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SUBJECT: Atwood Lake Dam, MO 31171, Phase I Inspection Report

This report presents the results of field inspection and evaluation of the

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

The owner should initiate immediate action to provide an erosion-free
emergency spillway so that the full existing spillwav capacity could be
utilized. With an erosion-frec emergency spillway, the spillways will pass
greater than 50 percent of the Probable Maximum Flood.

Non-implementation of this recommendation will result in an unsafe, non-
emergency classification, due to degradation of the emergency spillway

crest which could cause dam failure by floods exceeding 42 percent of
the Probable Maximum Flood.
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PHASE T REPORT

NATTONAL DAM SAFETY PROGRAM

Name of Dam: Atwond Lake Dam

State Located: Missouri

County Located: Jefferson

Stream: Trihutary of Sandy Creek
Date of Inspection: f October 1980

The Atwood Lake Dam was visually inspected by engineering personnel of
Horner & Shifrin, Inc., Consulting Engineers, St. bLouis, Missouri. The
purpose of this inspection was to assess the general condition of the dam with
respect to safety and, based upon this inspection and available data,

determine if the dam poses a hazard to human 1life or property.

The following summarizes the findings of the visual inspection and the
results of certain hydrologic/hydraulic investigations performed under the
direction of the inspection team. Based on the visual inspection and the
results of these hydrologic/hydraulic investinations, the present general
condition of the dam is considered ta be satisfactory. However, several iltems
were noticed during the inspection which are considored to have an adverse
effect on the overall safety and future operation of the dam, These items
include erosion of the upstream face of the embankaent, trees and areas nf
dense undergrowth on the downstream face of the embankment, and erosinn of the
emergency spillway outlet chanénzl., Animal burrows were nnt observed during
the inspection, but their presence was indicated by Mr. LaPlant, the camp

caretaker.

According to the criteria set forth in the recommended guidelines, the
magnitude of the spillway design flood for the Atwond Lake Dam, which is
classified as small in size and of high hazard potential, is specified to be a
minimum of one-half the Prohahle Maximum Flood (PMF). Considering the fact

that a relatively small volume of water is impaunded by the dam, that the




flood plain downstream of the dam is fairly broad, and Lhat there are but
three dwellings within the estimate! fland damig cone, it §s recommonded Fhot
the spillways for this dam be desianed for one-half the PMI. The Probable
Maximum Flood (PMF) is the flood that may he expected from the mnst severe
combimation of critical metenralogic and hydenlngic conditines that are

reasonably possible in the region.

Results of a hydrologic/hydraulic analysis indirated the spillways,
principal plus emergency, are inadequate to safely pass lake outflow resnlting
from a storm of one-half PMF magnitude without siqgnificant degradation hy
erosion of the emergency spillway crest. The spillways are capable of nassing
lake outflow resulting from the one percent chance (100-vear frequency) flood
and the outflow corresponding to about 42 percent of the PMF. According to
the St. Louis District, Corps of Engineers, the length of the downstream
damage zone, should failure of the dam accur, is estimated to be one mile.
Within the potential flood damage zone are three dwellings and a farm
building.

A review of available data did not disclose that seepage or stahility
analyses of the dam were performed. This is coniidered a deficiency anrd

should be rectified.

It is recommended that the Owner take the necossary action in the near
future to correct or control the deficiencies and safety defects reported
herein. Restoration and protection of the upstream fare af the dam should he

assigned a high priority.

Hatold B, Lockett
P, F. Missnuri E-4189

Yot3, k)

AThert B, Becker, Jr.
P, . Missnuri E 9168
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PHASE T TNSPECTION REPORT
NATIONAL DAM SAFITY PROGRAM

ATWOUOD LAKE DAM - MO 210 N
SECTION 1 - PROJECT IWNFORMAT LN
1.1 GENERAL

a. EHEDQELLX. The National! Dam TrnspecrUion Aot fublin Law 27-307 0 gt ed
8 August 1972, authcrized the Seoretary of Ll Nrmy ) throogiy the Corpe 7
Engineers, to initiate a proaram of suafety ipspection of dams S rooghogt S
United States. Parsuant tn the abinve, the St agls Distoiet, Cors 3¢
Enginzers, directed that 1 «ufety inspection of ths Abwnod [ale Dam e svin,

&

b. Purpose of Inspection,  Tho purpose af thia viagal inspestien whe o

make an assessment of the aeneril conditinn of the jam with reepect ) aatooy
ancd, based upon availahle data and this inspentinon, determine 1f the un posec

a hazard to human life or property.

C. Evaluation Criterin. This nvaluation was performed in aceordanne

with tne "Phase I" investigation procedures as prescribed in the "Recnmanind
Guidelines fcr Safety Insnectinn of Dams", Appendix D to "Repart to the Chiel
of Engineers on the National Program of Inspection of Non-Federal Dams", dated

May 1975.

1.2 DESCRIPION OF PROJECT

a. Description of Dam and Appirtenances. The Atwond Lake Dam i< 2n

earthfill type embankment rising approximately 77 feect above the natorsd
streambed at the downstream tne of the harrier. The upstream side of the
embankment, according to information shown on the dam constraction drawings,
is indicated to have a slonpe of lv on 2.5h: however, hecause of orasinn, the
slope has become considerably steeper ahove thee normal waterline acrass most

of the dam. The downstream side of the dam is somewhat irreqular with a siope

of approximately lv on 2.2h near the top of the strocture, hut becoming




flatter, about 1lv on 2.%h, near the has2 of the dam. The width of the orest
is approximately 12 feet and the dam is about 473 feet long. A plan and
profile of the dam is shown on Plate 3, 3 cross-sectinn of the dam is shown on
Plate 4, and an agverview photograph of the dam is shown fnllowing the praface
at the front of the report. At normal pool elevation, the reservoir impounded

by the dam occupies approximately 7 acres.

