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DEPARTMENT OF THE ARMY
ST, LOUIS DISTRICT, CORPS OF ENGINEERS
210 NORTH 12TH STREET
ST. LOUIS, MISSCUR! 63101

e ALY NEFER O

SURJECT: Cole Lake Dam Phase 1 Inspection Report

This report presents the results of field inspection and evaluation
of the Cole Lake Dam:

[t 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 Maximum
Flood.

Overtopping of the dam and/or erosion of the spillway could
result in fallure of the dam,

e

3. Dam failuve significantly increases the hazard to loss of
life downstream.
1GNED
1979
SUBMITIED BY: ol 2 NO\_’_

Chief, Euglneertny Division " bate
S NN R i -
PN RIS A /
APPROVED BY: ! ‘.i__i_‘ii__\) 2 NOV 19179 )

Colonel, CE, District Engineer Date
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PHASE T REpPORT

NATIONAL DAM SAPETY PROGRAM

Name of Dam: Cole Lakr Dam
State Located: Missouri
County Located: Jefferson
Stream: Ti{f Creeok

Date of Inspecticn:

The Cole Lake Hoam,

personnel of dHoruer & &

19 July 1979

was vicually in-ooted Ly oengoneering

tifrin, Tac,, Conmniving Bnginee

3, St.

Louwis, Missouri. he purpose of vhis inspes=ion was to gasse . 0 pe
general condition of *hoe dam witn reospoot v cafety and, basd unon
this inspection and available aats, deterxine 1f the dam poser a

hazard to bhuaman iife or property.

The following summarizes the findings of the visual inspection
and the results of certain hydrologic/hydraulic investigation:s
performed under the drrection of the inspection team. Based on the
visual inspection, the presert general physical condition of the dam
15 considered to be unsatisfactory. The following deficiencics were
noticed during the inspection and are aonsiderad to have an a‘dverse

effect on the oveorail safety and futare operation of the dam:

1. Seepage, as evidenced by osoft ground and running water, was
observed in the vicinity of the downstream toe of slope at
the right s3ide »f the dam.  Seocpvie was algo noticed
emerging from the downalepe at 4 point above the toe of
3jope near the center of the dam. Uncontrolled seopage

could develop into a pining condition that can lead ‘o

farlure of the dam,




2. The downstream face of the dam and particularly the upper
arcas of Yhe dam, have only a nparse cover of weeds to
pravent. erosion of the slope iy ctorm water runoff. The
emergency spillway, an earthen section, is in a similar
state. All slopes and areas subject to erosion by drainaqe
or lake outflow should be thoroushly covered by a durable
form of protection.

3. Portions of the downstream side of the concrete sill at the
principal spillway are severcly andercol doe to erosion.,
The downetream end of the paved ~hute *hat lies just below
the concrete sill is similarly underout by erasion. 1t is
likely that coatinund erosion of the dabwgrade for the
spillway 511l could resalt in dinplacome st of tlie 5100
and/or failure oI the embankment copporting Lie chuate,

4. A narnad wire tyve fenee i3 locats i Jusy doamstream o0 the
concrete 111 for the princips: a0 lwvay,  The fenos coulld
act as a barrier upon which lake carvried debris can 'adge
restricting Yake outflow and vecalting in f'neding of the
lake and possible overtopping »f the dam.

5. A dense growth of small treecs and brush obstructs the
spillway outlet beginning at a point approximately 100 feet
e low the spillway crest, This growth #i]1 restrict {low
in the channel that may result in flooding of the area
adjacent to the downstream channe! that includes the tne of
th2 dam. Flooding of the area adjacent to the downstream
side of the Jdam could be detrimental to the stability of

the embanement.

Aczording to the criteria aot forth 1 the recommended
guidaelines, the magnitude »f the spillvay Jdesiagn flood for the Cole
ave Dan, which 18 clasaitied as small in size and of high hazard
potential, 18 specified to be a minimum »f onc-nalf the Probable
Maximum Flood (PMF.. Considering the fact thit a large volume of
walter soimpounded; the downstream floodplatn 00 relatively noarrow
and tiow in tie strean will be derp and with hingh velocities; and
sinee o coanty hogawar Vies immediately belou the dam and several

Aweliings lire within the pozsible flood damage zone, it is

ii

it .




recomimenied that the spillway for this dam he dedigned for the DPMF,
The Probuable Maximum Floocd (PMF) iy the [lood that may be oxpeotesd
from the most scvere combination of critical neteorologic and
hvdrologic conditions thit are reasonably posihle in the region.
Reaults of a tydrologic/hydraunlie analyois ialicatod that the
existing spillway:s aro iradequate to pas oo oat "lnow resaleing
from a stoarm of PMF maqnitude. The orincipgl spiliway io adegquate
to pass the lake cutfiow resulting from the Y pey tont chance (100
year freqency) flocd. Both spillwavs, princioal Hlas einergency,
are capanle of par~sins Yoxe oatflow carreisandins oy abont 27
vorpcenpt ~F the PMIY lake inflow. hesordosa U a0 OvL Tl s
Nistrict, CoHrps of Dngineers, the cstimatod taeaie 2one from failare
of the Jdam extends avoroximately three oot one-val, mrles downsbtooon
from the dam. Within the damage zone are Coanty Highway B, throe
dwellinas, and several other buildings,

