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This report presents the results of field inspection and
evaluation of the William Hayes Lake Dam (MO 31052).

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

This dam has been classified as unsafe, non-emergency by the
St. Louis District as a result of the application of the

following criteria:

1) Spillway will not pass 50 percent of the Probable Maxi-

mum Flood
2) Overtopping could result in dam failure
3) Dam failure significantly increases the hazard to loss

of life downstream
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: William Hayes Lake Dam

State Located: Missouri

County Located: Benton County

Stream: Tributary to Lake of the Ozarks
Date of Inspection: 6 September 1979

William Hayes Lake Dam was inspected by an interdisci-
plinary team of engineers from Anderson Engineering, Inc. of
Springfield, Missouri and Hanson Engineers, Inc. of Spring-
field, Illinois. The purpose of the inspection was to make
an assessment of the general condition of the dam with re-
spect to safety, based upon available data and visual in-
spection, in order to determine if the dam poses hazards to
human life or property.

The guidelines used in the assessment were furnished
by the Department of the Army, Office of the Chief of Engi-
neers, and they have been developed with the help of several
Federal and State agencies, professional engineering organi-
zations, and private engineers. Based on these guidelines,
the St. Louls District, Corps of Engineers has determined
that this dam is in the high hazard potential classifica-
tion, which means that loss of life and appreciable property
loss could occur if the dam fails. The estimated damage
zone extends approximately one half mile downstream of the
dam. Located within this zone are several dwellings. The
dam is in the small size classification, since it is greater
than 25 ft. high but less than 40 ft. high, and the maximum
storage capacity is greater than 50 acre-ft. but less than
1000 acre-ft.

Our inspection and evaluation indicates that the com-
bined spillways do not meet the criteria set forth in the
guidelines for a dam having the above size and hazard poten-
tial. The combined spillways will pass 25 percent of the
Probable Maximum Flood without overtopping. The Probable
Maximum Flood is defined as the flood discharge that may be
expected from the most severe combination of critical meteo-
rologic and hydrologic conditions that are reasonably pos-
sible 1in the region. The guidelines require that a dam of




small size with a high downstream hazard potential pass 50
! to 100 percent of the PMF. Considering the small volume of
! water impounded, and the height of the dam, 50 percent of
: the PMF has been determined to be the appropriate spillway
design flood. The 100-year frequency flood will not overtop
the dam. The 100-year flood is one that has a 1 percent
chance of being equalled or exceeded in any given year.

Deficiencies visually observed by the inspection team
were: (1) lack of wave protection along the entire front
face of dam; (2) heavy weed growth on front face of dam; (3)
weeds and concrete block around primary spillway inlet; (4)
erosion at east embankment-abutment contact; (5) seepage ar-
eas at downstream toe beyond primary spillway outlet; and
(6) small amount of water coming out of primary spillway
outlet even though there was no flow over the spillway
crest. Another deficiency was the lack of seepage and sta-
bility analysis records.

It is recommended that the owners take the necessary
action in the near future to correct the deficliencies re-
ported herein. A detailed discussion of these deficiencies
is included in the following report.
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Steven L. Brady, P.L.
Anderson Engineering, Incs
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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 St. Louils District, Corps of Engineers, District Engi-
neer directed that a safety inspection be made of William
Hayes Lake Dam in Benton County, Missouri.

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 a visual inspection in order
to determine if the dam poses hazards to human life or prop-
erty.

C. Evaluation Criteria:

Criteria used to evaluate the dam were furnished by the
Department of the Army, Office of the Chief Engineers, "Rec-
ommended Guidelines for Safety Inspection of Dams, Appendix
D." These guidelines were developed with the help of several
federal agencies and many state agencies, professional engi-
neering organizations, and private engineers.

1.2 DESCRIPTION OF PROJECT:

A. Description of Dam and Appurtenances:

William Hayes Lake Dam is an earth fill structure ap-
proximately 32 ft. high and 360 ft. long at the crest. The
appurtenant works consist of an 18 in. diameter primary
spillway pipe with 30 in., diameter riser pipe, a four in.
diameter drawdown pipe with a four in. gate valve connection
to a two in. diameter gate valve and an emergency spillway
cut into natural ground in the east abutment. Sheet 3 of
Appendix A shows a plan, profile and typical section c¢f the
embankment.
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B. Location:

The dam is located in the central part of Benton Coun-
ty, Missouri on a tributary of Lake of the Ozarks. The dam
and lake are within the Edwards , Missouri 7.5 minute quad-
rangle sheet (Section 14, T40N, R21W - latitude 38 14.9';
longitude 93 14.3'). Sheet 2 of Appendix A shows the gener-
al vicinity.

C. Size Classification:

With an embankment height of 32 ft. and a maximum stor-
age capacity of approximately 80 acre-ft., the dam is in the
small size category.