The dam has both a principal and an emergency spitlway. The principal
spillway, a 4-foot square reinforced concrete drop inlet structure with a
concrete back wall that serves to protect the dam and a 48-inch diameter pipe
outlet that passes through the dam, is located at the right, or south, end >f
the dam. The drop inlet structure is about 8.9 feet deep. A é-inch valve
located in the bottom of the structure is provided to allow partial lake
drawdown. The outlet channel for the principal snillway follows a course
along the hillside of the right abutment for abnut 63 fest before dropping
abruptly at a sandstone outcropping to the original stream channel downstra2am

/

of the dam. A profile of the principal spillway outlet is shown on Plate 4.

The emergency spillway is located at the left, or north, abutment. The
spillway outlet chamnel, an excavated earthen trapezoidal section, iz cut intg
the hillside at the end of the dam. An earthen bank that serves to confine
flow to the channel and protect the dam is constructed on the rtight side of
the channel. The bank extends to a point approximately 60 feet downstream of
the center of the dam. Just beyond the end of the bank, the cutlet channel
bends to the south and flows along a course that closely parallels the dam.
The spillway outlet channel appears to jain the original stream channel at a
point about 40 fest downstream of the dam. A profile of the emergency
spillway crest section and a cross-section of the spillway at the centerline

of the dam, are shown on Plate 5.

b. Location. The dam is located on an unnamed tributary of Sandy Creck
about 0.6 mile northwest of the intersection of Sandy Road and the entrance
road to Camp Cedar Ledge; and about 3.5 miles northenst of the commmnity of
Pevely, Missouri, as shown on the Regional Vicinity Map, Plate 1. The dan i3
located within U. S. Survey 437, approximately 1,100 foet southeast and 250
feet northeast of the northwest corner of Survey 437, in Township 41 Narthy,

Range 5 East, in Jeffersan County.
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c. Size Classificatinn., The size classification based on the height of

the dam and storage capacity, is cateqgorized as <mall (per Table 1,

Recommended Guidelines for Safety Inspection of Damed,

d. Hazard Classification. The Atwond Lake Diva, aceording to the St.

Louis District, Corps of Enginecrs, has a high hazard potential, meaning that
if the dam should fail, there may he lass of 1ife, serious damage to homes, or
extensive damage to agricultural, industrial and commercial facilities,
important public utilities, main highways, or railroads. The estimated flond
damage zone, should failure of the dam occur, as determined by the St Louis
District, extends one mile downstream of the dam. Within the pnssihle damage
zone are three dwellings and a farm building. Those features lying within the
downstream damage zone as reported by the St. Louis District, Corps of

Engireers, were verified by the inspection team.

e. Ownership. The lake and dam are owwd by the Girl Scout Council of
Greater St. Louis. The main office of the Girl Scout organization is located
at 915 Olive Street, St. Louis, Missouri, 63101. Mr. Gary Winzenburger,

Property Manager, is the Owner's representative.

f. Purpose of Dam. The dam impounds water for recreational use by the

Girl Scout organization.

9. Design and Construction History. Acenrding to Ms. Amanda Schilueter,

the original dam, a structure approximately 17 feect high, was built by her
father, Henry Schlueter, sometime around 1935, My, Schlueter reported that
her father was a farmer by occopation and constructed the dam during his spare
time. In 1969, following acquisition of the property hy the Girl Scout
Council of Greater St. Louis, based on plans preparad jnintly by Reitrz & Jens,
Consuting Engineers, St. Louis, Missouri, and th S0 Department of Agriciolture,
Sail Conservation Service, the dam was raised approximately 10 feet and new
spillways were provided. Construction plans bearing the Reitz & Jens title
block for these dam improvemenls, reference Plates o throuagh &, are inciuded
herein. The contractor that performed the wor indicated on the lans cruld
not be determined. Since improving the dam in 1969, therr have been nn

subsequent changes or additions ton the structure.




h. Normal Operational Mrocedure.  The lake Tevel s anregolated,  Lake

outflow is governed by the combined capacitices af o drap inlet type prinecipal

spillway and an excavated eartih type cmergency sniliway,

1.3 PERTINENT DATA

a. Drainage Area. Except ar some pasture land in the southorn part of

; the watershed, the area tributary to the lake is for Lhe mnst part in 1 native
! state covered with timber. The watershed above the dam amounts to
K approximately 93 acres. The watarshed areca is outlined on Plate 2.

b. Discharge at Damsite.

Estimated known maximum flood at damsite ... 10 cfs* (W.S. Elev. 475.3)
2. Spillway capacity
a. Principal ... 106 cfs (W.5. Elev. 475.8)

b.  Principal + emergency ... 403 cfs (W.S. Elev. 478.3)

c. Elevation (Ft, above MSL). The following elrvations were determinad

by survey and are based on topographic data shown on the 1954 U.S.5.S.
Herculaneum, Missouri, Quadrangle Map, 7.5 Minute Series, photorevised 1968
and 1974.

Observed pool ... 474.4

Normal pool ... 475.0

Spillway crest

a. Principal ... 475.0

b. Emergency ... 476.8

Maximun experienced poal ... 475.3%
Top of dam ... 479.8 (Min.)
Effective top of dam . . . 478.3**

*Based on an estimate of lake level as observed by Mr. James £. LaPlant, Camp
Ranger.
**Elevation at which lake outflow within emergency spillway exceeds permissible

velocity.




7. Streambed at centerline of dam ... 454+ (Est.)
8. Maximum tailwater ... Unknown
9. Observed tailwater ... None

d. Reservoir.

1. Length at normal pool (Elev. 475.0) ... 1,050 ft.
2. Length of poal at top of dam (Elev. 479.8) ... 1,200 ft.

e. Storage.

