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SUBJECT: Lake Post Commons Dam, MO 11278, Phase I Inspection Report

This report presents the results of field inspection and evaluation of the
Lake Post Commons Dam (MO 11278):

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.

SUBMITTED BY: SILA ED 3UUGI idu
Chief, Engineering Division Date

30 0 W

APPROVED BY: . .

Colonel, CE, District Engineer Date

/e r

0 0 0

r ~ CLI_

,.,.+ [ o , I

/! ~ T ,:

,' :+ , C4



LAKE POST COMMONS DAM

MISSOURI INVENTORY NO. 11278

ST. LOUIS COUNTY, MISSOURI

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

PREPARED BY:

HORNER & SHIFRIN, INC.
5200 OAKLAND AVENUE

ST. LOUIS, MISSOURI 63110

FOR:

U. S. ARMY ENGINEER DISTRICT, ST. LOUIS
CORPS OF ENGINEERS

OCTOBER 1980

HS-801 1



PHASE I REbPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Lake Post Commons Dam

State Located: Missouri

County Located: St. Louis

Stream: Unnamed Tributary of Bonhomme Creek

Date of Inspection: 10 July 1980

The Lake Post Commons Dam was visually inspected by engineering personnel

of Horner & Shifrin, Inc., Consulting Engineers, St. Louis, Missouri. The

purpose of this inspection was to assess thp gen,,ral 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 property.

The following summarizes the findings of tle visual inspection and the

results of certain hydrologic/hydraulic investigations performed under the

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

results of the hydrologic/hydraulic investigations, the present general

condition of the dam is considered to be satisfactory. However, the following

deficiencies were noticed during the inspection and are considered to have an

adverse effect on the overall safety and future operation of the dam:

I. Erosion has created several gullies up to about 3 feet in depth in

the downstream face of the dam below the lower berm adjacent to the

spillway discharge structure. Loss of embankment material by erosion

can be detrimental to the stability of the dam.

2. Several small trees exist at the waterline on the upstream face of

the dam. A few patches of brushy undergrowli were also found on the

downstream slope. Tree roots can provide passageways for lake

seepage which could lead to a piping condition (progressive internal

erosion) resulting in failure of the dam. Brushy undergrowth may

conceal animal burrows which could also provide passageways for lake

9 seepage.



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

magnitude of the spillway design flood for the Lake Post Comnmons Dan, which is

classified as intermediate in size and of high hazard potential, is specified

to be the Probable Maximum Flood (PMF). h'llh Probable Maximum Flood (PMF) is

the flood that may be expected from the most severe combination of critical

meteorologic and hydrologic conditiens that are reasonably possible in the

region.

Results of a hydrologic/hydraulic analysis ndicated that the spillway is

inadequate to pass lake outflow resulting from a storm of PMF magnitude

without overtopping the dam. The spillway is capable of passing lake outflow

resulting from the one percent probability (100-year frequency) flood and the

outflow corresponding to about 35 percent of the PMF. According to the St.

Louis District, Corps of Engineers, the length of the downstream dani ge zone,

should failure of the dam occur, is estimated to be two miles. Accordingly,

within the possible damage zone are three dwellings, several 1uildings, a

concrete ready-mix plant and a facility for bull storage of gasoline and oil.

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

analyses of this dam were performed. T'his is considered a deficiency and

should be rectified.

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.

Ralph31 E. Stof
P. E. Mis-,ouri E-19090 '

_IL 4, L' a__ } ¢__
Albert B. Becker, Jr. /
P. E. Missouri E-9168 /
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

LAKE POST COMMONS DAM - 1O 11278

SECTION 1 - 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 of

Engineers, directed that a safety inspection of the Lake, Post Commons Dam be

made.

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

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

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

a hazard to human life or property.

c. Evaluation Criteria. This evaluation was performed in accordanceo with

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

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

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

May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Lake Post Commons Dam is an

earthfill type embankment rising approximately 40 feet above the natural

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

upstream slope above the waterline of approximately Iv on 2.5h, a crest wi.dth

1 -1



of about 17 feet, and a downstream slope that varies from Iv on 2.8h to Iv on

2. 1h. There are two berms in the downstream face of the dam; the upper berm

is approximately 8 feet wide and the lower berm is about 23 feet wide. The

length of the dam is approximately 400 feet. A plan and a profile of the dam

are shown on the construction plans prepared by Reitz & Jens, Inc., and are

included as Plates 3 and 4, respectively. A cross-section of the dam as

surveyed during the inspection is shown on Plate 8. At normal pool elevation

the reservoir impounded by the dam occ,pies approximately 5 acres.

The spillway, a 4-foot square reinforced cincrete drop inlet structure

with a 30-inch diameter reinforced concrete outlet pipe, is located within the

lake to the right of the center of the dam. A concrete, energy dissipating

structure is located at the downstream end of the spillway oitlot pipe. Flow

passing the energy dissipator discharges Lo the original stream channel at the

toe of the dam. According to the construction plans, a 72-inch lake drawdown

pipe enters the drop inlet about 21 feet below the top of the inlet. The

12-inch pipe is controlled by a gate valve located within the structure.

Details of the spillway, energy dissipator and drawdown pipe are shown on the

construction plans and are included as Plates 6 and 7. A 12-inch concrete

pipe storm drainage sewer, which appears to serve the area :,outheast of the

dam, also discharges flow to the channel at the toe of tlie dam. A concrete

headwall protects the bank at the sewer outlet.

b. Location. The dam is located on an unnamed tributary of Bonhomme

Creek, about 0.8 mile southwest of the intersection of Clarkson Road and U.S.

Highway 40 and approximately 1.4 mile south of Chesterfield, Missouri, as

shown on the Regional Vicinity Map, Plate I. The lake and dam are located

within the residential development known as Chesterfield Village. The dam i:.

located in U.S. Survey 2002, approximately 100 feet east and 1,700 feet south

of the northwest corner.

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

the dam and storage capacity, is categorized as intermediate (per Table I,

Reconnended Guidelines for Safety Inspection of Dams).

1-2r[



d. Hazard Classification. The Lake Post Commons 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 railroaL!. The

estimated flood damage zone, should failure -f the lam occur, as determined by

the St. Louis District, extends two miles downstream of the dam. Within the

possible flood damage zone are three dwellings, several buildings, a concrete

ready-mix plant and a facility for bulk storage of gasoline and oil. Those

features lying within 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 Chesterfield Village

Association, a Division of Sachs Properties, Inc., Pont Office Box 7104, St.

Louis, Missouri 63177. Mr. David B. Rosenberg, Development Manager for Sachs

Properties, Inc., is the Owner's representative.

f. Purpose of Dam. The dam impounds water for stornwater retention and

for recreational use.

g. Design and Construction History. Lake Post Commons is located within

Chesterfield Village, a development which includes a large shopping center and

numerous condominiums. A comprehensive study of the civil engineering aspects

of the development of Chesterfield Village was prepared by Consoer Townsend &

Associates, Consulting Engineers, St. Louis, Missouri, for Sachs Properties,

the area developers. The study suggested the use of several lakes, including

Lake Post Commons, to provide stormwater retention and to reduce erosion

resulting from the increased runoff caused by the proposed development within

Chesterfield Village.

