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DEPARTMENT OF THE ARMY
ST. LOUIS OISTRICT, CORPS OF ENGINEERS

210 TUCKER BOULEVARD. NORTH
ST. LOUIS. MISSOURI 53101

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
General 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 50 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.

SIGNED17EC98
SUBMITTED BY: SIGNED._I ?_DE_ C _ 198

Chief, Engineering Division Date

APPROVED BY: S! NED I8DEC1S 8o
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 Horner & Shifrin, Inc., Consulting Engineers, St. Louis,

Missouri. The purpose of this inspection was to assets 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 life or oroperty.

The following summarizes the findings cf the visual inspection and the

results of certain hydrolocic/hydraulic investig tions performed under the

Jirection of the inspection team. Based on the visual Insoection and the

results of these hydrologic/iyJrau1ic investigations, the :resent general

condition of the dam is ccnsidered to be satisfactory. Howover, several

deficiencies were observed during the visuol inspection which are considered

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

dam. These deficiencies include such items as small trees, areas of high

grass on the downstream face -)f the dam, minor erosion of the downstream face

of the-dam, erosion of the downstream embankment aujacent to and beneath the

spillway outlet chute, as well as erosion of areas adjacent to the downstream

toe of the dam, ineffective drainage of seepage in the vicinity of the

downstream toe of the dam, and riprap slope 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 d-sign lood for the General American Lake Dam,

which is classified as smal in size and of high hazard potential, is

soecified to be a ninimum of one-half the Drobable Maximum Fiood p

p.



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 Probable 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 danger to numan

life.

Results of a hydrologic/hydraulic analysis indicated that the spillway ;3

inadequate to pass lake outflow resulting from a storm if P.F macnmtude

without overtopping the dam. However, the spillway is capable of Dassing lake

outflow resulting from the one percent chance (100-year frequenc) flood arc

the lake outflow corresDonding to about 41 percent of the PMF lake infle.,

without overteopinc the darn. According to the St. Louis District, Corps :f

Engineers, the _engtn of the downstream danage zone, ru> failure o' t3 :i l

occur, is esimatec to be aeproximatelv t', v mv-es. Accordjl'v, ,:th'n the

possible damage cone are numerous residential type dweli'cs, :lj'n t"-:oe

apartment ti: ',Zi~cs, State 21,hw a golf course, an a -O'-nty r

Certain t analyses were performed during tne lesi:n c t's .

However, a -e'iow of available data indicated that these analyses c t

conform precisel., to the requirements of the "Recommended Gu'relines :r

Safety !nspection o' Dams" in that not all of the prescribed -ondt Cns t"

loading we-e Investicate3. Therefore, it is recommended that tnese stsw't,

analyses be revieweJ and th--t all conditions of loading, including earthqu.e,

be considered. Anv "as-Luilt" deviations from the orlginal 9ons slould als

be included when these investigations are made.

Although no 'ndication was found that detailed seepage analyses -%re

performed for tnis dam, detnils shown on the construction plans indicate that

certain provisions, such as a seepage cutoff trench, a toe drain system, and

blanketing of exposed bedrock in the original stream wjthin the reservoir,

were made in the design of the embankment in orJer to minimize the -ffects o



seepage. Information obtained from the Owner's representative confirmed that

the dam, including the anti-seepage provisions, was constructed in general

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

pursued on a high priority basis.

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

PIlhert B. Becker, Jr.
P. E. Missouri E-9168
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PHASE I INSPECTION

NATIONAL DAM SAFETY PROGRAM

GENERAL AMERICAN LAKE DAM - MO 31390

SECTION I - PROJECT iNFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367, dated

8 August 1972, authorized the Secretary of the Army, through the Corps of

Engineers, to initiate a program of safety inspection of dams throughout the

United States. Pursuant to the above, the St. Louis District, Corps o

Engineers, directed that a safety inspection of the General American Lqke Dam

be made.

b. Purpose of Inspection. The purpose of this visual inspect_'on ,was o

make an assessment of the general condition of the da7 ,qith respect to sfet,

and, based upon available data anJ tmis inspection, determine if the da- -cses

a hazard to human Life or property.

c. Evaluation Criteria. This evaluation was performed in accorcance

with the " h11e ";'nvestiration -.rocedures as prescribed in "Recommended

Guidelines f-r Safety Inspection Df Dams", Appendix 0 to "Report to the Chief

of Engineers on the National Program of Inspection of Non-Federal Dams", da:e4

May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The General 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 3.1h, a crest width

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

3.5h at the dam crest 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 shell.s traverses the crest of the uam except at the spillway, where a

MIM
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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 3 and a profile of the dam crest

is shown on Plate 4. A cross-se-cion of tie dam at a location adjacent to the

spillway outlet is also shown on Plate 4. An overview photograph of the dam

is shown following the preface at the beginnino of the report.

The spillway, a paved concrete trapezoLdal section, is located about 50

feet left, looking downstream, of the center of the dam. A concrete weir is

located within the spillway structure at a point approximately 16 feet

upstrean of the crest section. The iei. spans the spiligay channel and an

opening approximately 1.0 foot high is provided between the unde.side of the

weir and the invert of the spillway section. The soiliway outlet consists of

a ccncrete trapezoidal chute section which extends from the spillway structure

across the downstream face of the dam to a point abour 53 feet downstrean of

the toe of the dam. A trapezoidal channel section lined dith concreted stone

riorap extends about 60 feet beyond the end of the chute se',cti. A prof'le

f the spillway is shown on Plate 4, and cr.ss-sections of thespil1wv

structure are shown on Plate 5. Details of the s-iD.'a'1a-e slso shown on

S _ets 5-1 and 10-1 of the construction cln prea- Hellut , Obat3 &

Kossabaum, Inc. (HOK), reference Plates 9 :nd i. Ai<acent te the spillway

s:ructure, the dam had been landscaped ,wIth -rees and Siruts.

,q 9-inch pice controlled by a qate valve loca-ed -4 thin a concrete valve

vault near the toe of the dam adjacent to the r7.jht side oi tne spiliwa. chute

"s orovided for lake drawdown. Details of the dra, down pioe are also shown cn

Sheet 5-1, reference Plate -, of the construction plans prepared by HOK.

b. Location. The dam is located on an unnamed tribut3ry of the Meramec

River, on property owned by the General American Life insurance Company and on

which tneir National Service Center cor";Dex is located. The General American

Life Insurance Company's National Service Center is located adjacent to the

west side of State Highway 21, about 1.5 miles scith *-f Interstate Highway

270, and about 2 miles southwest of ConcorJ Village, VissoJri, as shown on the

Regional Vicinity Yap, Plate 1. The dam is loc.aIted 1n U. S. Survey 29q2,

aoproximately ,90 feet rt--east a , LDOP .. t oueas'_ of the southwest



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

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 zone are numerous residential type dwellings, including

three apartment buildings, a golf course, a county park and State Highway 21.

Those features lying witnin the downstream damage zone reported by the Corps

of Engineers, St. Louis District, were verified by the inspection team.

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

Insurance Company, 13045 Tesson Ferry Road, St. Louis, Missouri 63l28. Yr.