)
¢

A review f available data did pot dia-1a50 that =eopage or
stability analyses of this lam wer? perioimed.  This is considered a
deficiency and should be recrified. Recent addditions to the dan
(it was reported that in 1978, the dam was rai «»d approxvimately 4
feet) have affected the structural stability of the embankment.
Reportedly, the material:s used to raise the dom consisted of earth
(clay) and tiff gravel. Tt wasg not feasible at the time of the
inspection to determine the extent to which cach of the materials
was used; however, Jwiging by the appezrance of the exposed
materials at the top of the dam, 1%t is believed that there is a
predominance of the tifl gravel. Tt wan alse stated that the
materials were haa'led by Utruck and dunpad in place and there was no
effFort made te requlate compaction. Forther, it was observed Aurina
the visual tnspection, that the Jownstream niope of the npper part
of the dam is exceptionatlv cteep (v on 1.0 whrch 1n 31)
likelihood 1s a2 result of materials beang Jdompe-d ar the top of the
dam and allowed bt spill over the side.  Thocoe{nre, bhecause of those
factors, there is concern for the structaral tabitity of the apper
part of the dam, and aleo for the capability Hf the strusture, 1n

the areas where the section consists primariiy of tiff aravel, to




prevent excessive leakage during periods of nigher than normal lake

levels, which could result in erosion of the downstream face of the

dam.

Tt is recommended that the Owner take the necessary action in
the near future to correct or control the deficiencies and safety
defects reported herein. Tt is advised that priority be given to
performing the investigations necessary to determine the extent of
all embankment materials and, utilizing this data, perform seepage
and stability analyses for appropriate loading conditions, inclading

zarthquake loads.
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PHASE T INSPECTION REPOGRT

NATIONAL DAM SARFETY PROGRAM
COLYE LAKE DAM - [0 ). 30344

SECTION 1 - PROJECT INFOLMATION

1.1 GENERAL

a.  Authority.  Natjinaal Dam Tnspection At Public Law 92-367,

dated 8 August 19772,

b, Purpose of lnsvection.  The purpoce of this visaal
inspection was to make an assessment of the aoneral condition of the
dam wikh tespect to safecy and, based apon available data and this
inspectionn, Jdetermine it the dam poses a hazard to human 1ife or

property.,

<. Evaluation Jriteria. This evaluation was werformed in
accordance with the "Phase I" investigation procoadures as prescribed
"

in "Recommended Guidelines for Safety Inspection of Dams," Appendix

D to "Report of the Cnijef of Engineers on the National Program of

Dams, " dated May 1975,

1.2 DESCRIPTION OF PROJECT

A, e rption ot Dam and Appurtenanc. oo The Tole Lake Dam s

an earthf 111 tyoe embankacat rising 36 {eer abowve the originagl
streamiw:l,  The embankmont has an upstream sloone (above the
witerline) of 1lv on 1.7h, a crest width »f about 12 feet, and an
trreqular Aowrstream slope that varies from 'v on 1.3h at the top to
v on S.7h at the botcom.  The length of the dam, including the

spillway sections, 135 approximately 1,695 fect., A plan and profile

of the dam are shown on 2late 4 and a cross-section of the dam is




shown on Plate 5. At normal ponl elevation the teservior impoun-ied
by the dam occupies approximately 49 acres,

The principal spillway, a broad-crested trapecoidal section i+
located at the south »r left abutment. A conpcrete 35il1l section,
approximately 94 foet lang, serves (o matatain the overflow crest,
A paved concrete chote, approximately 11 foc' 1one and 47 fect wide,
lies imnediately downstream of the low point ofF the siil The
spillway outlet channel, an unimproved {r:oncsoiaal oot ion, abal
the chute and proceads downstream for abhout 170 7ot be foare the
hanks become non-existent and the channe! i: no lonaer lefined.  Tae
outlet channel appears to join the downstream channel, Tiff Creex,
about 600 feet below the spillway crest. & profile of the upper
secticn of the spillway outlet channel is siown on Dlate &

An emergency spillway, a broad-crestedl apprnyinately V-shaped
section, 1s located at the north or riaht abutment. The outlet
channel for this spillway is also animproved and opears to follow a
course that is parallel te the toe of the dam until it joins the

downsteeam channel, at a location about 200 feet below the dam.

b, Location. The dem is5 located on Tiff Creek, a tributary of
big River, about 300 feot east of County Road B and approximately 8
miles north of Bonne Terie, Missouri, as shown on the Reqional

Vicinity Map, Plate 1. Th2 dam is located in Section 10, Township

38 North, Range 4 East, Jefferson County.

¢ Baze Cla f1-at . on, The s3iz0 classifaication hased on the

heiqght of the Jdam and stovrage capacit Toocarogqnr g sed s small.
B ,

{(Per Table 1, Recomweaded Gaidelines £or Safet: Tacrection of Dams,)

d.  dazord Classifice

id. The Cole Lake Dawm, 1~cording to the

St. bouis Districet, Corps of Bngineers, has a hial hazard potential,
meaning that 1f the Aam chould fail, there may be iass of 1ife,
serious damage to hoimes, extensive agricaltural, industrial and

commercial facilities, important public utilities, main highwavys, or
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vailroads.  According to the St. Touls Drstrict, Corps of Hngineercs,
the estimated damage zone from failure the dam extonds approximately
three and one-half mileg downstream from the dam., Within the damage

zone are County Road E, three dwellings, and several other buildings.

