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ATTRNTION (4

LMSED-P

SUBJECT: General American Lake Dam, MO 31390, Phase I Inspection Report

This report presents the results of field inspection and evaluation of the
Gereral American Lake Dam (MO 31390):

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

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

1) Spillway will not pass SO percent of the Probable Maximum Flood
_ without overtopping the dam.

2) Overtopping of the dam could result in failure of the dam.

3) Dam failure significantly increases the hazard to loss of life
downstream.

|
SUBMITTED BY: S'GNED 17DEC 1980

Chief, Engineering Division Date

APPROVED BY: SialN ED 18 DEC 1980

Colonel, CE, District Engineer Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: General American Lake Dam
State Located: Missouri

County Located: St. Louis

Stream: Tributary of Meramec River
Date of Inspection: 8 October 1980

The General American Lake Dam was visually inspected by engineering
personnel of Harmer & Shifrim, Inc., Consulting Engineers, St. Louis,
Missouri. The purpose of this inspeztion was to assess the general condition
of the dam with respect to safety, and hased upon this inspection and
available data, determine if the dam poses a hazarc o human 1ife or oroperty.

The fallowing summarizes the findings ¢f the visual inspectinn and the
results of certain hydrologcic/hvdraulic investigations performed undsr the
direction of the inspection team. Based on the visual inspectiorn and th2
resuits of these hyzrologic./nydraulic investigations, the present general
condition of the dam is censidered to be satisfactory. However, several
d=ficiencies were abserved curing the visual inspection which zre consideres
to have an adverse effect on the overall safety and future aperation of the
dam. These deficiencies include such items as small trees, areas of high
grass on the downstream face Of the dam, minor =rosion of the downstream face
of the-dam, erosion of the dawnstrean embanxment adjacent to and beneath the
spillway outlet chute, as well as erosion of areas adjacent to the downstrsam
toe of the dam, ineffective drainags of seepage in the vicinity of the
downstream toe of the cdam, and riprap siope protection considered too small to
permanently resist forces produced by wave action.

According tn the criteria set forth in the recommended guidelines, the
magnitude of the spillway cd=sign flood for the General American Lake Dam,
which is classified as small in size and of high hazard potential, is

specified to be a ninimum 2f one-nalf tha Probable Maximum Flood {(PMFY,
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Considering the fact that numerous dwellings, including three apartment
buildings, lie within the potential downstream flood damage zore should
failure of the dam occur, it is recommended that the spillway for this dam be
designed for the ~robable Maximum Flood. The Probable Maximum Flood (PMF) is
the flood that may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably possible in the
region. The PMF is ordinarily accepted as the inflow design flood for dams
where failure of the structure would seriously increase the dangar to human
life.

Results of a hydrologic/hydraulic amalysis indicated tha* the spillway i3
inadequate to pass lake cutflow resulting from a storm of PMF macnitude
without overtopoing the dam. However, the spillway is capable of 2assing laxe
outfloa resuliing from the one percent chance (100-yvear frequency) Tloond anc
the lake outflow corrasponding to about 41 percent of the PMF lake inflow,
without overtepping the dam. According to the St. Louis District, Coros :f
Engineers, the lengt~ of the downstrsam damage zone, :zhoulc Tailuyre of 40 <37

occur, 1s =s3timatec o be asproximately twh miles. Accordingly, within the

possible damagz zone ars numerous rasidential

apartment hulldings, State Highway 21, a golf course, and a county TaTe.

Certain s3%:2iilty anmalyses wers performed during the desizn 2F thls oa-,

Howevar, a review 27 available data indicated that these anal
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conform praciszly o the -2guiraments 2f the "Recommended

Safety Inspecticn 97 Dams™ in that not all of the prescrib

G
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loading we~e Iinvestigated. Therafore, it is reccmmended that tnesa sta
: n

be considered. Any "as-tuilt" deviations from the origimal 2lans should zlso

oe included when these investigations are mace. L}

Although ro indication was found that detailed seepags analyses ware

performed for this dam, det=ils shown on the construction plans indicats that
certain provisicns, such as a3 sespage cutoff trench, a toe drain systen, and
blanketing of expossd bedrock in the original stream within the tossrvoir,

were made in the design of the embankment in order to minimize tha offaects of

ii




seepage. Information obtained from the Owner's representative confirmed that
the dam, including the anti-seepage provisions, was constructed in general

A compliance with the details shown on the plans. Observations made during the
visual inspection indicated that no significant seepage problems existed.
Therefore, the inspection team is of the opinion that detailed seepage

] analyses of this dam are unnecessary.

It is recommended that the Owner take the necessary action within a
reasonable time to correct or control the deficiencies and safety defects
reported herein. The provision of additional spillway capacity should be

il T fome S

Harold B. Lockett
P. E. Missouri E-4189

pursued on a high priority basis.

//,). W ./ /i ) ;
L »’Z“J), M Sh
Albert B. Becker, Jr. KV

P. £. Missouri E-9168
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PHASE I INSPECTION

PRV
o

NAT IONAL DAM SAFETY PROGRAM

GENERAL AMERICAN LAKE DAM - MO 31350

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The Naticnal Dam Inspection Act, Public Law 92-367, dated
8 August 1972, authorized the Secretary of the Army, through the Corps of
Engireers, to initiate a program of safety inspection of dams throughout the
United Statas. Pu-suant to th2 above, the St. Louis District, Corps of
Engireers, directad that a safety inspection of the General American Lake Dam
be made.

b. Purpose of Inspection. The purpose of this visual inspsction was to

make an assessment of the general condition of the daw with respect to szfet,
and, based upon available data and this inspection, determine if fthe da~ coses

a hazard to human lif2 or property.

c. Evaluation Criteria. This evaluation was performed in accorcance

with the "Fn=s2 I investicgation procedures as prescribed in "Recommencer
Guidelines far Safety Inspection of Dams", Appendix D to "Report to the Chief
of Engineers on the National Program of Inspection of Non-Federal Dams", daze!
May 1975,

1.2 DESCRIFTICN OF PROJECT

a. Descrintion of Dam and Appurtenances. The Gemeral American Lake dam

is an earthfill type embankment rising approximately 33 feet above the natural

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

upstream slope above the waterline of approximately lv on 3.lh, a crest width

of about 10 feet, and a downstream slepe which varies from approximately lv on

3.5h at the dam crast to about 1v on 2.1h at the toe of the dam. The length !
of the dam is approximately 550 feet. A 3 foot wide walkway surfaced with

pecan shells traversas the crest of the uam except st the spillway, where a !

1-1




timber footbridge about 4 feet wide and 40 feet long spans the outlet. A site
plan of the General American Life Insurance Company's National Service Center
including the lake and dam is shown on Plate % and a profile of the dam crest
is shown on Plate &. A cross-se~tion of the dam at a location adjacent to the
spillway outlet is also shown on Plate 4. An overview photograph of the dam
is shown follow’ng the preface at the begimning of the report.

The spillway, a paved concrete trapezoidal section, is located about 50
feat left, looking downstream, of the center of the dam. A concrete weir is
located within the spillway structure at a point approximately 16 feet
upstream of the crest section. The weir spans the spilliway chanmnel and an
opening approximately 1.0 foot high is provided between the underside of the
weir and the invert of the spillway section. The snillway outlet consists of
a ccnecrete trapezoidal chute section which extends from the spillway structure
across the downstream face of the dam “0 a point about 53 faet downstream of
the toe of the dam. A trapezoidal channel section lined with concrated stone
~israp extends about 60 feet beyond the end of %he chute sectisn. A profile
3f the spillway is shown on Plate 4, and cross-szctions of the spillway
structure are shown on Plate S. Detalls of the sz2illway
Sheets 5-1 and 10-1 of the constructicon plans preparaZ by Hellmuth, Obats &
Kassabaum, Inc. (HCK), reference Plates 3 znd If, AZfacent tc the spillway

structure, the dam had been landscaped with small tre2s anl shrubs.