In 1974 the developers retained Reitz & Jens, Inc., Consulring Engineers,

St. Louis, Missouri, to prepare the Chesterfield Village Master Drainage plan

for the area, which inclbided Lako Post Conmmons.

Subsequently, plans for the construiction of the (lam for Lake Post Commons

were prepared in Iq75 by Reitz & Jens, Inc. Vic Koepkt, Excavating and Grading

Company of Villa Ridge, Missottri constructed the dam, also during 1975.

1-3



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

outflow is governed by the capacity of a drop inlct type spillway.

1.3 PERTINENT DATA

a. Drainage Area. The area tributary to the lake is in various stages of

cormmerical and residential development altliough most of the residential t'pe

development has been completed. Office building A and tw., and three story

townhouse style condominiums have been constructed in the area south and east

of the outer road, Chesterfield Village Parkway, for the Chesterfield Mall

Shopping Center. North of the outer road the area is being developed as part

of the shoppicig center with conunerical type building,; and parking lot:s

occupying approximately 54 percent of the drnin;:,ge nre. There is some ground

without improvements that lies adjacent to the aorth side of the lake;

however this area is re lative.v small. For the hydrologic/hydraulic

investigations performed under the direction of the inspection team and based

on existing conditions, the following classes of land use and their respective

percents of imperviousness were assumed:

Descripcion Percent Tmpervio,is

Commercial (65.4 Ac.) 55

Residential (42.5 Ac.) 40

Lake (4.5 Acres) 100

Unimproved (8.1 Ac.) 10

Of the total watershed, approximately 121 acres, and based on the above

land use and percents of imperviousness, 49 percent of the total area war

assumed to be impervious. The watershed area is outlined on Plate 2.

b. Discharge at Damsite.

(1) Estimated known maximimi flood at damsite ... No ,atia availble

(2) Spillway capacity ... 129 cfs.

c. Elevation (Ft. above MSL). The following evations were et,'rmined

by survey and are based on the elevation ,f the top of the drop inlot spillway

1-4



structure as shown on Sheet 3 (Plate 5) of the construction plans prepared by

Reitz & Jens, Inc.

(1) Observed pool ... 553.0

(2) Normal pool ... 553.0

(3) Spillway crest ... 553.0

(4) Maximum experienced pool ... No dlata available

(5) top of dam ... 559.9 (min.)

(6) Streambed at centerline of dam ... 519+ (per construction plans)

(7) Maximum tailwater ... Unknown

(8) Observed tailwater ... None

d. Reservoir.

(1) Length at normal pool (Elev. 553.0) ... l,100 ft.

(2) Length at maximum pool (Elev. 559.9) ... 1,300 ft.

e. Storage.

(I) Normal pool ... 48 ac. ft.

(2) Top of dam (incremental) ... 39 ac. ft.

f. Reservoir Surface.

(1) Normal pool ... 5 acres

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

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

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

the barrier, to the top of the dam.

(1) Type ... Earthfill, homogeneous*

(2) Length ... 400 ft.

(3) Height ... 40 ft.

(4) Top width ... 17 ft.

*Per construction plans prepared by Reitz & Jens, Inc.



(5) Side slopes

a. Upstream ... Iv on 2.5h (above waterline)

b. Downstream ... iv on 2.Ih; Iv on 2.8i; Iv on 2.3h (23-foot

berm at Ele,.542+; 8-foot berm at Elev.54)+)

(6) Slope protection

a. Upstream ... Grass and cellular precast concrete blocks

b. Downstream ... Grass

h. Spillway.

(1) Type ... Uncontrolled, 4-foot square drop inlet

(2) Location ... Sta. 2+07, 48 feet upstream of dam ceiterline (in

lake)

(3) Crest ... Elevation 553.0

i. Emergency Spillway ... None

j. Lake Drawdown Facility. According to the construction plans a 12-inch

diameter cast-iron pipe enters the drop inlet spillway at a point 21 feet

below the top of the inlet. Flow is controlled by a cast-iron gate valve

located within the drop inlet.

1-6



SECTION 2 - ENGINEERIN, DATA

2.1 DESIGN

a. Subsurface Investigations. In 1974, test borings were drilled at six

locations along the alignment of the dam by Reitz and Jens, Inc., Consulting

Engineers. The location of the borings ire indicatod on Sheet I, Reference

Plate 3, of the construction plans. In addition to classifying the type of

material encountered during drilling, the buring logs also present the results

of standard penetration and shear vane tests performod on soil samples, as

well as the natural moisture content of each of the soil samples examin,:d.

The boring logs are included as Plates 9 through II.

b. Dam. The dam was apparently designed as a compacted earth fi.1I

embankment. The seepage cutoff trench was specified to have a mini im width

of 14 feet, one scraper width, and have a minimum depth of 10 feet below the

original ground surface. Details of the embankment design are shown on Sheet

2, Reference Plate 4, of the construction plans.

Records of the embankment design were unavailable to the inspection team.

According to information provided by Reitz and Jens, Inc., the design of the

dam was based on their experience with d:zms of similar size and materials that

were constructed in this same general area.

C. Spillway. A drop inlet type spillway with a 3 0 -inch diameter outlet

pipe was designed to accommodate lake outflow. Basd on design data included

in the Master Drainage Plan Report prepared by Reitz & Jens in 1974, the

spillway was sized to accommodate runoff from a 100-vear frequency, 1-hoir

duration rainfall, assuming full development of the drainage area. This

condition would produce a peak discharge of about 82 cfs. In addition, the

dam was designed to accommodate the runoff due to a 100-year, 30-minute

duration rainfall, assuming a blocked spillway outlet. This condition would

produce a high water level at elevation 596.6 approximately 3.4 feet lower

than the minimum top of dam elevation shown on the construction plans.
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An outflow structure, with provisions to dissipate flow discharge energy,

was provided at the downstream end of the discharge pipe. Th ree

soil-bentonite type anti-seepage collars were provided along the alignment of

the spillway outlet pipe. Details of the anti-seepage collars, the dror-inlpt

spillway, md the energy dissipator, are shown on Sheets 2 through 4,

Reference Plates 4 through 6, of the constrtctLion plans.

d. Appurtenances. A 12-inch diameter lake drawdown pipe enters the drop

inlet, presumably at a point about 21 feet below the, inlet top. Flow is

controlled by a gate valve located in the spillway inlet structure. Details

of the drawdown pipe and valve are shown on Sheet 3, Reference Plate 5, of the

construction plans. An 8-inch diameter sanitary s -r traverses the dam along

the upper berm in the downstream face. The sanitary sewer enters a small lift

station located about 140 west of the right, or north, abutment of the dam. A

plan and profile of the sewer are shown on Sheets 1 and 2 respectively,

Reference Plates 3 and 4, of the construction plans.

