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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Voelkerding Lake Dam

State Located: Missouri

County Located: Warren

Stream: TribuLary of Lake Creek

Date of Inspection 20 May 1980

The Voelkerding Lake Dam was visually inspected by engineering personnel

of Homer & Siifrin, Inc., Consulting Engineers, St. Louis, Missouri. The

purpose of this inspection was to assess the general condition of the dam with

respect 'o safety and, based upon this inspection and available c!ata.

determine if thie iam poses a hazard to human 1ife or property.

The following summarizes the findings of tie visual inspection an, t'e

results of :ertain 'i.drologic /hvdraulic investigations performed under the

direction of the inspection team. Based on the visual inspection and the

results of the hylrologic/hydraulic investigations, the present Rgnora

condition of -he darn is considered to be somewhat less than satisfactory. The

following deficiencies were noticed during the inspection and are considered

to have an adverse effect on the overall safety and future operation ,4 the

dam:

1. Seepage, as charicterized by soft ground, running and standing water.

and willow trees, was observed at the toe of the downstream slope in

an area which extended from the center of the dam to the intersection

of the toe of the dam and the left abutment. Uncontrolled seepage

could develop into a piping condition (progressive internal erosion)

that can lead to failure of the dam. Saturation of the soil adjacent

to the dam can weaken the foundation and impair the stability of the

dam.



2. Numerous small trees were present at the normal waterline on the

upstream face of the dam. Tree roots can provide a passageway for

ake seepage which could lead to a piping co-dition resulting in

failure of the dam.

3. A 4-inch lake drain pipe is reported to be buried in the dam. The

pipe could become a source of water intrusion into the embankment

that could impair the stability of the dam.

According to the criteria set forth in the recommended guidelines, the

magnitude of the spillway design flood fir t'ie Voelkerding Lake 2im, which is

ssqified as small in size and of high hazard potential, is specified to be a

minimum of one-half the Probable Maximum Flood (PMF). The Probable Maximum

Flood (PMF) is the flood that may be expected from the most severe combination

of critical meteorologic and hydrologic conditions that are reasonably

pos:ble in the region. Considering the fact that fair!, large volume of

witer s -r.punded and that nu7'- Is dwe I ngs. inc ludci Portions of the Towm

of Dmitzow, lie within the possible flood dimage zone, it is recormnended thac

t' e spillway for this dam be designed for the PMF. Ihe PMF is ordinarily

accepted as the inflow design flood for dims where failure of the structure

would increase the danger to human life.

Results of a hydrologic/hydraulic analysis indicated that the spillways,

principal plus emergency, are inadequate to pass lake outflow resulting from a

storm of PMF magnitude. The spillways are capable of passing lake outflow

corresponding to about 55 percent of the PMF lake inflow and the lake outflow

rosulting from the I percent chance (100-vear frequency) flood. According to

the St. Louis District, Corps of Engineers, the length of the downstream

damage zone, should failure of the dam occur, is estimated to be one mile.

Accordingly, within the possible damage zone are a highway department

maintenance building, three dwellings, a building, and about twenty-four other

buildings and dwellings which are located within the Town of Dutzow.

A review of available data did not disclose that seepage or stability

analyses of the dam were performed. This is considered a deficiency and

should be rectified.

ii



It is recommended that the Owner take the necessary action in the near

future to correct or control the deficiencies and saftv defects reported

here in.

Ralph E. Sauthoff

P. E. Missouri E-19090

Albert B. Becker, Jr.

P.E. Missouri E-9168
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PHASE I I NSPECTION REPORT

NArIONAL DAM SAFETY PROGRAM

VOELKERDING LAKE DAM - MO 30059

SECTION 1 - PROJECT INFORMATION

a. AuthoriLv. The Natiorl Dam Inspection Act, Public Law 92-367, dated

8 A'.izuzt 1972, iuthorized the Secretarv of the Army. through the Corps of

Engineers, to initiate . program ,F safetv inspection of dams throughout the

Uoted Sqt;ites. Pursuant to the -hove, the St. Louis District, C rps of

F-izneers, direzted that a iaf c-t in.ection of the Voelkerding Lake Dam be

73de.

s. Purpose of Inspection. The purpose of this visual inspection was to

nake an assessment of the general condition of the dam with respect to safety

and, based upon available data and this inspection, determine if the dam poses

a hazard to human life or property.

c. Evaluation Criteria. This evaluation was performed in accordance

with the "Phase I" investigation procedures as prescribed in "Recommended

Guidelines for Safety Inspection of Dams", Appendix D to "Report to the Chief

of Engineers on the National Program of Inspection of Non-Federal Dams", dated

May 1975.