An 8-inch pine controlled by a gate valve located «ithin a concrete valve
vault near the toe of the dam adjacent ta the right side of tne spillway chute
is pravided for lake drawdown. Details of the drasdown 2ipe are alse shown ¢n

Sheet 5-1, reference Plate i, of the constructicn plans prepared by HUK.

b. Location. The dam is located 3n an unnamed tributary of the Maramec
River, on property owned by the Genmeral American Life insurance Company and on
which tneir National Service Center comriex is located. The Genaral American
Life Insurance Company's Natiomal Service Center is locasted adjacent to the
west side of State Highway 21, about 1.5 miles scuth of Interstate Highway
270, and about 2 miles southwest of Concord Village, Missouri, as shown on thz
Reginnal Vicinity Map, Plate 1. The dam is located in U. S, Survey 2992,

3
approximately 1,900 feet mortheast and 1,100 foot southeast of the southwest
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corner of Survey 2992, in Township 43 North, Range 6 East, within St. Louis
County.

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

the dam and storage capacity, is categorized as small (per Table 1,
Recommended Guidelines for Safety Inspection of Dams).

d. Hazard Classification. The General American Lake Dam, according to i
the St. Louis District, Corps of Engineers, has a high hazard potential, :
meaning that if the dam should fail, there may be loss of life, serious damage
to homes, or extensive damage to agricultural, industrial and commercial
facilities, important public utilities, main highways, or railroads. The
estimated flood damage zone, should failure of the dam occur, as determined by
the St. Louis District, extends two miles downstream of the dam. Within the
possible flood damage zome are rnumerous residential type dwellings, including
three apartment buildings, a golf course, a county par and State Highway Z21.
Those features lying within the downstream damage zore reported by the Corps
of Enginesrs, St. Louls District, ware verified by the inspection team.

e. Ownership. The lake and dam are owned by the General American Lif:

Insurance Company, 13045 Tesson Ferry Road, St. Louis, Missouri 43128. WMo,
E€dward J. Hogan, Director of St. Louls Properties, represented tie Owner
during the course of the investigation presented herein.

f.  Purpose 0° Dam. The purpose of the dam is to provide stormwater

detention as well as to enhance the aesthetic quality of the grounds
surrounding the General American Life Insurance Company Building.

g. Design and Construction History. According to Edward J. Hogan, the

Owner's representative, the dam was constructed in 1976 by the Rallo
Contracting Company of St. Louis, Missouri, in conjunction with the
construction of the National Service Center, a headquarters type building, for
the General American Life Insurance Company. Plans for construction of the
headquarters facility as well as the dam and reservoir were prepared in 1974
by the St. Louis architectural firm of Hellmuth, Obata, & Kassasbaum, Inc.
(HOK). Copies of several of the HOK construction drawings pertinent to tie
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investigation of the dam are included herein, reference Plates 7 through 10.
Design of the embankment was by STS Engineers, Inc., under subcontract to
HOK. However, the reservoir including the spillway outlet was designed by
HOK, and as previously indicated, is intended to function as a stormwater
detention basin.

h. Normal Operational Procedure. The lake level is unregulated. Lake

outflow is governed by the capacity of a concrete curb across a trapezoidal
section, located near the center of the cam.

1.3 PERTINENT DATA

a. Drainage Area. Except at the north erd of the reservoir, the land

immediately adjacent to the lake is grass covered with park-liks landscaping.
The General! American Life Insurance Company Building as well as its ssrvice
roads and parking areas which are interspersed w~ith turfed aresas, cccupies
almost the entire watershed. The watershad above the cam is approximately 42
percent impervious and amounts to about 40 acres. The watarshed ares is
outlined on Plate 2.

b. Discharge at Damsite.

(1) Estimated wnown maximum flood at dam site ... 46 =fs* (W.S.Elev,

(2) Spillway capacity ... 183 cfs.

c. Elevation (Ft. above MSL). Except wher. atherwise indicated, the

following elevations were determined by survey and are based on the elevation
of the spillway crest, which according to the Owner's representative, was
constructed approximately 1.0 foot higher than the elevation of the spillway
crest indicated on the plans prepared by Hellmuth, Obata & Kassabaum in 1974.
Topographic data shown on the July, 1980 Aerial Survey by Surdex Corporation,
raference Plate 3, provided by the Owner, appears to confirm this assumption.

*Based on an estimate of depth of flow at spillway as ohserved by Cdward J.
Hogan, the Owner's representative.

1-4
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g.

(1) Observed pool ... 570.3

(2) Normal pool ... 570.5

(3) Spillway crest ... 570.5

(4) Maximum experienced pool ... 571.6*

(5) Top of dam ... 572.9 (min.)

(6) Streambed at centerline of dam ... 537.5+ (per construction plans)
(7) Maximum tailwater ... Unknown

(8) Observed tailwater ... None

Reservoir.

(1) Length at rormal pool (Elev. 570.5) ... 670 ft.
(2) Length at maximum pool (Elev. 571.6) ... 670 ft. {lake abuts builiing)

Storage.

(1) Normal pool ... 30 ac. ft.
(2) Top of dam (incremental) ... 10 ac. ft.

Reservoir Surface.

(1) Normal pool ... 3.7 acres
(2) Top of dam (incremental) ... 0.7 acres

Dam. The height of the dam is defined to be the overall vertica!l

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

the barrier, to the top of the dam.

(1) Type ... Earthfill, modified homogensous**
(2) Length ... 550 ft.
(3) Height ... 33 ft.

*Based on an estimate of depth of flow at spillway as observed by Edward J.

Hogan, the Owner's representative,
»#Per construction plans prepared by Hellmuth, Obata & Kassabaum, Inc.,
October 16, 1974,
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(4) Top width ... 10 ft. (min.)
(5) Side slopes
a. Upstream ... lv on 3.1h (above waterline)

b. Downstream ... Varies from lv on 3.5h to lv on 2.1h
(6) Cutoff ... Core trench* [
(7) Slope protection |

a. Upstream ... Grass and gravel riprap (2" max.) |
b. Downstream ... Grass, landscaping
(8) Seepage control ... Toe drain with drainage blanket*
h. Spillway. ‘ i

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

(2) Location ... 50 fest left of dam center i
(3) Crest ... Elevation 570.5
(4) Outlet channel ... Paved concrete chute, trapezoidal section to

point S3 feet downstream of toe of dam; concreted riprap,

trapezoidal section to point 60 feet beyond end of chute section.

i. Emergency Spiliway. ... None

j. Lake Drawdown Facility.

(1) Type ... 8-Inch cast iron pipe*
(2) Control ... 8-Inch gate valve
(3) El=zvation
a. Upstream ... 542,0%
b. Downstream ... 541.0*%
(4) Vvalve location ... Right side of <pillway at toe of dam
(5) Discharge ... To spillway outlet channel

*Per construction plans prepared by Hellmuth, Obata & Kassabaum, Inc.,
October 16, 1974.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

a. Dam. As previously indicated, the dam was designed by STS Engineers,
Irc., under subcontract to Hellmuth, Obata & Kassabaum, In.. (HOK). However,
according to John A. deMonte, P.E., of STS, their involvement was limited to
the design of the embankment and did not include determination nof the spillway
requiraments. Mr. deMonte reported that subsurface investigations, test
borings and tast pits, were made at the location of the dam in order o
determine the properties of the foundation soils as well as a suitable depth
for the cam seepage cutoff tremch. The locations of these test baorings and
test pits are shown on the Site Grading Plan, Sheet 1-1, rafaererce Plate 7,
prepared by HOK. Logs of these borings as d2tailed hy STS are shown on Charts
2-1 through 2-4, and logs of the test pits are shown on Charts 2-5 through 2-9.

