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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Guthrie Lake Dam, Missouri Inv. No. 10990

State Located: Missouri

County Located: Callaway

Stream: McKinney Creek

Date of Inspection: June 4, 1980

Assessment of General Condition

Guthrie Lake Dam was inspected by the engineering firms of

Consoer, Townsend and Associates, Ltd. and PRC Engineering Consultants,

Inc. (A Joint Venture) of St. Louis, Missouri according to the U. S. Army

Corps of Engineers "Engineer Regulation No. 1110-2-106" and additional

guidelines furnished by the St. Louis District of the Corps of Engineers.

Based upon the criteria in the guidelines, the dam is in the high hazard

potential classification, which means that loss of life and appreciable

property loss could occur in the event of failure of the dam. Within the

estimated damage zone of three miles downstream of the dam are twelve

dwellings, a commercial building, a bank, a Post Office, a U.S. Highway

(U.S. 54), and an Interstate Highway (1-70), all of which may be sub-

jected to flooding, with possible damage and/or destruction, and possible

loss of life. Guthrie Lake Dam is in the small size classification since

it is less than 40 feet in height and impounds less than 1000 acre-feet

of water.
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Our inspection and evaluation indicates that the reser-

voir/spillway system of Guthrie Lake Dam does not meet the criteria set

forth in the guidelines for a dam having the above size and hazard

potential. Guthrie Lake Dam being a small size dam with a high hazard

potential is required by the guidelines to be able to pass from one-half

of the Probable Maximum Flood to the Probable Maximum Flood (PMF) without

overtopping of the dam. Considering, however, the number of inhabited

dwellings, commercial buildings, and highway crossings located downstream

of the dam, the PMF is considered the appropriate spillway design flood

for Guthrie Lake Dam. It was determined that the reservoir/spillway

system can accommodate approximately 30 percent of the Probable Maximum

Flood before overtopping of the dam occurs. Our evaluation also indi-

cates that the reservoir/spillway system will accommodate the one-percent

chance flood (100-year flood) without overtopping the dam.

The Probable Maximum Flood is defined as the flood discharge

that may be expected from the most severe combination of critical meteor-

ological and hydrologic conditions that are reasonably possible in the

region.

Guthrie Lake Dam and its appurtenant structures are in fair

condition. Some deficiencies were noted by the inspection team, which

could affect the safety of the dam and its appurtenant structures. These

items are as follows: considerable damage to the downstream slope due to

inadequate protection of the slope, cracks on the embankment, inadequate

protection of the upstream slope both above and below the normal water

surface, one small tree on the downstream slope, unmaintained vegetative

cover on most of the embankment, the missing metal hood for the inlet of

the principal spillway, the object lodged in the principal spillway pipe,

the surface rusting of the principal spillway pipe, the tall grass and

erosion in the emergency spillway channel and discharge channel, a need

for periodic inspection by a qualified engineer and a lack of a mainte-

nance schedule. The lack of seepage and stability analyses on record is

also a deficiency that should be corrected.



The owner of the dam, Mr. Guthrie, voiced a concern about sowe

of the deficiencies and stated that remedial measures have been taken to

control the problems. Nevertheless, it is recoimended that action be

taken to correct or control the other deficiencies described above.

Walter G. Shifrin, P.E.

WAL
G. SHIFRIN us a

NUMBER e
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

GUTHRIE LAKE DAM, Missouri Inv. No. 10990

SECTION 1: PROJECT INFORMATION

1.1 General

a. Authority

The Dam Inspection Act, Public Law 92-367 of

August, 1972, authorizes the Secretary of the Army, through the

Corps of Engineers, to initiate a national program of dam inspec-

tions. Inspection for Guthrie Lake Dam was carried out under

Contract DACW 43-80-C-0094 between the Department of the Army,

St. Louis District, Corps of Engineers, and the engineering firms of

Consoer, Townsend & Associates, Ltd., and PRC Engineering Consul-

tants, Inc. (A Joint Venture), of St. Louis, Missouri.

b. Purpose of Inspection

The visual inspection of Guthrie Lake Dan was made on

June 4, 1980. The purpose of the inspection was to make a general

assessment regarding the structural integrity and operational

adequacy of the dam embankment and its appurtenant structures.
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c. Scope of Report

This report summarizes available pertinent data relating

to the project, provides a summary of visual observations made

during the field inspection, gives an assessment of hydrologic and

hydraulic conditions at the site, presents an evaluation of the

structural adequacy of the various project features and appraises

the general condition of the dam with respect to safety.

Subsurface investigations, laboratory testing &ad de-

tailed analyses were not within the scope of this study. No war-

ranty as to the absolute safety of the project features is implied

by the conclusions presented in this report.

