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SUBJECT: Sugar Hollow Lake Dam, MO 30522, Phase I Inspection Report

This report presents the results of field inspection and evaluation of the
Suguar Hollow Lake Dam, MO 30522:

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

This dam has been classified as unsafe, non-e:uergencv 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 thc dam.

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

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

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Sugar Hollow Lake Dam

State Located: Missouri

County Located: Warren

Stream: Tributary of Wolf Creek

Date of Inspection: 20 May 1980

The Sugar Hollow Lake Dam was visually inspected by engineering

personnel of Horner & Shifrin, Inc., Consulting Engineers, St. Louis.

Missouri. The purpose of this inspection was to assess the general

condition of the dam with respect to safety and, based upon this

inspection and available data, determine if the dam poses a hazard to

human life or property.

Sugar Hollow Lake is one of five lakes located within the development

known as Lake Sherwood Estates. The main and largest lake within the

development is Lake Sherwood. Lake Sherwood has a surface area of

approximately 141 acres. The other four lakes of which Sugar Hollow is

the largest with a surface area of about 17 acres, are tributary to Lake

Sherwood. A Phase I Inspection Report of the Lake Sherwood Dam, Mo.

10202, was prepared by Kenneth Balk & Associates, Inc., in conjunction

with Shannon & Wilson, Inc., for the U.S. Army Engineer District, St.

Louis, in January 1979. A plan of the Lake Sherwood Estates Subdivision

development, showing the relative location of Sugar Hollow Lake and Lake

Sherwood as well as the other three lakes within the development, is

presented on Plate 2 of this report.
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The fo'lowing summarizes the findings of the visual inspection and

the results of certain hydrologic/hydraulic investigations performed

under the direction of the inspection team. Based on the visall

inspection and the results of these hydrologic/hydraulic investigations,

the present general condition of the Sugar Hollow Lake Dam is considered

to be less than satisfactory. The following deficiencies were noticed

during the inspectin and are considered to have an adverse effect on the

overall safety and future operation of the dam:

1. A dense growth of brush and trees up to about 3 inches in

diameter covered most of the downstream face of the dam. The

upstream face of the dam in the vicinity of the left abutment

was similarly affected. Tree roots can provide )assageways for

lake seepage that could develop into a piping condition

(progressive internal erosion) and possible failure of the dan.

Brush can conceal animal burrows that could alU;o lead to a

piping condition.

2. Minor seepage as evidenced by wet, soft ground. and standing

water wis observed near the downstream toe at the abutments and

close to the center of the dam. Seepage can develop into a

piping condition that could result in failure of the dam.

3. At and near the normal waterlines and except for an apparent

wave berm along the upstream face of the dam, the upstream and

downstream faces of the dam are either unprotected or have only

a sparse cover of grass to prevent erosion of the embankment by

wave action or by fluctuations of the lake levels. Lake

Sherwood abuts the downstream face of the dam and erosion, which

according to Mr. Emerson Sanders, the Owner's representative, is

due to backwash from the Sugar Hollow Lake spillway pipe

discharge, has created a near vertical bank approximately 2 feet

high at the downstream toe of the dam in the vicinity of the

drop inlet spillway outlet pipe near the center of the dam. A

grass covered slope is not considered adequate protection to

prevent erosion of the embankment by wave action or by

fluctuations in the lake surface level. A wave berm is
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considered effective if located at the normal pool level but

only if the level of the lake remains fairly constant and wave

action is negligible. In any event th- slope above the berm

should be protected by vegetation.

4. Erosion that appeared to be due to stormwater runoff has created

a gulley approximately 4 feet deep at the junction of the

downstream face of the dam and the left abutment. Loss of

embankment by erosion can be detrimental to the stability of the

dam.

5. At a point approximately 6 feet below the top of the drop inlet,

the corrugated metal riser section of tile inlet was corroded in

two locations with some minor leakage entering the inlet through

the unsound areas. Sincp most of the outlet is submerged it was

not feasible to examine the entire drop inlet or the outlet pipe

at the time of the inspection. It is recommended that the

entire spillway, riser section and outlet pipe, be examined for

defects since an opening in the riser or outlet pipe could allow

infiltration of embankment naterial resulting in settlement of

the dam.

6. Debris, consisting of a sheet of plywood, several large boards,

and logs were found along the upstream face of the dam.

Numerous boats were also stored in and about a boat rack located

on the upstream face of the dam. The possibility exists that

debris as well as unsecured boats r: ull, during high water, clog

or partially clog the opening of the drop inlet spillway and

negate its effectiveness.

According to the criteria set forth in the recommended guidelines,

the magnitude of the spillway design flood for the Sugar Hollow Lake Dam,

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

is specified to be the Probable Maximum Flood (PMF). The Probable Maximum

Flood (PMF) is the flood that may be expected from the most severe

combination of critical meteorologic and hydrologic conditionq that are
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reasonably possible in the region. The PMF is ordinarily accepted as the

inflow design flood for dams where failure of the structure would

increase the danger to human life.

Results of a hydrologic/hydraulic analysis indicated that the

spillways, principal plus auxiliary, are inadequate to pass lake outflow

resulting from a storm of PMF magnitude or tho outflow resulting from the

one percent chance (100-year frequency) flood. The spillways are

capable, however, of passing lake outflow resulting from the ten percent

chance (10-year frequency) flood and the outflow corresponding to about

8 percent of the PMF. According to the St. Louis District, Corps of

Engineers, the length of the downstream damage zone, should failure of

the dam occur, is estimated to be six miles. The Lake Sherwood Dam

including numerous dwellings adjacent to the affected areas of the lake

as well as several dwellings downstream of the Lake Sherwood Da:n are

within the damage zone.

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

analyses of this dam were performed. This is considered a deficiency and

should be rectified.

It is recommended that the Owner take the necessary action without

undue delay to correct or control the deficiencies and safety defects

reported herein.

Ralph E. Sauthoff

P. P. Missouri E-lO00Q

Albert A. Becker, Jr. /
P. F. Missouri E-9168
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PHASE I INSEPCTION REPORT

NATIONAL DAM SAFETY PROG7P\M

SUGAR HOLLOW LAKE DAM - MO. 30522

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 th Art;, through the Corps of

Engineers, to initiate a program of safety in, ectioi. of dams throughout the

United States. Pursuant to the above, the St. Louis D;otrict, Corps of

Engineers, directed that a safety inspection of the Sugar qollw Lake Dam be

b. Purpose of Inspection. The purpose of th:s visual i:.spection was to

make at 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 harvard to human life or property.

c. Evaluation Criteria. This evaluation was performed in accordance

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 Inspect~on of Non-Federal Dams," dated

May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Sugar Hollow Lake Dam is

an earthfill type embankment rising approximately 43 feet above the original

streambed. The embankment has an upstream slope (above the waterline) of

approximately lv on 2.2h, a crest width of about 26 feet, and a downstream

slope on the order of lv on 2.0h. A 20-foot wide roadway surfaced with
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asphalt traverseq the dam crest. The length of the dam is approximatelv 420

feet. lake Sherwood abuts the downstream face of the -am near the toe of

slope. At normal pool level Sugar Hollow Lake occupies approximately 17 acre.,

and Lake Sherwood about 141 acres. A plan and profile of the Sugar Hollow

Lake Dam are shown on Plate 4 and a cross-section of the dam is shown on Plate

5.