? D. Hazard Classification:

| The St. Llouis District, Corps of Engineers has classi-
fied this dam as a high hazard dam. The estimated damage
zone extends approximately one half mile downstream of the
dam. Located within the damage zone are several dwellings.

E. Ownership:

The dam is owned by Mr. and Mrs. William Hayes. The
owners' address 1is Warsaw, Missouri 65355. (Telephone num-
ber is 816-438-6367)

F. Purpose of the Dam:

The dam was constructed primarily for recreational pur-
poses.

G. Design and Construction History:

The dam was designed by the United States Department of

v Agriculture, Soil Conservation Service. Design plans and
notes were obtained from the SCS office in Warsaw, Missouri,
and are included in Appendix A. The dam was constructed
over a two year period by Mr. Hayes and completed in 1975.
During the construction period Mr. Dan Philbrock of the SCS
office in Warsaw supervised the construction of the dam. A
trench 15 to 20 ft. deep was excavated to solid bedrock.
Borings were taken along the length of the core to check for
rock ledges. A layer of bentonite was placed in the bottom
of the trench after the remaining soil material was swept
off the bedrock. The material for the cutoff trench was ob-
tained from the lake area. Bedrock was exposed during exca-




vation in the lake area. Material was spread over the ex-
posed area and compacted. After the filling and compaction
operation reached an elevation above the proposed top of
spillway pipe, a trench was cut across the crest and down
the embankment and the spillway pipe was then placed in the
trench. The material surrounding the pipe was then hand
tamped. Three anti-seep collars were installed on the 18
in. spillway pipe. Drainage into the lake area during the
construction of the dam was removed via the four in. drain
pipe. After the lake began filling, a two in. gate valve
was connected about two ft. downstream from the four in.
gate valve due to leakage through the four in. valve. A two
in. diameter pipe extends the outlet for the drawdown system
about 20 ft. downstream of the embankment toe.

All of the information listed above was furnished by
Mr. William Hayes, the owner of the dam.

H. Normal Operative Procedures:

Normal flows are to be passed by an uncontrolled 30 in.
CMP drop inlet through an 18 in. CMP outlet near the center
of the dam. Excess flows are passed by the emergency spill-
way in the east abutment. Mr. Hayes stated that the maximum
pool elevation was about one foot above the primary spillway
inlet.

1.3 PERTINENT DATA:

Pertinent data about the dam, appurtenant works, and
reservoir are presented in the following paragraphs. Sheet
3 of Appendix A presents a plan, profile and typical section
of the embankment.

A. Drainage Area:

The drainage area for this dam, as obtained from the
U.S.G.S. quad sheet, 1s approximately 92 acres.

B. Discharge at Dam Site:

(1) All discharge at the dam site is through uncontrolled
spillways. Rating curves were developed assuming a
combination of Weir and pipe flow for the primary
spillway and critical flow for the emergency spillway
section.

(2) Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam - El. 734.1 ft., MSL): 100 cfs
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| (3) Estimated Capacity of Primary Spillway: 23 cfs

(4) Estimated Experienced Maximum Flood at Dam Site:
Elevation 730.5 , 17 cfs

{(5) Diversion Tunnel Low Pool Outlet at Pool Elevation:
Not Applicable

(6) Diversion Tunnel Outlet at Pool Elevation: Not Appli-
cable

(7) Gated Spillway Capacity at Pool Elevation: Not Appli-
cable

(8) Gated Spillway Capacity at Maximum Pool Elevation: Not
Applicable

cC. Elevations:

(All elevations are consistent with an estimated
MSL elevation of 730.0 for the top edge of the 36
in. drop inlet.)

(1) Top of Dam: Low Point: 734.1 , High Point: 734.5

(2) Principal Spillway Crest: 730.0

(3) Emergency Spillway Crest: 732.4

{4) Principal Outlet Pipe Invert: 705.7
(5) Streambed at Centerline of Dam: 702.7

(6) Pool on Date of Inspection: 729.1 (0.9 ft. below
normal pool)

(7) Apparent High Water Mark: 730.5

{(8) Maximum Tailwater: Unknown
(9) Upstream Portal Invert Diversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel: Not Appli-
cable

D. Reservoir Lengths:

(1) At Top of Dam: 1080 ft.




{2) At Principal Spillway Crest: 1000 ft,.
(3) At Emergency Spillway Crest: 1050 ft.

E. Storage Capacities:

(1) At Principal Spillway Crest: 54 Acre-ft.

(2) At Top of Dam: 80 Acre-ft.

(3) At Emergency Spillway Crest: 69 Acre-~ft.

F. Reservoir Surface Areas:

{1) At Principal Spillway Crest: 5.9 Acres

(2) At Top of Dam: 7.3 Acres

(3) At Emergency Spillway Crest: 6.7 Acres

G. Dam:

(2) Length at Crest: 360 ft.

. (1) Type: Earth
(3) Height: 32 ft.

(4) Top Width: 12 ft.