1.2 DESCRIPTION OF PROJECT

a. Deqcription of Dam and Appurtenances. The Voelkerding Lake Dam is an

earthfill type embankment rising approximately 35 feet above the natural

streambed at the downstream toe of the barrier. The embankment has an

upstream slope of approximately 1v on 3.8h, a crest width of about 11 feet,
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and a O!owcnstreaim sl-oe on th~e order of Iv on 3.3h. The length of the dam is

approximately 400 fee'.. A plan and profile of the dam ire shown Plate 3

and a cross-seo'tion o' the dam is shown on Plate 4. At normal pool elevation

the reservoir impouLnded by the dam occupies approximately 14 acres. There is

no drawdown facility to dewater the lake.

The dam has both a principal and an emergency spillway. The principal

spillway. '.i excavated earth section, is located at the right, or south,

abutment. The principal spillway has two outlets located a-,proximatelv 0

feet downstream of the crest. A 15-inch corrugated metal pipe discharges flow

from :hi sp:llwav c nneI through an earthen embankment. Flow from the, pipt

follows an uni.-iproved c:hannel approximately 100 feet to join the origina"

stream 'n which the dam is constructed. The second outlet, whici i

approximately 2.4 feet higher in elevation than the invert of the 15-inch

pip. iqs an exo- vat.'d trnpezoidal channel. The channe' for this outlet i-

about lf0 feet ;I lengthl. Lake outflow greater than the capacity of the

-cnch 4 ne is r.- , so(I via the channel outlet.

The en,,rgencv zPiilway, an earthen trapezoidal section, is located at the

ft or nor. i !r-tmcnt. It appears that flow from thi-. outlet will follow

nesr the toe o' tI dam in order to reach the original stream ch.-inel beyond

the 3dam. Cros -scctions of the principal spillway outlet channel and the

emergency spillway are shown on Plate 5.

b. Locatio'. The dam is located .)n an unnamed tributary of Lake Creek,

about 0.1 mile west cf Highway T and approximately 0.4 mile northeast of the

Town of Dutzow, Missouri, as shown on the Regional Vicinity Map, Plate 1. The

dam is located in Section 35, Township 45 Norti,. Range 1 West, within Warren

County.

c. Size Classification. The size classification based on the height of

the dam and storage capacity, is categorized as smw.il (per Table 1, Recommended

Cuidelines for Safety Inspection of Dams).

d. Hazard Classification. The Voelkerding Lake Dam, according to the

St. Louis District, Corps of Engineers, has a high hazard potential, meaning

1i-2



that if the dam sho !,i fail. there may be loss of life, serious damage to

homes, or extensive dnmage to agricultural, industr'il and commercial

facilities, important public utilities, main highways, or railroads. The

estimated flood damage zone, should, failure of the dam occur, as determined

by the St. Louis District, extends one mile downstream of the dam. Within the

possible damage zone are a highway department maintenance building, three

dwellings, a building, and about twenty-four other dwellings and buildings

which are located within the Town of Dutzow. Those features lying within th,

downstream damage zone reported by the Corps of Engineers, St. Louis District,

were verified by the inspection team.

e. Owners'iji. The lake and dam are owned by the I'ater and Jean

Voelkerding Charitahie Trust. One of the managers of the Trust ;s Mr. David

Voelkerdi g. Mr. Voelkerding's address is Rural Route 2, Marthasville,

Missouri 63357.

f. ?urposc of Don. The Aam impounds water for recreational use.

. De,im an: Construction Hstorv. According to Mr. Harr" B, tton. i

nei, hor atid forr, r onpiovee of the oriinal owner, the dam was constructe" in

about 1-60 bv Mv. Walter Voelkerdng and his farm help. Walter Voelkerding,

deceased, was the -3.rt o" the property at the time the dam was constructed.

The extent or the en-:ne--ing investigations performed for design of the dan

s unknown.

h. Normal Optzatio.:,: Procedure. The lake level is unregulated. Lake

outflow is governed by the capacities of the principal and emergency spillways.

1.3 PERTINENT DATA

a. Drainage Area. Approximately one-half of the area tribitary to the

lake is in a native state covered with timber. The remainder of the drainage

area is for the most part farmland. The watershed above the dam amounts to

approximately 97 acres. The watershed area is outlined on Plate 2.
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b. Discharge at Damsite.

(I) Estimated known maximum flood at damsi.te ... 16 cfs* (W.S.Elev.534.7)

(2) Spillway capacity

a. Principal ... 86 cfs (W. S. Elev. 535.7)

b. Principal + emergency ... 458 cfs (W. S. Elev. S37.2)

c. Elevation (Ft. above MSL). The following elevations were 2.trermined

by survey ani are based on the elevation of the lake, assumed to be normal

pool. as shown on the 1972 Washington East, Missouri, Quadrangle Map, 7.5

Minxte Series.