1. Normal pool ... 43 ac. ft.

2.  Top of dam (incremental) ... 37 ac. ft.

f. Reservoir Surface.

1. Normal pool ... 7 acres

2. Top of dam (incremental) ... 7 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 barrier, to the top of the dam,

Type ... Earthfill
Length ... 473 ft.
Height ... 27 ft.
Top width ... 12 ft.
Side slopes

v W N

a. Upstream ... lv on 1.5h (above waterline, eroded)
b. Downstream ... lv on 2.2h to lv on 2.9h

6. Cutoff ... Core trench*

7. Slope protection
a. Upstream ... Grass

b. Downstream ... Grass

*Per construction drawings by Reitz & Jens, Consulting Engineers, May 19, 1979,
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h. Principal Spillway.

Type ... Uncontrolled, drop inlet ) 4-0hal square conerate riser
Location ... Rirnht ol ot dam
Top ... Elevation 475,10

Bottom ... Dlevation an ]

o W N

Outlet ... aR-inch diwweter carrnadted moetal pipe, lennth 47 feet

i. Emergency S0illway.

Type ... Uncontrolled, excavated earth, traprzoidal section
. Location ... Left ahutment
Crest ... Elevation 47A.8

. Approach chamel ... Lake

oW N

Qutlet channet ... V-secltion earth

Jj. Lake Drawdown Facility (Pa-iiall,

1. Type ... 6~1nch cast-iron pipet*
7. Control ... Gale valve
3. Location ... Dron inlet

4. Discharge ... {levation 4an? (s

*Per canstrurtion drawinns by Reitz & Jens, Consulting Engineers, May 19, 1969,




SECTION 2 - ENGINECRING DATA

2.1 DESIGN

As previously stated, the originmal dam, a structure approximately 17 feet
high impounding a lake of about 3 acres, was raised approximately 10 feet in
1969. No design information relative to the original dam, which was
constructed sometime around 1935 by Henry Schlueter (deceased), a local
farmer, is known to exist. Plans for raising the dam, reference Plates 6, 7
and 8, are included herein. With the ‘excention of the data shown nn the plans
and some information obtained from one of the designers, Fred E. Palmerton,
formerly with Reitz & Jens and now employed by Anderson Engineering, Inc. of
Springfield, Missouri, no record of the design work is known to exist.
According to Reitz & Jens, with the exception of these drawings, the file
containing all correspondence, specifications, rcalculations, and other records

was recently disposed of during relocation of their office.

According to John J. Bailey, Vice President, Reitz & Jens, a design for
improving the dam was prepared by Snil Comservation Service (SC3Y and, at the
request of the Girl Scouts, Reitz & Jens, was invited to review the SUS
design. Investigations by Mr. Palmerton indicated that a larger principal
spillway than that recommended by SCS would require less frequent use of the
emergency spillway outlet. The Girl Scouts accepted the Reitz & Jens design
changes and the necessary construction plans for implementing the design were
prepared. According to Mr. Bailey, the information shown on Sheet 1 of the
plans was in part done by SCS, with all the detail shown with lower case
lettering by SCS, and the detail shown with upper case lettering by Reitz &
Jens. Since the embankment and the emergency spillway section is done in
lower case lettering, it is presumed to have been specified by SCS. According
to Richard £. McMillen, SCS District Conservationist, St. Louis County
(Jefferson County does not have an SCS office, and the work done there is
handled by the St. Louis County office), there are no records of this design
in their files.

Mr. Palmerton reported that the 100-year freguency flood was the basis of
the Reitz & Jens' design faor the principal spillway, and that 1.5 nr 2.0 freet

2-1




of freeboard was provided between the 100-year design lake level and the crest
of the emergency spillway. However, Mr. Palmerton could not recall the
criteria used for determining or checking the proportions of the emergency
spillway or the top of dam elevation. Mr. Palmerton indicated that he is of
the opinion that, with the exception of revising the principal spillway, the
remainder of the design, including the embankment reaquirements, was designated
by SCS.

2.2 CONSTRUCTION

Rs previously indicated, the orininal dam was constructed about 1935 by
Henry Schlueter, a local farmer. According to Ms. Amanda Schlueter, her
father hand excavated a seepage cutoff trench approximately 18 inches wide to
rock along the longitudinal axis of the dam and then filled the section with
concrete. Ms. Schlueter also indicated that the embankment material used in
the dam was placed using a mule drawn scraper. In 1969, in accordance with
the details shown on the plans prepared by Reitz & Jens, the dam was raised
approximately 10 feet. The contractor that performed the work indicated on
the plans could not be determined. According to Mr. Palmerton, to the best of
his knowledge, inspection of construction activities were handled by SCS.

2.3 OPERATION

The lake level is uncontrolled and governed by the elevation of the top of
the drop inlet type spillway as well as the crest of the emergency spillway.
No indication was found during the inspectinn that the dam has been
overtopped. James LaPlant, Ranger and camp caretaker, reported that the dam
has never been overtopped, and that the highest observed lake level was only
about 0.3 foot above the drop inlet.

Mr. McMillen, SCS District Conservatinnist, recalled inspecting the dam
several years agn, and that the only problem he ohserved at that time was the

rather extensive erosion damage of the upstream face of the embankment.,




2.4 EVALUATION

a. Availability. Seepage and stability analysis for assessing the
design of the dam were unavailable. Recorderd data available is limited to
information shown on the construction plans prepared hy Reitz & Jens, Inc., in
1969.

b. Adequacy. Seepage and stability analyses comparable to the
requirements of the "Recommended Guidelines for Safety Inspection of Dams"
were not available, which is considered a dnficiency. These seepane and
stability analyses should be performed for appropriate loading conditions
(including earthquake loads) and made a matter of record. The information
shown on the logs of the test borings may have to be supnlemented by
additional borings to obtain undisturbed samples of founration materials for
determination of necessary shear strengths to be utilized in the stability

analyses.