(5) Side Slopes: Upstream slope to water edge is 2.46H:1V;
Downstream Varies from 2.6BH:IV & 3.31H:IV. (See Sheet
3, Appendix A).

{6) Zonling: Homogeneous

(7) Impervious Core: None

(8) Cutoff: According to Mr. William Hayes a trench 15 to
20 ft. deep was cut down to bedrock. The trench was
filled with compacted clay after placing a layer of
bentonite on the bedrock surface.

(9) Grout Curtain: None

H. Diversion and Regulating Tunnel:

(1) Type: Not Applicable




(2)
(3)
(4)
(5)

(1)
(2)

I |

(1)
(2)

Length: Not Applicable

Closure: Not Applicable

Access: Not Applicable

Regulating Facilities: Not Applicable

I. Spillway:

1.1 Principal Spillway:

Location: Near the center of the dam at Sta. 2400

Type: 30 in. CMP drop inlet riser pipe with an 18
CMP through the embankment.

I.2 Emergency Spillway:

Location: East abutment
Type: Earth Channel

I. Regulating Outlets:

A four in.

in.

diameter pipe with a four in. gate valve

connecting to a two in. gate valve with a two in. diamter
outlet pipe.




SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

Design notes of the embankment are available from the
Department of Agriculture Soil Conservation Service Office
at Warsaw, Missouri. Copies of these notes are included in
Appendix A and hydraulic calculations are included in Appen-
dix C. No documentation of construction inspection records
have been obtained. To our knowledge there are no document-
ed maintenance and operation data.

A. Surveys:

A site suvey conducted by the SCS before the dam was
built was copled from a drawing in the Warsaw Office and is
included in Appendix A. The top edge of the 30 in. primary
spillway riser was used as datum for our survey. From pho-
tographs and quad sheets the elevation was estimated to be
730.0 ft. mean sea level elevation.

B. Geology and Subsurface Materials:

The site is located in the Western edge of the Ozarks
geologic region of Missouri. The Ozarks are characterized
topographically by hills, plateaus and deep valleys. The
most common bedrock types are dolomite, sandstone and chert.
Information supplied by the Missouri Geological Survey indi-
cates that the lake area is underlain by the Roubidoux for-
mation of the Canadian Series in the Ordovician System. The
Roubidoux formation consists of sandstone, dolomitic sand-
stone and cherty dolomite. The publication "Caves of Mis-
souri” 1lists two caves known to exist in Benton County.
These caves are several miles from the site.

The "Geologic Map of Missouri"™ indicates the nearest
fault to be approximately 20 miles east of the site. The
Missouri Geological Survey has indicated that the faults in
this area are generally considered to be inactive and have
been for several hundred million years (rock associated with
the Ordovician Period - 500 million years old).

Soils in the area of the dam site appear to be primar-
ily deposits of residual silty clays with rock fragments.
The soils are of the Clarksville-Fullerton-Talbott Soil As-
sociation and have developed from thin loessial soils depos-
ited over weathered material from cherty dolomites. The
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loessial thickness map indicates that upland areas may have
between 2.5 and 5.0 ft. of loess cover.

C. Foundation and Embankment Design:

No foundation or embankment design information was
available. Information from the owner indicates the pres-
ence of a 15 to 20 ft. deep cutoff trench to bedrock. Bed-
rock was verified at the base of the cutoff by a number of
borings into the rock material. A layer of bentonite was
placed on the rock prior to filling the trench with clay ob-
tained from the lake area. The remaining material for the
embankment also came from the lake area. During borrowing
operations, bedrock was exposed in the lake area. The owner
indicated these areas were covered with a layer of compacted
clay. There is apparently no particular zoning of the em-
bankment and no internal drainage features are known to ex-
ist. No construction inspection test results are available.

D. Hydrology and Hydraulics:

The original hydraulic and hydrologic design data has
been obtained from the Soil Conservation Service and is in-
cluded in Appendix C. Based on a field check of spillway
dimensions, embankment elevations and a check of the drain-
age area on U.S.G.S. quad sheets, hydrologic analysis using
U.S. Army Corps of Engineers guidelines were performed and
appear in Appendix C. It was concluded that the structure
will pass 25 percent of the Probable Maximum Flood without
overtopping. The 100-year frequency flood will not overtop
the dam.

E. Structure:

The appurtenant structures associated with the dam are
the drawdown pipe and primary spillway pipe. The owner re-
ported that three anti-seep collars were installed on the 18
in. diameter spillway pipe.

2.2 CONSTRUCTION:

No construction inspection data were available. Peri-
odic inspection during construction was performed by person-
nel from the SCS office in Warsaw but no records were avail-
able,




2.3 OPERATION:

No operation and maintenance records were available.
Inspection indicates that maintenance of the dam (mowing the
grass and brush removal) is done on a regular basis. The
downstream face of the embankment has been recently mowed
and grass on the embankment was well established. Some weed
growth was present on the front face of the embankment.
Weed growth was present around the riser pipe of the primary
spillway.