(1) Observed pool ... 533.9

(9 , Nrmal pool ... 534.0

,3 Spillwav crest

a. Principal ... 53.4.0

Emergency ... 535.7

'. Maximum experienced pool ... 534.7*

(5) Top of Dam ... 537.2 (min.)

(6) Stroambed at centerline of dam ... 503+ (est.)

(7) Maximum tailwater ... Unknown

(8) Observed tailwater ... None

d. Res -voir.

(1) Length at normal pool. (Elev. 534.0) ... 1,500 ft.

(2) Length at maximum pool (Elev. 537.2) ... 1,600 ft.

el Storage.

(1) Normal pool ... 145 ac. ft.

(2) Top of dam (incremental) ... 55 ac. ft.

* Based on an estimate of lake level as observed by Mr. Harry Bratton, a

neighbor and former employee of the original owner.
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f. Reservoir Surface.

(1) Normal poel ... 14 acres

(2) Top of dam (incremental) ... 8 acres

g. Dam. The height of the dam is defined to be the overall vertical

distance from the lowest point of foundation surface at the downstream toe of

the harrier, to the top of the dam.

(1) Type ... Earthfilt, core wall*

(2) Length ... 400 ft.

"3") Height ... 35 ft.

k4) Top width ... ii ft.

( ' Side -;lopes

i. Upstream ... Iv on 3.Sh (above waterline)

h. Downstroam ... Iv on 3.3h

(q Cutoff ... Core trench*

(7 Slope pr,)tf,-tion

a. Upstr'am ... Stone riprap

h. Dcwusil-rream ... Grass

h. Pr incivalspi1llwV.

(1) Type ... Uncontrolled, excavated earth, trapezoidal section

(2) Location ... Right abutmont

(3) Elevation ... 534.0

(4) Approach channel ... Lake

(5) Outlets

a. Pipe

1. Description ... 15-inch diameter corrugated metal pipe

2. Invert ... Elevation 531.8

b. Channel

1. Description ... Excavated earth, trapezoidal spction,

length 160 feet

2. Crest ... Elevation 534.2

* Per Mr. Harry Bratton.
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i. Emergency Spillway.

(1) Type ... Uncontrolled, excavated earth, trapezoidal section

(2) Location ... Left abutment

(3) Crest ... Elevation 535.7

(4) Approach channel ... Lake

(5) Exit channel ... Unconfined, earth (unimproved)

j. Lake Drawdown Faciliti ... None

1-6



SECTION 2 ENGINEERING DATA

2.1 DESIGN

No engineering data relating to the design of the dam are known to exist.

2.2 CONSTRUCTION

No formal records were maintained during construction of the dam. As

previously stated, Voelkerding Lake Dam was constructed in about 1960 by Mr.

Walter Voe!.kerding and his farm help. An interview with Mr. Parry Bratton,

who was employed by the former owner and aided in constrtiction of the dam.

indicated that a core trench oprox~matelv 10 feet wide, was excavated about 8

feet deep to reach ,,hat was ccnsidered to be the more impervious materiil.

Mr. Bratton reported that fill for the dam was obtained from the area now

occupied by the lake, and was compactd "withi the farm typ, eqipment used t-

construct th)e 2;m.

2.3 OPERATION

The lake level is uncontrolled and governed by the elevation of the crest

of the principal spillwav. An emergency spilway with a crest elevation

approximately 1.7 feet higher than the crest of the principal spillway and

about 1.5 feet lower than the top of the dam at its lowest point, also serves

as an outlet for lake surcharge. No indicntion was found that the dam has

been overtopped. Mr. Harry Bratton, who presently resides near the lake,

reported that the dam has never been overtopped and that the highest lake

level observed was approximately 0.7 foot higher than the normal level.

Mr. Bratton also indicated that a 4-inch drain pipe which was installed
through the original dam is no longer serviceable due to the fact that the

downstream end of the pipe was covered with earth when additional fill, as

discussed in Section 6.1d, was placed on the slope in about 1976.

2-1
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Although seepage was not mentioned as being a problem by either the Owner

or Mr. Bratton, a geologic reconnaissance report indicates that the dam did

experience considerable leakage at one time. The report, dated August 19,

1966, reference Chart 2-1, was prepared by Mr. Edwin E. Lutzen, Engineering

Geologist, v.ith the Missouri Geological Survey. In the report Mr. Lutzen

(deceased), describes various methods of correcting the dam leakage. However,

no additional information was available regarding the seepage or any

modifications to the dam which may have been made to alleviate the condition.

