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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Great Midwest Lake Dam
State Located Missouri

County Located Clay County

Stream Tributary to Shoal Creek
Dats of Inspection 13 May 1980

Great Midwest Lake Dam was inspected by a team of engineers, from
Black & Veatch, €ofisulting Engineers—for the St. Louis District, Corps
of Engineers 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.

The guidelines used in the assessgﬂ&t 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
engineering organizations, and private engineers. Based on these guide-
lines, this dam is classified as a small size dam with a high downstream
hazard potential. According to the St. Louis District, Corps of Engi~-
neers, failure would threaten lives and property. The estimated damage
zone extends approximately one mile downstream of the dam. Within the
estimated damage zone and immediately downstream of Great Midwest Dam is
lake and dam, MO. I.D. No. 10583. Below dam MO 10583 are 15 homes and
one building. Contents of the estimated downstream damage zone were
ve:ified by the inspection team.

Y Our inspection and evaluation indicates the spillway does meet the
criteria set forth in the guidelines for a dam having the above size and
hazard potential. The spillway will pass both the probable maximum
flood and the one percent probability flood (100-year flood) without
overtopping. The spillway design flood recommended by the guidelines is
50 to 100 percent of the probable maximum flood. Considering the small
volume of water impounded behind the dam, the presence of a lake below
the dam with at least 350 acre-feet of storage capacity, and the hazard
zone, the spillway design flood should be 50 percent of the probable
maximum flood. The probable maximum flood is defined as the flood
discharge which may be expected from the most severe combination of
critical meteorologic and hydrologic conditions which are reasonably
possible in the region.
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Based on visual observations, this dam appears to be in good condi-
tion, however, tke embankment slopes are steeper than desirable based on
standard design practices. Deficiencies visually observed by the inspec-
tion team were small trees and brush on the upstream slope of the dam,
two small trees on the downstream slope of the dam, and the partially
blocked outlet pipes at the downstream end of the spillway. Seepage and
stability analyses required by the guidelines were 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.
‘ZE!/Q %W
Paul R. Z , PE

Illinois -29261

N

Edwin R. Burton, PE
Miss:yri E~-10137

Lo, el

Harry/A. 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
Great Midwest 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 inspectiomn, 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 a paved road on the crest.
It is located in the valley of a tributary of Shoal Creek (Plate 1).
The watershed area is hilly consisting entirely of grassland. The dam
is approximately 350 feet long along the crest and is 26 feet high. The
dam crest is 15 feet wide. The downstream face of the dam slopes
uniformly from the crest to a fill area downstream of the embankment
toe. A reservoir and dam, MO. I.D. No. 10583, are located below the
subject dam. This lower reservoir receives no inflow from the subject
reservoir unless overtopping occurs.

(2) The principal spillway from the lake is an uncontrolled trape-
zoidal grass-lined channel. Three culverts are located approximately
100 feet downstream of the spillway crest in the channel (Plate 5). The
upstream ends of the outlet pipes are 36-inch diameter corrugated metal
pipes. The downstream ends of the outlet pipes are 24-inch diameter
concrete pipes. Spillway discharge from the subject reservoir are
diverted to a channel which discharges tc an area outside of the lower
reservoir basin.
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(3) Pertinent physical data are given in paragraph 1.3.

b. Location. The dam is located in southern Clay 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
Liberty, Missouri in Section 2 of T50N, R32W.

¢. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines refer-
enced in paragraph l.1lc 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 Great Midwest
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,
agricultural, industrial and commercial facilities, and to important
public utilities, main highways, or railroads. For the Great Midwest
Lake Dam the estimated flood damage zone extends approximately one mile
downstream of the dam. Within the estimated damage zone and immediately
downstream of Great Midwest Dam is lake and dam MO. I.D. No. 10583.
Below dam MO. 10583 are fifteen homes and one building. Contents of the
estimated downstream damage zone were verified by the inspection team.

e. Ownership. The dam is owned by the Great Midwest Corporation,
8300 N.E. Underground Drive, Kansas City, Missouri, Telephone 816-455-
2500.

f. Purpose of Dam. The dam forms a 4-acre lake used for livestock
water supply.

g. Design and Construction History. Design‘and construction data
were not available.

h. Normal Operating Procedure. The reservoir water surface eleva-~
tion is controlled primarily by rainfall, runoff, evaporation, transpira-
tion, and livestock water supply. It was apparent at the time of the
inspection that the normal operating pool is consistently below the
spillway crest.