2.4 EVALUATION:

A. Availability:

The engineering data available are as listed in Section
2.1. No seepage or stability analyses, or construction test
data were available.

B. Adequacy:

The engineering data available were inadequate to make
a detailed assessment of the design, construction, and oper-
ation. Seepage and stability analyses comparable to the re-
quirements 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:

The design sheets prepared by the Soil Conservation
Service, included in Appendix A and C, are valid engineering
data on the design of the dam.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

A. General:

The field inspection was made on 9 September 1979. The
inspection team consisted of personnel from Anderson Engi-
neering, Inc. of Springfield, Missouri and Hanson Engineers,
Inc. of Springfield, Illinois. The team members were:

Tom Beckley P.E.- Anderson Engineering, Inc. (Civil Engineer)
Steve Brady P.E.- Anderson Engineering, Inc. (Civil Engineer)
John Healy P.E.-Hanson Engineers, Inc.(Geotechnical Engineer)
Gene Wertepny P.E.- Hanson Engineers, Inc. (Hydrologic and
Hydraulic Engineer)

Dan Kerns E.I.T.- Hanson Engineers, Inc. (Geotechnical Engi-
neer)

B. Dam:

The embankment of the dam appears to be in good condi-
tion. No sloughing of the embankment was noted. The hori-
zontal alignment of the dam is straight. The crest of the
embankment is fairly level and no surface cracking or unusu-
al movement was obvious. Shallow auger probes into the em-
bankment indicated the top portion of the embankment to con-
sist of red-brown silty clay with chert fragments. Slight
erosion at the west abutment and downstream embankment was
noted. An erosion channel approximately two ft. wide and
one foot deep was observed at the east downstream contact.
No additional erosional areas were observed.

The embankment is grass covered and the crest and down-
stream face appear to be mowed regularly. Heavy weed growth
is starting on the upstream face of the embankment. No rip-
rap was observed except for large rock slabs on the upstream
face beyond the sloped bench. The large rock slabs were in
the middle third of the dam. The owner indicated that he
intended to continue the placement of the large rocks the
full length of the dam. No erosion was noted on the front
face of the embankment. No animal burrows were detected in
the embankment.

A flow of water was observed about 50 ft. downstream of
the toe in the old streambed. The rate of flow was approxi-
mately three to four 3allons per minute. A significant
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amount of iron-oxide discoloration was noted as shown in
photo nos. 22 and 23 in Appendix D. The water was coming
out from underneath an earth mound formed by prior excava-
tion work. The water was clear except for a flow that was
the iron-oxide color. No sediment was noted in the water.
An additional area of standing water was observed just be-
yond the toe of the dam between the primary spillway outlet
and the two in. drawdown pipe outlet. No movement of water
in this area was detected.

No instrumentation (monuments, piezometers, etc.) was
observed.

C. Appurtenant Structures:

C.l1 Primary Spillway:

The primary spillway consists of a 30 in. vertical ri-
ser at the front face of the embankment near the center of
the dam and an 18 in. pipe through the embankment. A trash
rack was installed at the top of the riser and appeared to
be in good condition. On the date of inspection the pool
level was approximately 12 in. below the spillway intake.
Considerable weed growth was observed surrounding the spill-
way inlet. The owner had placed a perimeter row of concrete
blocks around the riser to retain an additional four in. of
pool elevation. A trickle of water was observed flowing out
the downstream outlet of the spillway pipe. The apparent
ingress of this water is near the spillway pipe and riser
juncture. Three anti-seep collars were reportedly installed
on the spillway pipe. No seepage around the pipe outlet was
observed.

C.2 Emergency Spillway:

The emergency spillway located at the east abutment has
never been used according to the owner. The spillway sec-
tion was cut into natural ground. The spillway channel is
partially covered with vegetation growth, No noticeable
erosion was observed in the spillway, although erosion could
result if the spillway was used regularly. The outlet chan-
nel is separated from the dam by a berm and spillway re-
leases would not be expected to endanger the embankment.

C.3 Drawdown Pipe:

A four in. diameter pipe is located at Sta. 2+22. The
pipe was used during construction to drain water from the
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lake area. A four in. gate valve is located in a concrete
pipe riser at the toe of the dam. A two in. gate valve was
installed immediately downstream of the four in. valve where
the four in. valve began to leak. It also is located in a
concrete pipe riser.

D. Reservoir:

The watershed is now primarily wooded with the plans
for the area to be developed into lakeside residential de-
velopment. The slopes adjacent to the lake are moderate,
and no sloughing or serious erosion was noted. There does
not appear to be a problem with siltation.

E. Downstream Channel:

The downstream channel is lightly wooded with an estab-
lished vegetation growth.