According to hydrologic/hydraulic investigations performed under the
direction of the inspection team, the spillways are capahle of passing lake
outflow corresponding to about A0 percent of the prohable maximum flnod
inflow. Since spillway capacity exceeds the recommended spillway destgn
flood, i.e. one-half the probable maximum flood, no further hydroloaic/

hydraulic investigations are considered necessary.




SECTION 3 - VISUAL INSPHCT I

3.1 FINDINGS

a. General. A visnal inspectinn of toe Atwood Dake Dam was made by
Horner & Shifrin engineering porsoonsl, R, F. Swthatf, Civil nginesr,
H., B. bLockett, Hydrologist, and A. B, Becker, Ir., Civil and Snils fngineer,
on 8 October 1980. An examination of the Jdam area was also made hy an
engineering genlagist, Jerry D. Higyins, Ph.D., a consultant retained hy
Horner & Shifrin for the purpose of assessing the site aenlngy. Alsn examined
at the time of the inspection were the areas and features below the dam within
the potential flood damage zone. Photographs of the dam taken at the time of
the inspection are included on pages A-1l through A-4 of Appendix A, The
locations of the photographs taken during the inspection are indicated on
Plate 3.

b. Site Geology. Atwood Lake is located in a stoep-walled valley on the
north side of Sand Ridge, and is a tributary to Sandy Creek. The topography
around the lake site is moderately rugged with low cliffs forming some valley
walls. Relief between the valley floor and surrouniing drainage divides
ranges up to a maximum of approximately 290 feet. The area i3 inclacked within
the northeastern part of the Ozark Plateaus Physingrapaic Provincs, and the

regional dip of the bedrnck is to the northeact.

The bedrock at the site rmonsists of Ordovician-ane sandstones and
dolomites of the St. Peter and Jnachim formatinns., The lake is tocated on the
St. Peter sandstone with the Joachim dnlomite exposed approximately 25 feet
above the crest of the dam. The St. Peter formation is exposed in a ateep
bluff which forms the snuth shore of the lake. th faglting was ahaerved in

the immediate vicinity of the lake.

The St. Peter formation is a white, fine- to medium-grained, pure quartz
sandstone. It generally is massively hedded and, a’though Toosely cementerd,
exposed rock surfaces usually are ecase-hardensd by weathering procesaes,  The
sandstnnes are permeahble and will transmit water readily. Reservnir leakane

is a commn problem if a sufficient «nil cover is nat left on the reservoir
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floor. The Joachim formationn is composed primarily of a yellowish-brown,
argillaceous dolomite. Interbedded limestone and <hale are present in the
lower part of the formation. The dolomites are extensively jointed and have
undergone considerable solutinn weithering, causing the permeahility of the
bedrock to be high. Sinkholes, caves, and springs are common in this

formation, although none were observed at the lake site.

The soils at the site are of two types. Slopes abnve the reservoir are
covered with a thin, stony residual soil (CL, Unified Seil Classifing' ion
System) derived from weathering of the dolomite hedracic.  The soil arond the
shoreline consists of a mixture of sandy eosibm Com the St Peters sandsione
and colluvium from the upper <slopeas. The e’ Pipg soll is a sandv, stony
clay (ML-CL vange). The lake {5 Incated on perneahie boedrocky  howover,
leakage reportedly is mot a peablem.  The soits o nnb appear Lo be perineabls
and are of sufficient thickness to eabard ooveaent of water to bodranic,
However, these soils are susceptible to srasion,

The most significant genloaic conditinns it the site are the peracabis
bedrock forming the valley flaor and the eradinhility of the soils.  The soil
deposits appear ta be sufficiently thick enmgh to nrohibit exeessive water
lass from the lake. No other aealonic conditinns wope ohserved that wouldd

adversely affert the performance ar stability fF the dam embankment.

C. Dam. The visible portions of Lho apstream and downstream faces as
well as the dam crest (see Photo 1, 2 and 3) were examined and found Lo he in
sound condition, althouagh erosion that appear-ad to be due tn wave action
and/or fluctuations of the lake level had created a steen, and in aome poaces
a near vertical bank about 30 inches high along almost Yhe entire unprotected
(no riprap) wupstream face of the dam.  Sioughing of the siope exteading from
the waterline to the dam crest {see Photo 1N was observed in the vicinity of
station 0+50+. Some minor surface cracking, about 5 inches deep and ap ta 6
inches in length, was also noticed along the upstroam face near the tap of the
slope. Patches of dense underarawth and several small trees (see Photn 11D
were found throughout the entire dowostream face of e dam, and althoogh it

was later reported by Mr. LaPiant, Camp Ramaer, that several aroondhong dens

existed in the downstream sice of the dam, no anima) borrows were foand doariog
1 ’




the inspection. It is very likelv that the dense anderarowth on the
downstream face of the dam provented matioe a7 thoeoe hgrraws, Mo undoe
settlement of the dam crest, sloughing of the downst ream <aoe, o ersion of

the embankment at the ahutments was noted, mas st i wator was nariee
within the original stream channel jost dowestroma of cbhe o riocina? o7 lway
outlet: however, it could nat be deteormin {107t oy wan e o by
lake or ground water exiting the hillside of the =7obt ghataent 9w
event, the quantity was minar and not consivornd P be o ionificanrs, The
grass on the dam crest, a comhinatinn of ~laver gt fogeoe, Yot rooet by feaen
mowed; elsewhere, the grass, a combination of lTeapetora, native qrpsses, and
weeds, was on the order of 3 foet hingh. tavamination af o soil gam o sht oo
from the downstream side of the embankment near the ecenter of the dam,
indicated the surficial material of the dam to he o reddish-brown iean ciay

(CL) of medium plasticity.