1.3 PERTINENT DATA

a. Drainage Area - 32 acres

b. Discharge at Damsite.

(1) Normal discharge at the damsite is through an uncontrolled
grass spillway.

ey e -

P SR s ot
U RIARIr 5 SRR LN S
-l

T ) .

|




en
H

 _~

(2) Estimated experienced maximum flood at damsite - Unknown.

1 (3) Estimated ungated spillway capacity at maximum pool elevation

"116 cfs (50 Percent Probable Maximum Flood Pool El. 838.4 ft. m.s.l.

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

(1) Top of dam - 840.1 (see Plate 3)
(2) Principal spillway crest - 835.8
(3) Streambed at toe of dam - 814.4
(4) Maximum tailwater - Unknown.

d. Reservoir.

(1) Length of maximum pool - 1,900 feet + (50 Percent probable
maximum flood pool level)

(2) Length of pool at principal spillway crest - 880 feet +
(3) Length of normal pool - 650 feet + (Lake level at time of
inspection

= 825.7)

e. Storage (Acre~feet).

(1) Top of dam - 94

(2) Principal spillway crest - 65

(3) Normal pool (Elevation 825.7) - 12
(4) Design surcharge - Not available.

f. Reservoir Surface (Acres).

(1) Top of dam - 7.3
(2) Principal spillway crest - 6.4

(3) Normal pool (Elevation 825.7) - 3.4

).
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g. Dam.
. (1) Type - Earth embankment
(2) Length - 350 feet
(3) Height - 26 feet +
(4) ’Top width - 15 feet
(5) Side slopes - upstream face 1.0 V on 1.8 H, downstream face

between 1.
()
N
(8)
(9)

OVon2.0H and 1.0 Von 2.4 H (see Plate &)
Zoning - Unknown.

Impervious core - Unknown.

Cutoff - Unknown.

Grout curtain - Unknown.

h. Diversion and Regulating Tunnel - None.

i.

(1)

rock.
(2)
(3)
(4)

debris.

(S)

through three culverts into a channel which diverts flow away from the
lower reservoir, but discharges to the natural streambed below the lower

reservoir.

Principal Spillway.

Type - A natural, open channel consisting of grass and broken

Crest elevation ~ 835.8 feet m.s.l.

Gates - None.

Upstream channel - The upstream channel is clear of trees and

Downstream channel - Discharge over the spillway crest flows

j. Emergency Spillway - None.

Regulating Outlets -~ None.

¢ weme e —een
- )

LR
cie L e




—— -y~

SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Design data were unavailable.
2.2 CONSTRUCTION

Construction records were unavailable.
2.3 OPERATION

Records of operation or of past floods were not available.
2.4 GEOLOGY

The site of the dam and reservoir is located in a shallow valley on
rolling terrain in the bluffs north of the Missouri River. The dam
impounds a very small, intermittent, headwater tributary of Shoal Creek,
a tributary of the Missouri River.

The soil in the area of the dam and reservoir consists of the Knox
soil series. The Knox is a deep, well~-drained soil formed in thick loess
on strongly dissected hills and bluffs. Bedrock is deeper than five feet
and the soils are classified for engineering purposes as low-plastic,
silty clay or clayey silt (CL-ML) and low~plastic, silty clay (CL).

The bedrock of the area consists of the Wyandotte formation of the
Kansas City Group. The Wyandotte is composed of five members. These
are, from the base upwards, the Frisbie, Quindaro, Argentine, Island
Creek and Farley members. The Frisbie, Argentine and Farley members are
composed of limestone and are separated by the Quindaro calcarous shale
and the Island Creek shale, respectively.

2.5 EVALUATION
a. Availability. Engineering data were unavailable.

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.




SECTION 3 -~ VISUAL INSPECTION
3.1 FINDINGS

a. General. A visual inspection of Great Midwest Lake Dam was
made on 13 May 1980. The inspection team consisted of Ed Burton,
hydrologist-hydraulic engineer and team leader; Paul Zaman, geotechnical
engineer; Bob Pinker, geologist; Russell Burnham, structural engineer;
and Alan Reif, structural engineer. The dam appeared to be in good
condition, however, the embankment slopes are steeper than would be
normally considered based on standard design practices. Specific
observations 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 crest of the dam is paved. The upstream slope has riprap
slope protection. There are small trees and brush oo the upstream
slope, but the riprap is in good condition. The downstream slope has a
well-established grass cover and is grazed. There are two small trees
on the downstream slope. An area of fill material at the downstream
embankment toe separates the embankment from the lower lake. The lower
lake level was considerably below the principal spillway drop inlet
crest due to a rupture at the base of the drop inlet pipe. No cracks,
sloughing, animal burrows, slides, nor seepage areas were observed on
the embankment. There are no toe drains or relief wells. There is no
evidence to indicate that the embankment has been overtopped.