3.2 EVALUATION:

The erosion area at the east abutment-dam contact could
worsen and adversely affect the stability of the dam. The
seepage areas at the downstream toe should be investigated
by an engineer experienced in the design and construction of
dams. The heavy weed growth and concrete blocks around the
primary spillway inlet can restrict flood flows. The water
trickling from the primary spillway outlet should be moni-
tored on a regular basis to detect any increase in the
quantity of water flow. The above deficiencies should be
corrected under the direction of an engineer experienced in
the design and construction of dams.

Because the valve of the lake drain is located on the
downstream side of the dam, the full head of water impounded
by the dam is acting entirely through the dam. The area
around the lake drain outlet should be periodically inspect-
ed for seepage which might indicate a leak or rupture of the
drain pipe and could eventually initiate a piping failure
through the embankment.

Photographs of the dam, appurtenant structures, the
reservoir, and the watershed are presented in Appendix D.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

There are no controlled outlet works for this dam, ex-
cept for the four in. drawdown pipe which is operational but
has not been used since the filling of the lake in 1975, An
attempt was made by the owner to increase the pool elevation
by the placement of concrete blocks around the primary
spillway inlet. The spillways are uncontrolled, so that the
poocl is normally controlled by rainfall, runoff, evapora-
tion, seepage, and the capacities of the uncontrolled spill-
ways.

4.2 MAINTENANCE OF DAM:

The crest and downstream face of the dam appear to be
regularly mowed. No additional maintenance procedures are
reqularly performed.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The drawdown pipe is apparently maintained. The pipe
and its associated valves appear to be in good condition.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT:

The inspection team is unaware of any existing warning
system for this dam.

4.5 EVALUATION:

Weed growth and concrete blocks around the primary
spillway inlet can impair flood flows. The seepage areas
along the downstream toe of the dam, erosional area at the
downstream dam-abutment contact, lack of erosion protection
for the upstream face of the dam and leakage into the pri-
mary spillway pipe are serious deficiencies which should be
corrected under the direction of an engineer experienced in
the design and construction of dams.

- 13 -




SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES:

A. & B. Design and Experience Data:

The hydraulic and hydrologic analyses were based on:
(1) a field survey of spillway dimensions and embankment el-
evations; and (2) an estimate of the pool and drainage areas
from the U.S.G.S. quad sheet; and (3) hydrologic design
sheets by the SCS. The owner indicated that the highest
water level, this spring, was about one foot above the pri-
mary spillway inlet. Normally the lake level is below nor-
mal pool during the summer months. An attempt has been made
to raise the pool level by placing an eight in. concrete
block collar around the drop inlet structure. Our hydrolog-
ic and hydraulic analyses using U.S. Army Corps of Engineers
guidelines appears in Appendix C.

C. Visual Observations:

The weed growth and concrete blocks surrounding the
primary spillway inlet could restrict flood flow. The emer-
gency spilliway channel is away from the dam and spillway re-
leases would not be expected to endanger the dam.

D. Overtopping Potential:

Based on the hydrologic and hydraulic analysis pre-
sented in Appendix C, the combined spillways will pass 25
percent of the Probable Maximum Flood. 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 recommended guidelines from the Department
of the Army, Office of the Chief Engineers, require that
this structure (small size with high downstream hazard po-
tential) pass 50 percent to 100 percent of the PMF, without
overtopping. Considering the small volume of water impound-
ed, and the height of the dam, 50 percent of the PMF has
been determined to be the appropriate spillway design flood.
The structure will pass a 100-year frequency flood without
overtopping.

The routing of 50 percent of the PMF through the spill-
ways and dam indicates that the dam will be overtopped by
0.87 ft. at elevation 734.97. The duration of the overtop-




ping will be 3.75 hours, and the maximum outflow will be 875
cfs. The maximum discharge capacity of the spillways is 100
cfs. Overtopping of an earthen embankment could cause seri-
ous erosion and could possibly lead to failure of the struc-
ture.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

A. Visual Observatlions:

Observed features which could adversely affect the
structural stability of this dam are discussed in Sections
3.1B and 3.2,

B. Design and Construction Data:

No structural design and construction data were able to
be obtained on this dam. Construction survey notes were lo-
cated in SCS files and are included in Appendix A. Seepage
and stability analyses comparable to the requirements of the
guidelines were not available, which constitutes a deficien-
cy which should be rectified.

cC. Operating Records:

No operating records have been obtained.

D. Post-Construction Changes:

To our knowledge no post-construction changes have been
made except that according to Mr. Hayes, the additional two
in. gate valve was added to the drawdown pipe after con-
struction was completed.