The drop inlet spillway structure {seec fhotsy 4) was examined and found on
be in satisfactory condition. No cracking or significant deteriaration of the
concrete structure was moticed. Except e o 1iaht coating of roust an the
surface, the steel reinforcing bar type trash rack on Lhe top nf the indot
appeared to be in reasomably good condition. As far as could he detornined,
the lake drawdown pipe cast-irton gate valve {(sre Phata 2) alsn appear=d o be
in satisfactory conditinn, although it was ot operatad to check its
capability. The 48-inch corrugated matal pipe that serves as an oatlet for
the drop inlet, including the concrets headwall streactire Gb the downe b oeam
end of the pip2 (see Photo SY, was inspectidd and an sigeificant dotersts ware
noticed, although some draine was frapned within the pipe. Acoording Lo
survey data obtained during the inspe~tion, the 2loeat Ton of the Shigone st
downstream of the pipe was about M Foot hinghes than toe eno of the pine

which would account for the standing wator within the nipes As Do s e

be determined, the bituminous coabing an the {aterior of the pipe ppearsit Lo
be intact. The outlet chamnel just downsUream of the pipe {see Phota &) was
inspected and found to be in gond condition with mn indicatinn of significant

erosion of the earth and sandstone invert.

The emergency spillway (see Photo 7) and outlet channel (see Phaoto 8) were

inspected and found to be in satisfactory condition, althounh erosion had




created a gulley approximately % rfeot wide and * foet deep within the channel
beginning at a point about 7% feet downstream of the spillway crest.  Sincs it
was reported that the lake has not overflowed the emesency spitlway orest,
the erosion was apparently due to overland drainage. lLoags had been placad in
the gulley (see Photo 12) in order to prevent further crosion. 1t did not
appear that the eroded area was near enough to the dam at this time to affect

the stability of the slope.

d.  Appurtenant Structures. No appurtenant strurtures woere ohserved at

this dam site.

e. Downstream Channel. Except far the culvert crossing at Sandy Roard
sl Yy )

the channel downstream of the dam within the motential flood damane zone is

unimproved. The channel section is irregular and for the anst part, lined
with trees. A small nearly driod up lake, Cedar Lake as jdentifiec an the
Watershed Map, Plate 2, lies along the course of the channe® apnroximatoly
2,000 feet downstream of the dam. The stream joics “ondy Dronic shegb ane mide r
downstream of the impoundmant.

f. Reservoir. Except for 2 narraw, arass-caversst aron on (he ot e
of the lake where a roadway thal secves to aceess The 7abe and dam i< Toecaterd
the hillsides contingent to the reservair are covers! with Lroecs, No
significant erosion of the lake bams was obcerved, AN the Yime of the
inspection, the lake was about 0.4 foot below normal ponl lavel and the water
within the reservoir was clear. The amoonl of sediment within the Take ool
not be determined at the time of the inspection; however, due to the
vegetation covering the surrounding area and the fant Lhat the dgeneral aroa
adjacent to the lake appeared to be well maintained, it is not expected to be

significant.

3.2 EVALUATION

The deficiencies observed during the inspection and noted horein ars not
considered significant to warrant immediate remedial astion. However, it is
recommended that, as soon as practiecal, the cradedt aroas of the upstream face
of the dam be restored and some durable form of profestion be provided in

order to prevent future erosion.

Sl




SECTION 4 — OPCRATINNAL PROMCYVDURES
4.1 PROCEDURES

The spillways are uncontralled. The lake surface level is governed by
precipitation runoff, evaporation, seepayge, and the capacities of the
uncontrolled spillways.

4.2 MAINTENANCE OF DAM

According to James £. LaPiant, Ranger and camp noretaker, the dam receives
some maintenance, such as periodic cutting »f the arsss on the dam crast
through the growing seasan and the removal, absut 3 years ago, of the larger
trees from the downstroam face ot the dam. Mr. LaPlant also reported “hat
groundhog holes exist in the downstream face of the dam and that several
holes, believed to be muskrat burraws, have bean ohs:rved along the upstream
face of the dam. According to Mr. LaPlant, the dam has been experiencing
erosion problems along the upstream face of the embankment for a number of
years, and the eraded area within the emergency spillway outlet channel

occurred from stormwater runoff.
4.3 MAINTENANCE OF QUTLET OPERATING FACILTTINS

With the exception of the vilve on the lake drawdown pipe, no outlet

facilities requiting operatine exist At this .,
4.6 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The inspection did not reverl the ccdstines ot & dam failiore warning

system,

4.5 EVALUATION

It is recommended that maintenance of the dam 1o include perindis

cutting of grass on the downstream face of the dam, rostoration of the dan

along the upstream face, and provision of a suitable form of protection (Ant




grass) along the upstream slope in order to prevent erasion by wave action or
by fluctuations of the lake lavel. Steps should be taken tn rid the dam of
burrowing animals as well as the dense underqgrowth that conceals their
burrows. Provision should also be faken tn restnre the ernded areas of the
emergency spillway outlet channel and tn provide <some durable form of
protection to prevent future erosion nf the channel by spillway flows or
overland drainage. Trees on the dam should be removed since tree raots, as
well as animal burrows, can provide passageways for lake seepage that can lead
to a piping condition anid f4iture of the dam., Tt i~ alen recommendsd that o
detailed inspection of the dam be instituted on a reqular basis hy an enginear
experienced in the design and construction of dams and that records be kept of

all inspections made and remeriial measures taken.

h-2




SECTLON 5~ HYDRAU Ty it 061

5.1 EVALUATION OF FEATURES

o)

Design Data. Design data are not avalizhle,

b. Experience Data. The drainage ar:a and 1ake syrface area were

developed from the 1954 USGS Herculaneum, Misiourl, Guadrangle Map
{(photorevised 1968 and 1974).  The proportion. and Jdimensiong of the spillways
and dam were developed from surveys made duving the inspection. Records of
rainfall, streamflow or flood data for the wastershed are not available,

Due to the fact that the watershed for this reservoir is small and since
there is no history of excessive reservoir leakage that would adversely affect
the normal operating level of the lake, the lake level was assumed to be at
normal pool as a result af antecedent storms prior to occurrence of the PMF
and the probabilistic storm.