Edward J. Hogan, Director of St. Louis Properties, represented tie Owner

during the course of the investigation presented herein.

f. Purpose oP 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 construcLion drawings pertinent to toe

1-3



investigation of the dam are included herein, reference Plates 7 through 10.

Design of the embankment was by STS Engineers, Inc., under subcontract to

HD<. 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 dam.

1.3 PERTINENT DATA

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

immediately adjacent to the lake is grass covered with park-like landscaping.

The General American Life Insurance Company Building as well as its service

roads and parking areas which are interspersed with turfed areas, occupies

almost the entire watershed. The watershed above the dam is aporoximately 42

percent impervious and amounts to aboit 40 acres. The Natershed ares is

outlined on Plate 2.

b. Discharge at Damsite.

(1) Estimated krown maximum flood at dam site ... 46 crs* (W.S.Elev. 57i.6)

(2) Spillway capacity ... 183 cfs.

c. Elevation (Ft. above MSL). Except wher otherwise 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,

reference Plate 3, provided by the Owner, appears to confirm this assumption.

*Based on an estimate of depth of flow at spillway as observed oy Edward 3.

Hogan, the Owner's representative.
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(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

d. Reservoir.

(1) Length at normal pool (Elev. 570.5) ... 670 ft.

(2) Length at maximum pool (Elev. 571.6) ... 670 ft. (lake abuts builing)

e. Storage.

(1) Normal pool ... 30 ac. ft.

(2) Top of dam (incremental) ... 10 ac. ft.

f. Reservoir Surface.

(1) Normal pool ... 3.7 acres

(2) Top of dam (incremental) ... 0.7 acres

g. Dam. The height of the dam is defined to be the overall vert-ical

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 homogeneous**

(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 Helimuth, 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.

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

(2) Location ... 50 feet left of dam center

(3) Crest ... Elevation 570.5

(4) Outlet channel ... Paved concrete chute, trapezoidal section to

point 53 feet downstream of toe of dam; concreted riprap,

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

i. Emergency Spillway. ... None

j. Lake Drawdown Facility.

(1) Type ... 8-Inch cast iron pipe*

(2) Control ... S-Inch gate valve

(3) Elevation

a. Upstream ... 542.0*

b. Downstream ... 541.3*

(4) Valve location ... Right side of qpillway 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.]. DESIGN

a. Dam. As previously indicated, the dam was designed by STS Engineers,

Irc., under subcontract to Hellmuth, Obata & Kassabaum, 1n-. (HOfK). 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 of the spillway

requirements. Mr. deMonte reported that subsurface investigations, test

borings and test pits, were made at the location of the dam in order to

determine the properties of the foundation soils as well as a suitable depth

for the dam seepage cutoff trench. The locations of these test borings and

test pits are shown on the Site Grading Plan, Sheet 1-1, reference Plate 7,

prepared by HOK. Logs of these borings as detailed by 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.

According to Mr. de'-Ionte, based on laborat~ry tearing r the -ate-ia

(silt,, clay) t be used in the embankment as well as eDer eme ar- , ......n,

strength paramet,-ers ,Yere assioned the soil and stabi-,_ty an.1l/ses _

Performed. Accordini to a report prepared by STS for desi .3r t- e ent

and on file at the St. _ouis County Department of Punlic Wcrks, t'-se anr s.s-c

were performed by the stability number method. Mr. de ont-3 rec:'rte -:at

these stabtility investigations included sudden drawdown and st,-, seerage

conditions, and that in all cases, acceptable factors of safety ,c<isted.

According to Mr. dek.onte, the downstream toe drain system vas provided in

order to reduce pore pressires within the embankment and to prnvi'de drainage

relief for la'<e seepage. Specifications for construction ol the !am reqired

that the fill material be compacted to a minimum density of 95 pe. ent of

maximum dry density per the Standard Proctor Test, ASTM 698. Q state-ent in

the STS report indicated that the subgrade profile and clay embankment are not

subject to liquifaction under seismic forces. A cross-se:.ion of the dam

indicating the cutoff trench and embankment proportions as w- l as the toe

drain requirements, Is shown on Sheet 10-1, reference Plate 10, of the

construction plans prepared by HOK. Mr de~onte stated that they, STS

Engineers, were not retained to inspect or test the actual constriction of the

embankment.
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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 -ublic Works

indicated that in accordance 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 166,035

cubic feet of water within the reservoir for the 30 minute period, and a

design outflow of about 57.7 cfs. The spillway c'erflow structure as designed

is shown on Sheet 10-1, reference Plate 10, of the HOK plans, wit," the

exception that according to te designer's notes, the openino between the .eir

and the spillway crest was indicated to be 0.4 foot and not Q.8 foot as

indicated by the elevation and section shown on the drawings, or 1. foot a

determined by survey at the time of the inspection. Oost cn t-

additions by the Owner, i.e. the installation of a concrete curb across th

spillway opening in order to raise the normal level of t-,e t _ t te

clearance between the top of the curb, or present spii!:sv cres.. 3, tl- e ,e

to be 0.2 foot. Th, e proportions and dimensions of the sp,llw-v s -etrine

by survey during the inspection are shown on Plates 2 a-- 5.

2.2 CONSTRUCTION

As previously indicated, the dam was constructed in 1976 by tle allo

Contracting Company of St. Louis, Missouri. Acording to Edward L. Hogan, the

Owner's representative w was present during the actual construction of the

dam, a seepage cutoff trench was excavated to rock in accordance with th

details shown on the plans prepared by Hellmuth, Obata & Kassabaur, (HGK). Mr.

Hogan reported that the material to build the dam was obtained from

excavations for building foundations and from general site grading, and that

the embankment material was compacted using a sheepsfoot roller.

Mr. Hogan indicated that the concrete curb section that javerns 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 higher 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 not shown on the plans prupared 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 to 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 discharged by the lake drain pipe was being scoured from the

lake bottom by high intake 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 HOK construction plans, see Plate 9, indicates a tee

fitting was installed near the inlet eni of the drain pipe and that a short

section of pipe was attached to toe horizontal leg of the tee on the lake

bottom, and a section of IiDe 2.0 fee, long wo connected to tne vertical l

of the tee. Mr. Hogan reorte'i to liver cconected the riser ci e and

screen to the original v ie.t.on d tat tr e drain has not been

operated since the adcdltib- -,s .

According to s 42r Rv .... ... ba.oe1 on tre premise that the normal 'eve,

the lake, as governed by tv e too rf te concrete curb, see Plate 4, is I.0

foot higher than tne nornol Ll snon,,.q on the construction olans, see Plate

10, the low point of the dam crest was found to be only 0.1 foot lower than

the specified top of dam elevation shon on the construction plans. However,

according to survey data cbtained at the time of the inspection, at the

section surveyed, the sloce of the downstream face of the dam was found to be

somewhat steeper than the 1v on 3h slop3 specified for the slope as indicated

on the dam section shown on the plans, see Plate 10. Except for the post

construction additions noted herein (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 prepared by HOK.
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2.3 OPERATION

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

spillway curb. No indication was found that the dam had been overtopped.