c. Appurtenant Structures. The inspection team observed the
following items pertaining to appurtenant structures. The principal
spillway consists of a trapezoidal grass-lined channel. There is riprap
protection on the bottom and side slopes of the spillway. No erosion
was noticed. Three culverts are located approximately 100 feet down-~
stream of the spillway crest in the spillway discharge channel. The
upstream ends of the outlet pipes are 36-inch diameter corrugated metal
pipes secured by a concrete headwall. The downstream ends of the outlet
pipes are 24-inch diameter concrete pipes secured by a concrete head-
wall. The outlet pipes are partially blocked - left 70 percent, middle
25 percent, and right 50 percent. Blockage may be attributed to deposi-
tion from runoff and erosion along the west side of the paved lane '
leading north. The culverts discharge into a road ditch that leads to a
natural streambed. Discharge from the spillway discharge channel does
not contribute to the inflow to the lower reservoir. A pump house is
located near the downstream toe of the embankment, but is not consdered
appurtenant to the dam. Inlet location and other pertinent irnformation
to the pump house are unknown.
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d. Geology. The soil in the area of the dam and reservoir is
formed in loess and consists of clayey silt of low plasticity (ML). The
spillway is constructed in this soil.

No outcrops of rocks were observed in the area of the dam and
reservoir. The general depth to rock is anticipated to be thirty to
forty feet. Numerous mines have been constructed in the Argentine
limestone members of the Wyandotte formation which occurs at approxi-
mately elevation 800-850 at the base of the bluff. The extent of these
mines is not known. They are currently used for storage and office
space.

Samples of the embankment were obtained using an Oakfield soil
sampler. The near-surface material in the embankment consists of a dry,
low-plastic, clayey silt which is classified for engineering purposes as
(ML). The samples were classified in accordace with ASTM D 2488-69.
Based on these samples, it is anticipated the embankment consists of
clayey silt of low plasticity.

The abutments and foundation for the embankment are anticipated to
be clayey silt. These interpretations are based on visual observations
and published data.

e. Reservoir Area. No erosion, animal burrows, cracks, sloughing,
or slides were observed on the slopes of the reservoir area. A minor
amount of lake siltation was observed.

f. Downstream Channel. The channel downstream of the principal
spillway outlet culverts diverts flow away from the lower reservoir.
The channel then discharges to the natural streambed downstream of the
lower reservoir.

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 growth of small trees and brush on
the dam is not presently a problem; however, if allowed to go unchecked,
it could cause deterioration of the embankment. The roots of trees can
loosen the embankment material and leave voids through which water can
pass. The brush growth can provide a habitat for burrowing animals
which can damage the embankment. The partial blockage of the outlet
culverts in the spillway discharge channel may impede flow through the
spillway at large discharges.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool is controlled by rainfall, runoff, evaporation, transpira-
tion, and for livestock water supply.

4.2 MAINTENANCE OF DAM

The existing maintenance program is negligible. Cattle graze the
downstream slope of the dam and the spillway, thereby keeping grass and
vegetation short.
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 maintenance program should be expanded to include keeping brush
and small tree growth to a minimum on the embankment.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Design data pertaining to hydrology and hydraulics
were unavailable.

b. Experience Data. The drainage area and lake surface area are
developed from USGS Liberty, Missouri Quadrangle Map. The dam layout is
from a survey made during the inspection. An inspection of the embank-
ment dam, Mo. I.D. No. 10583, immediately downstream of the subject
embankment was performed in September 1978 by Hoskins-Western-Sonderegger,
Inc., Lincoln, Jdebraska. A cursory analysis of the hydrology and
hydraulics of the subject structure was performed. This analysis
indicated that no overtopping would occur when the reservoir was sub-
jected to a probable maximum flood.

c. Visual Observations.

