Reservoir Area. No slides or excessive erosion due to wave
action were observed along the shore of the reservoir. Although there
was no noticeable lake siltation, the manager, Mr. Francis Pace, stated
that considerable silt was washed in during construction of U.S. 71
highway. He also stated that the lake is about 12 feet deep.

f. Downstream Channel. The channel downstream of the spillway
outlet pipe is a natural open channel to the original streambed. The
soil is a silty clay (CL).

3.2 EVALUATION

The various deficiencies observed at the time of the inspection are
not believed to represent an immediate safety hazard. They do, however,
warrant monitoring and control. The area of ponded water below the dam
should be monitored to determine whether it is caused by seepage or poor
drainage. Seepage can cause internal erosion creating cavities and
underground channels, thereby weakening the embankment. The erosion at
the outlet end of the primary spillway pipe may eventually erosion

r



failure of the splash pad and increase erosion of the channel. Some

minor erosion has taken place on the upstream face due to wave action in
areas without riprap. The growth of trees could cause deterioration of

the embankment, if allowed to go unchecked. The roots of tree* can
loosen the embankment material and also can leave voids through which

water can pass. Although the animal burrows are small, additional
animal burrowing could damage the embankment. The open drop inlet which
is close to the upstream embankment poses a hazardous situation.



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool is primarily controlled by rainfall, runoff, inflow from
springs, evaporation, transpiration, outflow through the water-supply
pipe and capacity of the uncontrolled primary spillway outlet pipe.

4.2 MAINTENANCE OF DAM

The existing maintenance program consists of periodic mowing of the
downstream face of the embankment and the addition of rock and soil to
the embankment. The owner monitors the condition of the dam and remedies
any evidence of deterioration.

4.3 MAINTENANCE OF OPERATING FACILITIES

No operating facilities exist.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

There is no existing warning system or preplanned scheme for alert-
ing downstream residents for this dam.

4.5 EVALUATION

The dam is well-maintained, however the maintenance program should
be expanded to provide for tree removal.

10
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Design data pertaining to hydrology and hydrau-
lics were unavailable.

b. Experience Data. The drainage area and lake surface area are
developed from USGS Belton and Raymore Quadrangle Maps. The dam layout
is from a survey made during the inspection.

c. Visual Observations.

(1) The primary spillway appears to be in good condition. The
lake level at the time of the inspection was at the inlet level and
there was some flow through the pipe. Only the inside of the drop inlet
and about two feet of the outlet end were observable. The spillway pipe
discharges with a free outfall onto a splash pad and then into a natural
channel. There were no obstructions to flow in the downstream channel.

(2) The emergency spillway channel is in good condition with no
evidence of erosion at the time of the inspection.

(3) Spillway discharges do not endanger the integrity of the dam.

d. Overtopping Potential. The spillways will not pass the probable
maximum flood without overtopping the dam. The probable maximum flood
is defined as the flood discharge that may be expected from the most
severe combination of critical meteorologic and hydrologic conditions
that are reasonably possible in the region. The spillways will pass 4
percent of the probable maximum flood without overtopping the dam. The
spillways will not pass the 10 percent probability flood flow estimated
to have a peak outflow of 1,100 cfs developed by a 24-hour, 10 percent
probability rainfall. According to the recommended guidelines from the
Department of the Army, Office of the Chief of Engineers, a high hazard
dam of small size should pass 50 to 100 percent of the probable maximum
flood. Considering the hazard zone downstream of the dam, the appropri-
ate spillway design flood should be 100 percent of the probable maximum
flood. The portion of the estimated peak discharge of the probable
maximum flood overtopping the dam would be 4,600 cfs of the total dis-
charge from the reservoir of 5,900 cfs. The estimated duration of
overtopping is 17.0 hours with a maximum height of 3.2 feet. The por-
tion of the estimated peak discharge of 50 percent of the probable
maximum flood overtopping the dam would be 2,100 cfs of the total dis-
charge from the reservoir of 2,900 cfs. The estimated duration of
overtopping is 15.6 hours with a maximum height of 2.3 feet. Over-

11
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topping for these periods of time could jeopardize the embankment. The
manager, Mr. Francis Pace, stated that the dam was overtopped by eight
inches in about 1973 and was also overtopped in September, 1977.

According to the St. Louis District, Corps of Engineers, the effect
from rupture of the dam could extend approximately three miles down-
stream of the dam. Over fifteen homes are located between one-half mile
and one mile below the dam. Should failure of the dam occur these homes
could be severely damaged and lives could be lost. Contents of the
estimated hazard zone were verified by the inspection team.