According to the St. Louis District, Corps of Engineers, the ostimated
flood damage zone, should failure of the dam occur, extends one mile

downstream of the danm,

c. Visual Observvations

4

1. The principal spillway, a a8-inch cquar? reinforced conerete
drop inlet with a concrete backwall, is Jocared near the right, or wouth,
abutment of the dam. The drop inlet is about 8.9 feet deep. A reinforcing
bar grating with 1 six-inch mesh over the top of the inlet serves as a trash
screen. (Due to the fact that the camp property, including the dam, 13
maintained by a full time carctaker that resides on the premises, and since
there is no history of clogging of the trash screen, no allowance in capacity

for blockage of the principal spillway by lake carried debris was made.)

2. A 48-inch corrugated metal pipe extends from the drop inlet to a
concrete headwall about 31 feel downstream of the centerline of the dam. The
outlet chamnel extends about 63 feet heyond the headwall and terminates in an

abrupt drop.
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The emergency spillway, an excavatrd earth, broad-ecrested

trapezoidal section, is located in the hillaide of the left, or north,

abutment.

4.

extends southwardly adjacent to the downstream btoe ot

This spillway has a vegetative type ot cover,

original stream chamnel about 40 tfeet downstream o e dam,

d.  QOvertopping Potential.

The emergency spillway ontlet chaneed ) o challaw V-section,

the dam and jnins the

A}

The spillways “orincins! oy, cnorgensy ) are

inadequate to pass the probable macimen Flood withost avoertonaing the i,

The spiliways are considers
maximum flood withouah signiticant degradation

by lake outflow.

The snillways are adequate, however, to pass the

incapainle of pas

'
S

chance (100-year frequency) flood without avertansing the dam,

the dam overtopping analysis are as fullows:

(Note:

cornuter output data appearing in Appendix 8.

Decimal

oy one=hal fothe probable

Yhes coeergency spllway crest

1 narcent

The recults of

The data appearing in the following tabie has heen extracted from the

values have been

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

accuracy.)

Ratio
of PMF

0.50
1.00

1% Probability
Flood

Q-Peak

Outflow (cfs)

Max. t.akn

W.S. blnv.

S04
1,994

1725

479,70
48608

a7’

Max. Nepth (Ft.)
of Flow ovir
t ffective Top of

Dam (Flev, 478.8)

Duration of
Overtopping
of Dam (Hrs.)

0.4
1.%

0.0

Elevation 478.8 was considera2d Lo be the effective tan of dam elovatinn,

With the lake level at elevation 478.8, the peak velocity of lake outflow

within the emergency spillway is /.0 foot per sccond, and the assumed

permissible (non-eransive) velocity of 5.0 feet per second {s exceeded for

approximately 0.9 hour, which is considered acceptable,

The maximum flow




safely passing the spillway just prinr to the Dake fovel reaching the
effective top of dam clevation, was determined 1o he approgimately a0t ofq)
which is the routed ot flow corresponding to abont A2 nercent of the prohable

maximum flood inflow.

e. Evaluation. Experience w.th cmbantaents conutructed of simitar
material (a lean clay of medium plasticity) to thal used to construct this dam
have shown evidence that the material, urser certain conditions such as high
velocity flow, can be very erodihle.  Such 2 condition exists during the PMF
when large lake outflow, accompanied by high flow velocities, aceurs,  For the
PMF condition, both the effective top of dam (elevation 478 3) and the actua!
top of dam (elevation 479.8) were found to be overtopped.  For the one-halt
PMF condition, only the effective top of dam was found to be execesded,  Damiage
by erosion of the dam and/or emergency spillway is expecled during ocourrenes:
of the one-half PMF and PMF pvents. The extent of these damanes is notb
predictable within the scope of these investigations; hownver, thers 15 a
possibility, particularly during the PMF, that they caald resull in failure by

erosion of the dam.

t.  Reference. Procedurns and data for deternining “he probasis naxiaun
flood, the 100-year frequency flood, and the diceharae cating coree Dor flow
passing the spillways and dan crost are presented on cowes 221 throuah e o f
the Appendix. Listings of the HEC-T (Dam Safely Versiand iopot data for both
the probable maximum flood and the 100-year Trequency flood are shown on poges
B-4 through B-6. Canputer oaalpul data, including anil hydrograph oriinat g,
tabulation of PMF rainfall, 1nss and inflow data are shown on paqes 3-7
through B-10; tabulation of lake surface area, elevalion and starage volune
is shown on page B-11 and tabulations titied "Summary of Dam Safety Analysis®
for the PMF and 1 percent chanca (100-year fregoency) flood are also shown on

page B-11.
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SECTION 6 - STRUCTURN . STABRN TTY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual QObservations. Visual nbservations of conditions which

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

3, paragraph 3.lc.

b.  Design and Constructinn Data. wWith the exception of the fest horing

logs shown on the construction plans, referanee Plate 4, no design or
construction data relating ta the structurnl ~tability of the dam were
available. Seepaqe and stahility amalyses comparable to the reguirements of
the "Recommended Guidelines for Safely Tnspaction of Dams” were not available,
which is considered a deficirney.  iheso seopaae and otability analyans shngld
bhe performed for appropriate Inading conditions Cincluding earthoguake 1nad )

and made a matter of record.