The dam has both a principal and an auxiliary spillway. The principal

spillwav which is located near the center of the dam consists of a 42-inch

diameter drop inlet with a 42-inch diameter (according to Mr. Emerson Sanders,

a representative of the Owner' outlet pipe that passes beneath the dam

discharging into Lake Sherwood. Tlhe outlet end of the pipe is submerged by

the downstream lak.o. A circular, rod type trash rack prevents debris from

entering the inlet and a vertical, s.eel plate placed across the inlet opening

is provided to prevent vortexing of incoming flow.

The auxiliary spillwav. another 42-inch diameter pipe, is located at the

right abutment. The spillway pipe also passes through the dam but at an

elevation nvly slightlv lower, approximately 1.3 feet, than the low point of

the dam crest. The outlet channel for the auxiliary spillway, a dish-shaped

section approximately 15 feet wide, follows the right abutment joining Lake

Sherwood at a point about 250 feet downstream of the dam. A profile of the

principal, drop inlet type, spillway as well as a profile of the auxiliary

spillway is shown on Plate 5.

b. Location. The dam is located on an unnamed tributary of Wolf Creek,

within the Lake Sherwood Estates Subdivision development. The entrance to

Lake Sherwood Estates is located just west of State Route D approximately 5

miles south of the town of New Melle in Warren County, Missouri, as shown on

the Regional Vicinty Map, Plate 1. The dam is located in the northwest

quadrant of Section 12, Township 45 North Range I West.

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

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

Recomended Guidelines for Safety Inspection of Dams.)
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d. Hazard Classification. Sugar Hollow 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 six miles downstream of the dam. The Lake Sherwood Dam,

including numerous dwellings adjacent to the affected areas of the lake, as

well as several dwellings downstream of the Lake Sherwood Dam ar- within the

damage zone. Those features lying within the downstream damage zon-, repo-tef

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

team.

e. Own ership_. The lake and dam are owned by the Lake Sherwood Estat-s

Association, Post Office Box 85, Lake Sherwood, Nissouri 63357. M-. Emerson

Sanders is the -xecutive Director of the Association.

f. Purrnose of Dam. The dam impounds water for recreational use.

g. Design and Construction History. According to Mr. Emerson Sanders.

Executive Director, Lake Sherwood Estates Association, the dam was constructed

during the period! from 1966 to 1968 and the builder of the dam was the Mertens

Construction Company of Fulton, Missouri. Efforts to contact the builder were

unsuccessful. Mr. Sanders reported that no records of the origin-l- dam design

or construction exist in the Owner's possession.

An investigation to determine the spillway capacities of the various lake

dams within the Lake Sherwood Estates development including the Sugar Hollow

Lake Dam, was made by Homer & Shifrin, Inc., Consulting Engineers, and a

report datcd March 13, 1978, was prepared. A plan and profile irawing of the

dam by County Engineering & Surveying, formerly Lewis and Associates,

Warrenton, Missouri, that, according to Mr. Larry Bade of County Enginee-ing,

was prepared for spillway studies by engineering consultants, was made

available. The information shown on this drawing which is dated March 3,

1978, was used by Horner & Shifrin during the aforementioned spillway

investigations.
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A Phase I Inspection Report of the Lake Sherwood Dam was prepared in

January of 1979 by Kenneth Balk & Associates, Inc., in con junction with

Shannon & Wilson, Inc.. for the St. Louis District Corps of Engineers.

Although the principal <ubject of this report is the Lake Sherwood Dam, the

investigations include a hydrologic/hydraulic analysis of the Sugar Hollow

Lake Dam spillwav.

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

outflow is governed by the capacity of a drop inlet type -pillway.

1.3 PERTINENT DATA

a. Drainage Area. With the exception of some meadowland in the upper

regions of the drainage area, the lake watershed is primarily in a native

state covered with timber. The watershed above the dam amounts to

approximately 974 acres. The watershed area is outlined on Plate 3.

b. Dischrze at Damsite.

(1) Estimated known maximum flood at damsite... 95 cfs* (W.S. Elev. 654.6)

(2) Spillway capacity (principal + auxiliary)...148 cfs (W.S. Elev. 657.6)

c. Elevation (Ft. above MSL). The following elevations were

determined by survey and are based on the elevation of the top of the

drop inlet spillway, elevation 650.30, as shown on a drawing of the dam

as prepared for the Owner by County Engineering & Surveying (formerly

Lewis & Associates) of Warrenton, Missouri.

(1) Observed pool ... 650.1

(2) Normal pool ... 650.3

(3) Spillway crest

a. Principal ... 650.3

b. Auxiliary ... 656.3

(4) Maximum experienced pool ... 654.6*

(5) Top of dam ... 657.6 (min.)

* Based on an estimate of lake level as observed by Mr. E. Sanders.
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(6) Streambed at centerline of dam ... b16+ (cs.)

(7) Maxirmum tailwater ... 627.6+*

(8) Observed tailwater ... 620.3 (Lake Sherwood)

d. Reservoir.

(1) Length at normal pool (Elev. 650.3) ... 2.500 ft.

(2) Length at maximum pool (Elev. 657.6) ... 2,71 ft.

e. Storage.

(1) Normal pool ... 178 ac. ft.

(2) Top of dam (incremental) ... 135 ac. ft.

f. Reservoir Surface.

(1) Normal pool ... 16 acres

(2) Top of dam (incrementa!) ... 4 acre

g. Dam. The height of the lam is defined to he the overall

vertical distance from the lowest point of foundation surfaze at the

dnwnstream toe of the barrier to the top of the dam.

(1) Type ... Earth fill

(2) Length ... 420 ft.

(3) Height ... 43 ft. (est.)

(4) Top width ... 26 ft.

(5) Side slopes

a. Upstream ... lv on 2.2h (above waterline)

b. Downstream ... Iv on 2.Oh

(6) Cutoff ... Unknown

(7) Slope protection

a. Upstream ... Grass, wave berm

b. Downstream ... Grass

* Per Phase I Inqpection Report, Lake Sherwood Dam, January 1979.
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h. Principal Spillway.

(1) Type ... Uncontrolled, drop inlet with anti-vortex plate

and trash rack.

(2) Location ... Near center of dam

(3) Crest elevation ... 650.3

(4) Approach channel ... Lake

(5) Outlet pipe ... 42-Inch corrugated metal pipe*

(6) Outlet channel ... Lake Sherwood

i. Auxiliary Spillway.

(1) Type ... Uncontrolled, 42-inch corrugated metal pipe

(2) Location ... Right abutment

(3) Invert elevation

(a) Upstream ... 656.3

(b) Downstream ... 655.0

(4) Outlet channel ... Dish-shaped section, 15 feet wide

j. Lake Drawdown Facility ... None

* Per Mr. E. Sanders, Executive Director, Lake Sherwood Estates

Assoc iat ion.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No data regarding the design of the dam wer,! available. Nccording to Mr.

Emerqon Sanders, Executive Director, Lake Sherwood Estates Association, the

dam was designed and constructed by the Mertens Construction Company of

Fulton, Missouri. Efforts to contact the Mertens Company were unsuccessful.

An investigation to determine the spillway capacity oF the dam as well as

the other four dams within the Lake Sherwood Estates Subdivision, was made for

the Owner by Homer & Shifrin, Inc., in 1978. In the Homer & Shifrin report,

dated March 13. 1978, the consultants concluded that the spillwav for the

Sugar Hollow Lake Dam, with an allowance of I foot of freeboard, had a

capacity of about 115 cfs, which, as stated in the report. correspond- to tl •

lake outflow produced by a storm with a 1-year occurrence frquencv.