12



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of conditions which
affect the structural stability of this dam are discussed in Section 3,
paragraph 3.1b.

b. Design and Construction Data. No design data relating to the
structural stability of the dam were found. Detailed seepage and
stability analyses as required by the guidelines are not available,
which is considered a deficiency.

c. Operating Records. No operational records exist.

d. Post Construction Changes. The year of any rehabilitation is
unknown. Fill concrete has been placed near the emergency spillway,
between the dam crest and waterline. This was possibly an attempt to
repair some erosion on the upstream face.

e. Seismic Stability. The dam is located in Seismic Zone 1, a
zone which is considered to be of minor seismic risk. A properly
designed and constructed earth dam using sound engineering principles
and conservation should pose no serious stability problems during earth-
quakes in this zone. The seismic stability of an earth dam is dependent
upon a number of factors: embankment and foundation material classifi-
cations and shear strengths; abutment materials, conditions, and strengths;
embankment zoning; and embankment geometry. Adequate descriptions of
embankment design parameters, foundation and abutment conditions, or
static stability analyses to assess the seismic stability of this embank-
ment were not available, and therefore, no inference will be made regard-
ing the seismic stability. An assessment of the seismic stability
should be included as part of the stability analyses required by the
guidelines.

13
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. Several conditions observed during the visual inspec-
tion by the inspection team should be monitored and/or controlled.
These are the possible areas of seepage below the dam, the erosion at
the outlet end of the primary spillway and on the front face of the
embankment, the trees growing on the embankment, the animal burrows, and
the open drop inlet near the embankment. 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. Due to the lack of engineering design
data, the conclusions in this report were based only on performance
history and visual conditions. The inspection team considers that these
data are sufficient to support the conclusions herein. 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 measures recommended in paragraph 7.2 should be accomplish-
ed in the near future. The item recommended in paragraph 7.2a should be
pursued on a high priority basis.

d. Necessity for Phase II. The Phase I investigation does not
raise any serious questions relating to the safety of the dam nor does
it identify any serious dangers which would require a Phase II investi-
gation. However, the additional analvses noted in paragraph 2.5.b. are
necessary for compliance with the guidelines.

e. Seismic Stability. This dam is located in Seismic Zone 1.
Adequate description of embankment design parameters, foundation and
abutment conditions, or static stability analyses to assess the seismic
stability of this embankment were not available and therefore no infer-
ences will be made regarding the seismic stability. An assessment of
the seismic stability should be included as part of the recommended
stability analysis.

7.2 REMEDIAL MEASURES

a. Alternatives. The emergency spillway size and/or height of dam
would need to be increased or the lake level would need to be lowered to
increase available flood storage in order to pass the spillway design
flood. The emergency spillway should be protected to prevent erosion.
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b. Operation and Maintenance Procedures. The following operation
and maintenance procedures should be carried out under the direction of
an engineer experienced in the design, construction, and inspection of
dams:

(1) Riprap should be added as necessary on the upstream face of
the dam to prevent erosion of the embankment material.

(2) The possible seepage area noted during the visual inspection
should be monitored. Any significant changes should be evaluated.

(3) The animal burrows in the embankment should be corrected since
they can lead to piping. Control measures should be implemented to
discourage increased aniral activity in the area. The embankment slope
should be monitored during this repair.

(4) A grate or protective covering should be placed over the drop
inlet to the primary spillway. The grate should be cleaned regularly to
prevent the accumulation of trash.

(5) The existing maintenance program should be expanded to include
tree removal.

(6) Seepage and stability analysis should be performed.

(7) A detailed inspection of the dam should be made periodically.
More frequent inspections may be required if additional deficiencies are
observed or the severity of the reported deficiencies increase.

15
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PHOTO 1: CREST OF DAM LOOKING EAST

PHOTO 2: CREST OF DAM LOOKING WEST



PHOTO 3: FACE OF DAM LOOKING ALONG UPSTREAM EDGE OF CREST

PHOTO 4: FACE OF DAM LOOKING EAST
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PHOTO 5: DOWNSTREAM SLOPE OF DAM LOOKING EAST

PHOTO 6: DOWNSTREAM SLOPE OF DAM LOOKING WEST
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PHOTO 7: PRIMARY SPILLWAY DROP INLET

PHOTO 8: LOOKING INTO DROP INLET
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PHOTO 9: PRIMARY SPILLWAY OUTLET AND SPLASH PAD

PHOTO 10: CHANNEL DOWNSTREAM FROM SPILLWAY
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PHOTO 11: EMERGENCY SPILLWAY AND TRASH SCREEN

PHOTO 12: EMERGENCY SPILLWAY CHANNEL LOOKING DOWNSTREAM



PHOTO 13: EROSION HOLE IN FACE OF DAM

PHOTO 14: SAMPLE OF EMBANKMENT MATERIAL
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HYDROLOGIC COMPUTATIONS

C- - - ,



- - - - -_ _ _ _ _ _ _ _ _ _ _ ___ _ __ __,_ _ _ __ _ _

HYDROLOGIC COMPUTATIONS

1. The Soil Conservation Service (SCS) dimensionless unit hydrograph
and HEC-1 (1) were used to develop the inflow hydrographs and hydrologic
inputs as follows:

a. Twenty-four hour, probable maximum precipitation determined
from U.S. Weather Bureau Hydrometeorological Report No. 33.