e. Ownership. The lake and dam are ownsd hy the Cole Lake
Property Owners Association, Incorporated. Mr. Burford Shy is
currently the Chairmun of the Board of the Association. The
Azsociation's address its: Route 2, Box 2312, DeSoto, Missouri -

6£3020.

f. Purposz of Dam. The dam impounds water for recreational! use

by property owners who are members of the association.

g. Design and Construction History., According te Mr. Burford
Shy, the dam was construnted in 1947 by his wrother, Paul N. Shy, a
contractor experienced in the construction »7 cartihea dams,
According to information shown on the Coles Lake Sabxiivision Plov,
dated December 9, 1948, see Plate 2, the original owners of the
property upon which the dam and lake are fonnded, were John Cole and
his wife, Bernice Cole, and Paul N. Shy, the builder of the dam.

The present Owners, the Cole Lake Property Owners Association, Inc.,
acquired control of the dam, lake, and other common ground within
the subdivision in [974., According to Mr. Shy, the dam was
constructed without the benefit of formal engineering design data or
plans.

Mr, Shy aiso reported that in 1978, several improvements were
made to the dam hy the property owner's association. These
improvements consisted of raising the dam approximately 4 feet,
widening the principal spillway, raising the orest of the emergency
spillway, removing trees from the upstream and downstream faces Hf
the dam, and installing riprap across a portinn of the upstream {ace

of the dam.

h. Normal Operational Procedure. The lake Yevel 15 unrequlated,




1.3 PERTINFNT DATA

a. Drainage Area. The area tritet by ot the lake is 1
essentially undeveloped, partially an pastare with the remainder in
a native state coveredl with taimber.  The area sdjacent to ths lake
hes been subdivided and there are noaervor homes and othey b Ldipgs
abont the like. The watershed above the Jdam amounts to
apgroximately 774 acres.  Tre watarshed arei 1 outlined on Plate 3.
hoo Discharge at Pancire.
(1Y ®¥otimaved known maximum flood at Aansite .., 370 cof g*
(W.S. RBlev. 824.5)
{(2) Spillway capaerty ({princival) ., 690 of s (W.S. - Elev.
3251
(3)  Spillway capacity (princinel + emersoncy) ... 1,730 of 3
(W.5. Plov, 826,048
<. E':]_‘,‘Yi}_“";“"_,f',‘-r v MY L The Tow ot o the cono ke
si1l ah the princinal so:llway ~rect o wis anaumed 10 Lo olevatb on
4
323.0; the Hasus fov this ascumpt bon bt e clevation of tin 1o ke
surface shown an b2 el Vinedand, Moo er O lrargie Man, 7.5
minite sories,
(1) Too ot dan ., 82604 (nin,)
"2y Morwan peot {enil lway crestY 00 39230
{3V Srrearhed at centerline of dan L. 7924
(1) Marxiaom i lwater (.. Unknown
1
. Reservios.
i1 ety at normal poao? (elevation 823.0) ... 2,500 ft,
(2) Lenath ot maxamuam pool (elevation 826.4) ... 2,700 ft. ,
;
‘_rrlJJ(
1) Yormat el o0 476 ae, T, i
(o) Towe ot dam ynceremental) L0 VD oae, TG,
oo on o nug o wate o wark ac seaerved by g representat tve of the ;
Ownerr | i




f. Reservoir.

(1) Top ot dom ... 52 acres

(2} Normal pool ... 49 acres

f. Dam.

{1) Type ... Earthtill, homogencous*

2y Length ... 1,695 ft.

(3) Heighe ... 36 ft.

(4) Top width ... 12 ft.

(5) Side slopes
a. Upstream ... lv on 1.7h ‘above waterline)
b. Downstream ... Trreanlar, lv on 1.3h to lv un 5,7h

{6y Cutoff ... Clay covre*

(7) Slope protection
a. Upstream ... Riprap (partial), tiff gravel

. Downstream ... Weeds and brush

h. Principal Spillway.

(1) Type ... Uncontrolled, concrete gill, trapezoidal
section

(2) location ... Left abutment

(3 Length ... 94 ft.

(4) Crest ... Elevation 823.0

(5) Approach channel ... Lake

(6) Txit channel ... Rarth cut, tcapezoidal section

i. Emergency Spillway.

(1) Type ... Uncenkrolled, «arth, V-section
{2; Location ... Right abutment

(3. Crest ... Elevation 825.1

(4) Approach channel ... Lake

(%) %xit channel ... Unimprovs)

1. hake brawdown Macility. Noae

*Per a representative of tne Owner

P YN
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SECTION 2 - ENGINEERING DATA

2.1 DECIGN

No engiaeering dara telating to the dosian of the dam are known

to exi1st.