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 0.1 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 deta'led

seepage analyses had been performed. Calculations for determinino the size of

the spillway were available. The proportions of tne dam and spilD3 y 33

designed, exceot for the height of the opening between the scDlliway cres: sno

the weir, are shown on the construction plans prepared by I0.<, reference

Plates 9 and 10.

b. Adequacv. it was found that certain stability ana.lyses fir 'esi:n c

th dam have been performed. Although these analyses do nor conlfo-m

precisely to the requirements of the specified guideline's, 't that te

results of these analyses are comparable to the results of the lvses

specified by the guidelines, in so far as performed. Loading conditions

investigated were limited to sudden drawdown and steady seeacv with' a full

reservoir. No indication was found that partial pool or earhcuake loading

conditions were investigated. Therefore, it is recommended thiat these

stability analyses be reviewed, and that the additional !oadir- ccnJitions,

including earthquake (seis,ic loading) be considered. Deviations from the

original design as shown on the plans, i.e., the steeper downstream slone of

the dam and the 1.0 foot increase in the normal water elevation of the lake

should also be evaluated.

Although no indication was found that detailed seepage analyses were

performed for design of this dam, certain provisions were made in the design

anJ construction of the embankment in order to minimize the effects of dam
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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 channel. According to Mr. Edward J. Hogan, representative

of the Owner, who was present during he 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 functioning as intended. Therefore, the

inspection team is of the opinion that detai led seepage analyses are

unnecessary.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspetion of the General American Lake Dam was

made by Homer & Shifrin engineering personnel, R. E. Sauthoff, Civil

Engineer, H. B. Lockett, Hydrologist, and A. B. Becker, Jr., Civil and Soils

Engineer, on 8 October 1980. An examination of the dam site was also 7made by

an engineering geologist, Jerry 0. Higgins, Ph.D., a consultant retained by

Horner & Shifrin for the purpose of assessing the area geology. Also 2xaminec

at the th of the inspection were the areas and features beiow t le dam wit.in

the potential flood damage zone. Photographs o" the dam take! at the time of

the insoetion are imludedt on Qages A-i through A-4 of Apgendix A. The

locations of the photograohs taken during the inspection a-e indicatec on

Piate 3.

Site 3eolgy. The General American mke is located, on an amaanet

southward-flowing tribut -'.' of the ,RMeramec -ver. The torograoh' areei j -

lake slte is rrdertely i g, and t ere is approximately - t f

rel ef newee-- the e rcsrLn' ulid. Th-e arec jr . '

the n ort.east. oart of 1..e zark P-. " , ,,au ,siograrhic -e,_ aQ- tr.e

regional dio of the beIrck is t h e " li 0 The 3

is ..a.ted aDPrimt.t 4 miles Ist " east of a fault ant r ,c nC': ne V 7

affects the :-p of t e st-ata in th general area: how'ver, 1 .,= -roc'k :t

the dam site still cdips No-twar faultilg was observes at "e site. T,

lake is located on the rontact --tween the Miss'ssipian-age !.;"stones of the

Salem and St. Louis forma.ions.

The Salem and St. _ou~s formations consist of grey to light grey,

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

few inches to 3 or /4 feet. Chert is common in both formations. The

limescones have undergone extensive solution weathering which his enlarqed

joints and bedding planes that usually form a very irregular bedrock surface.

Sinks nave probably formed; however, any surface expression would he masked

b' the residuum and loess denosits. Ar a result of "he silut.on eatuze , tne

bedrock is permeable, and will transmit water rea.ilV.
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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 fr-rn 2

to 30 feet. These soils generally fall in the CL ranpe of the Unified Soil

Classification System, have low permeabilities, and form stable slopes. They

are generally considered suitable for water impoundments, bit due to the loess

content are susceptible to erosion. The lower soil zone cosists of residual,

well-structured clay (CH) derived from weathering of the underlyinq

limestones. The soil reportedly ranges from 5 to 40 feet '-i) thickness in the

general area. The permeability of the soil is reiatively iclh and may cause
considerable leakage from water impoundments. The reservoir is located on toe

upper zone soils, and, judging by the substantial amount of water !n storage,

a sufficient thickness of this soil is present to retard leak'age t:c tHe

permeable limestone.

The most significant geologic probl m evident at t'ie si*e is t e hih

erodiDility of the local soils. No other adve-se geologic :cnd'tican were

orserved that would affect tre stability or Performenoce c :-e >o.

Dam. The visible portions cf the uostream and tt -" -

tre dam, as .ell as the dam crest (see Photos 1, 2 a": , .erc ?mio' .

excect as noted herein, round to -e in sound conditico. o , - ret,

due to overflow of the concrete chute sect'on of the spiliway :see Phot_

haa created a hole approximately 1 foot aeed arid abrit 4 fe:t ,o I n t11e

emtanireit adjacent to the left (looking downstream) si _ t . chute at

location near the mi-height of the dam. Further, it apoea:-t that at t-e

hole a void extended beneath the chute and that the outlet section was

undercut for some distance beginning at the eroded area n!x* t: the :hute.

The extent of the undercut section could not be determired. No cracking o'

the surface, sloughing of the embankment slopes, or undue settlement of the

dam crest was noted. The upstream face of the dam was prot :ctel from errsion

by grass and by gravel riprap up to about 2 inches in dia aitr aYd no

significant erosion of the upstream slope was observed. The dam crest was

also protected with grass, although a 3-foot wide walkway overe with necan

shells traverses the top of the dam. The irass on the uLstrean face and aJam

crest w:is abwt 3 inches high and uniformly covered bl-t areas. Except for
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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 I foot oeap ard I foot wide was noticed. The grass

on the downstream face, a combination of fescue, native grqsses and weeds, was

about 3 feet high at the time of the inspection. A 4-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 -eft 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 darn to '- a yelow-brown, s;Ity lean clay (CL) Of

low-to-medium plasticity.

Although attempts have been made to orevont erosion with concrete and

asphalt, erosion that appeared to ce : ,ie t3 cveriand irainage, has occurred

adjacent to the downstream toe of the dam aojacent to these protective

coverings. Below the left side of the dam a cull' up to I foot deed and 2

feet wide existed and below the right side of the dam, a guilv about 3 feet

deeo and 3 feet wide was found. T-ese :,_9!1 las may nave developed from erosion

of the 2-foot wide flat bottcm ditohes ncn t costru ction plan,

reference Plate 8, to be :onstru:,:et toe of th ie dam. However,

erosion of these ditch sections ha their feivene s a outt

for the toe drain system of the ca7. Some stanioc water, which was teieved

to be lake seepage emergino from the em r-ment J an systems (see Photos 7

and 10) at the toe of the Cam, Yas ohs'rved within these gullies. No other

seepage was observed in the immediate vicinity of the da-. A marshy area,

aporoximately 50 feet wide by 75 feet L t

wet ground, was observed about 45 feet downstream of the left side of the dam

in the vicinity of station 15+52. It could not be determined if this condition

was a result of lake seepage or not. Pewever, no water was observed flowing

between the gully near the toe of the dam and the marshy area. According to

E. 3. Hogan, Director of St. Louis Properties for General merican, at least

two springs existed in this general ares prior to construction of the dam.