In the Ph~ie I Inspection Report for the Lake Sh,.rwood 'Dam. "-. 1-02,

prepared by Kenneth Balk & Associates, etal. in Januarv, 1979, tho cr'nsult3nt

concluded that the spillway for the Sugar Hollow Lake Dom had a capacity

without freeboard of approximately 155 cfs, which according to the roport

corresponided to less than 5 percent of the probable maximum flood.

2.2 CONSTRUCTION

No data regarding construction of the dam were available. According to

Mr. Sanders the dam was constructed during the period 166 to 1Q68 and was the

first dam constructed in the development.

2.3 OPERATION

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

principal spillway, a drop inlet type structure, located near the center of

-he dam. The auxiliary spillway, a 42-inch diameter pipe, with a crest

elevation approximately 6.0 feet higher than the crest of the p-incipal

spillway and about 1.3 feet lower than the top of the dam at its lowest point,
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is located at the right abutment. No indication was found thit the dam has

been overtopped. Mr. Sanders, reported that the dam has never been overtopped

and that the highest lake surface observed occurred during March of 1977 when

the lake level was within about 3 feet of the dam crest, approximately 4.3

feet above the crest of the drop inlet spillwav. Mr. Sanders reported that

this high water elevation was in part a result of blockage of the spillway

opening by an unmoored canoe. In April of 1979 Mr. Sanders stated that the

lake reached a level that was estimated to be approximately 5 feet below the

crest of the dam.

2.4 EVALUATION

a. Availability. With the exception of the spillway study by Horner S

Shifrin in 1978 and by Kenneth Balk & Associates in 1979, no end ineering data

for issessing the design of the dam were available.

b. Adequacy. No struztural design data available. Soepago and

stability .nalyses comparable to t'." requirements of the "Recommended

Guidelines for Safety" were not available, which is considered a eficiency.

These seepage and stability analyses should be performed for appropriate

loading conditions (including earthquake loads) and made a matter of record.

Both the Horner & Shifrin spillway study and the investigation of spillway

capacity by Kenneth Balk & Associates indicated the spillway for the Sugar

Hollow Lake Dam to be seriously inadequate.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Sugar Hollow Like Dam was, made

by Horner & Shifrin engineer-ing personnel, R. E. Sauthoff, Civil Enineer, and

A. B. Becker, Jr., Civil and Soils Engineer, on 20 May 1980. An examination

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

Ph. D., a consultant retained bv Homer & Shifrin for the purpose of assessing

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

and features bolov the dam within the potential flood damage zone.

Photographs of the dam taken at the time of the inspection are included on

Pages A-I through A-6 of Appendix A. The locations of the photographs taken

during the inspection are indicated on Plate 4.

b. Site Ceilogv. The dam area is located near the northern edge of the

Ozark Plateaus Phys'ographic Province, close to the border with the Dissected

Till Plains Section of the Central Lowlands Physiographic Province. The

topography is moderately rugged with steep valley walls, and there is

approximately: 160 feet of relief between the -eservoir and the surrounding

Irainage divides. The belrock formations consist of gently northward-dippi ig

Ordovician-age sedimentary strata of the Plattin and Kimnswi-k formatiors.

The Mississippian-age Chouteau formation ;q reported to cap the surrounding

ridgetops. The rock strata is pr.-dominantlv limestone. Scattered

Pennsylvanian-age sink deposits of sandstone and shale rubble were observed in

the Kimmswick limestone near ridgetops. The dam and reservoir are located

entirely on the Plattin limestone with the Kirmnswick limestone exposed in the

valley walls above the dam.

The Plattin formation is composed of evenly-bedded, gray, finely-

crystalline to micritic limestone. Although the Plattin formation exhibits

solution weathering features in some areas of eastern Missouri, no karst

features were evident in the area of the dam embankment, and bedrock in the

abutments did not appear to be highly solution-weathered. Plattin limestone

is exposed in both abutments and along the shoreline. The Kimmswick formation
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is a light gray, coarsely crystalline. medium-bedded to massive lImestone.

Weathered exposures characteristically appear pitted. The F'immswick is highlv

solution-weathered, forming an irregular bedrock surface. Pennsylvanian-age

sediments of mainly sandstone a!i shale rubble fill many of the solution

features in the Kimmswick. The IK.mmswick outcrops in the road cut above the

left abutment of the dam, as well as near the ridgetops around the reservoir.

The formation occurs well above the dam and reservoir and does not affect

their performance.

The unconsolidated surficial materials are composed primarily of thin,

stony, residual o.,ils of the Gasconade series. This series consists of

shall-w, somewhat excessively drained soils derived from weathering of

limestone and thinly interhedded shale. They consist of dark grayish-brown.

stony, (limestone fragments), silty clays near the surface and rapidly grade

into dark brown silty clay with depth. The area exhibits an intricate pattorn

of shallow soils and exposed bedrock. According to the Unified Soil

Classification System the soils range in classification from CL to GC, are

moderately permeable, but generally suited for embankments and water

impoundments, if soil thickns.- is adequite. Seepage through the thin soils

into bedrock is cormnon.

There appear to be no other significant geology-related problems at the

Sugar Hollow site. No adverse geologic conditions were observed that would be

considered conducive to severe leakage or embankment instability.

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

the dam (see Photos I and 2) as well as the dam crest were inspected and

appeared, except where damaged by erosion, to be structurally sound. No undue

settlement, cracking of the surface or horizontal misalignment of the dam

crest was noticed. The upstream face of the dam, although unprotected, showed

little evidence of erosion at the waterline. However, near the downstream toe

of the dam at a location in line with and in the vicinity of the spillway

outlet pipe, erosion of the embankment had created a near vertical bank (see

Photo 7) approximately 2 feet high. The junction of the downstream face of

the dam and the left abutment was cluttered with large fallen trees and

overgrown with small treei, vines and brush (see Photo 9) such that a thorough
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examination of the area was not possible. lHowever, -roti:n, nppar.ntlv bv

overland drain.ige (see Photo 10), had removed embinkment mater ial up to a

depth of about 4 feet at the intersection of the dam and the abutment it a

location near the mid-height of the dam. Trees up to 3 inches in d~amoter and

several areas of 'ense brush (see Photo 1) were found on the downstream face

of the dam. A similar condition was noted on the upstream face of the dam

(see Photo 1) in the vicinity of the left abutment. Dubris, consisting of a

sheet of plywood, boards, and logs (see Photo 11), that could clog the

spillway opening were also found along 'he upstream face of the dam. A boat

rack with many small boats in storage was also observed at the upstream face

of the dam. It could not be determined if all the boats that were stored in

the rack as well as in the immediate vicinity of the rack were adequateiy

secired in orler to prevent clogging of the spillwav Juring high water.

Seepage of a minimal amount was noticed near the downstroam toe of slope

at both abutments as well as near the center (see Photo 3') )f the dam. Due :o

the fact that Lake Sherwood abut- the toe of the rnm. it could not be

determined :f seepage beneath the dam was occurring.

An examination of a soil sample obtained from the downstream "ace of the

dam indicated the material to be a reddish-brown lean :lav (CL) of

low-to-medium plasticity.

The visible portions of the drop inlet principa' spillwav (see Photo 3)

was inspected and except for a light coating of rust on the rod type trash

screen and anti-vortex plate, was found to be in reasonablv good condition.