2.2 CONSTRUCTION

The following information was obtained from Mr. Rurford Shy,
present Chairman of the DBoard for the lake property owners'
assoctiation., Mr. Shy worked for his brotber, Paul, during the

period (1947) when the Cole Lake Dam was heing constructed:

"Phe dam was constructed with clay obtaintd from the area to bhe
occupied by the lake. Two bulldozers and three tractor drawn
serapers were used to move and place the f11] material for the
dam. A core trench, to an estimated maximum depth of about 15
fret, was eaxcavated to rock along tihe centetline of the dam and
hackfilled with c¢iav. Layers of gravel were encountered at the
streamline while 2xcavating the core trench. Compaction of the
fiil anl bhackfill was achieved by running the earth hauling
equipment over the previously placed tiii laver, No compaction

tests were made or records kept of the dam construction work,”

Mr. Shy alss stated that springs were encountered during
construction of the dam at the approximat.. locations that secpage

wi3 observed during the inspection.

2.3 OPERATION

The lake level i3 uncontrolled and governed by the crest
elevation nf the principal spillway locatrd at the left abutment,
An emergency spillway, with a crest olevation approximately 2.1 feet

higher than the -rest of the principal spillway and about 1.3 feet




lower than the top of Lne dam at its lowest point, is located at the

right abutment. A represeatative of the Owaer, reporvted that the
highest lake level obsurved occurred during the sping of 1979 (the
dam was raised in 1978} and, judging by a high witer wark, was
estimated to be approximately 18 inches above the normal pool
level. 1t was also stated that cthe dam, prior to being raised had

not been overtopped.
2.4 EVALUATION

Avalability. Engioccering data for assessing the design of the

dam and spillways were unavailable.

. Adequacy. No data available. Scepage and stability
adequacy 3

analyses comparable to the requirements of the 'Recommended

Guidelines for Safetv" were not avarlable, which i3 coasidered a

deficiencyv. These seepage and stability anciyses should be

i

Cinzluding earthquake

performed for appropriate joading condiiions

loads) and made a matter of record.




SECTION 3 = VISUAL INSPETTION

3.1 FINDINGS

a. General A visual inspection of the Tole Lake Dam was made
by Horner & Shifrin engineering personnel, T.K. Deddens, Geological
Engincer, K.L., Freesc, Civil Engineer and Hydrologist, and A.B.
Becker, Jr., Civil and Soils Engineer, on 19 July 1979. An
examination of the dam site was also made by an enginecring
geologist, Jerry ©. Higgins, a consultant retained by Horner &
Shifrin for the purpose of assessing the area geology. Also i
examined at the time of the inspection, was the arca below the dam
within the potential flood damage zone. Photogranhs of the dam
taker: at the time of the inspection are i1ncluded on Pages A-1
through A-6 of Appendix A. The location of and directinn in which

the inspection photoaraphs were taken is indicated on Plate 4.

b, Area Geology. The dam site is located on the northern flank
of the Ozark Uplift on nearly flat~lying Cambrian age sedimentary
rock. The uniform bedrock structure is intersected by the
northwest-gsoutheast trending Valles Mine-Vineland Fault which passes
through the area approximately 3 miles north of the dam gite. 1In
the general area the Cambrian age TPotosi formation 1s exposed at the
surface. The Potosi formation is a massive, thickly-bedded,
medium-to-fine-grained dolomite with abundant guartz druse and
chert, The hilltops in the area are reported to be capped by cherty
dolomite of the Eminence formations.

The dam and reservoir are founded on gently sloping Potosi
residuum. The residuum, derived from insitu weathering, is a
blocky, red clay with abundant quartz druse and chert. There has
heen no severe erosion of residuum around the lake, although erosion
has occurred in the emergency spillway outlet <channel. Both
abutments are composed of gently sloping Potosi residuum with
bedrock exposures limited to the spillway at the left abutment. The

abutment slopes appear stable with no severe erosion evident.

-1




The Valles Mines-Vineland Fault, which does not cross the
dam site, is considered to be an extension of the 5t, Genevieve
Fault system and a part of the St., Genevieve Seismotectonic Region,
This Scismotectonic Region has been the center of several
significant historic scismic events. An ~vent of Modified Mercalli
Intensity of VII may oczur in this region based upon the postulated
recurrence of historic earthquake events. Uased upon the site
geology and distance from the fault system, the most likely seismic
hazard would be the result of induced ground motion rather than

ground failure by fanlting.

¢. Dam. The visible portions of the upstream and downstream
faces of the dam (see Photos 1 and 2) appeared to be in sound (no
cracks or slides were noticed) condition, although the upper areas
of the embankment slopes are exceptionally steep. The material
exposed at the dam cres* and upstrean face of the dam, except f{or
riprapped areas and spotty patches of weeds, consisted of tiff
gravel, a small 3tone that ranges in size up to amout 374 of an
inch. The riprap, & stone about 4 inches across (n size, covered
approximately 60 percent of the upstream face of the dam (see Photn
12) and extended from belnow the waterline to necar the top of the
dam. Oniv a sparse arowth of weeds (see  Photo 7} existed on the
upper areas of the downstream face of the dam, while the lower areas
were Jdencely covered with weeds and brush. #Felled trees were also
present at several locations along the downstream toe of the dam. A
ridge approximately 2 feet high was observed in the lake, about 1
foot belnw the surface, paralleling the dam at a location
approximately 8 feet from the face of the dam. The ridge extended
from a pnint beginning near the principal spillway for a distance of
approximately 500 feet. The reason for the ridge was not apparent.