2.2 CONSTRUCTION

As previously indicated, the dam was constructed in 1975 by the Vic Koepke

Excavating and Grading Company of Villa Ridge, Missouri. Surveillance of

construction activities was performed by Reitz and Jens, Inc.

According to Phil Jozwiak, project engineer for R',itz & Jens at the time

the dam was constructed, the dam and spillway structures were constricted in

substantial accordance with the construction plans. According to the General

Notes shown on Sheet 4 of the plans, compaction of ,arth for the embankment

was specified to be a minimum of 35 porcent of the maximum dry density as

determined by ASTM D-1557 (Modified Proctor). A review , f const,-uction

records indicated that Ill compaction tests were made and that b of these

tests were less than 85 percent, 103 were greater than 85 percent, and that

the average of all tests was 88.2 percent.
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2.3 OPERATION

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

the drop inlet type spillway. No indication was found that the dam has been

overtopped. The representative of the Owner reported that the dam has never

been overtopped, but information regarding the highest (,,served lake level was

indefinite and of no significant value.

2.4 EVALUATION

a. Availability. Seepage and stability analysis for assessing the de ign

of the dam were unavailable. Data available is limited to informition shown

on the construction plans prepared by Reitz & Jens, Inc., in 1975 and on the

boring logs obtained by Reitz & Jens in 1974 for design of the dam. Hydraulic/

hydrologic data for assessing the design of the spillwav and top of 6.am

elevation were available for review.

b. Adequacy. Seepage and stability analyses comparable to the

requirements of the "Recommended Guidelines for Safety Inspection of Dams"

were not available, which is considered a deficiency. These seepage and

stability analyses should be performed for appropriate lIading conditions

(including earthquake loads) and made a matter of record. The information

shown on the logs of the test borings may have to be supplemented by

additional borings to obtain undisturbed samples of foundation materials for

determination of necessary shear strengths to be utilized in the stability

analyses.

The hyd-aulic/hydrologic data provided for design of the dam and spillway

is considered adequate for their intended purpose. The hydrologic criteria

used for the design of the dam and spillway was approved by St. Louis County,

Department of Public Works, Division of Wastewater Control, in April of 1974.

However, the design of the spillway does not meet the criteria specific] in

the preceding recommended guidelines. According to the guidlines, the

spillway design flood should he the probable maximum flood of 24-hour duration

instead of the 100-year frequency storm of 1-hour duration used.

2-3
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

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

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

A. B. Becker, Jr., Civil and Soils Engineer, on 10 July 1980. An examination

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

Ph.D., a consultant retained by Horner & 'h ifrin for the puirpose of assessing

the site geology. Also examined at the time of the inspection, ,ere the areas

and features below the dam within the potential flood damage zon.

Photographs of the dam taken at the time of the inspoction are ;ucluded on

pages A-I through A-4 otl Appendix A. Thie locations of the photographs taken

during the inspection are indicated on Plate 3.

b. Site Geology. The Lake Post Commons Dam is located roar the border of

the Ozark Plateaus Physiographic Province and Dissected Till Plains section of

the Central Lowlands Province. The topography is rolling, but i--ban

development has modified much of the original land surface in the vicinity of

the lake. There is, nevertheless, approximately 120 feet of relief between

the reservoir and the surrounding drainage divide. The bedrock consists of

gently northward-dipping Mississippian-age limestones of probably the

Burlington-Keokuk formations. No faurlling was observed or has been reported

in the vicinity of the site.

The Burlington-Keokuk formations consist of light-,o-buff colored,

coarsely crystalline, medium-bedde 1 limestone.s. The l imetones are

fossiliferous and contain abundant chert in the form of la,,r. and nod,:les.

The bedrock Is highly susceptible to solution werherin,'. Sin,:Ioles, caves,

and solution-enlarged joints o- bedding plan, are common and often caause

severe leakage of water impoundments. Tle contact betwen the bodreck and the

overlying soils in the area is verv irregnl ir, anl bedrock pinnacl, s or

bedrock remnants surrounded by residoal clays freqii,,ntlV occur. Solution

features, especially sinkholes, are abundant in the general area. None were

observed in the immediate area of the darn or reservoir: however, they could

be masked by the deep soil deposits.

3-1
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The unconsolidated surficial materials consist primrily of cherty clay

residuum overlain by the deep, silty soils of the Memphis series. The

residual soils were formed by in-place weathering of limestone bedrock.

According to the 11nified Soil Classification System, the soils are considered

to be CL-ML material. They consist of red, hocky, cherty clays, are

moderately permeable, and often cause seepage from vter impoundments.

Seepage is generally most severe in areas of very thin soil cover. The

Memphis soils overlying the residuum were derived from loess deposits. They

consist of dark yellowish-brown, friabl., silt (ML) in the upper layers,

becoming more clayey (ML-CL) with depth. These soils are generally

susceptible to erosion, especially on slopes. Much of the area has been

disrupted by grading and landscaping whic), hs mixed the loessal soils and

residuum.

The most significant geologic conditions at the site are the karst bedrock

conditions which may cause reservoir leakage, and erosion of the dam

embankment material.

c. Dam. The visible portions of the upstream and downstream faces of the

dam (see Photos 2 and 3) as well as the dam crest, were inspected and appeared

to be in sound condition. No significant settlement of the crest, sloughing

of the slopes, or misalignment of the dam were noted. However, several

gullies up to 3 feet in depth and 10 feet in width had been eroded into the

downstream face of the embankment below the lower berm in the vicinity of the

spillway outlet structure. The erosion appeared to be duo to storm water

runoff. One gulley was filled with large pieces of concrete rubble (see Photo

8), apparently in an attempt to control the erosion. The visual inspection

and survey of the dam indicated elevations along the crest are very near the

elevations specified on the construction plans prepared by Reitz & Jons.

However, the configuration of the cross-section determined by survey was

somewhat different than that shown on the construction plans. Thc

cross-section determined by survey is shown on Plate 8. The sanitary sewer

traversing the dam crest was found to be in about the samie location as shown

on the plans.
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The upstream face of the dam was p-ocected from erosioi- by fescue grass

and lespedeza cover, as well as cellular concret' ')locks 'ce Photo 7) which

extended about 2 feet above the normal wnterline. T le grass was as high as

3 feet, and several small willow trees were present along the dam at the

waterline. A 6-foot wide asphalt walkway traverses the crest of the dam. The

downstream slope had a few patches of brushy undergrowth, but was mostly

covered with lespedeza and fescue grass up to 3 feet high. Examination of a

soil sample obtained from the downstream face of the dam indicated tle

material to be a silty lean clay (CL) of low-to-medium plasticity.

The drop inlet spillway structure (see Photo 4) could not be thoroughly

inspected because of its lake location; however, the visible portions of the

structure appeared to be in satisfactory condition. A large piece of

driftwood was lodged on top of the spillway grate at the time of inspection.

The location of the structure appeared to he appr-oximately as drawn on the

construction plans by Reitz & Jens.