The concrete spillway structure (se'n Photos 4 and 5) including the ch .te

section downstream of the crest (see Photo 5), were exam ied and found to be

in satisfactory condition without evf-enc, :f spa.I*ng or najor cracking,

although a transverse crack, that ,n.', - v3 been an unsealed construction



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. Downstream 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 9) a-,

well as the concrete valve enclosure (see Photo 8) were examined and appeared

to be in satisfactory condition, although the valve was not operated and some

debris, i.e. boards and 1:rge rocks that could have been part of the toe drain

system, was found within the enclosure about the valve.

d. Appurtenant Structures. Except for the footbridge crossing the

spillway strujcture, no appurtenant structures were observed at tnis dam s:t-.

e. Downstream Channe;l. Except at road and highway cross'ngs, the

channel downstream of the dam within the potential flood damage zone 1s

unimproved. The channel section is Irregular, of variable width, anz .or

most part, lined with trees. The stream joins the Meramec River at a point

about 2 miles downstream of the dam.

f. Reservoir. Except where the lake abuts the building at the ,.rstrea7

end of the reservoir, the area surrounding the lake is covered with crass ariJ

well maintained. No sionificant erosion of the lake banks was noted. At the

time of the inspection, the lake water was clear and about 0.2 foot b-?low

normal pool level. The amount of sediment within the lake could not be

determined during the inspection; however, due to the fact that the drafnace

area consists of approximately 42 percent impervious area and the remaining

area is maintained in a park-like condition, it is not expected to be

significant.

3.2 EVALUATION

The deficiencies observed during this inspection and noted herein are not

considered of significant importance to warrant immediate remedial action.

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 is 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. Louis Properties, the dam

receives periodic routine maintenance such as moa,4ng of the grass on the crest

3nd upstream face of the dam, and removal of muskrats bl trapping. Mr. Hogan

a2so indicated that the Owner plans to replace the section of the concrete

spillway chute that has been undercut by erosion sometime in tne near future.

4.3 MAINTENANCE OF OUTLET OPERATING FACILITIES

With the exception of the lake drawdown valve, no outlet facilities

rquiring operation exist at this dam. There is D: reservoir regulaticn olan.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The dam is routinely checked by the Owner's maintenmnce oezsconnei. Yr.

Jgan indicated that in the event of a threatened fjilure of tne dam, the

authorities, fire and police, would be notified.

4.5 EVALUATION

It is recommended that maintenance 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 that a detailed inspection of the dam be

instituted on a regular 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. Experience Data. The drainage area and lake surface area were

determined from topoqraohic 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 1968 and 1974). The

proportions and dimensions of the spillway and dam were developed from surveys

made during the inspection. Sizes and locations of storm sewers were obtained

from construction plans prepared by Hellmuth, Obata & Kassabaum, issue date

October 16, 1974. Records of rainfall, streamflcw, or fiood data for the

watershed were not available.

Due to t-e fact that the watershed for this reservoir Is smi1ll and sirnue

there is no history of excessive reservoir i.a..se wouldadversely affect

the normal operating level of toe lake, tne 1-rc level 4as assumed to be at

normal pool as a result of antecedent st= s )7ic r to o....rene of the PMF

and the probabilistic storm.

According to the St. Louis District. Cort- of Eng-, ee-s, the estimated

flood damage zone, should fail:re of toe < oc-cur, e<tends :-wo miles

downstream of the dam.

c. Visual Observations.

(1) The spillway, a paved ooncrete, trapezoi'al section, is located

about 50 fe, left of the centerline nP the dam. A cornrete curb section

approximately 17.5 feet wide governs the normal level of tne lake. A concrete

trapezoidal chute section with a 6-foot wide bottom width conveys lake outflow

down the downstream face of the dam and for aLout 53 feet down the valley

floor downstream of the toe of the dam. A stonr and concrete riprap

trapezoidal section Extends about 60 feet b-,yo,.! tiee end of tne chute section.
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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 8.

The storm sewer systems are also shown on Plate 3.

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

probable maximum flood, or 1/2 of tne probable maximum flood, without

overtopping the dam. The spillway is adequate, however, to pass the I percent

probability (100-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 B. Decimal values have heen

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

accuracy.)

Max. Depth (Ft.) Duration of

Q-Peak Max. Lake of Flow over Dam Overtopping of

Ratio of R4F 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
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The lowest point in the dam crest was found to be elevation 572.9. 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 flood 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 is estimated to extend across the central 455

feet of the dam.

e. Evaluation. Experience with embankments constructed of similar

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

construct this dam has shown evidence that 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 expected. The extent of these

damages is not predictable within the scope of these investigations :  ..weve:.

there is a possibility that they could result in failure by erosion of the

dam. For the one-half PMF condition, since the maximum depth of Flow cver ' --

dam is but 0.3 of a foot and the duration of flow over the dan is only 0.. cf

an hour, it is 'likely that the extent of the damage to the -2mbankment w'ul

result in failure of tne dam.

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

flood, the 1 percent probabiiity (100-year frequency) 'lood and the discharge

rating curve for flow passing the spillway are presented on pages 3-1 throucg

3-7 of the Appendix. Listings of the HEC-l (Dam Safety Version) input data

for both the probable maximum flood and the I percent probability (100-year

frequency) flood are shown on pages B-8 through B-10. Computer output data,

including unit hydrograph ordinates, tabulation of PMF rainfall, loss and

inflow data are shown on pages B-il through B-14; tabulation of lake surface

area, elevation and storage volume is shown on page B-15 and tabulations

titled "Summary of Dam Safety Analysis" for the PMF and 1 percent probability

'100-year frequency) flood are also shown on page B-15.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observatibns. 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

2.1a and 2.2.

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

drawdown pipe, no appurtenant structures or facilities requiring operatior

exist at this dam. According to Mr. Edward J. Hogan, Director of St. Louis

Droperties for the Owner, no records are kept of the lake level, spillwsy

discharge, dam settlement, or seepage.

d. Post Construction Changes. According to Mr. Hogan, the cDncrete

extendinQ across the spillway structure was constructed in 1976 in ::ie: t-

raise the ncrmr1 level of the lake approximately 1 foot. Mr. Hcro " icatec

that 2o other oost construction changes have been made or have occ-irred w-: _c-

would affect the structural stability of the dam.

e. Se-smic Stability. The dam is located within a Zone II se-smnc

probability area. An earthquake of the magnitude that might occur in this

area would not be expected to cause structural damage to a well constructed

earth dam of this size provided that static stability conditions are

satisfactory and conventional safety margins exist. However, it is

recommended that the prescribed seismic loading for this zone be applied in

any stability analyses performed for this dam.
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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) flood, tne lake outflow

would be about 87 cfs.

Several items were noticed during the inspection that could adversely

affect the safety of the dam. These items include sma3.i trees. ar" as of ho

grass on the downstream face of the dam, erosion of the downstream face of the

dam, erosion of the embankment adjacent to and beneath the soillway outlet

chute, as well as erosion of areas adjacent to the downstr._eam :oe cf the cam,

and inelfetive drainage of seepage in the vicinity of the downstream toe o

the dam.

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

the general condition of the dam as reported herein were base. larcely on

external conditions as determined during the visual inspection. The

assessments of the hydrology of the watershed and capacity of the spiilway

were based on a hydrologic/hydraulic study as indicated 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 not 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, including

earthquake, be considered. Any "as-built" deviations from the original plans

should also be included when these investigations are imnde.