However, at a depth approximately 6 feet below the top of the inlet two small

openings that appeared to be a result of corrosion of the corrugated melal

riser section were observed. Minor leakage into the inlet as well as the

earth fill about the exterior of the riser section could be seen at the

openings. The downstream end of the spillway outlet pipe was submerged

approximately 2 feet by Lake Sherwood and could not be inspected.
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The ups, tream and downst r,_am ends nf t', e 42-inch diameter .uxiLI iarv

spillway (see Photos 4 and 5" wero examined and both appeared to be in good

condition, although a small mound of earth on the order of 10 inche high

partiallv blocked the pipe opening at the upstream end. The oatlet channel

for the auxiliary spillway (see Photo 6), with the exception of several small

trees that were noticed n~ar the downstream end of the channel, was also f,) nd

to be in good condition.

i. Downstream Channel. Lak- Sherwood abuts the toe of he dam. The dem

for Lake Sherwood is located approximately I mile downstream of tne Sugar

Ho'low Lake Dam. The channel, Wolf Creek, downstream of the Lake Sherwood Dam

is unimproved. 'Xolf Creek joins Tuque Creek, which is also unimprovid,

approximately 2 miles downstream of the Lake Sherwood Dam. Tuqu? Creek .etq

the Mis-oiri River flood olairn about 3 miles downstream of the Wolf Crek

J unc tu r'-

Resrvoir. The arn :about the lake is densely covered with trees an]

for the moqt pae- - in a natural state. No erozion of the lake ba,,ks was

oviden:. The aniount of sodimen: within the lake coull nit be .Ietermined It

the time o4 the inspection; however, jkidging bv the natural and undisturbel

cendition of the area in the, vicinity of the lake, the quantity is believed ,

"e ne;Iigib le.

3.2 EVALuIATION

The deficiencies 'served during this inspection and noted herein, are not

considered of significant importance to warrant immediate remedial action.

Comparison of top of dam elevations obtained at the time of the inspection

with dam profile data shown on the drawing prepared by Lewis and Associates -n

1978, indicated no discernable settlement had occurred in the interim.
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SECTION 4 - OPERATIONAL 1RCEDURES

4.1 PROCEDURES

The spill,-evs are uncontrolled. The lake surface level is govermid h:

nreci-itation runoff, evaporation, seepage, and the capacity of the

uncontrolled principal and emergency spillways.

4.2 MINTENANCE OF DAM

Accord;ng to Mr. Emerson Sanders, Executive Diroctor. L ke Sherwood

Est'tes A sociotir n, routine maontenance, such as gr,- s min ard clearinri of

the drop inlet spillwav inta-'e is done periodically. Hol'evor, 5u1g'ng b,: the

growth )f trees and bru.sh on the upstream and downstream fa :es as we111 ac t e

,r'?d ares at the d,-'nstream toe and left ab'itment 0f the dam. th-

,nspect0nJ tc:im is of the opinion that mainterance of the Win proper has ' ..

4.7 MATN'rTNANCE OF OPERATING FACILITIES

No c:zit facilit'es roqu r:--g operation exist at this dnm. and there

no reservoir regilation plan.

4.4 DFSCRIPTICN OF ANY WARNING SYSTEM IN EFFECT

7he inspection did not reveal the existence of a dam failure warn'ng

svstem.

4.5 EVALUATION

Lack of adequate maintenance is considered detrimental to the s.Ifetv of

the dam. It is recommended that maintenance of the dam proper he undertaken

on a regular basis and that records be kept of all major items of maintenance

work performed. 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 - IHYDRAULIC/HYDROLOGIC

.l EVALUATION OF FEATURES

a. Design Data. Desipn data were not available.

h. Exerience Data. The drainage area and lake surface area Wore

develped from the 19~2 USGS New Me'le, Missouri, Quadrangle Map. The

proportions and dimensions of the spillways ind dam were deve'oped from

surveys made .uring the inspection. Records of rainfall, streamflow, or flood

data for the watorshed were not available.

According to the St. Louis District, Corps of Engineers, the estimated

flood damage zone, should failure of the dam occur, extends six miles

downstream of the lam. Lake Sherwood with a surface area of approximately 141

ac-es lies iu,=neditelv lownstream f the am.

c. \"s1t3' , sorvat ions.

(1) Te principal s-illwav, located near the center of the dam,

consists of i 2-inch diameter corruemted metal pipe drop inlet, 7ith a

42-inch diiameter corrugated metal pipe outlet unde" the dam discharging into

Lake Sherwood. The outlet end of the pipe is submerged by t0e lower lake. A

rod type trash guard and a qt-el anti-vortex plate are installed at the

e-trance to the dron inlet.

(2) The auxiliary spillwav. also a 42-inch diameter corrugated metil

pipe, is located at the right abutment_, and extends through the dam with the

invert elevation about 1.3 feet lower than the low point of the dam crest.

The auxiliary spillway outlet channel, a dish-shapeI section approximately 15

feet wide, fo'!.ws the right abutment and joins Lake Sherwood about 250 feet a

downstream of the dam.

(3) No lake drawdown facilities are provided.
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1i. Overtopping Potential. The spillwav , (princi nal and a,,xil I.irvO ,-r,

t inadequate to pass the probable maxinmm flood, 1/2 the pribable maximum, foo-.

or the 1 percent chance (100-year frequency) flood without nvertpping the

dam. The results of the dam overtopping analvs;'s are n f,-llows:

(Note: rhe data appearing in the following table has bee1n extracriel from tho

computer output data appearing in Appendix B. DecLnal valier have ,oen

rounded to the nearest one-tenth in order to prevent assurnpt on of inwarrant,-,

ccutracy.

Max. Depth (Ft.) rDrat ",n of

Q-Peak Max T.ake )J_ Flow over Dnm ,"7, rtoppin , f

Ratio of 1,1F Outflow (cfs) W.S. Flev. (El,'\,. 7,47 e Dnm ( Hrs.)

0. 0 6.070 662.9 !.3 I.!.
1.00 :2,617 665.37

l' n Conce Flood 297 65.5

t ev-ition 637.6 was found to be the lowest point ic tbn, Tam ,-. . The

flow safoly passing the spillway (principal + auxiliarv) just prior to

,ve-topping amounts to approximately 148 cfs, which *t;e routed o:flow

correspond:nc, to about 8 per_:ent of the probab maxi-inum flood in f.ow. Dur n

peak :1ow of the probable maximum flood, the gr,at*st dep-n of flow over t'lo

dam i.- projected to he 7.7 feet and overtopping will ,::tend across the k-ltire

lengtdh of the dam.

e. Evaluation of Overtopping Effect. Experienc', with embaniMrents

constructed of similar material (a redish brown lean clay of lo,-to-nolium

plasticity) to that used to construct this dam hav, shown evidnce that the

m-terial under certain conditions, such as high velocity flow, can be very

erodible. An example of such erosion is apparent ,t the junction of the

downstream face of the dam and left abutment. Such a condition exists during

the PMF when large lake outflow, accompaniod bv high flow volocit;es, occurs.