The spillway appears to be in good condition. The lake level
at the time of the inspection (E1.825.7) was below the crest level of
the spillway by approximately 10 feet. The spillway discharges through
three partially blocked culverts into a road ditch that leads to a
streambed other than the original streambed. There was no evidence of
erosion at the time of the inspection. Spillway discharges do not
endanger the integrity of the dam.

d. Overtopping Potential. Based on the hydrologic and hydraulic
analyses outlined in Appendix A, the spillway will 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. According to the recommended
guidelines from the Department of the Army, Office of the Chief of Engi-
neers, a high hazard dam of small size should pass 50 to 100 percent of
the probable maximum flood. Considering the small volume of water
impounded behind the dam, the presence of a lake below the dam with at
least 350 acre-feet of storage, and the hazard zone, the spillway design
flood should be 50 percent of the probable maximum flood. The peak
discharge from the probable maximum flood is 291 cfs. The maximum
depth of water over the principal spillway crest from the probable
maximum flood is 3.9 feet. This depth leaves 2 .reeboard on the embank-
ment of approximately 0.4 feet.

According to the St. Louis District, Corps of Engineers, the effect
from rupture of the dam could extend approximately one mile downstream
of the dam. Within the estipnated damage zone and immediately downstream
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of Great Midwest Dam is lake and dam, MO. I.D. No. 10583. Below dam MO.

10583 are 15 homes and one building.

Contents of the estimated down-

stream damage zone were verified by the inspection team.
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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. 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.

¢. Operating Records. No operational records exist.

d. Postconstruction Changes. It is not known whether amy post~
construction changes have been made.

e. Seismic Stability. The dam is located ip Seismic Zone 1 which
is considered a zone of minor seismic risk. A properly designed and
constructed earth dam using sound engineering principles and conservation

should pose no serious stability problems during earthquakes in this
zone.

The seismic stability of an earth dam is dependent upon a number of
factors: embankment and foundation material classifications 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 embankment
were not available and therefore no inferences will be made regarding
the seismic stability. An assessment of the seismic stability should be
included as part of the stability analysis required by the guidelines.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. One condition observed during the visual inspection by
the inspection team should be monitored and/or controlled. This is the
growth of brush and trees on 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. Adeguacy of Information. Due to the inadequacy of engineering
design data, the conclusions in this report were based only on perfor-
mance history and visual conditions. The inspection team considers that
these data are sufficient to support the conclusions herein. Seepage
and stability amalyses 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 accomplished
in the near future.

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 investiga-
tion. However, the additional analyses noted in paragraph 2.5b 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 was 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. No measures other than maintenance are recom-
mended.

b. Operation and Maintenance Procedures. The following operation
and maintenance procedures are recommended and should be implemented
under the direction of a professional engineer experienced in the design,
construction, and maintenance of earth dams.
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@D An improved maintenance program to remove and control the
growth of brush and trees on the embankment should be developed.

(2) It is recommended that the spillway outlet pipes be cleaned
for more efficient discharge, should the reservoir level reach the
spillway crest.

(3} Seepage and stability analyses should be performed.

(4) 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.

13

e s oY

vy ————— A

A

AAAA__.J.MA_;‘L_;T?* 1




GREAT
MIDWEST
LAKE DAM

VICINITY MAP
SCALE LES

e —— s— m—— |
100 [ 100 200

561 (50

() 291/

\
GREAT MIDWEST

LAKE DAM
LOCATION MAP

SCALE IN MILES

,5
|

- s——————— Sa——
\\ ; E | z z >
PLATE |
X :14.7..', o F '
e e A_;ﬁi‘zﬁj“fﬁ{a.:.‘hﬂ.- 7 A o

Fasrr .




e s

v

Harey S Truman
Endge

N

ARLINGTON
« e o

GREAT MIDWEST LAKE

VROOMAN. .. 1« ‘.. DR
73¢ e RN i

VICINITY TOPOGRAPHY

| === . — s—
‘ 2000 1000 0 2000 4000

SCALE IN FEET
L 1

A,'t

PLATE 2

£t -




' t
1334 NI 37VOS V

002 ool o ool o
. NYd VI 8IMOT P N
N WVa 3xv p..lh
LSIAMAIN  1V3H9 Mn_
Q. y
9260 13 <
9°0v8 13 5
_ £2€8° 13 00+i €ov8 13 yovre - 13 Wva mol3s T4 m
00+0 ﬂwﬁ
\ 1190 " 13 2

S3did 1371N0
343¥INOD P 2 -€

00+S
§3did 1371Nn0

|

'

“

|
2 ¥ve 13 A
0+ :

|

1

|

_

7331S QILVONHYHOD & £ -€
INVY LSIMOIN IVIUD  gyoguaony @
NOILVAZ13 /
NOILVLS
\~ W
y . |
g 24 S’ .
’ ! ' '
\ Bt NSNS P ol ) w
R P .