At a location near the center of the dam and a point about

20 feet telow the crest, seepage estimated to be flowing at a rate
of about 1 gpm, was obhserved emerging from the face (see Photo 8) of
the dam. Seepage was also noticed emerging from the base of the dam
{see Photo 9) at a location approximately 157 feet from the right

ahutment. The exact location of the point of exit for this seepage
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could not be determined. However, the flow was estimated to be
about 2 gpm. The area adjacent to and paralleling the right side of
the dam (see Photo 10) was soft with seepage flowing in a shallow
erosion channel just belcw the toe of the slope. There was also
evidence of surface erosion, a gully was cut up to 12 inches in
depth, that appeared to be due to storm water runoff, through this
same area.

The subgrade at the downstream side of the 4-inch thick
concrete sill at the principal spillway was found to be partially
eroded (see Photo 4) across half of the section. Undercutting of
the sill extended to a depth of up to one foot in ceveral
locations. Due to lack of support, several sections of sill slab
were broken, leaving the downstream side in a ragged condition. The
subgrade at the downstream end of the paved chute {(see Photo 5) that
lies below the spillway sill was also eroded across almost the
entire section. Undercutting of the paved surface, a free-formed
section, e~xtended to a depth of up to 2.5 feet with over 12 inches
of subgrade material missing. Some 3eepage, ¢stimated to be on the
order of 1 gpm, was observed flowing from the exposed subgrade at
the end of the chute. A three-strand barbed-wire type fence,
located adjacent to the downstream side of the spiliway sili was
found to extend across the entire spillway. The spillway outlet
channel below the chute, although unimproved, {(sec Photo €) was
found to be in fair condition with few obstructions and only minor
erosion of the section. However, beginning at a point approximately
100 feet below the spillway crest, the channel was found to be
overgrown with small trees and brush, The channel, through the low
lying arcea below the dam and east of County Road E, was found to be
densly covered with brush, cattails, trees, and other vegetation.

The crest of the emergency spillway (see Photo 11) was found to
be in sound condition, although some minor surface erosion due to
storm water runoff was noticed. The crest as well as the upstream

and downstream faces of the spillway channel, with the exception of

some weed growth, had no protective covering to prevent erosion.




The cutlet channel for thtas spillway was al:o found to lack

protective covering, with erosion up to 12 inche-: in several places,
having occurrel through the drainage area.

Although no animal burrows were nooic~3 at the time of the
inspection, it was reported that during the previons year (1973,

approximately 105 muskrats were taken from *ne dam arca.

d. Downstream Channel. The channel downstream of the dam, Tiff

Creek, is unimproved and extends for approximately 4 miles before
joining the Big River.

At a distance of about 1300 feet below the dam, a 12-foot
wide by 7-foot high concrete box culvert allows stream flow to cross
County Road E. At the time of the inspestion, flow in the culv-rt
was estimated to be abecut 4 to 5 gom, abdproximately the same

quantity of flow observed, and believed to be seepage from the lave.

e, yir. Numevous homes aad cther Loildinas are prese:nt
in the arca adjacent to the lake. The laks oharel.ne (s qrass
covered and tree lined ard appeared to be woli maintained. The very

upstream end of the lake is crossed ny a ~ounty rocd where a
concrete box culvert allows {low to pass ben-ath The road. The
amount. of sediment within the lake could ast lie Jdecermined at the
time of the inspection. However, a reprecertative of cthe Owner
reported that wher. constructed, the lake at it deepest point was
about 55 feat Jdeep, but now is believed to bw orly 49 feet deep 2t

its deepest location.

3.2 EVALUATION

With the exception of the steep upstream and dawnstream slopes
that exist near the top of them, the deficiencies observed during
this inspection and noted herein, are not considered significant to

wararant immediate remedial action.
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SECTION 4 - OPERATT ONAL Pholbonins

4.1 PROICEDURES

The apillwave are unconteolied.  The water surface level i3
governed by precipitsticon sunoff, evaporation, seenadge, and the

cavacity of the unconzroilad principal and emergency spillways.

4.2 MAINTENANCE OF DMM

As previouzly indicatad, improvenents nove recently {(1978) been

made to the dawm and spiliways., Accoording to o reprersentative of the

Owner, with the e of the rigrap placed on the upstrean face
of the dan, these 1mprovems=nts arc comnlete.  Howsver, bhased on the
extensive Jrovth of weeds and hrush tnat exist on the dam and

elsewhnre 23 well as the lack of a parenanial plant cover to prevant
erosion, it wiuld aopear that these arcas are in need of additionad

maintenance. Farther, it als» appeavs that little has Leen dons to

provent oscurrence 07 problems associated with seenaae including
drainaje of the low lying areas, where the witer accumulates nea:

the nsase of the danm.

4.3 MATHNTENANCE OF GUYLET OPEPATING FACILITILCS

No outlet operating facilities exist at this dam.

4.4 DESCRIPTION OF ANY WARNING SYSTEMS IN EFFECT

The [nspection did not reveal the existonce of a dam warning

ayc< tem,




A5 BVALUATION

fast ot o1 inddequate naintenance s conspdered detrimental to
tue satety otf the dawn. 7t is recommended that madntenanco of the

dam and spillways be undertaken on o oregular basis and that records

Fe kept of atl maintenance work performed.