The spillway outlet pipe and the concrete energy dissipator structure (see

Photo 5) were inspected and found to be in ;ound condition. However, due to

flow passing the spillway, the lower submerged portions of the energy

dissipator could not be inspected. In general, the portions of the spillway

which were examined appeared to have been built in accordance with the

construction plans. An exception was found to be the level of the riprap

immediately downstream of the energy dissipator which was about 18 inches

below the outlet end of the dissipator rather than at the same level as the

outlet, as indicated on the construction plans. However, there was no

evidence of erosion of the downstream channel near the energy dissipator. The

concrete headwall for the 12-inch diameter storm sewer (see Photo 6) although

overgrown with brush, also appeared to be in satisfactory condition.

d. Appurtenant Structures. No appurtenant structures were observed at

the dam site.

e. Downstream Channel. The original stream channel is unimproved. The

channel is an irregular section and for the most part tree-lined. le channel

joins Bonhomme Creek at the edge of the Missouri River flood plain about 1.3

miles downstream of the dam.
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f. Restrvoir. The banks surrounding the 1ake are mostly grass covered

and well maintained. Several areas about the lake are protected from erosion

by limestone riprap. An asphalt paved walkway botit 6 feet wide traverses the

perimeter of the lake. At the time of to, inspection the lake was it normal

pool and cloudy.

A report titled "Subourface Investigations and Erosion Control

Recommendations for the Development of Lake 1, Chesterfield Village" was

prepared for the Owner by Reitz & Jens, Inc., in 1975. The report contains

recommendations for controlling erosion of the lake shoreline and for

minimizing erosion of the ground surface within the watershed by overland

drainage. The amount of sedimcnt within the lake could not be de:termined at

the time of the inspection. However, judging by the grass and riprap

protection evident about the lake as well as the concern shown by the Owner to

prevent erosion of the lake shoreline and drainage area, sedimentation of the

lake is believed to be minimal.

3.? EVALUATION

The deficiencies observed during this inspection and noted herein, are not

considered of significant importance to warrant immediate remedial action.

The concrete block type slope protection on the upstream face of the dam is

considered adequate to prevent erosion by '.ave action or by a fluctuating lake

level.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The spillway is uncontrolled. The lake surface level is governed by

precipitation runoff, evaporation, seepage, and the capacity of the

uncontrolled spillway.

4.2 MAINTENANCE OF DAM

According to Mr. David Rosenberg, Development Manager for Sachs

Properties, the dam is inspected every three to feur months. Mr. Rosenberg

did report that a "wet spot" was noticed on the downstream face of the dam

sometime earlier in the year and that the condition was being investigated.

No evidence of seepage at the downstream slope was observed during the visual

inspection.

Judging by the small trees present on the upstream face of the dam, the

3-foot high grass on the slopes of the dam, and the eroded areas o)f the

downstream face of the dam below the lower berm, it appears that routine

maintenance of the dam proper could be improved.

4.3 MAINTENANCE OF OPERATING FACILITIES

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

requiring operation exist at this dam. A representative (name unknown) of the

Owner reported that the valve had been leaking and that measures were being

taken to repair it. There is nc reservoir regulation plan.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The inspection did not reveal the existence! of a dam failuire warning

system.
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4.5 EVALUATION

It is recomnended that maintenance t, the dam afl.;o include removal of

trees an, periodic cutting of grassl ot the !,lopes. Meastires should al;o I)

taken to prevent further erosion of the downstream face of the dam below the

lower berm. It is also recommnended 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 measttres taken.
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SECTION 5 - HYDRA[1LfC/I[YDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Hydraulic/Hydrologic data pertinenr to the design of the

darn and spillway is discussed in Section 2, paragraph 2.1c.

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

developed using topographic data shown on the constrtct ion plans and the 1954

USGS Chesterfield, Missouri, Quadrangle Map, photo revised 1968 and 1974. The

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

made during the inspection :-nd from data shown on the construction plans.

Records of rainfall, streamflow, or flood data for the watershed were not

available.

Due to the fact that the watershed for this reservoir is small and since

there is no history of excessive reservoir leakage that would adversely affect

the normal operating level of the lake, the lake level was; assumed to be at

normal pool as a result of antecedent storms prior to occurrence of the PMF

and the probabilistic storm.

According to the St. Louis District, Corps of E gineers, the estimated

flood damage zone, should failure of tl dam occur, ext' ends two miles

downstream of the dam.

c. Visuil Observations.

(1) The spillwav, located to the left of the center of the dim,

consists of a 48-inch square r-inforced concrete drop inlet with 1 30-inch

diameter reinforced concrete outlet pipe extendin, throuiilr the dam. Flow from

the outlet pipe enters a concrete energy dissipat ing structure which

discharges to the original .stream channel at the toe of the dam.

(2) According to the construction plans, a 12-inch diameter cast-

iron pipe is provided for lake drawdown. The pipe enters the drop inlet

structure 21 feet below the top of the inlet and is controlled by a valve

installed within the structure.
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d . OvertoppinKg Potential. The ;pi 1 Iway is; inadequate to pass the

probable maximom flood or 1/2 the probab le maximu~m flood withoilt overtopping

the dam. The spillway is adlequate, however, to p-iss the I percent probability

(100-year frequency) flood WiLlIOUt overtopping the la-m. The resuilts of the

dam overtopping analyses ar? as follows:

(Note* The data appearing in the fol11owing tnbl 1i-! 1)ha. on oxtrar .'d from t he

computer output data appearing in Appendix b. Dec imal valtio; have been

rounded to the nearest one -tunth) in order to pee v -01 a eomprtion of iinwa rran ted

accuracy.)

Max. Dlith (Ft.) '1 'rat ion of

Q-Peak Max. I'lk of Flow ovier Dam Overtopping of

Ratio of PMF Outflow (cfs) W.S. Elev. _(Flev. - o-f Dam (firs.)

0.50 882 561.1 1.2 3.2

1.00 2,716 562.1 2.2 5.8

I Percent Probability 125 5S7.0 0.0 0.0

Elevation 559.9 was found to be the lowest point in the dam crest. The

flow safely passing the spiliwayv Just prior to overtopping amounts to

approximately 129 cfs, which is the roiiled outflow co-responding to about 35

percent of the p-robable maximi flood iniflow. Duir ing peak flIow o f thle

probable maximum flood, the great est depth of flow over the dlam is pro jected

to be 2.2 feet and overtopping will extend across the entire length of hle dlam.

e. Evaluation of Overtopping Fffect. Experience with omhainkrnents

constructed of similar material (a siltyv lean clay of low-to-medium

plasticity) to that used to construct this dam have shown evidence thlat the

material under certain conditionis, such as highi velocitv flow, can be very

erodible. An example of such erosion is apparent- helow the lower berm in the

downstream face of the (lam. Such a condition exists during the PIMI when large

lake outflow, accompanied by high [low velocities, occurs. For the IPMF

condit ion where the depth of flow over the (lam crest and the durat ion of flow

over the dam, ?.2 feet (maxitmum) and 5.8 hours, respectively, are substantial,

damage by erosion to the downstream face of the dlam is expected. The extent
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of this damage is not pred ictablo with in the scop-, o I th is report ; however,

there is a possibility that it co ild restilt in fa i Ittr by eros ion of tile dam.

f .Re ferences. Pr('CedU res and dat a for dletIein ii g thle probablIe maximum

flood, the I percent probability flood, and the discharge rating curves for

flow passing the spillway are presented on pages B-1 and 1B-2 of Appendix B.