&
[p]
Q

rding to Mr. deMonte, based on laboratsry tesiing °° the material
(silty 2lay) t> be usad in the embankment as well as experience ar . judgament,
strength paramatars ware assigned the soil and stability armalyses wars
performed. Accordind to a report prepared by STS for desigr af %5s emhantient
and on file at the St. Louls County Department of Punlic Works, t-=s2 anz ;s$2s
were performed by the stahility number method. Mr. deMont2 -z2o-ci=a that

=)

these stanility investigations imcluded sudden crawdown and st:ady seepa

@]

conditions, and that in all cases, acceptable factors of safety e<isted.
Rccording to Mz, deMonte, the downstream toe drain svstem was providad in
order to reduce pore pressJdres within the embankment and to provide drainage
relief for laxe seepage. Specifications for construction of the Jam required
that the fill material be compacted to a minimum density of %5 percent of

max imum dry density per the Standard Proctor Test, ASTM 698, © staterent in
the STS report indicated that the subgrade profile and clay embankment are not
subject to liquifaction under seismic forces. A cross-section >f the dam
indicating the cutoff tremch and embankment proportions as well as the toe
drain requirements, is shown on Sheet 10-1, reference Plate 10, cf the
construction plans prepared by HOK. Mr deMonte stated that they, STS
Engineers, were not retained to inspect or test the actual constrction of the
embankment.

2-1
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b. Spillway. According to Charles Danna, HOK Project Manager during
design of the National Service Center facility, the reservoir including the
spillway was designed as a stormwater detention basin in accordance with
criteria specified by the St. Louis County Department of Public Works. A
review of the design computations on file with the Department of ~ubliz Worke
indicated that in accordarce with St. Louis County criteria, the design runoff
was evaluated by the Rational Formula method using runoff factors for a
15-year frequency, 20 minute inlet time (duration), storm and, that the
designated retention time was 30 minutes. According to the designer's notes,
differential runoff from the site required detention of approximately 166,235
~ubic feet of water within the reservoir for the 30 minute period, and a
design outflow 2f about 57.7 cfs. The spillway o erflow structure as designed
is shown on Sheet 10-1, reference Plate 10, of the HOK plans, with the
exception that according to tne designer's notes, the opering batween the weir
and the spillway crest was indicated to be 0.4 foot and not C.8 fooh asz
indicated by the elevation and section shown on the drawings, or 1.2 foot as
Jetermined by survey at the time of the inspection. Post csonstruciion
additions 9y the QOwner, i.e. the installation of a3 comrete curb across the

spillway opening in order to raise the normal lesvel of tne izke, incizates tre

2learance between the top of the curh, or present spillwsy cres”, ang e wair
to be 0.2 foot. he proportions and dimensicons of the spillway 33 t2i2rmines
by survey during the Inspection are shown on Plates 4 an3 5.

2.2 CONSTRUCTION

. As previously indicated, the dam was constructed in 1976 by the Rall

Contraéting Company of St. Louis, Missouri. According to Edward J. Hegan, the
Owner's representative wh)y was present during the actual constructicon of the
dam, a seepage cutoff tremch was excavated to rock in accordace with the
details shown on the plans prepared by Hellmuth, Obata & Kassabaum {(HCK). Mr.
Hogan reported that the material to build the dam was obtained from
excavations for building foundations and from gemeral site grading, and that
the embankment material was compacted using a sheepsfoot roller.

Mr. Hogan indicated that the concrete curb section that Joverns the normal

level of the lake was added following completion of the project when it was
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decided that the lake would be aesthetically more attractive if the normal
waterline were 1 foot high=r than originally planned. It appears that the
footbridge that crosses the spillway structure was also added at a later date,
since details of the oridge are nat shown on the plans prepared by HOK. Mr.
Hogan also mentioned that the 8-inch diameter riser pipe was extended and a
screen was added to the end of the pipe after the lake had filled tc a depth
of about 10 feet and it was found that the amount of material being discharged
through the outlet was excessive. Mr. Hogan was of the opinion that the
material being discharjed by the lake drain pipe was being scoured from the
iake bottom by high intak= velocities at the upstream end of the pipe, and not
sediment that had accumulated witnin the reservoir. A detail of the lake
drain shown on the HOX construction plans, see Plate 9, indicates a tee
fitting was installed nrear the inlet end of the drain pipe and that a short
section of pipe was attach2d to the horizontal leg of the tee on the lake
bottom, and a section ¢cf cine 2.0 fe2l iong was connected to the vertical

[
w
Wi

of the tee. Mr. Hogan repocted tral 3 diver coanected the riser pipe and
screen to the origingl vertical nips s=22tion ard tnat trhe drain has not been

operated since the additizn was —a3=,

According to survay 42%2 and tased on fhe premise that the normal lsvel o
the lake, as govermed by tn2 :op 2f tka comerate curb, see Plate 4, is 1.0
foot higher than the noomzl l2val shown on the construction plans, see Plate
10, the low point of the cam crest was found tc 2 only 0.1 foat lowsr than
the specified tcp of dam el=vation shown on the construction plans. Howsver,
according to survey data chtained at the time of the inspection, at the
section surveyed, the slope of the downstream face of the dam was found to be
somewhét steeper than the lv on 3h slog2 specified for the slope as indicated
cn the dam section shown on the plans, see Plate 10. Except for the post
construction additions notad harein {curb, footbridge, and drawdown pipe
screen) and the fact that the downstream slope of the dam was found to be
somewhat steeper than specified, the dam and appurtenances were found to be
essentially as shown on the construction plans preparad by HOK,




2.3 OPERATION

The lake level is uncontrolled and governed Hy the elevation of the

spillway curb. No indication was found that the dam had been cvertopped.
According to Mr. E. J, Hogan, the Owner's representative, the dam has never
been overtopped and the highest lake level experienced to date produced a
depth of about 9.1 foot above the top of the spillway weir, which corresponds
to a high water level of about elevaticn 571.6.

2.4 EVALUATION

a. Availability. The results of stability analyses for assessing the
design of the dam were available. No indication was found that agetalled
seepage analyses had been performed. Calculations for determining the size of
the spillway ware available. The proportions of tne dam and spillwav 3s

Plates 9 and 19.

b. Adeguacy. It was found that certain stzhility analyses for desizn cf
thic dam have heen parformed. Although these analyses do not confore
pracisely to the raquirsments cf the specified guidelines, 1% may %2 Ihab the
results of these analyses are comparable to thes resulls of the2 23nalyses
specified by the guidelines, in so far as performed. Loading conditions
investigated were limited to sudden drawdown and steady seepal™ with a full
reservoir. No indication was found that partial pool or ear:thauake loading
conditions were investigated. Therefore, it is recommended that these
stability analyses be reviewed, and that the additiona® lsadir: cenditions,

including earthquake (seisiiic loading) be considered. Deviations from the
origimal design as shown on the plans, i.e., the steeper downstream siope of
the dam and the 1.0 foot increase in the normal water elevation of ths lake
should also be evaluated.

Although no indication was found that detailed seepanqe amalvess wer

[47]

performed for design of this dam, certain provisions ware made in the dasign
and construction of the embankment in order to minimize the effects of danm
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seepage. These provisions include a seepage cutoff trench, a toe drain
system, and a blanket of compacted silty clay placed over exposed bedrock in
the original stream chamnel. According to Mr. Edward J. Hogan, representative
of the Owner, who was present during the time the dam was built, the dam was
constructed essentially in agreement with the details shown on the plans
prepared by Hellmuth, Obata & Kassabaum. Observations made during the
inspection confirmed that the toe drains had been installed, and as far as
could be determined, appeared to be functiuning as intended. Therefore, the
inspection team is of the opinion that detailed seepage analyses are

unnecessary.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the General Amerizan Lake Dam was
made by Hornmer & Shifrin engineering persomnel, R. E. Sauthoff, Civil f
Engineer, H. 8. Lockett, Hydrologist, and A. B. Becker, Jr., Civil and Soils !
Engineer, on 8 Octobar 1980. An examination of the dam site was also rade by :
an engineering geclogist, Jerry D. Higgins, Ph.D., a consultant retained by
Horner & Shifrin for the purpose of assessing the area geoingy. Also examinec
at the time of th= inspection were the areas and features below the dam witnin
the potantial flood damagze zone. Photographs of the dam taken at the time of
the inspection are included on pages A-1 through A-4 of Aonengix A, Tr=z
locations of the photogranhs taken during the inspection are indicateg nan
Plate 3.