SECTION 5 - HYDROLOGIG/HYDKAULTC

5.1 EVALUATION OF FEATURES
a. Design Data. Design data are not avaiiable.

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

were developed from the USGS Vineland, Missouri, Quadrangle Map.
The proportions and dimensions of the spillways and dam were

developed from surveys made during the itaspection.

¢. Visual Observations.

(1) The principal spillway crest consists of a 94-foot long
coucrete sill of variable width. A coacrete chut2 lays immediately
beiow the south half of the spillway sill. The subygrade for the
north half of the ¢ill as well as the subgrade at the downstream end
of the chute, are extensively eroded with hoth sections undercut. A
three strand barbed-wire f{ence, supported by wetal posts embedded in
the siil, crosses the spillway open.ng.

(2) The principal spillway is located within the embankment
near the left (south) abutment.

(3) Below the spillway sill and concrete chure, the outlet
channel consists of a trapezoidal-shaped section approximately 8
feet wide and 3 to 4 feet deep, that continues for about 100 teet
before joining a draw of the original drainage pattern. The draw
follows a course away from the downstream face of the dam. The
jagged surface of the Potosi formation ts exposed in the invert of
the upper reach of the channel. The lower portion of the reach is
congested with small trees and brush.

(4) The downatream face near tiae top of the dam 1s
exceptionally (iv on 1.3h) steep. The upstream face above the
waterline is also stecp. Judging by the Lype of material exposed to
view, this upper portion cousists primarily of tiff gravel. 1In
addition, this portion of the embankmear does nnt have pereannial

type plant cover to prevent erosion by stourm water runoff. The
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lower portions of the embankment aprear to concist of native soil, a
red, qgravelly clay.

(5)  The emorcency spillway conas ts of 4 ~hallow,
dist-shaped depression through the dam toar the right (northy
abutment.  The cpillwey aosthardges into o nataral draw that copveys
water away from the dan by {followint a conrne that roughly parailels
the hase Hf the dan,

{6) No drawdown fecilities are avarlable to dewater ¢ he

lake.

d. Overtopping Petential. Elevation #26.4 was found to be
lowest point in the dam crest. The spillways (principal and
emergency) are 1nadequare to pass the probable maximom flood or the
1/2 probhable maximuam flood without overtopping the dam. They are
adequate, however, to pass the 1 percent chance (100-year frequency)

flood without overtopping the dam. The results of a Jam overtopping

analysis are as follows:

Max 1mum Duration of

Depth of Flow Overtopping

QzPenk Max. Lake OQuer Dam (Ft.)  Of Dam

Ratio of PMF  Outflow (cfs)  W.5. Elav. (Flev. 826.4) {Hicurs)
0.27 1,785 826.4 0.0 0.0
0.50 4,606 827.5 1.1 1.6
1.00 11,043 828.3 1.9 5.0
100-Yr. Flood 1,067 825.6 0.0 0.0

The flow safely passing the spillways just prior to overtopping,
was Jetermined to be 1,780 cfs, which amounts to approximately 27
percent of the probhable maximum flood inflow. This outflow is
greater than the outflow for the 1 percent chance (100-year
frequency) flooa, During peak flow of the probable maximum flood,
the greatest depth of flow over the dam would be approximately 1.9

feet and the overfinw will extend for abont the entire length of the

dam crest.




e. [BGvaluation. Based on the crosion that has occurred at the
principal spillway (the concrete sill and chate are extensively
undercut) 1t 15 evident that the embankment waterial, a gravelly red
clay, ¢an under certain circumstances, such as large spillway
releases with accompanying high velocitincg, be very erodible,  Alno,
during {lood conditions when [low over the dam occurs, it 1s
expected that rapid evosion of the anprotected cteep downstroam
slopes that are conposed at least in part of G340 gravel, will
occur. Therefore, tos Yahe flooding conditions that reanlt on 1iow

over the top oi the dam, f1iilure oi the dam < oxpected,

f. Refercnces. Procedures and dat s for Qetermining the
probable maximum tlood, the 100-year freaaency tlood, and the

discharde rating 2urve for flow passing the spiliways and tin dam

crest are prescnted oo Pages B-=1 and B-2 of

the Appendix. A (isting
of the HEC-1 (Dam Safety Version) input data for routing the
probable maxitmum £load and the 1 percent chance (100-year frogquency)
flood is shown on Pages B-3 and B-4 of the Appendix. A copy of the
computer output table entitled "Summary of Dam Safety Analysis® is
presented on Page B-2 and the inflow and outf{low hydroqgrapha for the
probable maxirum flood are shown on Page B-6 of the Appendix.

Area-starage curves for the reservoir are pregsented cn Plate 6 and

the spiliway Jdischarge rating curves are shown on Plate 7.




SECTION 6 = STRUCTUPAD gty

6.1 EVALUATION OF STRUCYIRAL STABILITY

a. isual Choervarion . An item noticed Jduring the inspection

and considered to be of significant import.ance to the performance of
the dam, 35 the excepcisnally steep slopes that exist on the
apstrear and clownstreqm faces of the sabharirent.,  The inspection
als0 tevealed that wotorials used to roise the dan {see paragraph
voldy consisted of as nnpdeterminahle combhination of titf gravel and
clay. COtrer  tors noticed doring the ingpection include seepage,
lack of perennial plant cover in certain arean sobject to erosion by

L]

ctorm water runott o or o apiliway flew, and Goace bresh o rbat could

conceal aniral burrowas. The jocarion and oxtent of thoese ttewms 003

discussed 1n Section 3, duarsaagraph 3010 .