E. Seismic Stability:

The structure is located in seismic zone 1. An earth-
quake of this magnitude would not generally be expected to
cause severe structural damage to a well constructed earth
dam of this size. However, it is recommended that the pre-
scribed seismic loading for this zone be applied in stabil-
ity analyses for this dam.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT:

This Phase I inspection and evaluation should not be
considered as being comprehensive since the scope of work
contracted for is far less detailed than would be required
for an in-depth evaluation of dams. Latent deficiencies,
which might be detected by a totally comprehensive investi-
gation, could exist,

A, Safety:

The embankment is generally in good condition. Several
items were noted during the visual inspection which should
be corrected or controlled. These items are: (1) lack of
wave protection along the entire front face of the dam; (2)
heavy weed growth on front face of dam; (3) weeds and con-
crete block around primary spillway inlet; (4) erosion at
east embankment-abutment contact; (5) seepage areas at down-
stream toe beyond contact; and (6) small amount of water
coming out of primary spillway outlet even though there was
no flow over the spillway crest. Another deficiency was the
lack of seepage and stability analysis records.

The dam will be overtopped by flows in excess of 25
percent of the Probable Maximum Flood. Overtopping of an
earthen embankment could cause serious erosion and could
possibly lead to a failure of the structure.

B. Adequacy of Information:

The conclusions in this report were based on review of
the information listed in Section 2.1, the performance his-
tory as related by others, and visual observation of exter-~
nal conditions. The inspection team considers that these
data are sufficient to support the conclusions herein. Seep-
age and stability analyses comparable to the "Recommended
Guidelines for Safety Inspection of Dams" were not avail-
able, which is considered a deficiency.

C. Urgency:

The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. If the deficien-
cles listed in paragraph A are not corrected, and if good
maintenance 1is not provided, the embankment condition will

-« 17 -
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT:

This Phase I inspection and evaluation should not be
considered as being comprehensive since the scope of work
contracted for is far less detailed than would be required
for an in-depth evaluation of dams. Latent deficiencies,
which might be detected by a totally comprehensive investi-
gation, could exist.

A. Safety:

The embankment is generally in good condition. Several
items were noted during the visual inspection which should
be corrected or controlled. These items are: (1) lack of
wave protection along the entire front face of the dam; (2)
heavy weed growth on front face of dam; (3) weeds and con-
crete block around primary spillway inlet; (4) erosion at
east embankment-abutment contact; (5) seepage areas at down-
stream toe beyond contact; and (6) small amount of water
coming out of primary spillway outlet even though there was
no flow over the spillway crest. Another deficiency was the
lack of seepage and stability analysis records.

The dam will be overtopped by flows in excess of 25
percent of the Probable Maximum Flood. Overtopping of an
earthen embankment could cause serious erosion and could
possibly lead to a failure of the structure.

B. Adequacy of Information:

The conclusions in this report were based on review of
the information listed in Section 2.1, the performance his-
tory as related by others, and visual observation of exter-
nal conditions. The inspectlion team considers that these
data are sufficient to support the conclusions herein. Seep-
age and stability analyses comparable to the "Recommended
Guidelines for Safety Inspection of Dams" were not avail-
able, which {s considered a deficiency.

C. Urgency:

The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. 1If the deficien-
cies listed in paragraph A are not corrected, and if good
maintenance 1is not provided, the embankment condition will
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(5)

(6)

(7)

(8)

The erosion areas along the dam-abutment contact should
be corrected and maintained.

The seepage areas at the downtream toe of the dam
should be investigated by an engineer experienced in
the design and construction of dams. Remedial measures
may be required. As a minimum, this seepage should be
monitored to determine if there is any increase in
quantities and whether soil particles are being carried
with the water.

The source of the water coming from the primary spill-

way outlet should be investigated and stopped if possi-
ble. As a minimum the flow should be checked on a reg-
ular basis for any increase in the amount or the pres-

ence of soil particles in the water.

A detailed inspection of the dam should be made period-

ically by an engineer experienced in the design and con-
struction of dams.
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HYDRAULICS AND HYDROLOGIC DATA

Design Data: From Field Measurements and Computations

Experience Data: No records are available. The owner indi-
cated that the highwater, this spring, was about one foot above
the primary spillway inlet. Normally the lake level is below
normal pool during the summer months. An attempt has been made
to raise the pool level by placing an eight in. concrete block
collar around the drop inlet structure.

Visual Inspection: At the time of inspection, the pool level
was approximately 0.9 ft. below normal pool.

Overtopping Potential: Flood routings were performed to de-
termine the overtopping potential. The watershed and the reser-
voir surface areas were obtained by planimeter from the U.S.G.S.
Edwards, Missouri 7.5 minute quadrangle map. The storage volume
was developed from this data. A 5 minute interval unit graph was
developed for the watershed, which resulted in a peak inflow of
484 c.f.s. and a time to peak of 8.4 minutes. Application of the
probable maximum precipitation, minus losses resulted in a flood
hydrograph peak inflow of 1988 c.f.s. Rainfall distribution
for the 24 hour storm was according to EM 1110-2-1411.