Gereral American Lzk2 is locates on zn unmamed

2. Site Geology. The

of the Mesramec River. The togogranhy a7Tound the

1 ~m

lake site Is moderatsiy rolling, and there is appreximately 83 to 50 feel oF

—
D
}
o
@©
-n
I
0
or
>3
[Y¢]
[$9]
2
ct
el
W
t
)
A
[$9]
Qs
P
vl
N

urrounding unlzands,  The arez Iz included altris i
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imately 4 miles fo the east of a fault arc’ocr monccline wnizo

af th2 strata in the gensral area: however, the belrock at {4
111 dips =astwardi. No fauliting was obssrved at the site, Twe
lake is locat=d on the ~ontact catween the Mississipplan-gge iinmestones of the

Salem and St. Louis formatiors.

The Salem and St. ouis formations consist of grey to light grey,

medium-grained to lithographic limestones. Bedding thickness varies from z

few inches to 2 or 4 feet. Chert is common in both formations. The
limestones have undergone extensive solution weathering which has snlarged
Jjoints and bedding planes that usually form a very irreqular bedrock surface.
Sinks nave probably foried; however, any surface expression woulcd b2 masked
by the residuum and loess denosits., As a result of the sylution features, tne

bedrock is permeable, and will transmit water reaiily.




The soils in this area generally are divided into two zones, each with
distinct engineering characteristics. The uoper zone consists of residual
clay mixed with loess (by natural processes) which ranges in thickness fram 2
to 30 feet. These soils generally fall in the CL rarne of the Unified Soil
Classification System, have low permeabilities, and form stable slopes. They
are generally considered suitable for water impoundments, but ce to the loess
content are susceptible to erosion. The lower snil zone consists of residual,
well-structured clay (CH) derived from weathering of the underlying
limestones. The soil reportedly ranges from 5 to 40 feet .n thickness in the
general area. The permeability of the soil is relatively iigh and may cause
considerable leakage from water impoundments. The reservoir is lncated on tne
upper zone soils, and, judging by the substantial amount o7 water in storaze,

[$3]

a sufficlent thickness of this soll is present to retard l23%age “- the

nermeable limestcne.

The most significant geologic prodlzsm evident 3zt tae 327e is the high

eradinility of the local soils. No other advarse geodlsgic nondiicns were
observed that would affect tne stability or sarformancz ¢ -2 Z:m

z Dam. The visible portions =f the upstream and Zovrstrear “ines oF
tre dam, as w2ll as the dam crest (sz2e Photos 1, 2 &t 3} a2ve 2wamines ang,
ex22ct as noted herein, found to be in sound conditicn. Zrcsicn, anparentlv
duz tc overflow of the concrete chute secticn of the spillway ises Photo 1170,

u2
Pad created a hole approximately 1 foot deep and abcut 4 2t long In th

Y]

emoankment adjacent to the left (looking downstream) si<e ¢f <n2 chute a

ct

locatlgn near the mid-height of the dam. further, it anppearad that at t-e
hole a void extended beneath the chute and that the outlet section was
undercut for some distance begimning at the eroded area nex® to the chute.
The extent of the undercut section could not be determired. “No cracking of
the surface, sloughing of the embankment slopes, or undus s=ttlement of the
dam crest was noted. The upstream face of the dam was protectag from ercsion
by grass and by gravel tiprap up to about 2 inches in diamater and no
sigrificant erosion of the upstream slope was observed. The dam crest was
also protected with grass, although a 3-foot wide walkway covered with pecan
sh2lls traverses the top of the dam. The grass on the upstrean face and dam

crest wis about 3 inches high and uniformly coverad botn areas. Except for




two areas adjacent to the spillway that are landscaped with shrubs and small
trees, the grass on the downstream face of the dam was, in general, sparse and
some surface erosion up to 1 foct deesp ard | foot wide was noticed. The grass
on the downstream face, a combinmation of fescue, native grasses and weeds, was
about 3 feet high at the time of the inspection., A 4d-<inch diameter willow
tree and the remnants of what appeared to be an animal burrow were found on
the upstream face of the dam near the 12ft abutment. No other evidence of
burrowing animals was noticed. Examination of a soil sample obtained from the

downstream face of the embankment near the center of tne dam indicated the
surficial material of the dam to £e 3 y=llow-brown, silty lean clay (CL) of
low~to-medium plasticity.

Although attempts have been macde to orevent erosion with concrete and
asphalt, erosion that appeared to be Jdie £5 overiand iraimage, has occurred
adjacent to the downstream toce of tre dam agjacent to thase protective
coverings. Below the left side of the Jdam 2 qully up to I font deep and Z
feet wide existed and below thz right side of the dam, a guilv about 3 feet
deep and 3 feet wide was found. Trzse2 rrllies may naves developed Trom erasion
of the 2-foot wide flat bottcm ditcnes indizeted on the construction plam,
refarence Plate 8, to be consiructas alarg e toe of the dam. However,

erosion of these ditch sections haz neqgated their effectiveness as an outlst i
for the toe drain system of the can. Some standing water, which was believed

to be lake seepage emerging from the amhanmxmant drain systems {see Photos 7 i
and 19) at the toe of the cam, was ahs>7vad within these gullies. No other

seepage was observed in the immediate vicirity of the dem. A4 marshy area,
approximately 50 feet wide by 75 fee® leng, with cattzils, standing water anc
wet ground, was observed about 45 feet downstream of the left side of the dam

' in the vicinity of station 5+52. It could not be determined if this conditien 5

was a result of lake seepage or not. Fow2ver, no water w~as observed flowing !
between the gully near the toe of tha dam and the marshy area. According to
E. J. Hogan, Director of St. Louis Properties for Gemeral American, at least

two springs existed in this genmeral ares p-ior to construction of the dam.

The concrete spillway structure (se» Photos 4 and 5) including the ch te
section downstream of the crest (see Pnoto 3), were 2xan. wd and found to be
in satisfactory condition without evizenc: af spalling or major cracking,

although a transverse crack, that na, “ave been an unsealed construction

I.3
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joint, up to one-half inch in width (see Photo 12) was found in the chute
section at a location about 15 feet below the spillway crest. Doawnstream of
the concrete chute, the channel is protected by concreted riprap and some
minor erosion was noted adjacent to and downstream of the section.

The 8-inch cast-iron gate valve on the lake drawdown pipe (see Photo G as
well as the concrete valve enclosure (see Photo 8) were examined and appearrd
to be in satisfactory condition, although the valve was not operated and scme
debris, i.e. boards and large rocks that could have been part of the toe drair
system, was found within the enclosure about the valve,

d. Appurtenant Structures. Except for the footbridge crossing the

spillway structure, no appurtenant structures were observed at this dam size,

e, Downstream Channe!. Except at road and highway crossings, the

channel downstream of the dam within the potential flood damage zone s
unimproved. The channel sect.on is irregular, of variacle width, anz for t-2
most part, lirmed with trees. The stream joins the Meramec River at a point
about 2 miles downstream gf the dam.

f. Reservoir. Excapt where the lake gbuts the building at the ucstr2a~
end of the ressrvoir, the ar=a surrounding the lake is covared with 2rass anij
well maintained. No significant erosion of the lake banks was noted. At the
time of the inspection, the lake water was clear and about 0.2 foot balow
normal pool level. The amount of sediment within the lake could not be
determined during the inspection; however, due to the fact that the drainaze
area consists of approximately 42 percent impervious area and the remaining
area is maintained in a park-like condition, it is not expectec to be
significant.

3.2 EVALUATION

The deficiencies observed during this inspection and noted herein are not
considered of significant importance to warrant immediate remedial action.
Although no significant erosion of the upstream face of the dam was noted, the
size of the gravel riprap slope protection, approximately 2 inches, is

considered too small to permanently resist forces produced by lake wave action.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The spillway is uncontrolled. The lake level 1s governed by precipitation

runoff, evaporation, seepage, and the capacity of the uncontrolled spillway.

4.2 MAINTENANCE OF DAM

According to Edward J. Hogan, Director of St. Louls Properties, the dam
receives periodic routine maintenance such as mowing of the grass on the crest
and upstream face of the dam, and removal aof muskrats ov trapping. Mr. Hogan
1130 indicated that the Owner plans to replace the secticn of the concrete
spillway chute that bas been undercut by erosion sometime in the near future.