For the PMF condition where the depth of flow over the ,iam cr st ind the

duration of flow over the dam, 7.7 feet (m,ixirmim) and 11.0 hou-s,

respectively, are substantial, damage by erosion to the downstream face of the

dam is expected. The extent of this damage is not predictable; however, there

is a possibility that it could result in failure by erosion of the dam.
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f. References. Procedures and data for determining the probable maximum

flood, the 100-year frequency flood and the 10-year frequency flood, Pnd the

discharge racing curves for flow passing the spillways and dam crest are

presented on Pages -I through B-3 of Appendix B. Listings of the HEC-l (Dam

Safety Version) input data for the probable maximum flood, the 100-year

frequency flood, and the :O-y;-ar frequency flood are shown on pages B-4

through B-8. Computer output di.ta, including unit hydrograph ordinates,

tabulation of PM? rainfall, loss qnd inflow data are shown on pages B-9

through B-12; tabulation of lake surface area, elevation and storage volume is

shown on page B-13; and tabulation titled "Sunmmary of Dam Safety Analysis" for

the PMF is also shown on page B-13. Tabulations t;-led "Summary of Dam Safety

Analysis" for the 1 percent chance (100-year frequency) flood and for the 10

percent chance (10-year frequency) flood are shown on page B-14.
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SECTION 6 -STRUCTURAL STABTLITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual oblservations of conditions which

adver-sely iffect the structural stability of the darm -irt, discussed in Sectior

3, paragra-ph 3.1c.

V) Design and Construction Data. No design or construction data

rola.ting to the structural stability of th, dam aro kno)wn to exist. Sec2page

ind sta'hiIi tv ana lyses comparable to the requirements of the "RkccrcT-.nd ed

Ciidoenes for Safety Inspec~ion of Dams" were rot avaial!ihie which is

consilered a deficiency. These seepage and stabil;-v analvses sholdl be

performed for appropriate lading conditions (incluiding -arc',iqu,-ike l oads) and

m;?! i tter ofl record.

-. fprating Rocords. No :,ppkrtonant szticturccz or -ac. ioe requiring

oi,,eraition cxTst at this dam. According co Mr. !Lmorson S-.nd-?r-q, Executive

Dir-?ctor for the Lake Sherwood Estatets Association, no records are kept .)f tile

iclevel1, spillwav discharge, dam settlemfent, or s epagp.

d. Post Construction Changes. Mr. Sanders also renortcd that to his

-nowledge no post construction changes have b-oon maeP -)r have occurre d which

w'-il~ aftect thie structural stability of the dam.

e. Seismic S tabiflt. The dam is located in ani area close to theo

bouindary separating the t one I and Zone IT ;eismic probablility areas. An

*-arthquake of the magnitude that might occur in this area would not be

expected to cause structural damage to a well constructed oarth dam of this

size provided that static stability conditions, are satisfactory aIni

conventional rafetv margins exist. However, it is recommended that the

* prescribed -eiqmic loading be applied in any stabilit., analyses performed for

this dam.
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SECTION 7 - ASSESSMfENT 'REMEDIAL MFASURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated that Line spillways (principal

plus; auxiliary) are capable of passing lake outflow of about 148 cfs withet

the level of the lake exceeding the low point in the' top of the dam. A

hy~irologic analysis of the lake watershed area, ,,; discussed in Section 5.

paragraph 5.1d, indicates that for storm runoff of prolh.ille maximum flood

magnitude. the lake outflow would be about 12,617 -f's, and that for the I

:''rcent chanco (100-year frequency) flood!, the laki? outflow would be about 2Q7

c fs. A s;imilar analysis indicated that for the 10 percent (10-vear frequency)

Flood. the lake outflow would be approximately 08 cf..

Se.opazge and stability analyses ol the dam. wore not 3v-i1ala f.~r rev i,:,w

and thlerf-fort- no judgment colild Ie made w;-i~i respec t to the structura I

-'tabilitv of the dam.

Sp-.eral items were notico-i during the insp'-ction that could adversely

Sftlth> safetv o~f the dam. Tl,.se items inc liyle tre!es and briish on the dam

o p' rosi n of the iTrbankment. sieepaF.', a.1ri the 1.iclk of -idequatp eros ion

protect ion along the upstream and downstreaim faces of the Liam.

h. Adequacy of Informition. TDio to lack )f deosign and construction

dat-i. tie assessments reported herein wo.rt, h:ised or-tna conditions as

*Ietertrrined during th- visual inspection. The isse ssment of the hydrology of

the watershed and capacities of the spillwavs were b)ased en a hvdrologic/

hydraulic study as indicated in Section 5. Seepnge and stability analyses

comparable to the requirements of "Reconmmended Cuidelines for Safety

Inspection of Dams" were not available, which is considered a deficiency.

C. V r enic v . The remedial measures recenmiendedi ;n paragraph 7.2 for th'-

items concerning the safety of the dam as noted in paragra.pb 7.1a, should be

accomplished without uindue delay. It is reconmmended, that priority he given

to increasing the capacity of the spillwav outlets which are considered to 1'e

seriously inadequate.
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d. Necessity for Phase 11. Basod on the results of the Phase I

inspection, a Phase IT investigation is not recormended.

e. Seismic Stability. The dam is located in an :rea close to the

boundary separating the Zone I and Zone 1I seismic probability areas. 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 ceismic loading be applied in any stability analv!0 s performed for

th is dam.

7.2 REMEDIM., MEASURES

a. Recomumondations. The following actions are recomrnended:

(1) Based upon criteria set forth I'T the recrr-..f nide Tines,

,pillw-iv size and/or height of dam should b.- increased to pass aike outflow

, rom a storm of probable maximum flood magnitude.

(2) Obtain the necessary soil data and perform (am seepago and

qtabi'itv anilvses in order to determine the structural vtabil;tv of the dam

tr all operational conditions. Seepage and stability analyses should be

prf.rmed 'by a qualified professional engineer experienced ;n the design and

construction of earthen dams.

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

Procedires are recommended:

(1) Remove the trees and undergrowth that may conceal animal burrows

from the upstream and downstream faces of the dam. Tree roots and animal

burrows can provide passageways for lake seepage that c,ild lead to a piping

condition and fa;lure of the dam.
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(2) Provide some means of controlling seepage evident in the areas

just above the downstream toe of the dam. Uncontrolled seepage can lead to a

piping condition which could result in failure of the dam.

(3) Provide some form of protection other than grass for the

upstream face of the dam at and above the normal waterline in order to prevcnt

erosion. A similar type of protection should be provided at the downstream

toe of the dam through the limits of level of Lake Sherwood.

(4) Provide some form of protection to prevent erosion of the

embankment by overland drainage at the junction of the downstream face of the

dam and the left abutment. Loss of embankment by erosion can result in

instability of the dam.

(5) Assess the condition of the drop inlet spillway inclidinrg the

outlet pipe that passes beneath the dam in order to determine if additional

openings and/or uns.und areas (the corrugated metal pipe r-der section w.s

noticeably corro-.ed at a location about 6 feet below the top of th inlt)

exist. An opening in the inlet or outlet pipe could allow infiltration of

embaakmCnt miterial resulting in settlement of the dam.

(1)) Remove the large items of debris (plywood, boards, logs) from

the upstream face of the dam. Floating objects including boats can clog or

partially clog the drop inlet spillway opening and negate itq effectiveness.

It is recocmended that the Ownr take whatever measures necessary to insure

that all boats are secured to their moorings to eliminate the possibility of

floating free while unattended during high water.

(7) Provide maintenance of all areas of the dam and spillways on a

regularly scheduled basis in order to insure features of being in satisfactory

operational condition.