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 trench, 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. Urgency. The remedial measures recommended in paragraph 7.2 for the

items concerning the safety of the dam noted in paragraph -..la should be
accomplished in the near future. The item recommv'ended in paragraph 7.2a

concerning provision of additional spillway capacity should be pursued on a
high priority basis.

d. Necessity for Phase 11. Based on the results of the Phase I

inspection, a Phase II investigation is not recommended.

e. Seismic Stability. The dam is located within a Zone 11 seismic
probability area. An earthauake of the magnitude that might occur in this

area would not be expected to cause structural damage to a well. constructed
earth dam of this size provided that static stability conditions are

satisfactory and conventional safety margins e~ist. Hobwever, it is

recommnended that the prescribed seismic loading for this zone be applied in

any stability analyses performed for this dam.

7.2 REMEDIAL MEASURES

a. Recommvendations. The following actions are recommended.

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

spillway size and/or height of dam should be increased in order to pass lake

outflow resulting from~ a storm of probable maximum flood magnitude.

(2) Review and supplement as necessary the original stability

analyses performed for the design of this dam. Stability analyses should be
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performed for all operational conditions, including earthquake, and made a

matter of record.

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

that could lead to a piping condition (progressive internal erosion) and

possible failure of the dam.

(2) Restore tne eroded areas of the downstream face of the dam and

provide some type of grass cover that will prevent future erosion v ov and

drainage. Loss of embankment material by erosion can imoair the structural

stability of the dam.

(3) Seal all cracks and ioints in the conc -ete sp'Ilway chu-te in

ordtr tc prevent loss of subgrade material oy spillway flows enter".ng these

openings and undercutting the slab. The eroded areas beneath the siillwsy

chute should be restored. Lack of foundation support can result in failjre by

settlement of the spillway chute and, since the chute is founded 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

downstream toe of the dam. Provide some type of slope protection and positive

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 con ditions 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 actlon; 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.
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Therefore, cover the existing riprap with stone large enough to insure the

stability of the gravel under adverse wave action conditions.

(6) Provide maintenance of all areas of the dam and spillway 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

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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SHEET 1 Of 1

PROJECT NAME Earth Dam - General American Life Ins. Co. PROJECT NO. 60196
DATE 7-24-74

B-iPROJECT LOCATION National Serv. Ctr.(Hwy. 21)RG Hand auger
GEOLOGIST RTF DRILLER FW WATER ENTERS @ 2'

,urACE ELEVATION 540+ ELEVATION ATUM MSL

DEPTH SAMPLIE SPECIAL NOTES AND I

0 TYPE REC RESIST DESCRIPTION LSC FIELD OBSERVATIONS 0

Firm to stiff, red-brown, highly CH Boring advanced
plastic clay with sand and gravel with hand auger

ST 2.0 Same - stiff
Stiff, grey, highly plastic clay with-

ST .8 rock fragments - auger refusal CH SBottom of boring
3'

!I
5 5

Ch r 2-_1

J I

II

I -j
H -I

I-
- I "7

: FIGURE NO.

Ch3rt 2-1I



SHEEr ._.. f o ." |
PROJECT NAME Earth Dam - General American Life Ins. Co. PROJECT NO.

i . DArE 7-25-74
1 B-PROJECT LOCATION National Serv. Ctr.(Hwy. 21) RIG Hand augerGEOLOGIST RTF DRILLER FW WATER ENTERS None'JNrACE ELEVATION 543+ .EVATION DATUM MSL at time of drilling

DEPTH SAMPDLE SPECIAL NOTES AND

0 TYPE REC RESIST DESCRIPTION ___ 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
with limestome frag., ST refusal BBottom of boring

31

5 5

- -4

H
' iii

4 FIC9LRF NO
Chart 2-2



SHEET .L O OV 1

ROJECT NAME Earth Dam - General American Life Ins. Co. PROJECT NO. A

DATE 7-25-74

B-3 IPROJECT LOCATION National Serv. Ctr.(Hwy.21) RIG Hand auger

GEOLOGIST RTF DRILLER FW WATER ENTERS None

URrACE ELEVATION 546+ ELEVATION DATUM MSL

iEPTH SAMPLE DESCRIPTION usc SPECIAL NOTES AND

0 TYPE REC RESIST DESCRIPTION _J___ FIELD OBSERVATIONS 0

Hard brown clay with sand & roots ' Boring advanced

ST 1.8 with hand auger-
Very stiff, brown, highly plastic CH Upper 1' desic-

- - clay (desiccated) 
cated

4 ST 1.51 Same

ST 1.2 Same with small rock fragments 5

Stiff, brown and grey, highly plas-
1 tic clay with rock fragments, auger

- ST 1.3 1 --refusal on.rock CH

Bottom of boring.
6.5'

--

rJII

- --1
H -!

-i

FIGURE NO
Chart 2-'



SHEET . OF I

PROJECT NAUE. Farth nlam - t0nePral Amprican Life Tn _ n PROJECT NO.

1 IDATE 7-25-74
B-4 PROJECT LOCATIONNational Serv. Ctr.(Hwy.21) RIG Hand auger

GEOLOGIST RTF DRILLER FW WATER ENTERS Nnne
.AJrACE ELEVATION 548+ ELEVATION DATUM MSL at time of drilling

DEPTH SAMPDLE SPECIAL NOTES AND

o TYPE REC RESIST DESCRIPTION ___ FIELD OBSEPVATIONS 0
Boring advanced
with hand auger

ST Hard, desiccated, brown, silty clay CL (Loessial)
with roots QP 4.5+

ST 1.51 Same

1I 1 QP 4.5+
ST 1.1 Same

Bottom of boring
5't -

" "A
H I -i

---- I-- F G R NO -- t

a I - -j

-1 '
-U I

-I
- -J

- -1

_FIGURE NO.__
Chitrt 2-4

-



SHEET ~JOF

PROJECT NAME Earth Dam - General American Life Ins. Co. PROJECT NO.

DATE 7-29-74
TP-1 J PROJECT LOCATION Natl. Serv. Ctr. (Hwy. 21) RIG Backhoe

L GEOLOGIST RTF DRILLER MM WATER ENTERSTac

u.krACE ELEVATION 540+ ELEVATION DATUM MSL @ 2'

DEPTI _SAMPLE SPECIAL NOTES AND

0 TYPE REC RESIST D FIELD OBSERVATION5 0

F- - Red-Brown, silty clay With rock Boring advanced
A fragments and gravel with backhoe
G Firm, red-brown, silty clay with smalf CL 15-20% rock frag-

gravel, ments_ - g-av 
31 'rock

B Stiff, brown and grey, highly plastic CH
clay with small to medium rock

Grfragments1
_Refusalon large rock or bedrock fragments5

5- 1Bottom of boring

51

--4 N

! -1

-hr I



SHEEr 1 or 1
PROJECT NAME_ Earth Dam - General American Life Ins. Co PROJECT NO. fn1QFA