C. Operating Records. Fxcept far the vialve on the lake drawdnwn pipe,

no appurtenant structures or facilities reguiring nperation exist b Lhis
dam. According to Mr. James E. LaPlant, Ranaer and camp caretaker, no records
f the lake level, spillway discharar, dam settlement, or Iake senpage are

kept .

d. Post Construction Changes. As previously shated, the dam was

originally constructed sometime about 1935 and raised approximately 10 feet to
its present height in 1969. T1he existing drop inlet spillway and emeriency
spillway were provided when the dam was raised. According to Mr. LaPlant, no
post construction changes have been made or have occured sinee 1969 which
would affect the structural stability of the dam, A possible oxceptinn (s the

erosion that has occurred along the upstream face af the dam.

e. seismic Stability.  The dam iy Tocated within a Zone 11 sef-mic

probability area. An earthauake of 'he mangnitode that minht ocoar in this
area would not be expected to conme Stractoral damage bt a oweldl const raeted
earthen dam of this size pravided that stabic stabhility conditinns are '

satisfactory and canventional <afely marqineg oxiat, However, it i

l'»—-]




recommended that the prescribed seismic Inading for thi- zane be applied in

any stability analyses performed for this dam,

!
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SECTION 7« ASHSESSMENTT Zepsp i M NHR

7.1 DAM ASSESSMENT

a. Safety. A hydraulis analysis indissied Y0at the api) bugyn e
capable of passing lake nutflow of about AnZ 2¥s withent tho level of the lake
exceeding the low point in the top of the dam. A hydrologic analysis of the
lake watershed area, as discussed in Section S, paraaraph 5.1, indicates that
for storm runoff of onc-half probable maximon fland magnitode, the rocome nded
spillway design flood, the lake outflow would be about 504 cf=, and that for
the 1 percent chance (100-year freguency) f1and, the Take outflow watld e

about 135 cfs,

Seepage and stability analyses of the dam were oot available for reviow,
and therefore, no judgment could be made with respect o the stroctural

stability of the dam.

Several items were noticed during the incpectinn that engld adversely
affect the safety of the dam. These items include crosion of the apstream
face of the dam, trees and arras of dense undergrowtth on the downstream face
of the embankment and erovion 2 the emerdgency spillwoy ot lef charnel,

Animal hurrows were ot observed during the e et ion, bt their arosenee wis

indicated by Mr. LaPlant, the camp caretake:,

h. Adequacy of Informatinn.  Doae in Tack af desiogn and moasl reeDion

data, the assessments reported herein wore bhased Tarqgely on externad
conditions as determined during the vismd incpechinn, The asseusosments of the
hydrology of the watershed and capanity of the spillways were bhaaed on oo
hydrologic/hydraulic stady an indicated in Section 500 Seepage and stability
analyses comparable to the rteaquirements of "Recommended Gaidelines for Safety

Inspection of Dame" were noi available, which is considered a deficiency.

C. Urgency. The remedial measures pecommended in paragraph 7.2 for the
items concerning the safety of the dan noted in paraqraph 7.1a should be
accomplished within the near fulure,  Restoration and protestinn of the

upstream face of the dam should be assioned o high prinrity.,




d.  Necessity for Phase 110 Hasel on She gt ot the ihase |

inspection, a Phase TI investigition fnooot vecommende:d,

e. Seismic Stability.  the dam by Toeatod withio o Aoe LU seiosmic

probability area. An earthquake of the maanitade that miaht oecar in this

area would mot be expecltoed to cause stroctoval damuge Lo g well conctructed

earthen dam of this sire provided that statico stability conditions are

satisfactory and conventiomal safeby margins exi o Hawever, it is e
recommended that the prescribed seiamic loading for thic zone be applied in

any stability analyses performed for this dam.

7.2 REMFDIAL MEASURES

a. Recommendatinns .  The allowing action (o rocommended:

(1) Provide a durahle form of protection gt the omergensy il ley
in order tu prevent erosion of Lhe spillway by Dake ot Clow resoltiog from o
storm of ane-half probable maxdnun Ulood manoitode, the recomnended spillway

design flood for this dam,

(2Y Obtain the necessary sai !l dala and pertorin dam seepans and
stability analyses in order to defermine the stroctural siability of the e
for all operational conditions. Secepaae and <P abhiltity analyses shoold he

performed by a qualified professional engineer oxperiensed in the desian and

construction of earthen :lams.

b.  Operations and Maintenance (0 & M) Procedures. The following 00 & M

procedures are recommended:

(1) Restore the eraoded areas of the upstream face nf the dam and
provide some form of protection, other than grass, in order to prevent future
erosion of the embankment by wave action or by Tloctuatinng of the lake

level. Loss of embankment material doe to erosion can impaic the stroctural

stability of the dam.




- o

(2) Remove the trees and the undergrowlh that can conceal animal
burrows from the downstream tace of the dam. Rid the dam of burrowing animals
and restore the dam at all holes with compacted fmpervious material {clay).
Tree roots and animal burrows cain providn passageways for lake seepage that
can develop into a piping condition (progressive internal ecrosion) which can

lead to failure of the dam.

(3) Restore the eroded area of the emergency spillway outlet channel
and provide some durable form of protection to prevent future erosion by lake
outflow and/or storm water runoff. Although not considered serious enough at
this time to jeopardize the stahility of the dam, it is possihle that
contirued erosion of the chann2l could affect the dam and allaw spillway
releases and/or overland drainage to encroach upon the dam, resulting in loss
of embankment material by erasinn and conditions untfavarable to the stability
of the dam.

(4) Provide maintenanre of all areas of the dam on 1 reqularly
scheduled basis in arder to icsure features of yeing in sarisfastory

operational condition.