4.3 MAINTENANCE OF OQUTLET OPERATING FACILITIES

With the exception of the lake drawdown valve, np outlet facilities

requiring operation exist at this dam. There is a3 res:rvoir regulaticn plan.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT
The dam is routinely checked by the OQwner's maintanance persomnel. Mr.
Hrgan indicated that in the event of a threatenec failure 2f the dam, the

authorities, fire and police, would be notified.

4.5 EVALUATION

It is recommended that maintenmance of the dam also include establishing
and maintaining an adequate turf cover on the downstream face of the dam.
Effective measures should be taken to prevent erosion along the abutments of
the dam as well as to provide drainage of seepage emerging from the toe drain
system. It is also recommended inat a detaiied inspection of the dam be
instituted on a reqular basis by an engineer experienced in the design and
construction of dams and that records be kept of all inspections made and

remedial measures taken.
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SECTION 5 - HYDRAULIC/HYDROLOGIC
5.1 EVALUATION OF FEATURES

a. Design Data. Available hydraulic/hydrologic data pertinent to the
design of the dam and spillway are discussed in Section 2, paragraph 2.1b.

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

determined from topographic data shown on a Surdex Corporation Aerial Survey
Drawing dated July 1980 as provided by the Owner and supplemented by the 1969
USGS Maxville, Missouri, Quadrangle Map (pnotorevised 1948 and 1974). The
proportions and dimensions of the spillway and dam were developed from surveys
made during the inspection. Sizes and locations 2f storm sewers were obtained
from construction plans preparsd by Hellmuth, Obats & Kassabaum, issue date
October 16, 1974. Records of rainfall, streamflcw, or flood cdata for the
watershed were not available.

Due tou tne fact that the watershed for “his reservoir Is small and simce
there is no history of excessive reservolir izaksge ©-3% woulcd adversely affect
th2 normal operating level of the lake, %n2 l=«c level wsas assumed to be at
normal pool as a result of artecedert storme nricr o 2ozurrence of the PMF

and the probabilistic storm.
Recording to the St. Louis Distrizt, Corps of Ingineers, the estimated
flood damage zone, should failure of the 73 ocour, ectends two miles

downstream of the dam.

c. Visual Observations.

(1) The spillway, a paved ~orcrete, trapezoidal secticn, is located
about 50 feat left of the centerline »F th2 dam. A comcrete curb section
approximately 17.5 feet wide governs the normal level of the lake. A corcrete
trapezoidal chute section with a é-foot wide hottom width conveys lake outflow
down the downstream face of the dam and for atiout 53 feet down the valley
floor downstream of the toe of the dam. A stone ard concrets riprap
trapezoidal section extends about 60 feet bayond th2 end of tne chute section.

5-1
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(2) A concrete weir that bridges the spillway section is located
approximately 16 feet upstream of the crest section, and a timber footbridge
crosses the spillway at a point about 6 feet upstream of the crest.

(3) Spillway releases within the capacity of the spillway section
should not endanger the dam.

(4) Pipe storm sewer systems, installed in conjunction with the
development of the site by the General American Life Insurance Company, which
serve the parking lots and areas adjacent to the building, discharge into the
lake. An 8-inch sanitary sewer serving the building crosses the upper reach
of the lake and extends southwardly adjacent to the east side of the lake as a
10-inch sewer. A plan of the storm and sanitary sewers is shown on Plate B.
The storm sewer systems are also shown on Plate 3.

d. Overtoopping Potential. The spillway is inadequate to pass the

probable maximum flood, or 1/2 of tne probable maximum flood, withou:
overtopping the dam. The spillway is adeguate, however, to pass th2 1 percent
probability (130-year frequency) flood without overtopping the dam. The

results of the dam overtopping analyses are as follows:

(Note: The data appearing in the following table were extracted from the
computer output data appearing in Appendix 8. Decimal values have heen
rounded to the nearest one-tenth in order to prevent assumption of unwarrantea

accuracy. )
Max. Depth (Ft.) Duration of
Q-Peak Max. Lake of Flow over Dam Overtopping of
Ratio of PMF Outflow (cfs) W.S. Elev. (Elev. 572.9) Dam (Hours)
0.50 254 573.2 0.3 0.4
1.00 787 573.8 0.9 1.0
1% Probability 87 572.1 0.0 0.0
Flood
5-2
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: The lowest point in the dam crest was found to be elevation 572.5. The
flow safely passing the spillway just prior to overtopping was determined to
be approximately 183 cfs, which is the routed outflow corresponding to about
41 percent of the probable maximum flodad inflow. During peak flow of the
probable maximum flood, the greatest depth of flow over the dam is projected
to be 0.9 foot and overtopping 1s estimated to extend across the central 455
feet of the dam.

e. Evaluation. Experience with embankments constructed of similar
material (a silty l=an clay of low-to-medium plasticity) to that used to
construct this dam has shown evidence that under certain conditions, such as
high velocity flow, the material can be very erodible. Such a condition
exists during the PMF when large lake outflow, accompanied by high flow
velocities, occurs. Although, for the PMF condition, the depth of flow over
the dam crest, a maximum of 0.9 foot, and the duration of flow over the dam,
1.0 hour, are relatively small, due to the erosive nature of this soil, damage
to the crest and downstream face of the dam is expsctad. The extant of thaszs
damages is not predictable within the scope of these investigations; howavart,
there is a possibility that they could resul: in failure by erosion of the
dam. For the ane-half PMF condition, since the maximum depth of Flow cver thz

dam is but 0.3 of 3 foot and the duration of flow over the dam is only C.& of
an hour, it is unlikely that the extent of the damage to the smdankment woull

resylt in failure of the dam.

f. References. Proceduves and data for determining the probable maximum
flood, the 1 percent probability (100-year frequency) “lood and the discharge
rating.curve for flow passing the spillway are presented on pages 3-1 through

! 8-7 of the Appendix. Listings of the HEC-1 (Dam Safety varsion) input data
for both the probable maximum flood and the 1 percent probability (100-year
frequency) flood are shown on pages B-8 through B-10. Comput:tr output data,
including unit hydrograph ordinates, tabulatior of PMF rainfall, loss anc
inflow data are shown on pajes B-1l through B-14; tabulation of lake surface
area, elevation and storage voiume is shown on page B-15 and tabulations
titled "Summary of Dam Safaty Analysis" for the PMF and 1 percent probability
{100-year frequency) flood ars also shown on page B-15.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of conditions which

adversely affect the structural stability of the dam are discussed in Section
3, paragraph 3.1c.

b. Design and Construction Data. Design and construction data relating

to the structural stability of the dam are discussed in Section 2, paragraphs
2.1la and 2.2.

c. Operating Records. With the exception of the valve on the lake

drawdown pipe, no appurtenant structures or facilities recuiring operation
exist at this dam. According to Mr. Edward J. Hogan, Diractor 2>f St. Louis
Properties for the Owner, no records are kept of the lake leval, spillway
discharge, dam settlement, or seepage.

4.  Ppst Construction Changes. According to Mr. Hogan, the concrets cutt

extending across the spillway structure was con.iructed in 1975 in zide: o
raise tne normal lavel of the lake approximately 1 foot. Mr. Hogan incicatec
that no other poast construction changss have been made or have occurred woicn
would affect the structural stability of the dam.

e. Selsmic Stability. The dam is located within a Zone II s2isnic

probability area. An earthquake of the magnitude that might occur in this
area wbuld not be expected to cause structural damage to a well constructed
earth dam of this size provided that static stability conditions are
satisfactory and conventional safety margins exist. However, it is
recommended that the prescribed seismic loading for this zone be applied in
any stability amalyses performed for this dam.

6-1
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES
7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that the spillway is capable
of passing lake outflow of about 183 cfs without the 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 5, paragraph 5.1d, indicates that
for storm runoff of probable maximum flood magnitude, the recommended spillway
design flood for this dam, the lake outflow would be about 787 cfs, and that
for the 1 percent probability (100-year frequency) flocd, the lake outflow
would be about 87 cfs.