2.4 EVALUATION

a. Availability. Engineering data for assessing the design of the dam

and spillways were unavailable.

h. Adequacy. No data available. Seepage and stability anialvses

comparable to the requ2irements of the "Recommended Guidelines for Safety

Inspection of Dams" were not available, which is considered a deficiency.

These seena~e and stabilitv analyses should be performed for anpro>riate

loadin;; conditions (including earthquake loads) and made a matter of recordl.

2-2



SECTION - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Voelkerding Lake Dam was made by

Homer & Shifrin engineering personnel, R. E. Sauthoff, Civil Engineer, and

A. B. Becker, Jr., Civil and Soils Engineer, on 20 May 1980. An examination

of the dam area was also made by an engineering geologist, Jerry D. Higgins,

Ph.D., a consultant retained by Horner & Shifrin for the purpose of assessing

the site geology. Also xamined at the time of the inspection, were the areas

and foatures below the dam within the potential flood damage zone.

Photographs of the dam ta'ken at the time of the inspection are incliled on

Pages A-i thrugi A-5 of Appendix A. The locations of the photographs taken

during the inspection are indicated on Plate 3.

. Site Gello$. T-he topography at the dam site is gently rolling.

becoing nrer -gei within the drainage basin to the north of the resorv,)ir.

The relies etwecn th, reservoir and the drainage divide, one-quartEr mile

north, is appriximat -. IO0 feet. The site is located within the Salem

Plateau Sectin of the Ozark Plateaus Physiographic Province, near its border

with the Dissected Till Plains Section of the Central Lowlands Province.

Th( bedrock formatiors consist of gently northward-dipping Ordovician-ago

sedimentarv ;trata of the Jofferson City-Cotter and the St. Peter formations.

The dam and reservoir are !ocated entirely on the Jefferson City-Cotter, and

much of the drainage basin is underlain by the St. Peter. Exposures of the

base of the St. Peter formation were located approximately 10 feet above the

reservoir. No faulting was observed or reported in the vicinity of the dam

site.

The Jefferson City-Cotter formation is a light brown, medium to finely

crystalline dolomite. it is thin- to medium-bedded, often argillaceous, and

cherty. Solution enlargement of joints and bedding planes frequently occurs,

and the contact between the bedrock and the residuum, formed by the in-place

weathering of the dolomites, is often an irregular surface. The St. Peter

3-1
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formation is a white, fine- to medium-grained pure quartz sandstone. It

generally is massively bedded and, although loosely cemented, exposed rock

surfaces are usually case-hardened by weathering processes.

The unconsolidated surficial materials in the vicinity of the reservoir

are composed principally of soils derived from loessal deposits and

colluvium. The dam site and reservoir are underlain by soils of the Winfield

series; the upland drainage basin by the Holstein series. The Wiofield series

consists of deep, well-drained soils formed in loess and the underlying

residuum. They typically consist of a light brown silt in the upper layers,

becoming darker and more clayey with depth. According to the Unified Soil

Classification System the soils are classified as CL or CL-ML materials, are

moderately permeable, but are generally suited for small embankments and water

impoundments. These soils are easily eroded if slopes are unpr-tocted. The

Holstein so'is have been formed from a combination of the zilts and colluvill

materials derived from weathering of bedrock. They have hec formed at the

foot of hi,: slopes; thus the soils vary from SC near St. Peter sand~to,

outcrops to CL-ML materials where there is a higher percenLage o Tae"a1

materials. The Holstein soils are moderately permeable. sublect to seepaige.

and easilv eroded on slopes.

The Toessal soils at the dam site are thick with bedrock exposures limited

to a fcw gullevs upstream from the reservoir. No slumping or severe erosion

was noted at the embankment. A number of deep gulleys and associated slImping

were noted in the loessal soils around the drainage basin, hut these gullevs

in no way affect the stability of the embankment. Ho-'ever, the gulleying

illustrates -he erodibility of the soils from which the emoankment is

constructed. It is reported that the reservoir has experienced considerable

leakage through sandy soils underneath the reservoir and embankment. These

soils were uncovered during construction of the dam and were probably derived

from the St. Peter sandstone formation.

The most significant geologic conditions at the site are the easily eroded

loessal soils and the sandy residual soils reported to be present under the

dam. No other adverse geologic conditions were observed that would be

considered conducive to severe reservoir leakage or embankment instability.
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C. Dam. The visible portions of the upstream and downstream faces of

the dam (see Photos I and 2) were examined and appeared to be in soaind

condition. The dam, with the exception of the crest and the riprap protected

areas of the upstream face, was covered with fescue grass which for the most

part was about 24 inches high at the time of the inspection. The turf cover

on the crest of the dam, however, was sparse in some areas and numerous small,

random, interconnected cracks which were a maximum of about 1/4 inch wide and

6 inches deep were noticed in those areas. No other cracking, sloughing of

the embankment or settlement of the dam crest was evident. An examination of

the surficial material obtained from the downstream face of the dam indicated

it to be a silty lean cLay (CL) of low-to-medium plasticity. Riprap

consirting of crushed limestone with a maximum size of about 6 inches exter' ed

approximately 2 feet above the normal waterline along the upstream face of tle

dam. Nhumerous willow trees ui to 2 inches in liameter were present along th'

upstream face ,)f the dam near the normal waterline and a V-shaped channel

about 2 feet deep had been eroded into the downstream slope of the embankment

near the :-ight abutment app-irentlh by stormwat~r runoff.