Based on our analyses, the combined spillways will pass 25
percent of the Probable Maximum Flood (PMF). The Probable Maxi-
mum Flood is defined as the flood discharge that may be expected
from the most severe combination of critical meteorologic and hy-
drologic conditions that are reasonably possible in the region.
The recommended guidelines from the Department of the Army, Of-
fice of the Chief of Engineers, require that the structure (small
size with high downstream hazard potential) pass 50 to 100 per-
cent of the PMF, without overtopping. Considering the small vol-
ume of water Iimpounded and the height of the dam , 50 percent of
the PMF has been determined to be the appropriate spillway design
flood.

The routing of the 50 percent of the PMF through the spill-
ways and dam indicates that the dam will be overtopped by 0.87
ft. at elevation 734.97. The duration of the overtopping will be
3.75 hours, and the maximum outflow will be 875 c.f.s. The maxi-
mum discharge capacity of the combined spillways is 100 cfs.
Analysis of the data indicates that the 100-year frequency flood
will not overtop the dam. The computer input, output and hydro-
graph for 50 percent of the PMF are presented on Sheets 5, 6 and
7 of this Appendix C.

Sheet 2 Appendix C
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OVERTOPPING ANALYSIS FOR WILLIAM HAYES LAKE DAM
INPUT PARAMETERS
1. Unit Hydrograph - SCS Dimensionless - Flood Hydrograph
Package (HEC-1); Dam Safety Version
Was Used.
Hydraulic Inputs Are as Follows:
a. Twenty-four Hour Rainfall of 25.7 Inches for 200
Square Miles - All Season Envelope
b. Drainage Area = 92 Acres; = 0.14 Square Miles
C. Travel Time of Runoff 0.16 Hrs.; Lag Time 0.1l0
Hrs. A
da. Soil Conservation Service Soil Group B
e. Soil Conservation Service Runoff Curve No. 78 }
(AMC III) :
Soil Conservation Service Runoff Curve No. 60 !
(AMC 1II)
£. Proportion of Drainage Basin Impervious 0.08 }
2. Spillways ?
a. Primary Spillway: 30 inches I.D. CMP (Riser) and
18 inches I.D. CMP (Outlet Pipe)
b. Emergency Spillway: Trapezoidal Channel
Length 13 ft.; Side Slopes 3.25:1 & 5:1; C=Varies
" c. Dam Overflow
Length 360 ft.; Crest El. 734.1; C = Varlies
3. Spillway and Dam Rating:
Curve Prepared by Hanson Engineers. Data Provided to
Computer on Y4 and Y5 Cards. (See sheet 5 Appendix C)
P Formula and Method Used:
Primary Spillway: Charts for entrance and outlet
control in CMP pipes. 2 3
Equation Used for Emergency Spillway: Q"= %
9
Note: Time of Concentration From Equation Tc = (11.9 L3)‘385 i
.385

(H) ﬁ
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California Culvert Practice, California Highways and
Public Works, September, 1942.

SUMMARY OF DAM SAFETY ANALYSIS

1. Unit Hydrograph

a. Peak - 484 C.f.S.
b. Time to Peak 8.4 Min.

2. Flood Routings Were Computed by the Modified Puls ?
Method

a. Peak Inflow
50% PMF 994 c.f.s.; 100% PMF 1988 c.f.s.
b. Peak Elevation
50% PMF 734.97; 100% PMF 735.49
c. Portion of PMF That Will Reach Top of Dam
25%; Top of Dam Elev. 734.1 ft. (Lower Point)

Computer Input and Output Data are shown on the following
sheets of this Appendix.
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OVERTOPPING ANALYSIS FOR WILLIAM HAYES LAKE DAM
STATE ID ND. 31052 CD. NO. 013 COD. NAME BENTON
HANSON ENGINEERS INC. DAM SAFETY INSPECTION JOB # 79511

300 5
3
) ? 1
15 .20 .30 .40 .90
0 1
INFLOVU HYDROGRAPH COMPUTATION ##
1 2 0.14 0.14
0 25.7 102 120 130
0.16 0.10
0 -1 2
1 2 0

W75 1.0
3 1
1 1
-1 -78
4 1

RESERVOIR ROUTING BY WODIFIED PULS AT DAM SITE »»

1 1
1
730 731 732.4 733 7341
0 18 21 3 100
0 5.9 9.2
702.7 730 740
730
7341
0 125 275 341 394
734.1 734.2 7344 734.,5 735.0
99

53-7 -1
7335 736 737
224 425 6635

429 454 459 452
735.5  735.9  736.5 737.0

P.M.F. Input Data
Sheet 5, Appendix C
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JNITED STAT:5 DEFARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

UESIGN SHEET FUR CLASS i, ¥8-, —v* DtILNTiON STORAGE STRUCTURE
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Drainaz  4-ea = §5 ac et . storags =

WATURSHED CONDI ! 10

Locatich ra o

Infilorarior - ter: [ shaeal oo

other worksheets ano 5t cooplan in tandowne
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vnecked by