'



-~

NOILO3S SSOHD KWva
ANV LSIMAIN L1V3HHO

¥ w8 "3

9618 "13 00+¥ NOILVLS YVIN

NINVL NOILD3IS nnOcu”w...oz

9 "€z 13

/

PLATE 4

L' €O 13 __
'cN /
L6813 1'6€8 3
-5 }

Y 0z 81 2 8 @ 2 sz
4620 ‘13 NOILI3IdSNI 40
JNIL 1V T13A3T 3INYT LSIMOIN 1V3IYS

ot

£
- -‘;.\;% U
;e T
NP

WA o
TR 5o s

- -
dd

X Rz
A

oY w
¢

JFTS
+ B sat
73

R,

T




37404d AVMTdS
Wva 3NV
LSIAMAIN LVIHO

@ "0£9 13 LUIANI

S3dWd  137UNO

343H80N0) B 2°€

9 "1€8 "3 LY3ANI
S3did 13WNO0 T334S
034VYON¥Y¥0D g ¢

8'sce 13

— 3Jviuns
39ane

€6t "3

€

1
]

001

se

INIL

402

4°628 ‘13 NOILO3dSNI 40
AV 13A37 INVYT LSIMOIN  1VIHD

i

PLATE 5

PR —) Y e e

S




NOILIO3IS SSOYI AVMITIAS
WVa IV
LS3IMAIN LV3IHO
WVIYLISNMOG BNDIOOT
8BS+ NOILVIS HV3N
NINVL NOLLIIS SSOMO
310N
» 0ve°13 \
_T m.vno...w\ 9'9¢8 Ju¥
0'6§8 "3
2'sv8°13
8 0 . 91
Cemet ~

PLATE 6

Gt e e ——— % Yty

¥
g

I e, Y5

PN s

SRR . SR
e




43334 NI 37vOS
00! 0 ool
- |

= = =i

X3AaN! OLOHd
WVa INv
1SIMAIN  LV3IHO

ERA D HIMOT

— | , .l@
@L h.lx.i@

+

—_—
- - —_—

INVY LSIMOIN LVIYO

ONINO8 uveny &

NOILO3YIO @ UIBNNN OLOHd @l.

aN3931

PLATE 7

-—— - — gy m e = e s

1

[ T



h PN

———————— T~

PHOTO 1:
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PHOTO 5:

PHOTO 6:

DOWNSTREAM SLOPE OF DAM

FILL AREA BELOW DAM
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PHOTO 7: SPILLWAY CHANNEL LOOKING DOWNSTREAM
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PHOTO 8: SPILLWAY CHANNEL LOOKING UPSTREAM
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PHOTO 9:

PHOTO 10:

SPILLWAY

SPILLWAY

CULVERTS, INLET END

CULVERTS, OUTLET END
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PHOTO 11: LOWER LAKE i
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PHOTO 12: SAMPLE OF EMBANKMENT MATERIAL
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HYDROLOGIC AND HYDRAULIC ANALYSES

To determine the overtopping potential, flood routings were per-
formed by applying the Probable Maximum Precipitation (PMP) to a synthe-
tic unit hydrograph to develop the inflow hydrograph. The inflow hydro-
graph was then routed through the reservoir and spillway. The over-
topping analysis was determined using the computer program HEC-1 (Dam
Safety Version) (1).

The PMP was determined from regional charts prepared by the National
Weather Service in "Hydrometeorological Report No. 33" (HMR-33). Reduc-
tion factors were not applied. The rainfall distribution for the 24-hour
PMP storm was determined according to the procedures outlined in HMR-33
and EM 1110-2-1411. The Kansas City, Missouri rainfall distribution (5
min. interval - 24 hours duration), as provided by the St. Louis District,
Corp of Engineers, was used when the one percent chance probability
flood was routed through the reservoir and spillway.

The synthetic unit hydrograph for the watershed was developed by
th= computer program using the Soil Converation Service (SCS) method.
The parameters for the unit hydrograph are shown in Table 1.

The SCS curve number (CN) method was used in computing the infiltra-
tion losses for rainfall-runoff relationship. The CN values used, and
the result from the computer output, are shown in Table 2.

The reservoir routing was performed using the Modified Puls Method.

The initial reservoir pool elevation for the routing of each storm was
determined to be equivalent to the crest elevation of the primcipal
spillway at elevation 835.8 feet m.s.l. in accordance with antecedent
storm conditions preceding the one percent probability and probable
maximum storms outlined by the U.S. Army Corps of Engineers, St. Louis
District (5). The hydraulic capacity of the spillway and the storage
capacity of the reserveoir were defined by the elevation, surface area,
storage, and discharge relationships shown in Table 3.