(8) A detailed inspection of the dam should be instituted on a

regular basis bv an engineer experienced in the design and construction of

dams. It is also rocommended, for future reference, that records he kept of

all inspections made and remedial measures taken.
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HXDROLOGIC 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 hvdrolog-c inputs as follows:

a. Probable maximum precipitation (200 sq. mile, 24-hour value eqials

25.1 inches) from Hvdrometeorological Report No. 31. The

precipitation data used in the analyses of the I percent chance

(100-vear frequency) flood and the 10 percent chance (10-year

frequency) floo1 was provided by the St. Louis District, Corps c:f

Engineers. Due to the fact that the watershed for tiis resorvoir is

small, -he lake level was assumed to be at normal pool as a :-es!'.lt of

ant cedent storms prior to occurrence of the PMF and the

pcob,,"1 1tic storms.

b. Dra1n13 aroa = 1.52 square miles 974 acres.

c. SCS p3rame;ers:

0.385

Time of Concentration (Ta) = l'qL3  -8 0.541 hours
H

Where: T Travel time of water from hydraulically most distantC

point to point of interest, bours

L Length of longest watercourse = 1.1+4 miles

H = Elevation difference - 175 feet

Lag Time = 0.325 hours (0.60 T )c

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

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

States Department of the Interior, Bureau of Redamation, and was

verified using average channel velocity estimates and

watercourse lengths.
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Hydrologic soil group = 30%B, 36%C and 34%D, per SCS County Soil

Reports

Soil type CN = 66 (AMC 1I, lO0-vr flood condition"

= 82 (AMC IIl, PMF condition)

-. pillwa% releases for the dr p inlet spillwav wcrro computed

utili?'ng equations and nomcgraphs presente.i in "Design of Smll Dams" by

t ',U. S. Department of the Interior (USD1) for drop inlet type spillwavs.

mne riqo of the nappe above the elevat'on of the crest lip was cons-dered

neglirTblo. The following equation was used for crest control:

C (2 Tr R ) H3/2
0 5 0

Where "C " is a coefficient obtained from Figure 283 of the above

reFerence. expressed in terms of H /R , "R " is the radins of the0 S

pi! 'way cr--st 'l.75 feet), "H " is the depth of fiuw over the crest.
- 0

When the ratio H /R reached a value of 1.00, inf' uW wa
0 S

determined by as;uming flow was over a sharp edged submerged orifice.

The fc-llowing equation was used: Q = Ca (2gh) . where "C" is a

coeff'cicnt assumed to be 0.60, "a" is the area of the orifice 9.62 sf,

"h" is the height of flow above the orifice, and "g" is acceleration due

to gravity. Reference, "Handbook of Hydraulics". Fifth Edition. Iv King

and Brater. page 4-3.

Flow through the 42-inch diameter corrugated metal pipe outlet was

determined using Bernoulli's equation for pressure flow in pipes.

Losses, including throat, entrance, pipe and exit losses totaled 3.95

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

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

Discharge quantities, determined by the methods described herein were

plotted versus corresponding lake water surface elevations to determine

the discharge rating curve for the drop inlet spillway.
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3. Tho a~ixiliarv spillwnv c-*n;ists of a 42-inch diameter corrugated

metal Ipipe ext ending lbrough, the dam at the ri'tab'itmonrt. So i i way

releaso rates were determined as follows:

For low flows, inflow wns determined by assuming flow was through a

,harp edged orifice, as indicated in paragraph 2, above.

For higher flow,;, inflow was governed by Bernoulli's oquat ion for

pressure flow ':i pip.,s,. Losse;, inclliding entrance, pipe and exit

lOSSe-i. to-taled 2.73 velocitv' heals.

Disc harg- quant it ies, as coirputo'. above, were plottod versus

corresponding lake water suarf~ice o'evaiors to determin- the 3discharge

rating curve for ti. ruxi liar\' spillwav.

4. The, c2ischlargo for the principal and( ;ixiliar': splllwnvs for equal

:'n~wer ~:~i~e F-~ on: rv on 'lie *Y4 and Y5 card-s.

*'.The profi'e ,F the" :'Im crest 'I' irro'gaar ind f,-w o',''r Cie dini

canno)t Ile dletermir.i hrv -)f'am f convenLional weir formu'as. Cres-,t

longth and c1l'vat:!on iata for the riam crest proper were onte-red into Clie

HEC-l Program on rho SL and the $V cards. The progr-n a-;u- - that flow

over the dimrr cro-zt section occars at critical depth and :-ompu t Ps

i-ierna lI v the fl iw over the damn cr-est and adds this flow to th-' fl1ow

pa I ig t he sr)1 1wa.s as ente red on the Y4 and Y9 ca rds
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tAALYSIS (IF LIA W ERTOF'PINr.IN l RATIS (IF PM-

1HYDOLMIC:-HY[<ALLIC ANALYSIS Cr SAFETY CF 'WDAR HOLLOW LAKE CAM

RATIOS CF P RiTED THROWJ.N RESERVOIR

1 J SPECIFICATION4
NQ NHR IN IDAY IHR IMIN T(TRC IPLT IFRT NSTAN

2a 0 5 0 0 0 0 0 0 0
JOPER NT LROF'T TRACE

5 0 0 0

ULTI-PLAN ANALYSES TO BE PERFOWIED
NKAN= I NRTIO= 4 LRTIO= I

RT I (0= .03 .09 .50 1.00

SUB-AREA RLlN'F C{iTF .AT] ON

INFLOW HYDRCGRAPH

ISTAQ ICiMP IECON ITAPE JPtLT IFFT INA;,E ISTACE IAUTJl
INFLOW 0 0 0 0 0 0

HYDROGRAPH DATA
IHYDG IM TAREA SNAP TRSDA TRSPC RATIO ISNW IS1, -  LOCL

1.52 0.00 1.52 1.0 0.000 0 1 0

PRECIP DATA
SF'FE PMS R6 R12 R24 R42 k R72 R9
0.00 25.10 102. 0 120.00 230.0K 0.00 0.00 0.00

LOSS DAIA
LROPT STRKR DLTKR RTIOL ERAIN STRKS RTIOK STRTL CNSTL ALSII RTIMP

0 0.00 0.(0 1.00 0.00 0.00 1.00 -1.0K -82.00 0.00 0.00

CJF E NO = -82.00 ITNESS= -1.00 EFFECT CN = 32.00

UNIT HYDrC(RAP DATA
TC= 0.00 LAGz .3

RECESSION DATA
TRTQ= -1.00 QRCSN= -. 10 RIOP= 2.00

MIT 'OYDRORAF1 21 END OF PERIOD CRDINAIES, IC= 0.00 HOiMS, LAG= .33 Vt= 1.00
249. 796. 1534. I... 1939. 1620. 1143. 759. .2. 371.
2'4. 176. 120. 83. 57. 40. 27. 20. 14. 9.