200 square mile, 24 hour rainfall inches - 24.75

10 square mile, 6 hour percent of 24 hour
200 square mile rainfall - 101%

10 square mile, 12 hour percent of 24 hour
200 square mile rainfall - 120%

10 square mile, 24 hour percent of 24 hour
200 square mile rainfall - 130%

b. Drainage area = 580 acres (175 acres are upstream of U.S. 71
highway).

c. Lag: L [0.8 x (S+l)0 71/1,900 x Y = 0.34 hours = 21
minutes for the area upstream of U.S. 71 highway
for antecedent moisture condition III
where:
£ 4,020 feet = hydraulic length of watershed in

feet
S = 1,000/CN' -10 where CN' = 97 = hydrologic soil

cover complex number; and
Y = 1.99% = average watershed land slope in percent.

L = 0.46 hours = 28 minutes for the area upstream of
U.S. 71 highway for antecedent moisture condition II
where:
I = 4,020 feet
S = I,000/CN' - 10 where CN' = 91 and
Y = 1.99%.

A-I



L = 0.46 hours = 28 minutes for the area downstream of
U.S. 71 highway for antecedent moisture condition III
where:

= 5,100 feet;
S = 1,000/CN' - 10 where CN' = 97
Y = 1.59%.

L = 0.62 hours = 38 minutes for the area downstream of
U.S. 71 highway for antecedent moisture condition II
where:
P,= 5,100 feet
S = 1,000/CN' - 10 where CN' = 91
Y = 1.59% (2)

d. The soil associations in this watershed were Macksburg, Martin,
Snead, Sampsel, and Oska (3).

e. Losses were determined in accordance with SCS methods for
determining runoff using a curve number of 97 for antecedent moisture
condition III and a curve number of 91 for antecedent moisture condition
II. Approximately 68% of the drainage area was hydrologic soil group C;
24% of the drainage area was hydrologic soil Group D; and 8% of the
drainage area was hydrologic soil group B. The land uses in the water-
shed were projected to be 70% urban, 20% cropland, and 10% grassland (2
and 4).

2. Primary spillway release rates were based on the minimum of the
discharge calculated for flow into the drop inlet using the weir equa-
tion and the discharge calculated for flow through the pipe using the
orifice equation.

Weir equation:

Q = C [27r R o

where: s 0

C ranges from 1.0 to 3.7 = weir coefficient for
0 drop-inlet spillways
R = 1.5 feet = radius of the drop inlet
Hs = head above the crest of the weir (5)

0
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Orifice equation:

Q = Caj2gHj
1/2

where:
C = 0.45 = coefficient of discharge
a = 3.14 sq. ft. = net area of the orifice in

square feet
g = gravitational acceleration
H = difference between the energy gradient elevation

upstream and the tailwater elevation downstream (6)

Discharge rates for the emergency spillway and over the top of the dam
were determined by HEC-l (1) given data describing the embankment crest.
Discharge through the emergency spillway for the probable maximum flood
and 50 percent of the probable maximum flood was determined by the unlevel
weir equation:

2Cb 2.5 2.5
- (hb-h a )  a

where:
C = 2.60 = weir coefficient
b = the length of flow normal to the weir in feet
hb = the head on the low end of the weir in feet
h a= the head on the high end of the weir in feet (7)a

Discharge rates through the U.S. 71 highway embankment were deter-
mined by nomographs for box culverts with inlet and outlet control. (8)

3. The relationship between elevation and storage volume for the
reservoir was determined from a contour map of the reservoir area. A
planimeter measurement was made of the area enclosed by each contour
line. The storage below the principal spillway was computed by multi-
plying the average of the areas at the embankment toe and the lake
surface by the elevation difference. The storage above this level was
computed by HEC-l (1) given area-elevation data.

4. Floods were routed through the spillway using HEC-l, modified Puls
to determine the capability of the spillway.

(1) U.S. Army Corps of Engineers, Hydrologic Engineering Center, Flood
Hydrograph Package (HEC-1), Dam Safety Version, July 1978, Davis,
California.

(2) U.S. Department of Agriculture, Soil Conservation Service, National
Engineering Handbook, Section 4, Hydrology, August 1972.
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(3) U.S. Department of Agriculture, Soil Conservation Service, Prelimi-
nary Soils Report for Cass County, Missouri.

(4) U.S. Department of Agriculture, Soil Conservation Service, Technical
Release No. 55, Urban Hydrology for Small Watersheds, January,
1975.

(5) U.S. Department of the Interior, Bureau of Reclamation,
Design of Small Dams, 1974, Washington, D.C.

(6) Horace W. King and Ernest F. Brater, Handbook of Hydraulics, Sixth
Edition, McGraw Hill Book Company, 1976.

(7) U.S. Department of the Interior, Geological Survey, Techniques of
Water-Resources Investigations, Book 3, Chapter A5, Measurement of

Peak Discharge at Dams by Indirect Methods, by Harry Hulsing, 1967.

(8) U.S. Department of Commerce, Bureau of Public Roads, Hydraulic
Engineering Circular No. 5, Hydraulic Charts for the Selection of
Highway Culverts, December, 1965.

(9) U.S. Departmenet of Agriculture, Soil Conservation Service, Soil
Survey Interpretations and Field Maps, 1980.

(10) Mary H. McCracken, Missouri Division of Geological Survey, Geologic
Map of Missouri, 1961.
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