DATE 7-29-74
L TP-2 PROJECT LOCATION Natl. Sery. Ctr. (Hwy. 21) RIG Rarikhoe

GEOLOGIST RTF DRILLER MM WATER ENTERS None
:.UHrACE ELEVATION 539+ ELEVATION DATU SL

DEPTH SAMPLE SPECIAL NOTES AND
0DSCRIPTION __ FIELD OBSERVATIONS 0

Firm to stiff, red-brown clay with Boring advanced
B small to large rock fragments CH with backhoe
A

. G 2' rock

Refusal on large rock or bedrock 3-5% rock fragments
Bottom of boring

5 31

5 5

I' --7

I
i ,i

FIGURE NO.
CThar' .- 6

S- t-'.1*



lflL.±e 65i
SHEET 10o r  I

PROJECT NAUE Earth Dam - General American Life Ins, Co, PROJECT NO.
DATE 7-29-74

TP-3 IPROJECT LOCATIONNatlI. Serv. Ctr, (Hwy. 21) RIG Backhoe
GEOLOGIST RTF DRILLER MM WATER ENTERS None

*,Uki|ACE ELEVATION 548+ ELEVATION DATUM MSL detected

DEPTH SAMPLE SPECIAL NOTES ANDJ
D TYPE REC RESIST DESCRIPTION USC FIELD OBSERVATIONS Q

Boring advanced
with backhoe

-I-
_C__ .3 Very stiff, red-brown, silty clay and CL QP 2.5

roots j

5-5
c-- 3 Same CL QP 2.5

Stiff, red, hijhly plastic clay with -1-L

small limestone fragments CH 25-35% fragments 1]