An area of seepage (see Photos 9 and :0) with willow trees, soft ground.

and standing and flowing water. was observed near the toe of the downstream

slope extending from the centr of the dam to the junction of the toe of tht,

dam and the left abutment. Flow from the area appeared clir and was

estimatd to be less tian 2 gpm.

The principal spillway channel (see Photos 3 and 4) was well covered with

fescue grass about 24 inches high along with some brush and small trees. The

visible portions of the 15-inch corrugated metal spillwav outlet pipe (see

Photos 5 and 6) were examined and appeared to be in sound condition. Scour,

apparently by high velocity pipe discharges, has created a bowl-shaped

depression approximately 10 feet wide and 6 feet deep at the downstream end of

the spillway outlet pipe. The principal spillway outlet channel (see Photo

7), an excavated earth section, was thoroughly covered with fescue grass.

Spveral small trees were also found within the channel.
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T e emergency spillway (see Photo 8) which is located at the left abutment

also appeared to be in satisfactory ondition. Some small willow trees were

observed along the waterline at the lake approach to the spillway. The outlet

channel for the emergency spillway was unimproved. It appeared that spillway

releases will follow along the toe of the dam in order to reach the downstream

channel.

d. Downstream Channel. Except at the road and rail crossings the

channel downstream of the dam is unimproved. Near the dam, the channel for

the most part was grass covered with trees growing along the banks. The

channel crosses Highway TT at a point about 1,000 feet downstream of the dam

and joins Lake Creek approximately 1.500 feet downstreaa of the dam. Lake

Creek crosses Highway 94 approximatelv 3,500 feet downstream of the -am and

railroad tracks belonging to the Missouri-Kansas-Txas Railroad at a point

about I mile downstream of t'he dam. The Town of Dutzow lies just to the west

a Lake Creek at the Highway c4 cro;ing.

e. Reservoir. The lake shoreline is either grass covered or tree

li eI. At the time of the inspection the lake was near normal pool level and

the water within the reservoir was clear. No significant erosion of the lake

banks was noted. The imount of sediment within the lake cou not be

letermined at the time of the inspection: however, due to the iegetat-ion

covering the s'rrounding area, it is not expected to be significant.

3.2 EVALUATION

The deficiencies observed during this inspection and noted herein are not

considered of significant importance to warrant immediate remedial action.

The limestone riprap on the upstream face of the dam appears to be

adequate to prevent erosion of the slope by wave action or fluctuations of the

lake level.
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SECTION 4 - OPERATIONAL PROCEDUR71

4.1 PROCEDURES

The spillways are uncontrolled. The lake surface level is governed by

precipitation runoff, evaporation, seepage, arid the capacities of the

uncontrolled principal and emergency spillways.

4.2 MAINTENANCE OF DAM

Judging bv the i. appearance. the embankmnr and areas ;,T.ediatelv adjacent

thereto seem to receive periodic :-.aintenan'ie. App-irent 1.. Lrers and brush are

not regularly removed from the ,ipstr#im fice of thic dam or from the spillwav

Thannolq since their presence was notod during th , 1
,;pet4,on. It was also

not ced dirin th inspection that ml "rov i n hav been taken to control

the seepage that is occurring at the left s de -F the m.

4.3 M[ATNTENANCE OF O"LET OPERATINC FACITVZ

No outlet facilties requiring operation ex's at this da-, and there is no

reservoir regulatrin pace.

4.4 DESCRIPTION OF ANY WARNING SYSTFMS 1N EFFFCT

The inspection did not reveal the existenc,- of a darn failure warning

system.

4.5 EVALUATION

Lack of or inadequate maintenance is considered detrimental to the safety

of the dam. It is recommended that maintenance of the dam and spillways be

undertaken on a reg,,lar basis and that records be kept of all major items of

work performed. It is also recommended that a detailed inspection of the dam

be instituted on a regular baRis by an engineer experienced in the design and

construction of dams and that records be kept of all inspections made and

remedial measures taken.
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SECTION 5 - HYDROLOGIC/HYDRAULIC

5.1 EVALUATION OF FEATURES

a. Desijn Data. Design data are not available.

b. Experience Data. The drainage area and lake surface area were

developed from the 1972 USGS Washington East, Missouri, Quadrangle Map. The

proportions and dimensions of the spillways and dam were developed from

surveys made during the inspection. Records of rainfall, streamflow or flood

data for the watershed were not available.