Several items were moticed during the inspection that could adversely
affect the safety of the dam. These items inmclude small trees. ar=3s of high
grass on the downstream face of the dam, erosion of the downsiream face of the
dam, erosion of the embankment adjacent to and beneath the spillway outlet
chute, as well as erosion of areas agjacent o the downstrz2am toe cf the cam,
and ine“fective drainage of seepage Irn the vicinity af the downstream toe of
the dam.

b. Adequacy of Information. Except as rnoted, tne assessments regarding

the general condition of the dam as reported herein were based largsly on
external conditions as determined during the visual inspecticon. Tha
assessments of the hydrology of the watarshed and capacity of the spillway
were based on a hydrologic/hydraulic study as indicatad in Section 5.

Certain stability analyses were performed during the design of this dam.
However, a review of available data indicated that these analyses do not
conform precisely to the requirements of the "Recommended Guidelines for
Safety Inspection of Dams" in that rnot all of the prescribed conditions of
loading were investigated. Therefore, it is recommended that these stability

analyses be reviewed, and that all conditions of loading, imcluding
earthquake, be considered. Any "as-built" deviations from the originmal plans
should also be included when these investigations are made.

7-1




Although no indication was found that detailed seepage analyses were
performed for this dam, it was determined that certain provisions, such as a
seepage cutoff tremch, a toe drain system, and blanketing of exposed bedrock
in the original stream within the reservoir, were made in the design and
construction of the embankment in order to minimize the effects of seepage.
Observations made during the visual inspection indicated that no significant
seepage problems existed. Therefore, the inspection team is of the opinion
that detailed seepage analyses of this dam are unnecessary.

c. Urgercy. The remedial measures recommended in paragraph 7.2 for the
items corcerning the safety of the dam noted in paragraph °.la should be
accomplished in the near future. The item recommended in paragraph 7.2a
concerning provision of additional spillway capacity should be pursued on a
high priority basis.

d. Necessity for Phase II. Based on the results of the Phase 1

inspection, a Phase Il investigation is not recommended.

e. Seismic Stability. The dam is located within a Zone I1 seismic 1

robability area. An earthquake of the magnitude that might occur in this
area would rot be expected to cause structural damage to a well constructed
earth dam of this size provided that static stability conditions are
satisfactory and conventional safety margins exist. However, it is
recommended that the prescribed seismic loading for this zone be applied in

any stability analyses performed for this dam.

7.2 REMEDIAL MEASURES

a. Recommendations. The following actions are recommended.

(1) Based upon criteria set forth in the recommended quidelines,
spillway size and/or height of dam should be increased in order to pass lake
outflow resulting from a storm of probable max imum flood magnitude.

(2) Review and supplement as necessary the ariginal stability
analyses performed for the design of this dam. Stability analyses should be

l'll-llIllillIi---........._._____-.r‘ _ | B "p
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performed for all operational conditions, including earthquake, and made a
matter of record.

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

Procedures are recommended:

(1) Remove the trees from the dam. Maintain the grass on the dam at
a height that will not conceal animal burrows or hinder inspection of the
dam. Tree roots and animal burrows can provide passageways for lake seepags
that could lead to a piping condition (progressive internal erasion) and
possible failure of the dam.

(2) Restore the eroded areas of the downstream face of the dam and
provide scme tyone of grass cover that will prevent future erosicn by avarland
drainage. Lass of embankment material by erosion can impair the structural
stapility of the dam.

(3} S=zal all cracks and Joints in the concrate spillway chute in

252

order tc prevent loss of subgrade material sy spillway flows entering t
openings and undercutting the slab. The eroded areas bdeneath the spiliway
chute should be restored. Lack of foundation support can result in failure by
settlement of the spillway chute and, since the chutz 1s foundsd on the
embankment, loss of the subgrade material can also be detrimental to the
structural stability of the dam.

(4) Restore the eroded areas of the abutments adjacent to the
downstfeam toe of the dam. Provide some type of slope protection and positive i :
drainage system that will prevent future erosion of these areas as well as
saturation of these areas by standing water. Loss of material and saturation
of foundation areas adjacent to the dam are conditions considered to be
unfavorable to the structural stability of the dam.

(5) The existing gravel riprap is considered too small to
permanently resist the forces produced by wave actian; however, it is
suitable to prevent waves from washing out the underlying embankment material
provided that it is covered by a larger size stone to insure its stability.

N o . . o




Therefore, cover the existing riprap with stone large enough to insure the
stability of the gravel under adverse wave action conditions.

(6) Provide maintenmance of all areas of the dam and spiliway on a
regularly scheduled basis in order to insure features of being in satisfactory
operational condition.

(7) A detailed inspection of the dam should be instituted on a L
regular basis by an engineer experienced in the design and construction of
dams. It is also recommended, for future reference, that records be kept of
all inspections made and remedial measures taken.
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PROJECT NAME_Earth Dam - General American Life Ins. Co.

Tl

[
L

B-1

SHEET 1 OF 1

PROJECT NO. 60196
DATE___7-24-74

PROJECT LOCATION_National Serv. Ctr.(Hwy. 21)RiG ___Hand ayger

GEOLOGIST RIE DRILLER FW WATER ENTERS @ 2’
SURFACE ELEVATION_ 540+ ELEVATION patum___ MSL
DEPTH SAMBLE SPECIAL NOTES AND
0  LTYPE [REC [RESIST DESCRIPTION USC| Flgp OBSERVATIONS
Firm to stiff, red-brown, highly Boring advanced
4 | plastic clay with sand and gravel § with hand auger .
ST [ 2.0 Same - stiff
Stiff, grey, highly plastic clay with|
4 37 -8 | rock fragments - auger refusal B .
Bottom of boring
- = - 3‘ -
5 — — — —
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FIGURE NO.
Chart 2-1
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SHEET L_.of 1
PROJECT NAME__ Earth Dam - General Amerjcan Life Ins. Co. PROJECT NO. _60196

f oare___7-25-74

\ B-2 PROJECT LocaTion National Serv. Ctr.(Hwy. 21) mic _Hand auger
GEOLOGIST, RTF DRILLER FW WATER ENTERS None
“URFACE ELEVATION___ 943+ ELEVATION DATUM___ MSL at time of drilling

[BEPTH SAMPLE SPECIAL NOTES AND]
0 LIYPE [ REC [RESIST ODESCRIPTION USC| FIELD OBSERVATIONS| 0
Very stiff, brown and grey, clayey Boring advanced
- . silt, trace sand and roots - with hand auger
ST | 2.0 (desiccated) ML | QP 3.0
[ sT| .9 Stiff brown & grey highly plastic clay |CH N
4 #ith limestome frag., ST refusal B -
Bottom of boring
- i - - 3 -
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i
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a ﬂ -
i i |
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§
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FIGURF NO
Chart 2-2




DATE

,-—'- gl il — e
SHEET _ } Of 1
ROJECY NAME_Earth Dam - Geperal Amerjcan Life Ins, Co. PROJECT NO. _g£01968

7-25-74

B-3 PROJECT LOCATION National Serv. Ctr.(Hwy.21) wmc _Hand auger
GEOLOGIST RIE DRILLER __ FW WATER ENTERS_None
URFACE ELEVATION 546+ ELEVATION DATUM MSL
EPTH SAMPLE SPECIAL NOTES AND
0 LIYPE | REC JRESIST DESCRIPTION USC] rlELD OBSERVATIONS
Hard brown clay with sand & roots CH] Boring advanced
4sT 1.8 o N - with hand auger |
' Very stiff, brown, highly plastic CH| Upper 1' desic-
4 clay (desiccated) B cated B
ST 1.5 F Same — . -
-4___._.1*- . . = _J -
eyt 11.2; Same with small rock fragments — —
; . Stiff, brown and grey, highly plas- }
] . ; L tic clay with rock fragments, auger :
ST . »ﬂ1'31 4. .refusal on rock _ CH ﬁ{
. I X . Bottom of bor'irlmg_i
2 ‘ 6.5' |
- i 9 -
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FIGURE NO.
Chart 2-2
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PROJECTY NAME__Farth Dam - General American Life Ins. Co

!
| B-4

SHEET 1 OF 1
PROJECT NO. 60196

proJect wocationNational Serv. Ctr.(Hwy.21)