X

AND_FACTORS

‘ :1, *

Topographr ¢ rac:a: ‘_g Averadge e T = /&
Shape “aczc-~: runof- digtance = ___2__5:-{:3) 5 = /<
Cover fector: wrowland 0| nasture _ ., Lnber/c< Vo= 2.7
Contouring “acto : C = /- ©
Storage factor: T te aced P = /&
PEAK RATE urf RUNGFE Ay VOLUME OF RUKLFF
Product of ractors = L x I x T x J « ¥ x - x ¥ e N ___/_/" "/ c.f.s.
Vale o9« fS &7
For Principal Spillway Desiar:
__2_'5__-)/;.41* ueak rate of runoff - '\‘1p - __/__;: §*'f‘- o otus. - _f_f_p;g.f.s.
Rate of vulume st run.t: /_52_ - TR S D TolRE TP PR SN R DR
Total volume o7 runsff = Ven drarnage teal « ol of voiure of rundf) x L s
_3’15__ ac x _, /% . froial. s /D SE20 e et
For Both Spii.eavs (total 5= oCi ¢
,i'Q -year pean rate of unct - 0 AR 3 “ Il T _5__7_3_5___ c.f.s.
h e of volume of runs = a2/ rt
Total volume of rumotf - V - o AT . a2 c ottoia. o /.0 /785 ac. fr.
* Mark out those ‘temy 1.1, J¢ not apuy.
Instruttions for uwc of o Make une ponet’  ony i cpnt av'e shructure. File with

ff \ e -

tieln aftice.
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PRINCIPAL

SPILLWAY DESIGN

L)

Riser:

Ex1t Section:

Clope - % Quality of vegetazion:

Avarlable storage at stage of 2.0 fr = v /45 ac. ft. (See mep)
Y- = £ G 2 =,
VgV rp =045 ac. fto /53 ac fros Z47 0 G 40, =203 (Table 2, 1519)
2 . 7
Qp * Q) X223 = 257c.fs. x. 2.2 RTINS
7.&
Conduit.
Type <Z”P Length = 7K t1. Total head on conduft 82’/‘(&
7.0t
N:ameter = é in. Discharge capactty :3_.5_, 1520) _
Y4 .7 -
Minimum entrance head = g4 ft. (LFif o~ , Lev/3: - 235 o /?

Type ST fiSey Helqgny = _::._ Llemet-r = 2. (1511
MERCE LA L

Control Section:

Depth of flow = :fiﬁ__ft. Vg at this ceuth : 22 2[ a.  *t. (See map)

Vo V- 217 ac. ft. : %5 ac. cx _,/_-/.—

Oop P 0, = X3 cfs. +378 cts. - .07+ Q c ___ (Table 3, 1519)

Qoe = GQ, x = c-f.e. x N T

Width = 25 ft. Total depth = depth uf fiow + freehoard = /O ft. + 1.0 =

2.0 tt. use2.0ft. (Table 8, 1517

{+air} (couq) (exce lent) *

e

* Ma-k oul those items that uo nut aup -
** Applies only to Drup Inlet Spillway:.

(Less) (More) = erosive $011s. Perm.:usibir e c¢ : “.p.s. (1517 )
Lenth = __ _ ft. Design velncity = ) th - (1517 or 1505)
Use width of __ _ ft,
ALLI=S010 ol s _
Length ot saturated zone - L = __  :- AN e o f (1515)
Humber = n = (L x ) v - ( ¥ Use _collars.

Sheot 8§ Appondiz £
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PLAN SKETCH
KEY TO PHOTOGRAPHS
DAM No. MO. 31052
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INDEX TO PHOTOGRAPHS

Photo No,
- 1. Aerial - Lake and Dam, Looking South
2, Aerial ~ Lake and Dam, Looking West
3. Aerial ~ Dam and Emergency Spillway - Note
Erosion at Toe of Embankment
4, Crest of Dam ~ Looking East
k 5. Primary Spillway Inlet -~ Note Weed Growth
6. Primary Spillway Inlet - Note Weed Growth and
Concrete Blocks
7. Crest and Downstream Face - Looking East
8. Upstream Face -~ Looking West
9. Downstream Face - Looking West
10. Emergency Spillway - Looking North
11. Emergency Spillway - Looking Southwest
l2. Emergency Spillway - Looking South
13. Dowvnstream Channel ~ Looking North
14. Lake ~ From Crest of Dam
15. Downstream Floodplain - Looking North
16. Primary Spillway Outlet
17. Primary Spillway Outlet
i8. Downstream Floodplain-Primary Spillway Outlet
19. Drawdown Valve - Overhead View
20. Drawdown Plipe Outlet
21. Seepage Area - 50 Feet Downstream of Toe
22. Flowing Water from Seepage Area -~ Note
Discoloration
23. Flowing Water from Seepage Area

Sheet 2 Appendix D
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