According to the St. Louis District, Corps of Engineers, the estima3td

flood damaPe zone, should failure of the dam occur, extends one mile

downstream of the dam. Portions of the Town of Dutzow are w;thin the

potential flood damage zone.

c. Visia' Observations.

(1) The principal spillway which is localed at the right abutment

has a shallow, trapezoidal crest section. This spillway has two

outlets which consist of the following:

(a) A 15-inch corrugated metal spillway pipe.

(b) A shallow, excavated earth, broad-crested trapez= idal

section.

(2) The 15-inch pipe provides an outlet for normal, service-type,

lake outflow. The channel provides an outlet for lake outflow

in excess of the capacity of the 15-inch pipe.

(3) The emergency spillway is a shallow broad-crested trapezoidal

section, is located at the left abutment.
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(4) The original stream channel abuts the toe of Cie dam.

d. Overtopping Potential. The spillways (principal and emergency) are

inadequate to pass the probable maximum flood without overtopping the dam.

The spillways are adequate, however, to pass 112 the probable maximum flood

without overtopping the dam. The results of the dam overtopping analysis are

as follows:

(Note: The data appearing in the following table 1 ave been extracted from the

computer output data appearing in Appendix B. Decimal values have been

rounded to the nearest one-tenth in order to prevent assumption of unwarranted

accuracy.

Max. Depth (Ft.) Duration of

Ratio Q-Peak Max. Like of Flow over Dam Overtopping

of PMF Outflow (cfs W.S. Elev. (Elev. 537.2) of Dam (Hrs.)

0.50 396 537.0 0 0

i.00 1,43Q 538.1 10.9 1.2

Elevation 537.2 was found to be the lowest point in the dam crest. The

flow safely passing the spillway just prior to overtopping amounts to

approximately 458 cfs, which is the ro!Ated outflow corresponding to about 55

percent of the probable maximum flood inflow. During peak flow of the

probable maximum flood, the greatest depth of flow over the dam is projected

to be 0.9 feet and overtopping will extend across the entire length of the dam.

e. Evaluation. Experience with embankments constructed of similar

material (a silty lean clay of low-to-medium plasticity) to that used to

construct this dam has shown evidence that the material under certain

conditions, such as high velocity flow, can be very erodible. Such a

condition exists during the PMF when iarge lake outflow, accompanied by high

flow velocities, occurs. For the PMF condition, a certain amount of damage by

erosion to the crest and downstream face of the dam is expected. However,

since the depth of flow over the dam crest, a maximum of 0.9 feet, and the
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duration of flow over the dam, 1.2 hours, are considered to be relatively

minor, and since the downstream face and for the most part the dam crest, are

protected by a substantial cover of grass, failure of the dam by erosion

during overtopping is not expected.

f. Reference. Procedures and data for determining the probable maximum

flood, the 100-year frequency flood, and the discharge rating curves for flow

passing the spillways and dam crest are presented on Pages B-1 through B-3 of

the Appendix. Listings of the HEC-l (Dam Safety Version) input data for both

the probable maximum flood and the 100-year freqency flood ar shown on pages

B-4 through B-6. Computer output data, including unit hvdrograph ordinates,

tabulation of PMF rainfall, loss and inflow data .aro slhown c.i pages B-

through B-1i; tabulation of lake surface ares. elevati oa an stora ;- volume

is shown on page B-12 and tabulations titled "Summary Df Dam Safety Analvsis"

for the PMF and I percent chance (100-year frequen,-y flood are also shown on

page B-12.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observatior.s. Visual observations of conditions which

adversely affect the structural stability of the dam are discussed in Section

3, paragraph 3.1c.

b. Design and Construction Data. No design or construction data

relating to the structural stability of the dam are known to exist. Seepage

and stability anal\'se: comparable to the requirements of the "Recommen.ed

Guidelines For Safety Inspection of Dams" were not available, which is

considered a deficiencv. These seepage and stability analyses should be

perf'rmed for appropri:ite loading conditions (including earthquake loids) 1md

made i matter -,f re:-rd.

c. Is.:lt'g Riord_. No appurtenant structures or facilitie reqzi:-:1,-
pion ai- t t thnis dan. According to Mr. David Voelkerding, Trustee, n;

records are kept of the lake level. spillwav discharge, dam settlement, or

seepage.

d. Post Construction Changps. According to Mr. David Voelkering.

additional fill was placed on the downstream slope of the dam in about 1q76 in

order to provide the dam with greater stability. The Contractor for the work.