OATE__7-25-74

GEOLOGIST RTF ORILLER__FW WATER ENTERS__ None .f _
LURFACE ELEVATION 548+ ELEVATION DATUM  MSL at time of drilling }
[CEFPTH SAMPLE SPECIAL NOTES AND "
0 LIYPE | REC [RESIST DESCRIPTION USC| rigLD OBSERVATIONS| g | i
Boring advanced ? :
B i B with hand auger | o
ST | 2.0 Hard, desiccated, brown, silty clay CL |(Loessial) o
..l._,-,__, Y S L w‘.th Y‘OOtS QP 4.54. -* . :
15T |1.5 - Same .
B ] - QP 4.5+ R
_ ST 1.1 ; Same
5 =~ ! - - - —5
i B Bottom of boring !
4 : . g .4‘
T -
— } - "1
l
-y ! - -
- L i _}
-4 o —1‘
|
- - j‘ }ﬂ
— L _}‘ |
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.y g |
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FIGURE NO._
Chart 2-3
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SHEET __]1 ofF __ 1
PROJECT NAME_Earth Dam - General American Life Ins. Co. PROJECT NO.
f oare_ 7-29-74
L TP-1 PROJECT LOCATION Natl. Serv., Ctr. (Hwy. 21) M6 _Backhoe
GEOLOGIST__ RTF DRILLER MM WATER ENTERS _Trace
LURFACE ELEVATION__ 540+ ELEVATION DATUM___ MSL @ 2
EPTH SAMPLE SPECIAL NOTES AND
0 LTYPE | REC [RESIST DESCRIPTION USC| FiELD 0BSERVATIONS)
B Red-brown, si1lty Clay WIth rock Boring advanced
4 A fragments and gravel o - with backhoe _
G [ Firm, red-brown, silty clay with smalljCL | 15-20% rock frag-
B }.___| gravel 4 < ments |
~ 7 3' rock
4 B | Stiff, brown and grey, highly plastic |CH
A clay with small to medium rock w
4 G ! | fragments - i
15-20% rock
5 ~- | | Refusal on large rock or bedrock — fragments —
F ‘ Bottom of boring
i LT - >
— -3 q -—
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sHEeT 1 ofF 1

PROJECT NAME Earth Dam - ﬁgng:il Amg:j:ﬁn Life Ins Co PROJECT NO. 6019K

1 OATE__7-29-74
C TP-2 PROJECT LOoCATIONNatl. Sery, Ctr, (Hwv, 21) @G _Backhoe
GEOLOGIST RTF DRILLER MM WATER ENTERS__ None
SURFACE ELEVATION 539+ ELEVATION DATUM MSL
[DEPTH SAMPLE SPECIAL NOTES AND
0  LTYPE [REC [RESIST DESCRIPTION USCl FieLp OBSERVATIONS| 0
Firm to stiff, red-brown clay with Boring advanced ‘
.4 IB\ L small to large rock fragments 4 CH | with backhoe _ i
P
4 G i - 2' rock 4 i
4 | Refusal on large rock or bedrock 3-5% rock fragments
7 Bottom of boring |
- ! L 3!
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FIGURE NO.
Chart -6
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QUIRING L
SHEET _]1 _of ]
PROJECT NAME__ Earth Dam - General American Life Ins. Co, PROJECT NO. _60196
r DATE__7-29-74
L TP-3 PROJECT LOCATIONNatl. Serv. Ctr, (Hwy, 21) ®c __Backhoe
GEOLOGIST, RIE. DRILLER MM WATER ENTERS_None
\URFACE ELEVATION 548+ ELEVATION DaTuM____MSL detected
EPTH SAMPLE SPECIAL NOTES AND
0  [1YPE | REC [RESIST DESCRIPTION USC| £l p OBSERVATIONS
Boring advanced
. s with backhoe .
Jr—————"—‘—‘ . - - -1
| C 1 .3 Very s3tiff, red-brown, silty clay and |CL {QP 2.5
- L roots ]
5 . 1. 1L — —
| C .3 Same CL {QP 2.5 :
] é I -1‘
- ? - . . . s _1
! ‘ Stiff, red, highly plastic clay with !
4 " ! | small limestone fragments CH }25-35% fragments
_— . 1 | Refusal on rock or bedrock i s
: Bottom of boring
— | n 9'
NN - ]
- ot B
! i N
- ! L - -
|
] |
l ' i k
- 8 -
—] n _ -
|
) [ ]
- a1 _
. : |
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SHEET 1 __oF 1
PROJECT NAME___Earth Dam - General American Life Ins. Co.  PROJECT NO.
r OATE___7-29-74
TP-4 PROJECT LOCATiON_Natl., Serv. Ctr. (Hwy. 21) wwc_Backhoe
= GEOLOGIST, RTF DRILLER MM WATER ENTERS None
* NURFACE ELEVATION__ 946+ ELEVATION DATUM__ MSL detected
OEPTH SAMPLE SPECIAL NOTES AND
0 |TYPL | REC [RESIST DESCRIPTION V3¢l rieLp omservations) 0 | |
| i Very stiff, brown silty clay, trace CL {Boring advanced *
? "sand B with backhoe T
i . - i .
| S S §
‘ Tc [723]  [same 1 jep 3.5 “‘
! - - 1
; 5 — ; _ — *-J, 5
‘; -+ — 4 g - - -Q
% [ C .3; .| Very stiff, red-brown clay CH QP 3.5 !
E B ‘ - - =
k T :
[ N | ! i . _J
» - 3 3 !
b 8 I Stiff, red-brown clay with limestone 35% estimated '
4 A | - fragments - rock fragments
;~G 1 i Refusal on large rock or bedrock S
| 10— = : B — Bottom of boring | I-
f - | i | 10"
| o
— ‘ }- - !
4 . -
‘f J

|
=
|
RS VU TN TN N NN SN T SR W A B N L___j

FIGLIRF NO
Chart 2.7




F0JECT NAME__Earth Dam - General American Life Ins. Co.

WELALLYY =T

FROJECT NO. 60196
DATE___7-29-74

TP-5 PROJECT LOCATION_Natl. Sery. Ctr H RIG Backhoe
GeoLoGisT___RTF ODRILLER MM WATER ENTERS__ Nope
IHFACE ELEVATION 550% ELEVATION DATUM MSL detected
Hi SAMPLE . SPECIAL NOTES AND
0 |1YPE [REC [RESIST DESCRIPTION “SC| FIELD OBSERVATIONS|
Hard, brown, silty clay, trace roots CL} Boring advanced
4 | (desiccated) - with backhoe  _
- 3 - -
'{F—-—J‘~~ L J -
G C} .3 Same CL|{ QP 4.0
-4 ! l - -d -
5— ‘ — —5
i [
——— e e =l B n
: 1.3 Same CL] QP 4.0
- r A _
. i L -

@D > o

N s —— o~ = — - an .

-

n

ad

Stiff, red-brown, highly plastic
clay with rock fragments (up to 1')

CL1 estimate 15-25%ﬁ

fragments
1"

. Bottom of boring
11

| R T

15

1

IS SR VR S | ___l-.. |

FIGURE NO.
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APPENDIX A ’

INSPECTION PHOTOGRAPHS
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APPENDIX 8
HYDROLOGIC AND HYDRAULIC ANALYSES
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HYDROLOGIC AND HYDRAULIC COMPUTATIONS

1. The HEC-1 Dam Safety version (July 1978, Modified 26 February 1979)
program was used to develop inflow and outflow hydrographs and dam overtopping
analyses, with hydrologic inputs as follows:

W

a. Probable maximum precipitation (200 sg. mile, 24-hour value equals
25.4 inches) from Hydrometeorological Report No. 33. The
precipitation data used in the analysis of the 1 percent chance
(100-year freguency) flood was provided by the St. Louis District,
Corps of Engineers.

b. Draimage area = 0.063 square miles = 40 acres.