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

maximum flood and the I percont probab ili ty flood are shown on pages B1-3

through B1-5. Compu ter output data, inclumding tnit hldro)grapi ord inates,

tabulation of PMF rainfall, loss and inflow da-ti nre shown on pages B1-6

through B-9; tabu lation of lake stirfack, area, loyat.i on. an1 storage volume is

shown on page B3-10; and tahtilatlons titled "Snrmnar\' of Dam Saf-ty Analysis"

for the PMF and 1 percent probabilitv (100-year froquiency) flood are also

shown on page B-10.
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SFCTION 6 - STRI-WTIJHAL STAB[LrTY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. VisualI Observat ions. Visial Inhsei-vat i,'ns of cofld It ions wi h-

adversely affect the structural stabi I itv of the dam are 4liscussed in Sect ion

3, paragraph 3.1c.

b. Des ign and Construct ion Data. t'i th th., except ion of in form-it ion shoiwn

on the logs of test bor ings that were taken '11ong Lill -Iis of thle dan, no

design data relating to the structural stabilitv of the dani are known to

ex i..,:t . Ava ilable construction (Vita are di 'c-ur; vd ill tictioii 9, 1paragraph

2.2. Seepage and stability -inn lvio- conparalb, toi tie reqo iiremof:(nV of the

"Recommaended Gidelines for Safety linspect on 0of Darns" were not iva ilab 1-,

which is considered a do fi c iencv'. These seepago and qlI ab itv na lvre,(s 'hoiild

be performed for appropriate loading condition,; (including earthqulake loads)

and made a matter of record.

C. Operating Records. With the e:xception of the valve on the lake

drawdown pipe, no appurtenant struictures or facilities requiring operation

exist at this dam. According to the Oner's representative, no records are

kept of the lake level, spillway dir ciarge, dam settlement, or seepage,.

d. Post Construct ion ChMges Thm ~er 's repre-sentative ;il. 'o reporte d

that ta) his knowledge no significant post construction changes have been made

or have occurred which would -affect the structutral stability of the dim.

e. Seismic Stability. The (lam is located uithin a Zone IT seismic

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

area would not be expected to cause structuiral damage to a well -onstructed

earth dam of this size providod that static stability conditions ar,

satisfactory and conventionalI safery margins exs.However, it Ill

reconmmended that the prescribed se ismic r bainsg for tLiis zone he appli id in

anyv stab ili ty analyses per formed fill this dam.
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SECTION 7 - ASSFSSMENT/RE1,4EDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that the spillway is capable

of passing lake outflow of about 129 cfs without tile level of tile 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.ld, indicates that

for storm runoff of probable maximum flood magnitude, the lake outflow would

be about 2,716 cfs, and that for the I percenL probability (100-year

frequency) flood, the lake outflow would he about 125 cfs.

Significant items noticed during the inspect ion that coild adversely

affect the safety of the dam consist of the embankment ,rosion at the

downstream toe of the dam and the small trees and patches of undergrowth on

the dam slopes.

Seepage and stability analyses of the dam were not available foi review

and therefore no judgment could be m;ide with espect to the structural

stability of the dam.

b. Adequacy of Information. Due to lack of sufficient detailed

engineering design and construction dnti, the assessments reported herein were

based largely on external conditions as determined during the visual

inspection. The assessment of the hydrology of the watershed and capacities

of the spiliway were based on a hydraulic/hvdrologic sttdy as indicated in

Section 5. Seepage and stability analyses comparable to the requirements of

"Recommended Guidelines for Safety Tnspection of Dams" were not available,

which is considered a deficiency.

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

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

accomplished within a reasonable time. The item recommended in paragraph 7.2a

concerning provision of additional spillway capacity T;hould be pursued on a

high priority basis.
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d . Necess ity for Phase 11. Based on the rosxilts, of the Phase I

inspection, a Phi.;e 11 in~vestigation is not recomendel.

e. Seismic Stability. The dam is located within a Zone 11sisi

probability area. An earthiquake of the magnituide that might occur in this

area would not be expected to cautse structtirai I amalgo to a well constructed

earth dam of this siz p rovi ded thaJ'It s;ta't C "1 ;0ii i iI V C1d1 i t ions are

satisfactory and conventional safety margins exist. 11owever, it is

recommended thit the prescribed soismic loading for thszone be applied In

any stability analyses performed for this dam.

7.2 REMEDIAL MEASURES

a. Recommendat ions. Thie following actions are recommended:

(1) Based upon criteria sot forth ini the recommended gutide] inc(;,

spillway size and/or height of dam should he increasod to pass lake out flow

resulting from a storm of probable maximum flood inagnitude.

(2) Obta in the necessarv soil data and per form dam seepage and

stability analyses in order to determine th~e structural stability of lie dam

for all operational conditions. Seepage aM0 stability analyses should be

performed by a qualified professional engineer experienced in the design anI

construction of earthen dams,.

b. Operation and Maintenance (0 & W) Prodco'dures. The following 0 & M

Procedures are recommended:

(1) Restore the eroded port ions of t-he downstream face of the dlam

below the lower berm and provide some form of protect ion to prevent fuirther

erosion of the embankment by overland drainage. Lons of embhankment by erosion

can impair the stability of the dam.

(2) Peonove the si-il I trees andi patche,., of undergrowth thal! may

conceal animal burrows from the uipstream and downstream faces of thfs ha;m.

Tree roots and animal buirrows can pro,,ide passogewavs for flip lake ;repage
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that could lead to a piping condition (progres:;ivc internal erosion) and

failure of the dam.

(3) Provide maintenance of all areas tF the daim and spillway

including periodic cutting of grass on the dam slopes, on a regularly

scheduled basis in order to insure features of being in s itisfactory

operational condition.

(4) A detailed inspection of the dain 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 measues tkI en.
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APPENDIX R

HYDROLOGIC AND HYDRAULIC ANALYSES



HYDROI.OGIC AND HYDRAUL IC cOMPIrTATI ONS

I. The HEC-1 Dam Safety Version (July 1978, Modified 26 F(ebruarv

1979) program was used to develop inflow and outflw hvdrograph- and dam

overtopping analyses, with hydrologic inputs as follows:

a. Probable maximum precipitation (200 sq. mile. .!4-h,ir val,e

equals 25.3 inches) from Hydrompteorologic il Report No. 33. "!(

precipitation data used in the analysis of the I percent

probability (100-year frequency) flood was provided by the St.

Louis District, Corps of Engineers.

b. Drainage area = 0.19 square miles = 120 acres.

c. SCS parameters:
(11 .385

Time of Concentration (Tc) = 1, ) 0. 126 hours

Where: T = Travel time of water from hvdrau lically most
C

distant point to point of interest, hours.