_ulﬁj.i°Q5HT¥lQBflfliEﬁ' No conLtrestion data relaling
to the ctrecreral staebiicty of the dam aro koarwn to exist., Seepage
and stabildtity analyses comparable to the requiremants of the
"Rercommended Guidelines for Safety Inspection of Dams" were not
availatle, which is considered a deficiency. These =zeepage and
stabilrty analyses shou'!d be performed for appropriate loaling
conditicsns (including earvthquake loads) and made a matter of

record,

¢. Operating R

ords. No appurtenant structures or facilities

requiring operation exist at this dam. According to a representa-
tivo of the Owner, no records are kept »f the lake level, spillway

discharge, dam settlement, or seepage.

d. Post Construction Changes. Based on information provided by
a representative Hf the Owper, it is believed that there have been
several changes to the dam since completion of construction in 1947
that could have an affect on the structural stability of the dan.

These chanaes, all of which were reported to have been implemented

in 1978, in~lude taicing the dam epproximately 4 foet, ipcreasing
6-1
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the width ¢f the principal spillway opening fror alout 47 feet to
approximctely 94 feet, ond raising the crest of the emergency

spi1llway approximately 1 foot.

seismic Stability. Pased on tne alerp downstream siope in
the upper regions of the dam, the lack ) stability analyses as well
as kncwledge of naterials used and met'wods onploeyed Lo raise the
dam, a julgmert as to the effect of an sarthquake on this dam canno®
be made at this time. However, a geclogis fanlt i relatively close
(approximately 3 miles) to the damsite ana the nac of tiff gravel
for dam construction s Hf questionable velue. & gaike at the

/

Aamsite coul.d cause the 1elatively Jooss titi Jrcel to beacors

unstable, resulting i1n slope Fatlare t the top of the dam.
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SECTION 7 - ASSESSMENT/REMEDIAL MILSURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicates tte spillways
(principal plus emergency) are capable o f passing lake outflow of
about 1,780 cfs without the level of the lake excerding the 1low
point in the top of the dam. A hydrologic analysis of the lake
watershed area, as discussed in Section 5, paraqraph 5.1d, indicated
that for storm runoff of probable maximum flood magnitude, the lake
outflow would be on the order of 11,043 c¢fs, and that for the 1
percent chance (100-year frequency) flood, the lake outflow would be
about 1,065 cfs.

Several items were noticed during the inspection that could
adversely affect the safety of the dam. These items include the
exceptionally steep slopes that exist at the upstream and
particularly the downstream faces of the dam, seepage, lack of
perennial plant cover in areas subject to erosion by storm water
runoff and/or lake outflow, dense brush in certain areas that may
conc2al animal burrows, and a barbed~wire type fence that traverse:s
the crest of the principal spillway.

Stability and seepage analyses of the dam were not available
for raview and therefore no judgment could be made with respect to
the structural stability of the dam. Due to the fact that the upper
areas of the dam have slopes that are unusually steep, it is
questinnable if the stability of the embankment i= adeguate for al!

service conditions.

h. Adeguacy of Information. Due tn lack of drsign and
construction data, the assessments reported herein were based on
external conditions as determined Juring the visual inspection. The
assessment of the hydrology of the waterzhed and capacities of the
spillways were based on a hydrologic/hydrauiic study as indicated in
Section 5. Seepage and stability analyses comparable to the

requirements of the "Recommended Guidelines for Safety Inspection of
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Dams' were not available, which is considered a deficiency.

¢. Urgency. The items concerning the safety of the dam noted
in Paragraph 7.la and the remedial measures recommended in Paragraph

7.2 should be accomplished in the near future.

d. Necessity for Phase II. Basced on the results of the Phase I

inspection, a Phase Il iuvestigation is not recommended.

e. Seismic Stabilitv. Based on the siwep downstream slopes in

the upper regions of the dam and the lack of stubility analyse: s

well ag knowledpge of materials used and mechods employed to raice

the dam, a 3judgment as to the effect H{ aa earthguaske on this daa
cannot be made at this time. However, a goologi: fasleo s
ralatively close (approx-mately 3 miles) o th: damsite end the use
of tiff gravel for dam construction “s of juestionable value., A
quake at the damsite coald cause the retatively loose tiff grave: to

become unstable, vesulcing 1a slope failure at tne top of the dam.

7.2 REMEDTAL MEASURES

a. Recommerdations. The following actions are recommended:

1) Based upon criteria set forth in the recommended
guidelines, alterati-ns to the design of the dam should be
made in order to pass lake outflow resulting from a storm
of probable moximum flood magnitude.