Aholt & Sons Excivating Inc., of Augusta, Missouri, also placed riprap on the

upstream face of the dam at this same time. Mr. Harry Bratton, who resides

near the lake, indicated that the fill placed in 1976 extends from the dam

crest to a point :ipproximately 25 feet downstream of the toe of the original

embankment. Mr. Bratton also reported that the original dam embankment had a

4-inch steel pipe drain extending through it, but that the downstream end of

the drain was covered by the new fill and is no longer serviceable.

e. Seismic Stabilit. The dam is located in an area close to the

boundary separating the Zone I and Zone II seismic probability areas. An

earthquake of the magnitulc that might occur in this area would not be

6-1
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expected to cause structural damage to a weil constructed earth dam of this

size provided that static stability conditions are satisfactory and

conventional safety margins exist. However, it is recoummended that the

prescribed seismic loading I-e applied in an> stability analyses performed for

this dam.
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SECTION 7 - ASSESSMENT/REMEIAL MEASURES

7.1 DAM ASSESSMENT

a. qtfe tv. A hydraulic analysis indicated that the spillways (principal

plu% emergency) ar._ capable of passing lake outflow of about 458 cfs without

the level of the lak, exceding the low point in the top of the dam. A

hydrologic analysis of the Iake watershed area, as discussed in Section 5,

paragraph 5.1d, indicate- that for storm runoff of probable maximum flood

magnitude, the ,ae out floi would bo alout 1,430 cfs, and that for the I

percent cha-i,7- I I),-venr fr qiencv) flood, the lake outflow would be about 51

cfs.

Seepaz-' and nt~i(itv ana!-'ses of the dam were not available far review.

and therefore2. n, -: iidmtm:it could be made, with respect to the striictijr1

stability i: tht dam.

Two items wernotced during the inspection that coull adversely affect

the safety of the dam. These items include seepage and numerous -mall trees

on te upstream face of The embankment.

b. Adequac' of Information. Duo to lack of design and construction

datiI, the assessments reported herein were based on external conditions as

determined during the visual inspection. The assessments of the hydrology of

the watershed and capacities of the spillways were based on a hydrologic!

hydraulic study as indicated in Section 5. Seepage and stability analyses

comparable to the requirements of "Recommended Guidelines for Safety

Inspection of Dams" were not available, which is considered a deficiency.

c. Urgency. The remedial measures recommended in paragraph 7.2 for the

items concerning the safety of the dam noted in paragraph 7.1a should be

accomplished in the near future.

d. Necessity for Phase IT. Based on the results of the Phase I

inspection, a Phase It investigation is not recommended.
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e. Seismic Stability. The dam is located in an area close to the

boundary separating the Zone I and Zone II seismic probability areas. An

earthquake of the magnitude that might occur in this area would not be

expected to cause structural damage to a well constructed earth dam of this

size provided that static stability conditions are satisfactory and

conventional safety margins exist. However, it is recommended that the

prescribed seismic loading be applied in any stability analyses performed for

this dam.

7.2 REMEDIAL MEASURES

a. Recommendations. The following actions are recommended:

(1) Based upon criteria set forth in the recommended guidelines,

spillway size and!or height of dam shoull be increased in order to pass lake

outflow resulting from i storm -: proSable maximum flood magnitude. In either

case, the spillway Thoili be protected t3 p-event erosion.

(2) Obtain the nec-ssarv soi iata anJ perform dam seepage and

stability analyses in order to deter-nine the structural stabilitv of the dam

for all operational conditions. Seepag,- and stiaility analyses should be

performed by a qualified professional engineer experienced in the design and

construction of earthen dams.

b. Operations and Maintenance (0 & M) Procedures. The following 0 & M

Procedures are recommended:

(I) Provide some m.:,ans of conrrolling seepage evident in the area

adjacent to the downstream toe to the left of the center of the dam.

Uncontrolled seepage can lead to a piping condition (progressive internal

erosion) which could result in the failure of the dam. Drainage of the areas

affected by seepage should be one of the objectives of the seepage control

measures since saturation of the soil weakens the foundation which could

impair the stability of the dam.
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(2) Remove the trees from the upstream face of the dam. Tree roots

can provide a passageway for lake seepage which could lead to a piping

condition and subsequent failure of the dam. The turf cover should be

restored if destroyed or missing. Maintain the turf cover on the slopes at a

height that will not hinder inspection of the slope or provide cover for

burrowing animals.

(3) The presence of the 4-inch steel drain pipe covered by fill in

1976 could be a source of water intrusion into the embankment which could

impair the stability of the dam. The Owner should address this possibility

and take appropriate action.