It should be noted in this report that reference to the

left or right abutments is viewed looking downstream. Where left

abutment or left side of the dam is used in this report, this also

refers to the east abutment or side, and right abutment or right

side to the north abutment or side.

d. Evaluation Criteria

The inspection and evaluation of the dam is performed in

accordance with the U.S. Army Corps of Engineers "Engineer Regula-

tion No. 1110-2-106" and additional guidelines furnished by the St.

Louis District office of the Corps of Engineers for Phase I Dam

Inspections.

1.2 Description of the Project

a. Description of Dam and Appurtenances

The following description is based upon observations and

measurements made during the visual inspection and conversations

with Mr. Robert Guthrie, the owner, and Mr. Nelson Wilson, the

contractor, who constructed the dam. No design drawings were

available for the preparation of this report.
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The dam is a homogeneous, rolled, earthfill structure

between earth abutments, consisting of two straight portions of

embankment angled at approximately 70 degrees to each other. A plan

and elevation of the dam is shown on Plate 2 and Photos I through 3

show views of the dam. The major portion of the embankment has a

bearing of approximately N 700 W and a length of 570 feet between

the emergency spillway and the point of intersection of the two

axes. The other portion of the dam runs in the North-South direc-

tion and has a length of 200 feet between the point of intersection

of the two axes and the right abutment. The top of dam has a total

length of 770 feet between the emergency spillway and the right

abutment, and a top thickness which varies from 12 to 16 feet. The

top of dam was measured to be level with an assumed elevation of 865

feet above mean sea level (M.S.L.). The maximum structural height

of the dam was measured as 26 feet. The upstream slope was measured

to be 1 vertical to 4 horizontal (IV to 4H), above the water sur-

face. The downstream slope varies between IV to 2H and IV to 1.75H.

According to Mr. Guthrie and Mr. Wilson, a 6-foot wide by 6-foot

deep core trench was constructed paralle" to the dam axis but not

into bedrock.

The dam was constructed with a double spillway scheme;

the first is considered the principal spLllway and operates as a

closed conduit when full, and the second is considered the emergency

spillway and operates as an open channel.

The principal spillway was constructed from welded steel

pipe with a 3/16-inch wall thickness and a 10.5-inch inside diameter

(see Photo 5). It was laid through the embankment 370 feet to the

right of the emergency spillway on a grade of approximately 21

percent. The inlet end of the conduit is a direct entrance type of

inlet and is cut at approximately 35 degrees with the top of the

pipe protruding out over the bottom (see Photo 5). There is sup-

posed to be a circular steel hood attached to the inlet end of the

pipe as an anti-vortex device that also acts as sort of a trash

rack; however, it has been broken off and now lies on the ground
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nearby. The spillway crest elevation is at 860 feet above M.S.L.

When the reservoir is high enough, water flows through the pipe to

the outlet and directly into a discharge pool, falling vertically

approximately a foot before entering the downstream channel (see

Photo 6). According to Mr. Guthrie, there were two metal seepage

collars installed on the pipe during construction.

The emergency spillway was constructed at the left

abutment of the dam with a discharge channel that follows along the

toe of the dam until it intersects with the downstream channel (see

Photo 8). The spillway operates as a trapezoidal open channel with

a top width of approximately 84 feet, a bottom width of 25 feet, and

a:ide slopes varying from about IV in 1OH to about IV in 20H. The

slope of the approach to the emergency spillway crest is about 8

percent, the crest itself is level for a distance of 25 feet and the

slope of the discharge channel is about 4 percent. The elevation of

the crest is about 862.8 feet above M.S.L.; this makes it about 2.8

feet above the principal spillway crest and about 2.2 feet below the

top of dam.

No low-level outlets or outlet works were provided for

this dam; however, a portable, diesel powered, centrifugal pump is

used at the damsite (see Photo 11). The pump is used to pump water

from the reservoir to a central pivot irrigation sprinkler system on

the reservoir rim. According to Mr. Guthrie, the pump has a capa-

city of 1,100 gallons per minute (gpm). The pump was last used

during the summer of 1979.

b. Location

Guthrie Lake Dam is located in Callaway County of the

State of Missouri on McKinney Creek. The dam is located approxi-

mately 1.5 miles northwest of Kingdom City in the southwest corner

of Section 5 of Range 9 West, Township 48 North as shown on the

Kingdom City, Missouri Quadrangle (7.5 minute series) sheet.
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c. Size Classification

Guthrie Lake Dam impounds less than 1,000 acre-feet but

more than 50 acre-feet, which classifies it as a "small" size dam.