(5Y A detailed inspection of fhe dam gl d b faatitotel on g
reqular basis by an engineer exparicno>d in the desian and constrostion o f
dams. 1t is also recommanded, tor future reforvense, Hhaal recorids e ent f

all inspections made and remedinl meaciros taleen,
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APPENDIX A

INSPECTION PHOTOGRAPIIS
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APPENDIX )

HYDROLCGIC AND HYDRAULIC ANALYSES




HYDROLOGT T AND HYDRAU T COMPUTATTONS

1. The HEC-1 Dam Safety Versinn (Joly 174, Moditied 26 Fehrogary 19730
program was used to develop infiow and ot flow Hydeagranhs and dam avertopping

analyses, with hydrologic inputs as fnllnw:

a. Probable maximum pracipitation (200 <g. mile, 24-hour value eqgoals
25.7 inches) from Hydrometeornlogical Repnrt No, 3%, The
precipitation data used in the analveais of the 1 opereent (100N-yeyr
freguency) flood was provided by the St Lanis District, Torps of

Engineers.

b. Drainage area = 0.145 square miles - 93 acres,

O

SCS parameters:
2 1,385
Time of Concentratinn (T.) - (llﬁfku) - 0,092 hanrs

Where: TC = Travel time of water from hydraulically most

distant point to point »nf interest, hours

t

Ltength of longast waloreourse - 0,313 miles

T
1

Elevation difference - 183 ot

The time of concentratinn (TP) was ohbained vsing Method 0 oas
described in Figure *0, "Design of Small Dams™, hy the Uniterd States
Department of the Intervior, Bureao of Reclamat ion, and was verified

using averaqge channe! velosity estimites and walerenarse Teniths,
Lag time = 0,05 haurs (0,40 1)

'

Hydrologic Soil Gremm = 10O D (Gascomadhs Servion 0 006G wondesd ) 004

meadow per Migsavgr i General St Map and
firld investiaatinn)
Soil type CN = 78 (AMC TT, T0N-yr flaad)

= 00 (A0 TTT, IME conedit fon)

R




e A ' ———————— B, |

2. Spillway releases for the drop inlet soiliway wep» computed gbilizing
equations and nomographs presented in "Dosign of Sinstl Dame” hy the U, S,
Department of the Interior (USDI) for drop inlet type spillways. Flow has
access to three sides of the 48-inch square drop inlel;  the fourth gide
consists of a backwall adiacent to the upstream fare of the dam,  The <pillway
crest length was converted to an equivalent circular length and corresponding
radius for entry into the flow nomograph parameter. The rise of the nappe
above the elevation of the crest lip was considered neqgliginle.  The folliowing
equation was used for crest control:

3/2
= C ( 3 Y -
Q “a ?}r [.SI ‘10

where "CO is a coefficient obtained from Fiqure 28% of the ahove refercnce,
expressed in terms of HO/RC, "R_" is the eauivalent radius of the
R <3

spillway crest, 1.91 feet, =and "Hn“ s thn deptih of flow nver the crest.

When the ratin HO/RS ronchod a vitoae af 1.90, "afinw was Jdebormiossd by
assuming flow was over a sharp edae chmeraed ~riTice . The fallawiceg et Ton
was used: R = Ca (?gh)n's, whiore 07 T cac O fo et gegme f Ly b 1107
"a" is the area of the orifice, 140 o0, "t o ths bt Af flay abave e
orifice, and "g" is acceleration digs o geavitye B0 feronee "Hagndhmne 0
Hyrdraulics"”, Fifth Editinn, hy ¥inn & Byater ) poage o-?

Flow through the 48-inch diametor nutlot nipe was determined ucing
Bernoulli's equation for preaaare flow in pipea.  Lasses, including entranee,
turn, pipe and exit lasses tataled 2.99 velocity heads. Refercnce "Handbook

of Hydraulics", Fifth tdition, hy Ying & Brater, panes 8-5 and 8-4.
Discharge quantities, dctormined Yy Lhe methods deseribed hepsing were
plotted versus correspaniding lake wator agrfare slevations to determine the

discharqe rating curve far the drop inlet pidlway.

5. The emergency spillwiay section consiste nf o hroadeerestod,

trapezoidal section far which conventionad weis formilan dn not anply.

Spillway releace rates wore detormined o follow e




a. Spitlway crest section properbies {areas, "a¥, ad bop width, "
were computed tor various dephths, "d".
b. It was assomed that Slow over e pd Ylwey crent wondd oo ol

critical deptt. Flow at critical depth was compated as
i {

3..0.5
Qc = (§THJ for the varings depths, “d".  Corr2sponding
velocitiers (vp\ and veloe ity heards (HVPW woere determined
using conventinnal formalas.*  Reference, "Handbook of

Hydraulics", Fifth Fditinn, by ¥ing % 8rater, page 8-7.

C. Static lake levels carresponding to the various values passing
the spillway were computed as critical deptihs plus critical
velocity heads (dc*ch)' and the relatinnship between lake
level and spillway discharge was thus oblained. The procedure
neglects the minor insionificant frictinn losses acrass the

length of the spillway.

. f.  The discharqes far the princinad and vmeriency spillways for

enqual elevations were sirmated for entyy on thoe YA and YH cards

a, Tae profile of fhe cun oot Ta Seroaatar and flaw aver e otem
camint be determined hy application of oonges Tl we i foarmed e e d
Iength and elevation data far the dom oroest prenes wore epfored inte the
HEC-1 Program on the 3 and FV oearde . the proreom veomes That o Flaw e
the dam crast sectinn cocure ab eritical o ptia and compotes intornally

the flow passing the dom crest and side bads Slow ta Uhe Pl oy o Phe

3

spillway as entered on the Y4 il Y5 cards,
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