(4) Provide maintenance of all areas of the dam and spillways on a

regilarlv scheduled basis in order to insiure features of being in satisfactory

operat ional condition.

'5) A deta led inspection of the dam should be instituted on a

gilar '>asis b'v an engineer experienced in the design and constru:tio- of
dams. it is also recommended, for future reference, that records be k~pt of

all in;;ections made and remedial measures taken.
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HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. The 'IEC-1 Dam Safety Version (July 1978, Modified 26 February 1979)

program was used to develop inflow and outflow hydrographs and dam overtopping

analyses, with hydrologic i-i,ts as follows:

a. Probable maximum precipitation (200 sq. mile, 24-hour value equals

25.2 inches) from Hydrometeorological Report No. 33. The

precipitation data used in the analysis of the I percent (100-year

flood) was provided by the St. Louis District, Corps of Engineers.

Due to the fact that the watershed for this reservoir is small, the

lake level was assumed to be at normal pool as a result of antecedent

storms prior to occurrtence of the PMF and the probabilistic storm.

b. Drainage area = 0.152 sqaare miles 97 acres.

C. SCS parimetors:

Time of Concentration (Tc' = l1.9L 3 0.385 hoursIT =~ 0.093hor

Where: T Travel time of water from hydraulically most distant
c

point of interest, hours.

L = Length of longest watercourse = 0.32 miles.

H = Elevation difference = 191 feet.

Lag time = 0.056 hours (0.60 Tc)

The time of concentration (Tc) was obtaied using Method C as

described in Figure 30, "Design of Small Dams", by the United States

Department of the Interior, Bureau of Reclamation, and was verified

using average channel velocity estimates and watercourse lengths.

Hydrologic soil group = B (100% Winfield and Holstien series) per SCS

County Soil Report
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Soil type CN = 75 (AMC II, 100-yr flood condition)

= 88 (AMC III, PMF condition)

2. The principal spillway has two outlets, a 15-inch pipe outlet and a

trapezoidal overflow section, both of which are located about Q0 feet

downstream of the dam centerline at the right abutment.

a. Inflow to the 15-inch corrugated metal pipe outlet was determined by

assuming flow was over a sharp edge submerged orifice. The following

-quation was used: Q - Ca (2gh) where "C"is a coefficint

aisumed to be 0.60,* "a" is the area, 1.23 sf, of the orifice. "h'" is

the height of flow above the orifice, and "g" is acceleration d:ie to

gravity. Reference, "Handbook of Hydraulics", Fifth Edition, by King

and Brater, page 4-3.

Flow through the 15-inch diameter outlet pipe was det?rmin-i! using

Bernoulli's equation for pr-ssure flow in pipes. Losses : idii t'.:rat.

entrance, -ipe a.-A exit losses totaled 6.89 velocity heads. Ref,-renc-,

"Handbook of Hvdraulics", Fifth Edition, by King and 3,rter, pes 3-5 aid 8-6.

Discharge quantities, determined by the methods described herein were

plotted versus corresponding lake water surface elevat~cns to determine the

discharge rating curve for the spillway pipe.

b. The other spillway outlet consists of a broad-crested, irregula-

trapezoidal section for which conventional weir formrilas do not

apply. Spillway release rates for this section were determined as

follows:

(I) Spillway crest section properties (areas, "a", and top width,

"t") were computed for various depths, "d".

(2) It was assumed that flow over the spillway crest would occur at

critical depth. Flow at critical depth Qc was computed as

3 0.5
Qc for the various depths, "d". Corresponling
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velocities (v ) and velocity heads (H ) were determined
C VC

using conventional formulaR.* Reference, "Handbook of

Hydraulics", Fifth Edition, by King and Brater, page 8-7.

(3) Static lake levels corresponding to the various values passing

the spillway were computed as critical depths plus critical

velocity heads (dc  vc ), and the relationship between lake

level and spillway discharge was thus obtained. The procedure

neglects the minor insignifcant friction losses across the

length of the spillway.

3. The emergency spillway section, located at the left abutment,

consists of a broad-crested irregular trapezoidal section for which

conventional weir formulas do not apply. Spillwav release r.ates for the

emergency spillway section were determined as described above for the

trapezoidal section at the principal spillwav.

4. The discharges for the principal and emergency spilways (including

the 15-inch pipe outlet) were summated for !qual elevations aid entered on the

Y4 and Y5 cards.

5. rhe profile of the dam crest is irregular and flow over the dam

cannot be determined by application of conventional weir formulas. Crest

length and elevation data for the dam crest proper were entered into the HEC-I

Program on the $L and $V cards. The program assumes that flow over the dam

crest section occurs at critical depth and computes internally the flow over

the dam crest and adds this flow to the flow passing the spillways as entered

on the Y4 and Y5 cards.
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