C,..
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0 [ND- OF-PERIOD FLOA
MO. DA H PERIOD RAIN EXCS L C(5:0!P 0 IM l.DA M.MN PERIOD RAIN EXcS L033 MW Q

1.01 .05 1 .01 0.00 .01 1. 1.01 12105 145 21 .19 02 701.
1.01 .10 2 .01 0.00 .01 1. 1,01 12.10 146 .21 .20 .02 812.
1.01 .15 3 .01 0.K) .01 1. 1.01 12.15 147 .21 .20 .02 1032.
1.01 .20 4 .01 0.00 .01 I. 1.01 12.20 143 .21 .20 .02 1303.
1.01 .25 5 .01 0.00 .01 1. 1.01 12.25 149 .21 .20 .02 1580.
1.01 .30 6 .01 0.00 .1 I. 1.01 12.30 150 .21 .2h .01 1809.
1.01 .35 7 .01 0.00 .01 1. 1.01 12.35 151 .21 .20 .01 1974.
1.01 .40 8 .01 0.00 .01 1. 1.01 12.40 152 .21 .20 .01 2036.
1.01 .45 9 .01 0.00 .01 1. 1.01 12.45 153 .21 .20 .01 2167.
1.01 .50 10 .01 0.00 .01 1. 1.01 12.50 154 .21 .20 .01 2227.
1.01 .55 it .01 0.00 .01 1. 1.01 12.55 155 .21 .20 .01 2269.
1.01 1.00 12 .01 0.00 .01 1. 1.01 13.00 156 .21 .2% .01 21.
1.01 1.05 13 .01 0.00 .01 1. 1.01 13.05 157 .26 .2A .01 2335.
1.01 1.10 14 .01 0.00 .01 1. 1.01 13.10 153 .26 .24 .01 2306.
1.01 1.15 15 .01 (.00 .01 1. 1.01 13.11 159 . .24 .01 24 5.
1.01 1.20 16 .01 0.(K .01 1. 1.01 13.20 160 .26 .25 .01 2 .8.
1.01 1.25 17 .01 0.V, .01 0. 1,.01 13.25 161 .26 .25 .01 2647.
1.01 1.30 13 .01 0.00 .01 0. 1.01 13.30 162 .20 .4 .1 2722.

(1 -t .010

0.

.1 ' * .1 0.y .01 0. 1. 0, 14.0 (11

1- 6. -

1.3 2. 1 W I.1 O.l.! . 10 14.16
A. 1. . " .01 .0 ., ! 0. i (i 14.4 5 1 ,1

. 2.' ( . .oi 0. 1.0 14. 1., !4.
1.01 .. ((' .01 (I. 1.01 14.5 17: 1.

1 ~ 0 .01 0. 00 .01 0. 11 4.:' 17 1ri0
I.,1 ( 2. "'E 31 W0 0.010 .01 0. 1.(11 14.3'K 175 1.0.
_0'1 410 32, .011 .00 .01 0. 1. Cl 14.40 1a

I.(;I "5 fit' .00 .,A 0. 1 1 14.45 IT 1
~.~ .5. 34, .1 (. ., .011. 0. 1.0,1 14 ., , "' " 0 14.5..

1 01 .55 35 W. . .01 1. 1.01 14. 55 17 - .0. >.

1.01 3.00 ..)1 00 . 2. 1.01 15. 13 ... ,2, A
1.01 2.10 33 .() 1.7 .011 4. ()11.01 15.10 135 .lc1 ,4,

I .01 3.10 K ~ W0 0 .01 4. (l1: 15.10 133.1 5A

1.01 20 40 .01 .00 .01 7. 1.31 15.20 1'4 . . I .
S.01 .~." , 41 1 0.0 .1 O. 1.0 .25 1 I 7 .01 4K.

,.0t J..4f 3l 41 1A , (0 Wf it. 0.(1 1 404( 1 L.5 1 . .4.7" ,....1 :43 2 .01 .00 .0)1 .i l.( 14 ' .K)' ... 9

1.01 3.35 43 .01 .W0 .01 13. 1.01 15. 1 2 . .2 * 7"..
1.01 :3.10 3! .0, . 6 .1 14. 1.01 15.40 1 . .' . ., <.

11.00 I,.1. ..

01 ", b ,0 .0 0' 01 7 1' . . ..B -10 "



END-OF-PERIOD FLOW (Con't.)

1.01 '. 4001 1. 47 0 .C IO olA.
1.01 4.00 49 .01 .00 .01 21. 1.01 L.0 1 9 . .i t3 .0. 10 .
4.01 4.10 49 .01 .00 .01 2s. ".o "o .... . '03K.

1.01 j. 1 .1.0 .-'..1 .
1.01 4.> .,1 .0ti0) .01 Y.) 1.01 16.30 I, 2

.01 4. 2 5 .01 .O .01 32. 1.01 ,. 35 1" .f 4r'
1.01 4. % F 01 .00 .01 34. 1.01 1.4 200

35 c .lj ki 1.01 16.S 201~r1.0l 5.0 01, .01 .01 .01 4. 1.01A 16. uS 2() . : . .40. 35"2

1.01 ..5.. ..s .01l .070 .01 37. :.1 0;- .) . * .0 .;0 7?.

i.01 . ] .4 . . 3- .A

. .vl ,00 .01 40. 1.01 17.¢: . .
1.01 5.5, 71 .01 .00 .01 41. 1.01 17.55 215 .o'.,,
1.01 .00 I~2 ,0 .01 .01 42. 1.0 10.00 21 ." . ..

1.01 0.5 73 .01 .02 .04 00. 1.01 13.05 .217 -0- .,,-i15
1.01 S.20 o4 ,, .0 .0 .02 . ,2' . ...
1.01 r.15 75 .• .Jl" .M4 46. 1.01 10.15 V ' . - ".

1.1 .0 0.0.. .0 0 152. 1.I1.0 A , U 0. 1

. .5 77 .. 0 .0" .0J 15. 1.01 17.45 21 . .
1.01 . 79 .00 .00 .01 2 1. 1.01 1,. ". ... lU .
1.01 5.4 ,-1 ,01 ,0c .0(C 2.. 1. 17. 55 2'', .1.01 6.,00 72 .0 .04 .(3 c4. 1.V' 10.50 227 ' 0 00 "5"

1.01 1 S .' "(', "'"

1.01 . 81 3 .N 0' .0 36. 1.01 13-. 22 7 0 0 0 890 (.
1.0()1 7.0 74 . .04 .04...01 . 223 .2.61 1 RI (1 00
1.01 .05 7 .06 .043 .04 395, 1 :.0 .05 22 .02 .0 .00 77.
1.01 7.1 I 7 .06 .04 .02 40. 1.01 19.<10 2, .02 .02 .00 7...
1.01 7. 5 7 .06 .01 .02 4. 1.01 1R.15 231 .02 .02 .00 75.
1. 7.20 78 ..06 .03 .04 74. 1.01 1 l 3 .(12 (10 .0 -1.
1.01 6.5 79 .N , .03 .03 15. 1.01 19.25 23: 02 .02 00 57.

1.01 7.30 c0.061 .04 .02 r 41 1.11.0 24 .2 .2 .0 53

1.01 6. 9 .06 .04 .2 (13 . 1.01 19.35 235 .02 .02 .0 511.

1.01 7.40 92 .06 .04 .02 475. 1.01 19 .4C0 236 .02 .02 .00 477.
1.01 7.455 93 .06 .04 .02 484. 1.0,1 1,.4 23 -7 .02 .021 .00 445.
1.01 7.50h 94 .0 .04 .02 43 1. 01 19.00 233 02 .02 .00 4110.

1.01 7.5 , .06 .04 .02 01. 1.01 19.05 21 .02 .02 .00 75.
1.01 7.10 86 .06 .04 .02 409. 1.01 20.00 240 .02 .021 .00 1 3.
1.01 7.05 E7 .06 .05 .02 41. 1.01 20.05 211 . 02 0' .. 0 675.
1.01 7. 10 8 .06 .04 .02 522. 1.01 2.1 242 .0 .920 .4 1.