L = Length of longest watercourse, 0.35 miles

H = Elevtion difference, I0 feet

The time of concentration (T ) was obtained using Method C as
c

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

States Department of the Interior, Bureau of Reclamation, and

was verified using average channel velocity estimates and

watercourse lengths.

Lag Time = 0.075 hours (0.60 Tc)

Hydrologic Soil Grou;p = 100% B (Memphis Series per County SCS

Soil Report); urban development for

entire area, with 49% average

imperviousness

Soil type CN = 69 (AMC II, 1 percent probability flood condition)

= 84 (AMC Ill, PMF condition)
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2. Spillway releases for the drop inlet spiliway were computed

utilizing equations and nomographs presented in "Design of Small Dams" by

the U.S. Department of the Interior for drop inlet tvpe spillways. The

perimeter of the square inlet was equated to a circular section in order

to determine a radius for use in the equations.

The rise of the nappe above the elevation of the Cre;L lip was

considered negligible. The following equatiOn was used for crest control:

Q C (2 Fj R ) 1 3

where "C " is a coefficient obtained from Figu re 283 of the above
0

reference, expressed in terms of It /R , "R" is the radius of tht0 s s

spillway crest (2.55 feet) , and "II " is the depth of flow over the0

crest.

Flow through the 30-inch diameter outlet pipe was determined using

Bernoulli's equation for pressure flow in pipes. A friction factor (n)

of 0.013 was used for the 30-inch diameter reinforced concrete pipe.

Losses, including entrance, turn, pipe Friction and exit losses totaled

2.57 velocity heads. Reference "Handbook of Hydraulics", Fifth Edition,

by King & Brater, pages 8-5 and 8-6.

Limiting discharge quantities, determined by the methods described

herein, were plotted versus corresponding lake water surface elevations

to obtain the discharge rating curve for tlie drop inlet spillway, and

corresponding values were entered into the program on the Y4 and Y5 cards.

3. The profile of the dam crest is irregi Iar 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 $1, an! the $V cards. The program assumes that flow

over the dam crest section occurs at critical depth and computes

internally the flow over the dam crest and adds this flow to the flow

passing the spillway as entered on the Y4 and Y5 cards.
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ANA.LYSIS CF DAM CNERTP1NG U$11IN RATIOc Ff PliF
HYDRULOiGIt-HYDRALLIC ANALVSIS Cf SAFETY OF UiWE POST Ut"Wo DAM
RATIOS (IF Ptf' frk0TI'l THRO4JU RESERVOIR

11L %1ICIFCATION
NO MiR N tIN I DAY IHR IMIN I1EMr, IPLT IPPT tr3A1

28 0 5 0 0 0 0 0 0 0
JOf'EP IT LROPTI PAC rT

5 0 (1 0

l'ULTI-FtAN ANALYSES TO ik P{PFMED
NLuANu I NRIIO: 4 LRTI0 I

RT I DS= 3 .40 .50 1.(K)

MU-AREA Pl-ItFCOM10ATICIim

ISTAQ ICOt1P IEcCON ITAPE Jrti T RT INAME ISTAGE lAITO
IFLOWJ Q 0 0 0 0 1 0 0

MIMPC4Ant DATA
IHYDG IUlt TARJEA 4AP TRSOA IRSPC RATIO IS"M I SWI LOCAL

1 2 .19 0.00 .19 1.00 0.0W0 0 1 0

MtCIr' BAIA
41{E PMi R6 R 12 R24 P43 R72 Rli 6
0.00 25.30 102.00 120.00 130.00 0.00 0.00 0.00

LOSS BATA
LR(('T SIRP [ELTKR RTIO1 [RAIN STRKS RT I (V STRTL CSTL ALSMX PT11VP

0 0. 00 0.00 1.00 0.00 0.00 1.100 -1.00 -84.00 0.00 .49

CURIE N*3 = -34,.00l IETNI-K, -1.00 EFFECT C.N 3 4.00

L441T IIYDROGAPI DATA
IC= 0.00 LAU- .0 W

PECESSICOd DATA
STRTQ' -1.00 QC N=4 -.1I0( RTI1CWz 2.00

TIME INCAENT TOO LAR(IE-MigNIS 15 LAG/2)

UNIT HYDIMRA1H 6 END OF PERIOD ORDINATES, TC= 0.00 WWSR, L6- .08 V0L_2 1.00

63K. 571. 173. .4. 17. 6.
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0 END-F-PERIOD FLOW
MO.DA HI4.MN PERIOD RAIN EXCS LOSS COMP 0 2'M.DA HR.I"4 PERIOD RAIN EXCS LOSS COWP 0

1.01 .05 1 .01 .01 .01 5. 1.01 12.05 145 .22 .21 .01 182.
1.01 .10 2 .01 .01 .01 8. 1.01 12.10 146 .22 .21 .01 265.
1.01 .15 3 .01 .01 .01 10. 1.01 12.15 147 .22 .21 .01 291.
1.01 .20 4 .01 .01 .01 10. 1.01 12.20 148 .2 .21 .01 300.
1.01 .25 5 .01 .01 .01 10, 1.01 12.25 149 .22 .21 .01 303.
1.01 .30 6 .01 .01 .01 10. 1.01 12.30 150 .22 .21 .01 ^04.
1.01 .35 7 .01 .01 .01 10. 1.01 12.35 151 .22 .21 .01 30M.
1.01 .40 8 .01 .01 .01 10. 1.01 12.40 152 .22 .21 .01 30I.
1.01 .45 9 .01 .01 .01 10. 1.01 12,45 153 .22 .21 .01 305.
1.0! .50 10 .01 .01 .01 10. 2.02 12.50 154 .22 .21 .00 306.,
1.01 .55 1 .01 .01 .01 10. 1.01 12.55 155 .22 .21 .00 306.
1.01 1.00 12 .01 .01 .01 10. 1.01 13.00 156 .22 .21 .00 306.
1.01 1.05 11 .01 .01 .01 10. 2.02 13.05 157 .26 .25 .00 333.
1.01 1.10 14 .01 .01 .01 10. 1.01 13.10 150 .26 .25 .00 38.
1.01 1.15 15 .01 .01 .01 10. 1.01 13.15 159 .26 .25 .00 365.
1.01 1.20 1.3  .01 .01 .01 10. 1.01 13.20 160 .26 .5 .00 368.
1.01 1.25 17 .01 .01 .01 10. 1.01 13.25 161 .26 .25 .00 369.
1.01 1.30 18 .01 .01 .01 10. 1.01 13.30 162 .26 .25 .00 370.
1.01 1.35 19 .01 .01 .01 10. 1.01 13.35 163 .26 .25 .00 370.
1.01 1.40 20 .01 .01 .01 10. 1.01 13.40 164 .26 .25 .00 370.
1.01 1.45 21 .01 .01 .01 10. 1.01 13.45 15 .26 .25 .00 370.
1.01 1.50 22 .01 .01 .01 10. 1.01 13.50 I.6 .26 .25 .00 371.
1.01 1.55 23 .01 .01 .01 10. 1.01 13.55 167 .26 .5 .00 271.
1.01 2.00 24 .01 .01 .01 10. 1.01 14.00 1 68 .26 .26 .00 371.
1.01 2.05 25 .01 .01 .01 10. 1.01 14.05 169 .32! .32 .00 412.