[p]

SCS parameters:

3 0.385
. : f (11.90 i
Time of Concentration {T) = L_ji———) = 0.221 nours

Where: Tc

Travel time of water from hydraulically most
distant point to point of interest, hours

Length of longest watercourse = 0.47 miles
Elevation difference = 62 feet

It

Although a pipe storm sewer system is provided for the parking lots
and areas adjacent to the building, the system was apparently
desigred for a 15-year frequency storm (the St. Louis County standard
design storm), the sewer system would be surcharged during occurrence

of the PMF and 1 percent chance events with the majority of the storm
flow taking place over the ground surface; therefore, ditch and
gutter flow velocities were used in developing the time of
concentration,

The time of concentration (TC) was obtained using Method C as
described in Figure 30, "Design of Small Dams", by the United States

B-1




Department of the Interior, Bureau of Reclamation, and was verified
using average ditch and gutter velocity estimates and watercourse
lengths.

Lag time = 0.133 hours (0.60 Tc)
Hydrologic Soil Group = 100% D (Gasconade Series per Missouri General

Soil Map and field investigation; 42%
impervious)

Soil type CN = 78 (AMC II, 1 percent probability flood condition)

90 (AMC III, PMF condition)

2. The concrete spillway is characterized by two control sections; the
upstream control section (shown as Section A on Plates 4 and 5) is trapezoids’
shaped with a rectangular reinforced concrzte weir 0.8 foot high located
transverse to the section 1.0 foot above the invert of the section. The
downstream contral section (Ssction B on Plates 4 and 5) consists of a
trapezoidal channsl with an inverted trapezoidal shaped concrete curhb
projecting 1.3 feet above the chanrel invert. The concrete curb has a
slightly rounded crest. According Mr. €. J. Hogan, Director of St. Louls
Properties for General American, thz curb section was added subsequent to
construction of the spillway to raise the level of the lake surface
approximately 1.0 foot. A timber footbridge with wooden handrails crosses the
spillway section five feet upstream of control Section B8; the bridge and
handrails will form an obstruction to higher flows through the spillway
sectioh, and, in order to simplify the hydraulic calculations, were projected
into the plane of the curb control Section B. The relative invert elevations
and configurations of the two control sections are such that flow passing
these sections will take place in several stages:

a. For small flows with the lake level at or just above the crest
elevation of Section B, flow at Section A will take place beneath the
concrete weir as submerged weir flow with Section 8 performing as a

trapezoidal weir.




For somewhat higher flows, with the lake level above the crest j
elevation of Section B, flow at Section A will occur as orifice flow !
J

below the concrete weir.

For yet higher flows, with the lake level above the crest elevation
of Section B, flow at Section A will be a combination of 2
broad-crested trapezoidal weir flow over the top of the concrete weir |
and submerged orifice flow beneath the concrete weir, with the

driving head on the orifice equal to the total head differential (d +

hv) upstream of Sections A and B respectively.

For still higher flows, flow conditions at Section A will remain as
described in (c), while flow past Section B will be progressively:

(1) Trapezoidal weir flow over crest B up to the elevation of the
undzrside of the footbridge,

(2) Orifice flow under the bridge opening up to the elevation c* the
ton of the footbridge deck, and

(3) A combimation cof orifice flow under the bridge and broad-crested
weir flow over the bridge deck.

Flow Comoutations. J

At Section A:

(1) Submerged weir fiow (Elev. 570.5 to 570.7). The flow quantities
involved (0 to 8+ cfs) are so small that the head losses across
the weir are ‘insignificant, and the outflow is controlled by the
characteristics of the weir flow over Section B (see 3.b.(1)
following).

(2) Orifice flow under concrete weir (Elev. 570.7 to 571.5). Flows
in this range were computed as:
Q=ca(2gam’’




where ¢ is a coefficient, taken as 0.6, a is the area beneath
the concrete weir, equal to 15.05 sf, h is the tntal
differential head between the upstiream and downstream faces of
the concrete weir, and g is the acceleration due to gravity.
Reference, "Handbook of Hydraulics", by King & Brater, page 4-9.

(3) Combination flow (above Elev. 571.5). Flow aver the
broad-crested weir section above the top of the concrete weir
was computed as follows:

I. Spillway section properties (area "a", and top width "t™}
were computed for various depths "d".

I1. 1t was assumed that flow over the section would occur z%
critical depth. Flow at critical depth was computed 23

Qc = (a€9>0’5 for the variocus depths, "d".
Corresponding velocities {v_) and velocity heads
(HVC} were determined usingvconventional “ormylas.*
Reference, "Handbook of Hydrauylics", Fifth Ezition, ov
King and Brater, page 8-7.

[1I. Static lake levels upstream of the section
corresponding to the various flow values passing the
crest were computed as critical depths plus critical
velocity heads (dc+ch), thus obtaining the
relationship between lake level and {low cver the top

of the section.

Flow passing the submerged orifice under the concrete weir was

determined as described in 3.a.(2) above.




et

b. At Section B:

. s

(1) Trapezoidal weir flow (Elev. 570.5 to 573.5, the underside of i
the footbridge). Flows in this range were assumed to occur at
critical depth, and were computed as described in 3.a.(3)I
through III above.

(2) Orifice flow below top of footbridge deck (Elev. 573.5 to

574.7). Flow in this range was computed as }
Q=ca(2q h)o'5

where ¢ is a coefficient, used as 0.6, a is the area below the
underside of the bridge deck (78.86 sf), and h is the head,
measured from the water surface upstrszam of the bridge to the
centroid of the area, a (the centroid of ‘he area is located

] 1.67 feet above the crest). Reference, ibid., page &-3.

(3) Weir flow above the top of the footbridge deck (above £lav.
574.7). Flow above the top of the deck was computed =25 fliow
over a broad crested weir:

Q=CcLH"’

where ¢ is a coefficient selected to reflect the flow

obstructions represented by the bridge handrails (taken as 2.5),
L is the weir length (40 feet), and H is thz head from the water
surface to the top of the bridge deck. Reference, "Application 1
of the HEC-2 Bridge Routines",the Hydrologic Engineering Center,
Corps of Engineers, U. S. Army, pages 34-35.

The total flow at Section B in this range was taken as the sum of the

weir and orifice flows for corresponding elevations.

4. Determination of Governing Control Section. To determine the static

lake level For flows passing the two control sections, the following trial and
error procedure was used.

a. A flow quantity over the crest of the concrete weir at Section A
(Ql) was assumed, and the corresponding static lake level (Ea) was

determined.

B-5
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A trial flow quantity over the weir crest at Section B (03) was

selected, and the corresponding static level (Eb) was determined.

c. The driving head, h = Ea - Eb, for the submerged orifice at Section |
B was computed, anc the flow through the orifice (Q,) was i |
determined. |

d. The sum Ql + 02 past Section A was compared with the trial flow
quantity Q3 over Section B, and the procedure repeated until
balance was achieved.

5. The results of the flow balance determinations, together with the
curves representing flow over control Sections A and 8 for the several stages ‘1
are shown on Plate 6. It is evident that Section A controls spillway
discharge from the crest elevation 570.5 up to about Elev. 575; above Elev.
575, Section B controls the spillway discharge.

Controlling elevations and corresponding discharges for the spillway were

entered on the Y4 and Y5 cards for use in the HEC-1 Program.

5. Tha flow and head relationships for flow over the concrete curh,
Sectinn 2, was checked using the following approximate trapezoicdal

broad-crested weir formula:

QH = ClLHll.s - [_:H2)3 (32.?‘]

Tuo

where HI is the head on the retangulz: portion of the weir and C, is a

coefficient for the rectangular portion of the weir with the following range
1 of values:

3 Hl Cl*
] 0<HK<L.0 2.8
1.0<HL2.0 3.0

H>»2.0 3.2

*Per Tables 5-9 and 5-10, Handbook of Hydraulics, Fifth Edition, King & Brater.

o . Fal TP PR -




I D Ao s mat o <cm 4 < e n ran i

and AH2 and TH2 are the area and top width of the triangular portion of
the weir for H2, the head on the triangular portion of the weir,

No significant difference was found when the results of the two methods,
i.e., critical depth and weir formula solution, were compared.

7. The profile of the dam crest is irregular and flow over the dam
canmnot be determined by application of conventional weir formulas. Crest
length and elevation data for the dam crest proper were entered into the HEC-1
Program on the $L and $V cards. The program assumes that flow over the dam
crest section occurs at critical depth and computes internally the flow over

the dam crest and adds this flow to the flow over the spillway as entered on
the Y4 and Y5 cards.
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