1.01 8.15 . 9 .06 .05 .02 524. 1.01 20.10 24 .02 .02) .,') 54.

1.01 7. 35 91 ,06 .(4 (13 V,4. 1,01 ,1 Y. 1. .
,.... J i. .02 .02 .00 51..

1.01 7.20 1 .06 .04 .02 435. 1.01 19.20 23 .02 .02 .00 27.
1.01 7.5 9 .06 .04 .0 44. I.01 19.45 237 .02 .02 .( 4351.

1.01 7.50'. 94 .0S .04 .01i7 4K... 1.01 19. !4( 23 .02 .02 .00 45:.
1.01 7. 55 95 .06 .M .01" 50 .• .01 19. r.€5 2: .0,1 (12 .0 K7

1.01 S.4 CI 16 .06 0O .02 47. 1.01 20. 00 240 .02 .0 2 00 477I.

1.01 7.05 97 .06 . 05 02 154. 2.0 1 094 23 .0 02 .(IO 'K7.
1.01 7.50 98 .0.6 .05 0(2 r2". 1.01 12.42, .02 .02 .00 115.

1.01 81.15 79 .06 .(6, .02 519. 1.01 210.,15 &4 .007 .011 "A :7.

1.01 fl,20 100 .06 .05r C(, 2, 535. 1.01 20. 20 '24 4 .02 .02 .00 274.
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END-OF-PERIOD FLOW (Con't.)

1.01 8.25 101 .06 .05 .01 541. 1.01 2. 25 245 .02 .02 .10 2i5,1.01 8.30 102 .06 .05 .01 547. 1.(:1 20.3f 246 .02 .02 .00 245.
1.01 8.35 103 .06 .05 .01 552. 1.01 20.35 247 .02 .02 .00 245.1.01 8.40 104 .06 .05 .01 553. 1.01 20.40 240 .02 .02 .00 245.
1.01 8.45 105 .06 .05 .01 f.'63. 1.01 21.45 249 .02 .02 .00 245.1.01 8.50 106 .06 .05 .01 56. 1.01 20.50 250 .02 .02 .00 245.1.01 8.55 107 .06 .05 .01 572. 1.01 2.1 55 251 02 .02 .00 245.
1.01 9.00 18 .06 .05 .01 577. 1.01 2 2 0 .02 2

1<. . 5A .02 0 .00 245.-
1.01 9.0 10 .06 .05 .01 577. 1.01 21.05 653 .02 .02 .00 245.1.01 9.10 10 .06 .05 .01 585. 1.01 21.10 254 .02 .02 .00 245.1.01 9.15 111 .06 .05 .01 5. 1.01 21.10 255 .02 .02 00 245.1.01 9.208112 .06 .05 .01 59. 1.01 21 55 .01 02 .00 245.1.1 92 1 06 .5 .1 57 1 . .2 5 .02 .02 .00 245.'1.01 9.30 112 .06 .05 .01 53. 1.01 21.20 258 .02 .02 .00 245.
1.01 9.25 113 .06 .05 .01 597. 1.01 21.5 257 .02 .02 .00 2 45.
1.01 9.40 114 .0k .05 .01 600. 1.01 21.40 258 .02 .02 .00 245.
1.01 9.35 115 .06 .05 .01 1104. 1.01 21.45 W1 .02 .02 .00 245.1.01 9.40 116 .u6 .05 .01 617. 1.01 21.40 260 .0 .02 .00 245.1.01 9.45 117 .06 .05 .01 610. 1.01 21.45 261 .02 .02 .00 245.
1.01 9.50 120 .06 .05 .01 612. 1.01 21.50 24 .02 .02 .00 24 5.1.01 9.55 119 .06 .05 .01 621 . 1.01 2.015 265 2 .02 .0 245.-
1.01 10.10 120 .06 05 .01 624. 1.01 22. 00 264 .02 .02 .00 245.1.01 10.05 121 .06 .05 .01 621. 1.01 22.105 267 .02 .02 .00 245.1.01 10.20 124 .06 .05 .01 624. 1.01 2.20 26 .02 .02 .00 245.
1.01 10.15 123 .0 .05 .01 627. 1.01 '2.5 267 02 .02 .0 245.1.01 10.30 126 .06 .05 .01 634. 1.01 22.0 27 .02 .02 .00 245.1.01 10.3 127 .06 .05 .01 639. 1.01 22.35 271 .02 .02 .00 245.1.01 10.4 125 .06 .09 .01 632. 1.01 22.40 272 .02 .02 . 245.1.01 10.45 126 .06 .05 .01 634. 1.01 2.,4" 273 .02 .02 .00 245.1.01 10.5 127 .06 05 .01 642. .1 220 .02, .02, .00 245.1.01 10.40 131 .06 .05 .01 644. 1.01 22.40 275 .02 .02 .00 245.
1.01 10.45 129 .06 .06 .01 646. 1.01 23..0 276 .02 .02 .00 24.1.01 10.50 130 .06 .06 .01 642. 1.01 245.

0.0 . 0 2 7 4 0 2 0 2 . 0 0 2 4 5 .
1 .0 1 1 0 .1 5 1 3 1 .0 6 .0 6 .0 1 6 4 4 . 1 .0 1 ..1 .5 2 7 9 . 0 2 0 2 .0 0 2 4 5

0 1 .02 K02 . 45.,
1.01 11.00 132 .06 .06 .01 646. 1.01 23.200 276 .02 .02 .00 245.1.01 11.05 133 .06 .06 .01 647. 1.01 23.05 277 02 . 02 .00 245.
1.01 11.30 134 .06 .06 .01 650. 1.01 23.10 28 .02 .02 .00 245.1.01 11.15 145 .06 .06 .01 660. 1.01 23.40 274 .02 .02 .00 245.041.01 11.45 141 .0 .06 .01 66. 1.01 2.45 275 O0 .02 .00 245.1.1 1110 13 06 .6 6 3 .0 ,3.2 An- 0 .02 .02 .00 2445.1.01 11 .2 137 .06 .06 .01 655. 1. 01 ,q -3 a .1, OL

... L5 1 .2 0 .00 24 5.
1.01 11.50 138 .06 .06 .01 667. 1.01 23.50 2.6 .02 ,02 .00 245.1.01 11.35 139 .06 .06 .01 658. 1.01 ' 1. 35 28 .0 ,02 .00 2145.

1.01 11.40 140 .06 .06 .01 660. 1.01 23.40 287 .02 .02 .00 245.1.01 11.45 141 .06 .06 .01 661. 1.01 23.45 r85o .02 .0" .00 1145
1.01 11.50 142 .06 .06 .01 663. 1.01 23.50 i%" .021 .02 .00 245.
1.01 11.55 143 .06 .06 .01 664. 1.01 3J. 55 2rj7 .0, , .00 245.
1.01 12.00 144 .06 .06 .01 665. 1.02 0.00 28 .02 .02 .00 245.

SUI 32.63 30.14 2.49 360780.
329.)( 765.) 61)10216.15)

PEAK 6-H(1 24-HOLIR 72-HOLIR TOTAL VOLLtE4
CFS 13445. 4041. 1252. 1252. 676.
ClS 381. 114. 35. 35. 10213.

INCHES 24.70 30.62 30.62 10.62
mm 627.40 777.67 777.67 777.67

AC-FT 200. 24484. 2434.
THOWSCU M 2472. 3064. 3064. 3W64.
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