Refusal on rock or bedrock
Boo of bori-n-g

101

-4

L ~_ __ ___

PirI(.1 irQI" N("
- ~~~~~~~~~~~~~~~~~~~ __________la____________r________._________2___



PROJECT NAME Earth Dam - General American Life Ins. Co. PROJECT NO. AM1QR
1 -1 DATE 7-29-74

TP-4 PROJECT LOCATION Natl. Serv. Ctr. -(Hwy. 21) ic. Backhoe
GEOLOGIST RTF DRILLER MM WATER ENTERS None

'.u1rACE ELEVATION 546+ ELEVATION DATUM MSL dptpetpd

DEPTI E SAMPLE DESCRIPTION USC SPECIAL NOTES AND

0 TYPE.. REC _RESISTDESCRPTION____ FIELD OBSERVATIONS 0

Very stiff, brown silty clay, trace CL Boring advanced
sand with backhoe

C Same QP 3.51 '1

5 4
_C *3~ Very stiff, red-brown clay CH QP 3.5

B Stiff, red-brown clay with limestone 35% estimated
- A I fragments rock fragments

G 0 Refusal on large rock or bedrock

B ottom of bori~~1
j 10'

2--I
- 7

I-I

i-

~1

FICl.IIPF NOI
C ha r t -,
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SHEET 1O F

IOJECT NAME.Earth Dam - General American Life Ins. Co. FROJECT NO. _in.J,5
DATE 7-29-74

TP-5 PROJECT LOCATION Natl , Serv. Ctr. (Hwy. 21) RIG Backhoe
GEOLOGIST RTF DRILLER MM WATER ENTERSNJne

JwrACE rLLEVATION 550+ ELEVATION DATUM MSL detected

-,PT SAMPLE SPECIAL NOTES AND
0 TYPE REC RESIST FIELD OBSERVATION5 0

Hard, brown, silty clay, trace roots CL Boring advanced
(desiccated) with backhoe

-4-._31 Same CL QP 4.0

5- 5

C .3 Same_ CL QP 4.0

IJI lj

B I Stiff, red-brown, highly plastic CL estimate 15-25%
A j clay with rock fragments (up to 1') 1 fragments
G 1

Bottom of boring

151 5

I J"I

-i

FIGURE NO.9Cwrt 2-4



APPENDIX A

INSPECTION PHOTOGRAPHS
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APPENDIX 8

HYDROLOGIC AND HYDRAULIC ANALYSES



HYDROLOGIC AND HYDRAULIC COMPUTATIONS

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

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

analyses, with hydrologic inputs as follows:

a. Probable maximum precipitation (200 sq. 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. Drainage area = 0.063 square miles = 40 acres.

c. SCS parameters:

Time of Concentration (Tc) = 111.9L03 0o385. = 0.221 hours
H

Where: Tc = Travel time of water from hydraulically most

distant point to point of interest, hours

L = Length of longest watercourse = 0.47 miles

H = Elevation difference = 62 feet

Although a pipe storm sewer system is orovided for the parking lots

and areas adjacent to the building, the system was apparently

designed 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 (T c) was obtained using Method C as

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

B-I



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 T )

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 (shcwn as Section A on Plates 4 and 5) is trapezoid<

shaped with a rectangular reinforced concrete weir 0.8 foot high located

transverse to the section 1.0 foot above the invert of the section. The

downstream controi section (Section B on Plates 4 and 5) consists of a

trapezoidal channel with an inverted trapezoidal shaped concrete curb

projecting 1.3 feet above the channel invert. The concrete curb has a

slightly rounded crest. According Mr. E. i. Hogan, Director of St. Louis

Properties for General American, the 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 B; the bridge and

handrails will form an obstruction to hig her flows through the spillway

section, 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 B performing as a

trapezoidal weir.

B-2
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b. For somewhat higher flows, with the lake level above the crest
elevation of Section B, flow at Section A will occur as orifice flow

below the concrete weir.

c. For yet higher flows, with the lake level above the crest elevation

of Section B, flow at Section A will be a combination of

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.

d. For still higher flows, flow conditions at Section A will remain as

described in (c), while flow past Section B will be progressively:

(I) Trapezoidal weir flow over crest 8 up to the elevation of the

underside of the footbridge,

(2) Orifice flow under the bridge ooening up to the elevation c' the

top of the footbridge deck, and

(3) A combination of orifice flow under the bridge and broad-crested

weir flow over the bridge deck.

3. Flow Comoutations.

a. At Section A:

(1) Submerged weir flow (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.(l)

following).

(2) Orifice flow under concrete weir (Elev. 570.7 to 571.5). Flows

in this range were computed as:

c a (2 g h)0 .
5
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where c is a coefficient, taken as 0.6, a is the area beneath

the concrete weir, equal to 15.05 sf, h is the total

differential head between the upstream 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 over 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".

I!. It was assumed that flow over the section would occur at

critical depth. Flow at critical depth was computed s

3 0.5
Qc = (B) for the various depths, "J".

Corresponding velocities (v_) and velocity heats
1H wre determined uszhg conventional ormuias.*

vc )wr ee
Reference, "Handbook of Hv.iraulics", Fift Ec:.-on, -v

King and Brater, page 8-7.

Ill. Static lake levels upstream of the sectio ,

corresponding to the various flow values passing the

crest were computed as critical depths plu:; critical

velocity heads (d c+H vc), thus obtaining the

relationship between lake level and flow over the top

of the section.

Flow passing the submerged orifice under the concrete weir was

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

Qc v2
Vc = ;Hvc =2g
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b. At Section B:

(1) Trapezoidal weir flow (Elev. 570.5 to 573.5, the underside of

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 = c a (2 g h)

where c 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 upstream 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 4-3.

(3) Weir flow above the top of the footbridge deck (above Elev.

574.7). Flow above the top of the deck was comouted as flow

over a broad crested weir:

Q C L H 1 5

where c 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 the head frcm the water

surface to the top of the bridge deck. Reference, "Application

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

C was assumed, and the corresponding static lake level (Ea) was

determined.
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b. A trial flow quantity over the weir crest at Section B (Q3) 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, and the flow through the orifice (Q2 ) was

determined.

d. The sum QI + Q2 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 B for the several stages

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 ccrrespnnding discharges for the spillway were

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

6. The flow and heal relationships for flow over the concrete curb,

Sectinn -_, was checked using the following approximate trapezoidal

broad-crested weir formula:

QH = ClLHI 1 5  1 F,2)3 (32.21
TH2

where HI is the head on the retangula7 portion of the weir and C1 is a