1.01 2.10 26 .01 .01 .01 10, 1.01 14.10 170 .32 .32 .00 448.
1.01 2.15 27 .01 .01 .01 10. 1.01 14.15 171 .32 .32 .00 460.
1.01 2.20 20 .01 .01 .01 10. 1.01 14.20 172 .32 .32 .00 463.
1.01 2.25 29 .01 .01 .01 10. 1.01 14.25 173 .32 .32 .00 465.
1.01 2.30 30 .01 .01 .01 20. 1.01 14.30 174 32 .3 .00 465.
1.01 2.35 31 .01 .01 .01 10. 1.01 14.3, i75 .32 ,22 .00 465.
1.01 2.40 32 .01 .01 .01 12. 1.01 14.40 176 .32 .32 .00 465.
1.01 2.45 33 .0 .01 .01 it. 1.01 14.45 17' .32 .,? .00 466.
1.01 2.50 34 .01 .01 .01 II. 1.01 14.50 173 .3K 2 .&0 4, .
1.01 2.55 35 .01 .01 .01 11. I.Mt 14.55 179 .32 .32 .00 466.
1.01 3.00 3.) .01 .01 .01 11. 1.01 15.00 luO .32 .,,32 .00 466.
1.01 3.05 37 .01 .01 .01 11. 1.01 15.05 181 .20 .17 .C0 336.
1.01 3.10 33 .01 .01 .01 11. 1.01 15.10 122 .39 3 .00 439.
1.01 3.15 311 .01 .02 .01 1. 1.01 15.15 183 .3? .39 .01) 528.
1.01 3.20 40 .01 .01 .01 12. 1.01 15.20 184 .59 .58 .00 679.
1.01 3.25 41 .01 .01 .01 12. 1.01 15.25 135 .60 .63 .00 861.
1.01 3.30 42 .01 .01 .01 12. 1.01 15.30 1 M 1.67 1.6 .01 1573.
1.01 3.35 43 .01 .01 .01 12. 1.01 15.35 187 2.75 2.74 .01 2842.
1.01 3.40 44 .01 .01 .01 12. 1.01 15.40 133 1.0 1.08 .00 2580.
1.01 3.45 45 .01 .01 .01 12. 1.01 15.45 139 .69 .68 .00 1626.
1.01 3.50 46 .01 .01 .01 I'. 1.01 15. 50 190 .59 .59 .00 1128.
1.01 3.55 47 .01 .01 .01 12. 1.01 15.55 191 .39 .39 .00 815.
1.01 4.00 48 .01 .01 .01 12. 1.01 I,.00 172 .39 .39 .00 644.
1.01 4.05 49 .01 .01 .01 23. 1.01 16.05 193 .30 .30 .00 531.
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END-OF-PERIOD FLOW (Cont'd)

1.01 4.10 50 .01 .01 .o 13. 1.01 16.10 194 .30 .30 .00 465.
1.01 4.15 51 .01 .01 .0! 13. 1.01 16.15 195 .30 .30 .00 445.
1.01 4.20 52 .01 .01 .01 13. 1.01 16.20 196 .30 .30 .00 439.
1.01 4.25 53 .01 .01 .01 13. 1.01 16.15 197 .30 .30 .00 438.
1.01 4.30 54 .01 .01 .o 13. 1.01 16.?4? 198 .30 .30 .00 437.
1.01 4.35 55 .01 .01 .w0 13. 1.01 16.35 199 .30 .30 .00 437.
1.01 4.40 56 .01 .01 .00 13. 1.01 16.40 200 .30 .30 .00 437.
1.01 4.45 57 .01 .01 .00 13. 1.0 16.45 201 .30 .30 .00 437.
1.01 4.0 58 .01 .01 .( 13. 1.01 16.50 202 .30 .30 .00 437.
1.01 4.55 59 .01 .01 .00 14. 1.01 16.55 203 .30 .30 .00 437.
1.01 5.00 60 .01 .01 .00 14. 1.01 17.00 204 .30 .30 .00 437.
1.01 5.05 61 .01 .01 .00 14. 1.01 17.05 205 .24 .24 .00 39u.
1,01 5.10 62 .01 .01 .00 14. 1.01 17.10 206 .24 .24 .00 360.
1.01 5.15 63 .01 .01 .00 14. 1.01 17.15 207 .24 .24 .00 348.
1.01 5.20 64 .01 .01 .00 14. 1.01 17.20 208 .24 .24 .00 345.
1.01 5.25 65 .01 .01 .00 14. 1.01 17.25 209 ,24 .24 .00 344.
1.01 5.30 66 .01 .01 .Al 14. 1.01 17.30 210 .24 .24 .00 344.
1.01 5.35 67 .01 .01 .00 14. 1.01 17.35 211 .24 .24 .00 344.
1.01 5.40 68 .01 .01 .00 14. 1.01 17.40 212 .24 .24 .00 44.
1.01 5.45 69 .01 .01 .00 14. 1.01 17.45 213 .24 .24 .00 344.
1.01 5.50 70 .01 .01 .00 14. 1.01 17.50 214 .24 .24 .00 344.
1.01 5.55 71 .01 .01 .00 14. 1.01 17.55 215 .24 .24 .00 344.
1.01 6.00 72 lot .01 .00 14. 1.01 18.00 216 .24 .24 .00 344.
1.1 b.05 73 .U6 .A) .02 37. 1.01 18.05 217 .02 .02 .00 273.
1.01 6.10 74 .06 , .02 58. 1.01 18.10 218 .02 .02 .00 255.
1.01 6.15 75 .06 .05 .02 65. 1.01 18.15 219 .02 .02 .00 23.
1.01 b.20 76 .06 .05 .02 68. 1.01 18.20 220 .02 .02 .00 222.
1.01 6.25 77 .06 .05 .01 70. 1.01 18.25 221 .02 .02 .00 207.
1.01 6.30 78 .06 .05 .01 71. 1.01 18.30 222 .02 .02 .00 193.
1.01 6.35 79 .06 .05 .01 72. 1.01 I8.35 223 .02 .02 .00 180.
1.01 6.40 80 .06 .05 .01 73. 1.01 18.46 224 .02 .02 .00 168.
1.01 6.47 81 .06 .05 .01 73. 1.01 18.45 225 .02 mu2 .00 157.
1.01 6.50 82 .06 .05 .01 74. 1.01 18.50 22b .02 .02 .00 147.
1.01 6.55 83 .06 .05 .02 75. 1.01 18.55 227 .02 .02 00 137.
t.01 7.00 84 .06 .05 .01 76. 1.01 19.00 228 .02 .02 .00 128.
1.01 7.05 85 .06 .05 .01 76. 2.01 19.05 229 .02 .02 .00 119.
1.01 7.10 86 .06 .05 .01 77. 2.01 152.10 230 .02 .02 .00 111.
1.01 7.15 87 .06 .05 .01 77. 2.01 19.15 231 .02 .02 .00 104.
t.01 7.20 88 .06 .05 .01 78. 1.01 19.20 232 .02 .02 .00 97.
1.01 7.25 89 .06 .05 .01 78. .01 19.25 233 .02 .02 .00 W0.
1.0 7.30 90 .06 .(5 .0% 79. 1.01 19.30 234 .02 .02 .00 84.
1.01 7. T4 91 .06 .05 .01 79. 2.01 19.35 235 .02 .02 .00 79.
1.01 7.40 92 .06 .06 .0 80. 1.01 19.40 23 .02 .02 .00 73.
1.01 7.45 93 .06 .06 .01 80. 1.01 19.45 237 .02 .02 .00 48.
1.41 7.50 94 .06 .06 .01 81. 2.01 19.50 230 .02 .02 .00 64.
1.01 7.55 95 .06 .06 .(I1 81. 1.01 19.55 239 .02 .02 .00 60.
1.01 8.00 96 .u .01 .01 81. 1.01 20.00 240 .02 .02 .00 56.
1.01 8.05 97 .06 .06 .01 82. 1.01 20.05 241 .02 .02 .00 52.
1.01 8.10 98 .06 .06 .01 32. 1.01 20.10 242 .02 .02 .w 4S.
1.01 8.15 99 .06 ,06 .0 82. 1.01 20,15 243 .02 .02 .00 45.