(2) Obtain the necessary scil lata and perform dam
stability and s2epage analyses in order to determine the
structural stabitity of the dam for all operational
coaditions. Jecepage and stabiliby analyses should be
performed by a qualified professtonal engineer experieanced
in the design and construction of Jdams that include the use

of t1ff material for embankment fill,
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b. Operations and Maintenqnce (Qﬁﬁmﬂluﬂiquerei. The

following O & M Procedutes are recommended:

{1) KRemove tie trees as well as the fallen trees and
brush, that may conceal animal burrows, from the downstream
face of the dam and the area adjacent to the downstream toe
of the slope. Holes from tree roots and voids created by
burrowing animals provide a pathwar for seepage that :an
lead to a piping (progressive internal crosion) conditiovn
and potential fatlure of the dam. The existing turf cover
should be restored if destroycd or missing (much of the
downstream face has no peremnial type of plant cover).
Maintain the turf cover on the slopes at a height that will
not hinder inspection of the slope or provide cover for
burrowing animals. The removal of trees should be
performed under the guidance of an engireer experienced in
the design aua construction of earth daas, siace
indiscriminate clearing can jeopardize the safety of the
dam,

(2) Provide :ome means of preventing piping due to seepage
at the Jdownstream face of the dam. A piping coadition can
result in failure of the Jdam.

(3) Drain the low lying arcas adjacent to the tue of the
dam in order to prevent soft yground and conditions
detrimental to the stability of the embankment.

(4) Remove the trees and brush from the downstream area of
the principal spillway outlet channel in order to allow
flow to reach the downstream channel unrestricted.
Restricting flow in the spillway channel! can result in
flooding of the area adjacent to the downstream toe of the
dam and conditions unfavorable to the stability of the
embankment.

(5) Remove the barbed-wire type fence that traverses the
crest of the principal spillway and provides a barrier on

which lake carried debris could lodge, resulting in a
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restriction of the spillway opening and unwarranted
flooding of the lake aund possibly overtopping of the
embankment.

(6) Restore the subgrade at the downstream ends of the
concrete sill and paved chute at the principal spillway and
provide some means of preventing future erosion at these
locations. Loss of subgrade could result in settlement of
the sill (crest ) or instability of the dam at this
location, since loss of materials below the chute will
affect the stability of the sectiou.

(7) The benefit of riprap to prevent erosion of the
upstream face of the dam in the case where the embankment
material consists of tiff gravel (s questionable. However,
if riprap 1s considered desireable, it is recommended that
selection cf riprap be done by a qualified soils engineer
in order to insure proper gradation and size. Riprap is
necessary to prevent erosion of an earth embankment by wave
action.

(8) A detailed inspection of the dam should be institnted
on a regnlar basis by an engineer experienced in the desiga
and construction of dams. 1t is aiso recommended, for
future reference, that records be kept >f all inspections
nade and remedial measures taken.

(9) Provide maintenance of all areas of the dam and
spillways on a regularly scheduled basis in order to insure

features of being in satisfactory operational condition.
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APPENDIX A

INSPECTION PHOTOGRAPHS
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APPENDIX B

HYDROLOGIC AND HYDRAULIC ANALYSES




HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. The HEC-1 Dam Safety Version (July 1978, Modified 26
February 1979) program was used to develop inflow and oatflow
hydrojravhs and dam overtopping analyses, with hydrologic inputs as

follows:

a. Probable maximum precipitation {230 sq. mile, 24-hour value
equals 26.0 inches) from Hydrometeorological keporrt No. 33. The
precipitatinon data used in the analysis of the 1 percent (100-year

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

h. Prainage area = 1.21 squarce miles = 774 acres.

v

. T8 parameters:

o}

Lag time = 0,30 hours

So1l Group C = 100 percent

5911 type CN = 75 (AMC IT), 88 (AMC 11I)
Lag Time = 0,60 Tc (SCS Method)

Time of Cuncentration (Tc) = (JJ;9L330'38)

i
where; TC = Travel %ime of water from hydraulically most
Aistant poirh to point of interest, hours
L = Lergth of longest watercourse, niles
H = Elevation difference, feet.




2. The principal ynd emergency spillway scctions consist
respectively of broad-crested, trapezoidal ond V-shaped sections

for which conventional weir tormulas do not apply,

Spillway release rates for these sections were determined

as follows:

a. Spillway crest section properties (avea, a and top width, t)

vere computed for various depths, d.

b. It was assumed that flow over the spillway crest would
occur at critical depth. §Flow at critical depth. TFlow at
critical depth was computed as . z(g 3g)0'5 for the
various depth, d. Correspondinyg velocities (vc) and
velocity heads (H ‘) wvere determined using conventional

Ve
formulas.

¢.  Static lake levels corresponding to the various values
passing vver the spillway were cemputed as critical deptis

plus critical velocity head (dv t va), and the

relationship between lake level and spillway discharpe was
thus obtained. ‘The procedure neplects the minor
insigaificant friction losses across the length of the

spillway,

3. The protfile of tho dam crest between the principal spillway and
cmergency spillway is irrepular and flow over the dam crest cannot
be determined by couventional weir formulas.  Crest length and
clevation data for the dam crest proper were entered into the HEC-]
Program on the 3$1L aund the $V cards. The propram computes Internally
the flow over the dam crest and adds this {low to the fluw over the

principal and emergency spillways as entered on the Y4 and Y5 cards,
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COLE LAKE
PMF INFLOW & OUTFLOW
HYDROGRAPHS

Horner & Shifrin, Inc. Aug. 1979
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