coefficient for the rectangular portion of the weir with the following range

of values:

Hl

0CH <1.0 2.8

1.0< H<2.0 3.0

H>2.0 3.2

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

cannot be determined by application of conventional weir formulas. Crest

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

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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ANkYtSIS OF DA C11RTOPPING3 USING RATIOF 0 F'?f
HYIWLOGIC-W4YI)R C PMLYSIS OF SAFETY OF GOERk AMRICA14 LIFE INS. CO
RATIOS OF Pf ROUTED liEOU(M KOWERV

p. - J0 SPECIFICATION~
NO tlf IlIN I DAY IHR Ith METC IPLT IF1RT 31'AJ

2m_ 0 5 0 0 0 0 0 0
J(PER KWT LR%? TRACE

WtRt , I f~TCp 4 LfdIT 10-

R~C- .41 .42. .50 1.00

PfLCl I4 GOE1'i

-- 0.-- WI 1). (K

C1JWE NO -90. 00 Wr-TtVUS ', -1.00 E C ET ONI

-TIME 1NZFDNT 7N. LW.C--0.4 1- 67I L , 2"

J1IT Hvr"UP 10i Pi: Lt Fo t
r -. . .-. L:1



0 END-CW-PERIl r FLOG
Wi. k HR.?el PEi0l RAIN EYC!-LS S CW 0 MD.N P. I FPIIOt RA',I Eif3 LCC: CflW 0

1.(, S .05 1 .01 .01 .0 I. 1.01 12.0. 1 .025' .} .00 42.
1.3 .10 2 .01 .01 .01 2. 1.01 12. j. 141' .2 .; .( )

.01 .15 3 .01 .01 .01 2. iM 12.15$4'.

1.ul .3"- 4 .01 .01 .01 3. 1.01 12.2u 14S .22 .21 .0'
1.1 :.35 5, .1 .01 .01 3. 1.01 12.2 14" . .21 .0 100.

1.01 .35 7 .01 .01 .01 3. 1.01 12.35 151 .22 .21 .00 103.
1.01 .40 8 .01 .01 .01 3. 1.01 12.40 152 .22 .21 .00 104.
1.01 .450 .01 .01 .01 3. 1.01 12.40 154 .22 .21 .00 (4.
1.01 .4 9 .. 01 01 .01 3. 1.01 12.45 153 .22 .21 .00 104.
1.01 .55 11 .01 .01 .01 3. 1.01 12.55 155 .22 .21 .00 14.
1.01 1.00 1Q .01 .01 .01 3. 1.01 13.00 156 .. 2 .2' * 104.
1.01 1.05 123  .01 .01 .01 3. 1.01 13.05 1, .26 .2 .00 104.
1.01 1.10 14 .01 .01 .01 3. 1.01 13.10 152 .3 .,

1.01 1.20 I .01 .01 .01 3. .... 1.01 13.20 160 .26 .00 120.
1.01 1.25 17 .0i .01 .01 3. 1.01 13.25 16 .2, . .00 124.
1.01 1.30 I 8 .01 .01 .01 3. 1.01 13.30 62 .26 .2: . 20 15.
1.01 1.35 .9 .01 .01 .01 3. 1.01 13.35 163 .26 . .00 '"5
:.01 1.40 " .." .0 . 1.01 13.
1.01 1.4. . ... 1. .01 .01 . 1.01 13.45 165 . . .

1.01 1,. 22 .01 .01 A! '. 1.01 13.50 1 , ., . .
1.01 . 5 3 .01 .01 .01 0. 1.01 13.55 17 .2 .... .(' 13.
1.01 2.00 24 .0i .01 .01 2. 1.01 141.00 16* .3. ... . 13.
1.01 2.0I, 35 .0 .01 .01 4. 1.01 14.05 169 ,.. . ':.

' ~ ~ ~ ~ ~ ~ . 14 V j," " .1 ."" . '

, . .-, 4. 1.01 14.... 171 .- . -
1.01 2.4. .(:I .01 .01 4. 1.01 14.0 17A  .1: . .7.

. 2.( 4t .O.l .0 14.40 . .~ *: .x 1T
1.. . 4 - 1.01 l4.5. 1-7, ." ..iC 9

1.01; -. ."1 .01~ .oil 4. 1.11."l ..2.. . 0 '17.

1.1 3. 01 .,1 .(1 4. 1.01 14., 0 12 .3 .. : .,.
1.01 0.LX " . 01.1 4. 1.01 15.:0 134 . 15.

1.01 $,' 4: .01I .1 .01: 5. 1.01I1.30O~ 181. .I: I . 4"

1.01 3.1S 4 .01 .01 .00 5. 1.01 15.35 187 2.X 2.7 , ,

1.01 3.4I 44 01 , Q .00 4. 1.01 15.40 17 , r7.
1.01 3. 4 . .01 .C 4. 1.01 15.4 1 M 5.
1.01 •. 4 . 1 .' 5. 1.01 15. Z 17 K ..
1.01 3.55 4' 0 01 .' 5. 1.01 15.00 187 & 25

1.01 4.4 0 .0 .-O 4. 1.01 15.45 1 . .,

l.Ol ~ ~~ ",.0 4 T 0 , . 1 .01l 15.415 I, .T ." ,(/ -

1. 0= .. 4 0' 4. 1.01 15. 2

1.01 4.5 " .01 .01 . 5. 1.01 15.30 181 .3 7 . .

1.01 3. : 5 .0. .0 1 00, r . 1.01 15. K. 187 2 . , .% : .(-'. 7 ,' .

1.01 , 515 .01 o() 5. 1.01 15.5 191 " .,



END-OF-PERIOD FLOW (Cont'd)

T.0 1 4. -10 50 - .Of - .01 .0k5 1.01 16.10 194 .30 T, .00 190.

1.01 4.10 51 .01 .01 .0J. 1.01 1 0 K .(.

1.01 4.20u 59" 03~ 13 .m X I
.'1.01 16C 199 .30 .30 .0 4.

-1.1 -4.45 53 .(1 .01 ..r 5. 1.01 1.55 19 .30 .30 .00 150.1.01 4.30O 54 .(-| 'I . v.'l z.. 1.01 16. 30 1 sre .yj . J X 1.4;'.

1.01 4. 5 S5 .01 .(l .00 5. 1.01 16.35 202 .0 . . .(, 14.1 60 1 - C40 5 o .; .0 I .( , j 1.0 1 1 6. 4 .i .30 . 30 .CK, 14 7.

1.OF 4' -- 59 .01 .01 .c3 5. 1.01 16.55 203 .30 .3 .0 147.

59 .0 .1 .16.Y30 Yu i .X 147.1.01 5.00 6 .01 .01 1.01 17. (l 204 .30 )O 147.
1.01 5.05 61 ., .0i .0 .01 r7.05 .24 .24 .00 14.
.-01 5.10 &" .oi .. i? .. " 1.06 24 .24 I

icis~~.oi .~. .* 17.1 :10 . :4 .24 .0 .

1.('l 5.4 15 ..1 .1.. - 11114 1 *:.- i

1.01 .00 72: ..", .01 .00" c. 1..01, 1' , ) 21 .24; .24.00 11;.

1.01 6.05 737 .0 .1 5. t.';i 17..5 21, .24 .2 .,Y)

I~~a 74 .25 .0. .101 F.10 21 4 0 0 0 .1.

1.01 5.15 5 ".'. ii .o, 1.0', 13.5 2V .." .0 ".00 t

1.01 6.20 76 .0 .. .,, A. 1.01 15..0 21 . . .,- .0 1 .

..0 6.1 7.001, .0 .01 17. 5N' L2 -4 .2 .00 1

1.01 5.5 1 :: " ,:'. L), 4 .'

1 ... .6 0 ) 1 50 L1 .2. 02 .00 53.&, .14 ,2 1,-

1.01 6.5 71 .06 .O! .01 . .O 5 ,.2" .12 .2 .00 11..
1.01 6.50 32 .06 .06 . ,..1 '. 226 .1 2, .02 .00 47.

1.01 6.05 73 .. .(f. .11 .'. l.vIi !,.55 227 .02 .02 .00 2

1.01 7.00 74 .06 ,.G.01 . ,.&: I.10 228 .02 .02 .00 4:.
1.01 6.15 37 .,6 .1, .01..., 19.25 231 .0 .02 .00 7 .
1.01 6.20 76 .06 0"0 " . 22 .0.

1.F'-, 0 . . ... .. 01!52 ,230 .0. .(02 .O) 71.

1.01 6. 77 06 .( - : 23 . .02 .C ,

1.01 6. . 7 .0 ., . ' 2. 1 .,, 1 3 . . . .2 .02 .00 57.
L.0 74 9 .0 .06 .'. . 1 "i -. 0 206 .02 .02 .00 5.
1.01 6.45 91 .06 .06 ,X " 01 " 43.45 227 .02 .02 .00
1.01 6.50 94 .6 .06 . ' "" . 1. 0 2 5 .02 .02 .. 20".
T.0 55 , .i. . t 01 3. "$, .02 .02 .00 47.

1.01 8.00 4 .06 .06. . " '-, .4 .Ck1 .02 .00 4".
1.01 7. 7 .v .- .00t '. . .0i .. T2 .', ,(. .7.W 40.

1.01- -7.i0 - --Z,- .06,- .0,'_ .0,, . .O'. IA- 2.1 2,42 .02. .02 .00 3.

1.01 7.15 85 .06 .06 .01 . 1.01 29.1,- 24 .02 .02 .XK 14.
1.01 8.2 100 .0, .04. .06 -. 1,.2, 22.22O . ( O2 .00 1:..

1.0 2 - -- . - .1. ., . 12 >.2 24 .x- .2 .0 J.

1.01 0. 1 .06 .06 . -. . 1 y ., 2,) .2 .02 . ) .
1.01. 7..5 . 0. 00,2 .02 .

1.01 7,¢. ... 93 .06 .06 .00, I.Q. '., 5,,, 237 .02 .02 .0) LL.
1.01 7.15 94 . .06 .SO: , .. 0 .1,  3 .0', .0-, .t: 1.

1 .0 l q $ .-Itk V - - . .0 0! 0( LA . 0. : 2 ,, . 0 2 . :
1.01 ".15 " 1 "' 23 4

i . 0 1 ... -- ,.' ., , ., ,.. , ,. " " ' " " .Z"



END-OF-PERIOD FLOW (Cont'd)

1.01 8.35 103 .06 .06 .00 29. 1.01 20. a!) 247 .02 .02 .00 11.
.OI- 840 -- I4-* ".... .00 i . I:." 24 .02 .i .(PO 10.

1.01 8.45 145 .06 .06 .00 ?. 1.uI _. 4; .02 .0 .0, 10.
1.01 8.50 106 .0, .06 .(0 30. :.¢' C,, :'",' .02 .02 .00 10.
I1 - .. 0' -.O- .06 .00 . .i . :5i .02 .o'7 .00 10.
1.01 9.00 .t :.. I. ,. 06 06 ,(X
1.01 9.05 9 .0 .O .0 .' .02 .0Z .W W.
f_01-9.i [ -. .06 .00 .00 ,0. 1. 1 2,.., "A .02 .02 .(K 10.
1.01 9.15 11 .06 .06 .00 30. 1..I .'5' .02 .02 .00 10.
1.01 9.45 i11 .06 .06 .00 .... .01 .0 1V.

1.01 9.W.0 114 06 .06 .00 .2
1.01 1. 115 .06 .06 .( ... ' . - . .

A. .06 .K 3C u IO

1.01 9.05 117 .06 .06 .03 :-'. ..-K.)"

1.01 9. to I IS . 06 a .0O Wi . .: :.

1.01 10.(A: 12 .06 .06 X) ' ,. *.
1.01 10. 0 1'1 .06 .06 .0 . x.

... .o.s : o..., o,

1.01 10.0 ..06 .06 .(0 >. .. *.'.K,.' ,

1.01 1C:. 124 .Jb .o6 . r.
1.01. 0.45 I17 .06 .06 .X) '. : . . .,- 10.
.1 . 1 .. cs 1 .06 .0. .3. 5- . . .t) ,.

** , ,*,A .v' ..z .. .<. .:.: 0. ' " . - .. . 0t

1.01 10.45 1 .0 .0c, .00 . . . . . , 10.

'A0 11.16 121 .06 .06 .- .. .. . . .. 1'.
1.01 -10.15 - - 06 .01 .0 - . . .. 0. - . . . 10.
1.01 115 N 3 .06 .06 .W0 3[. . 10.
1.01 i.75 137 .56 .06 .00 3:. .3. . 1' .," .00 1 0.
.01 1-.30 - 1JS .06 .06 -2 "' 1 . " .02 W 10.

14 .0 .06 .00 . .1.
1.Ol 1. % 12 1 . .0 - .0 3,. 1.1 . ' "X , " .02 .,0 1.
1.01 11!.55 142 .A. .06 .00 -430. 1.01 113.!5 -37 : 2 .. , 1f.

1.01 12. 00 144 .(4 .' C .00 00. 1.(,, 0.0' "0 .02, .2 .00 10.

1..2, .' 2 .75 16K4.

-- .4 6-t.O 24-9 .08 7.f(. .0 T3 TL ."- Z
.FS .5. 174. 57. r.

CK, 24. 5. 2. -,,.4
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