1.01 8.20 100 .06 .06 .01 82. 1.01 2"0.2n 244 .02 .02 .00 42.
1.01 8.2r 101 .06 .06 .01 83. 1.01 20.25 245 .02 .02 .00 39.
1.01 8.30 102 .06 .06 .01 83. 1.01 20.30 246 .02 .02 .00 37.
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END-OF-PERIOD FLOW (Cont'd)

1.01 8.35 103 .06 .06 .01 83. 1.01 0.'(5 247 .02 .02 .00 34.
1.01 8.40 104 .06 .06 .01 ,4. 1.01 20.40 248 .02 .02 .00 32.

1.01 8.45 105 .06 .06 .01 04. 1.01 20.45 249 .02 .02 .00 31.
1.01 8.50 106 .06 .06 .01 84. 1.01 20.50 ,50 .02 .02 .00 31.
1.01 8.55 107 .06 .06 .01 84. 1.01 20.55 251 .02 .02 .00 31.
1.01 9.00 108 .06 .06 .01 84. 1.01 21.00 252 .02 .02 .00 31.
1.01 9.05 109 .06 .06 .00 85. 1.01 21.05 253 .02 .02 .00 31.
1.01 9.10 110 .06 .06 .00 85. 1.01 21.10 254 .02 .02 .00 31.
1.01 9.15 111 .06 .06 .00 85. 1.01 21.15 255 .02 .02 .00 31.
1.01 9.20 112 .06 .06 .00 85. 1.01 21.20 256 .02 .02 .00 31.
1.01 9.25 113 .06 .06 .00 85. 1.01 21.25 257 .02 .02 .00 31.
1.01 9.30 114 .06 .06 .( 36. 1.01 21.30 258 .02 .02 .00 31.
1.01 9.35 115 .06 .06 .00 86. 1.01 21.35 259 .02 .02 .00 31.
1.01 9.40 116 .06 .06 .00 8K. 1.01 21.40 260 .02 .02 .00 31.
1.01 9.45 117 .06 .06 .00 86. 1.01 21.45 261 .02 .02 .00 32.
2.01 9.50 128 .b .06 .00 86. 1.01 21.50 262 .02 .02 .00 31.
1.01 9.55 119 .06 .06 .00 86. 1.01 21.55 263 .02 .02 .0 31.
1.02 20.00 220 .06 .06 .00 84. 1.01 22.00 264 .02 .02 .00 31.
1.01 10.05 121 .06 .06 .00 87. 1.01 22.05 265 .02 .02 .00 31.

1.01 10.10 122 .06 .06 .00 87. 1.01 22.10 266 .02 .02 .00 31.
1.01 10.25 123 .06 .06 .00 87. 1.01 22.15 2(,7 .02 02 .00 31.

1.01 10.20 124 .06 .0 .00 37. 1.01 2'2.20 263 .02 .02 .00 31.
1.01 10.25 12 .06 .06 .00 87. 1.01 22.25 ;L69 .02 .02 .00 31.
1.01 10.30 126 .06 .06 .00 87. 1.01 22.30 270 .02 .02 .00 31.
1.01 10.35 127 .06 .06 .00 87. 1.02 22.35 271 .02 .02 .00 31.
1.01 10.40 128 .06 .06 .00 37. 1.01 22.40 272 .02 .02 .00 31.
1.01 10.45 125 .06 .06 .00 87. 2.01 ".4 273 .02 .02 .00 31.
1.01 10.50 130 .06 .06 .00 87. 1.01 '2.50 274 .02 .02 .00 31.
1.01 10.55 131 .06 .06 .00 88. 1.01 22.35,5 275 .02 .02 .00 31.
1.01 12.00 132 .06 .06 .00 88. 1.01 23.00 276 .02 .02 .00 31.
1.01 12.05 133 .06 .06 .00 88. 1.01 23.045 277 .02 .02 .00 31.
1.01 1.10 134 .06 .06 .00 88. 2.01 23.20 278 .02 .02 .0 31.
1.01 11.25 135 .06 .06 .00 88. 2.01 23.15 279 .02 .02 .00 31.
1.01 11.20 136 .06 .06 .00 88. .01 23.20 280 .02 .02 .00 i.

1.01 11.25 137 .06 .06 .00 8. 1.0 23.25 271 .02 .02 .(0) 31.
1.01 11.30 134 .06 .06 .00 (6". 1.01 23.30 272 .02 .02 .00 31.
1.01 11.35 139 .06 .06 .00 88. 2.01 23.35 2 3 .02 .02 .00 31.
1.01 11.40 140 .06 .06 .00 88. 2.01 23.40 284 .02 .02 .00 32.
1.01 11.45 142 .06 .06 .00 [I. 2.01 23.45 235 .02 .02 .0 32.1.0 1.5 19 .0 .0 .0 i . 2.'35 2M .02 .02 W0 31.

1.01 11.50 142 .06 .06 .00 88. 2.01 21.3. 2 .02 .02 .00 31.

1.01 11,55 143 .06 .06 .00 89. 1.01 23.55 287 .02 .02 .00 31.
1.01 12.00 144 .06 .06 .00 89. 1.02 0.00 288 .02 .02 .00 31.

'IJ 32.89 31.78 1.11 4441.
( 835M. 807.1( ,.)( 1377.36)

PEAK 6-I(SJR 24-11 721-HUR IOTAL VOLi
U S ',A2. 516. 169. 169. 48608.
M V. 15. 5. 5. 1376.

1NCKSH 2'5.52 33.40 33.40 33.40
I4 W8.19 84,(.47 848.47 848.47

AC-FT 256. 335. 335. 335.
TIAJ (J ii 325. 413. 413. 413.
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