The rating curve for the spillway is shown in Table 4. The flow
over the crest of the dam and spillway was determined using the non-~level
dam crest option (SL and $V cards) of the HEC-1 program. The program
assumes critical flow over a broad-crested weir with no effect resulting
from the partially blocked culvert pipe at the lower end of the spillway
channel.

The result of the routing analyses indicates that 100 percent of
the PMF will not overtop the dam.
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A summary of the routing analysis for different ratios of the PMF
is shown in Table 5.

The computer input data and a summary of the output data are pre-
sented at the back of this appendix.
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TABLE 1
{ SYNTHETIC UNIT HYDROGRAPH
Parameters:
Drainage Area (A) 91 acres
Length of Watercourse (L) 0.152 miles
Difference in Elevation (H) 59 feet

Wave Velocity (V)
Length of Reservoir (Lw)
Time of concentration (Tc)
Lag Time (Lg)
Duration (D)
Time (Min.) *
(o]
5
10
15
20
25

* From HEC-1 computer output

FORMULAS USED:

17.7 ft/sec.
650 feet

0.061 hours
0.043 hours

0.48 min. (use 5 min.)

Discharge (cfs) *

0
271
80
16
3

0

I I

(11.9 L3) 0.385

TC = B + V/Lw (2 and 4)
D = 0.133 TC
L =0.6T
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| TABLE 2

RAINFALL-RUNOFF VALUES

Selected Storm Storm Duration Rainfall Runoff Loss
Event (Hours) (Iaches) (Inches) (Inches)
PMP 24 32.17 30.00 2.17
Additional Data:
1) The soil association in this watershed is Knox (3).
100 percent of drainage area in hydrologic soil group B.
100 percent of the land use was grassland (4).
2) SCS Runoff Curve CN = 84 (AMC III) for the PMF.
3) SCS Runoff Curve CN = 69 (AMC II) for the one percent
probability flood.
TABLE 3
ELEVATION, SURFACE AREA, STORAGE, AND DISCHARGE RELATIONSHIPS
Elevation Lake Surface Lake Storage Spillway
(feet-MSL) Area (acres) (acre-ft) Discharge (cfs)
H
*835.8 6.4 65 (]
*%840.1 7.3 94 364

*Spillway crest elevation
**Top of dam elevation

The relationships in Table 3 were developed from the Liberty, Missouri.

7.5 minute quadrangle map and the field measurements.
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TABLE 4

SPILLWAY RATING CURVE

Reservoir
Elevation (ft)

835.
836.
3 837.
838.
839.
*840.

‘T.""
HOOOO ™

*Top of Dam Elevation

METHOD USED:

data input on S$L and $V cards.
the spillway discharge:

d
c

A

2/3 (Hm + 1/4 AY)
1/2 T (2dc - AY)

Q= aym??
where:

d = critical depth (feet)

=
a
0

(5

0 O - P> <
nauwnwn

flow area (sq. ft.)
top width (feet)
flow (cfs)

Spillway
Discharge (cfs)

0

1
16
77
206
364

Spillway releases were computed by HEC-1 from spillway geometry
The following equations calculate

available specific energy which is taken
to be the height of the water surface in the
reservoir above the bottom of the section (feet)
change in elevation across the section (feet)

32.2 ft/sec” = acceleration due to gravity.
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TABLE 5

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth
of Inflow Elevation Storage Outflow (ft.)
PMF (CFS) (ft.-MSL) (AC.-FT.) (CFSs) Over Top
of Dam
- 0 *835.8 65 0 -
0.50 429 838.4 82 116 -
1.00 857 839.7 91 291 -

The PMF does not reach the top of the dam.

*Spillway crest elevation
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(1)

(2)

3

(4)

(5)

(6)

(7)

- et = e gy~ - e

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

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

U.S. Department of Agriculture, Soil Conservation Service, Pre-
liminary Soils Report for Clay County, Missouri.

U.S. Department of Agriculture, Soil Conservation Service, Natjonal
Engineering Handbook, Section 4, Hydrology, August 1972.

U.S. Army Corps of Engineers, St. Louis District, Hydrologic/
Hydraulic Standards, Phase I Safety Inspection of Non-Federal Dams,
12 December 1979.

U.S. Department of Agriculture, Soil Conservation Service, Soil
Survey Interpretations and Field Maps, 1980.

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