However, the maximum structural height is less than 40 feet and

greater than 25 feet and this also classifies it as a "small" size

dam. The size classification is determined by either the storage or

the height, whichever gives the larger size category. Therefore,

the size classification is determined to fall within the "small"

category, according to the "Engineer Regulation No. 1110-2-106,

Appendix D" by the U.S. Department of the Army, Office of the Chief

Engineer.

d. Hazard Classification

The dam has been classified as having a "high" hazard

potential in the National Inventory of Dams, on the basis that in

the event of failure of the dam or its appurtenances, excessive

damage could occur to downstream property, together with the possi-

bility of the loss of life. From a visual inspection of the down-

stream area, our findings concur with this classification. There

are twelve dwellings, a commercial building, a bank, a Post Office,

a U.S. highway (U.S. 54), and an Interstate highway (1-70) crossing

within the estimated damage zone, which extends approximately three

miles downstream of the dam (see Photos 13 and 14).

e. Ownership

Guthrie Lake Dam is owned privately by Mr. and Mrs.

Robert B. Guthrie. The mailing address is as follows: Mr. and Mrs.

Robert B. Guthrie, R.R. 1, Kingdom City, Missouri, 65262.

-5-



f. Purpose of Dam

The main purpose of the dam is to impound water to be

used for irrigation.

g. Design and Construction History

Guthrie Lake Dam was designed by the Department of

Agriculture, Soil Conservation Service, in the Fulton, Missouri,

office in June of 1976. Mr. Leland Tippet was the soil conserva-

tionist for the project. The dam was built in 1976 by Mr. Nelson

Wilson, a local contractor from Mexico, Missouri.

h. Normal Operational Procedures

The normal procedure is to pump water from the reservoir

during the summer months and to allow the reservoir to refill from

runoff during the remaining months of the year. The water level in

the reservoir is controlled by rainfall, runoff, evaporation, the

elevation of the principal spillway crest, and the operation of the

pump. The reservoir is allowed to remain as full as possible when

the irrigation pump is not in operation.

According to Mr. Guthrie, every year since the construc-

tion of the dam, the reservoir has been drawn down during the summer

months and is completely full by the spring of the following year.

However, in the summer of 1979, the reservoir was drawn down but the

reservoir did not completely recharge from runoff. The water

surface elevation on the day of the inspection was measured to be

7.5 feet below the principal spillway crest.

-6-



1.3 Pertinent Data

a. Drainage Area (square miles):. .... 0.48

b. Discharge at Damsite

Estimated experienced maximum flood (cfs): ...... 2

Estimated ungated spillway capacity with

reservoir at top of dam elevation (cfs): . . . . .. 411

c. Elevation (Feet above M.S.L.)

Top of dam: . . . . . . . . . . . . ......... 865.0 (Assumed)

Spillway crest:

Principal Spillway . . . . 860.0

Emergency Spillway . . . . . . 862.8

Normal Pool: . . . . . . . . . . . . . * * . 860.0

Maximum Experienced Pool:. . . . . . . . . . . . o 861.0 (Approximately)

Observed Pool: . . . . . . . . . . . . 852.5

d. Reservoir

Length of pool with water surface

at top of dam elevation (feet): . . . . . . . . . . . 2400

e. Storage (Acre-Feet)

Top of dam: . . . . . . . . . . . . . . . . . . . . . 436

Spillway crest:

Principal Spillway . . . . . . . . . . . 236

Emergency Spillway . . . . . ...... 336

Normal Pool: . . . . . . ... . . . . . . ..... 236

Maximum Experienced Pool: . . . . . . . . . . . . .. 268

Observed Pool: . . . . . . . . . . . . . . ..... 90.5

f. Reservoir Surfaces (Acres)

Top of dam:. . . . . . . . . . .. . ... . . . . . 50

Spillway crest:

Principal Spillway ........... 30

-7-
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Emergency Spillway . . . . . . . . . . 41.5

Normal Pool: . . . . . . . . . . . . . . . . ..... 30

Maximum Experienced Pool: .. . . . 34

Observed Pool: . . . . . . . . . . .......... 15.5

g. Dam

Type: . . . . . . . . . ...... Rolled, Earthfill

Length: . . . . . . . . ...... 770 feet

Structural Height: * . . . . . . . . 26 feet

Hydraulic Height:. . . . . . . . . . 26 feet

Top width: . . . . . . . . . . . Varies from 12 to 16 feet

Side slopes:

Downstream . . . . . . . . . . Varies, 1V to 2H to 1V to I./5H

Upstream . . . . . . . . . . . IV to 4H

Zoning:. . . . . . . . . . . . . . . Homogeneous

Impervious core:. .. . . . .. . . NA

Cutoff:. . . . . . . ....... Acore trench 6 feet wide and
6 feet deep (According to Mr.
Guthrie)

Grout curtain: . . . * . . . . . . . None

Freeboard above normal
reservoir level:..... . . . . . 5 feet

Volume:. . . ............ 24,960 cu.yds. (SCS estimate)

h. Diversion and Regulating Tunnel. . . . . .None

i. Spillway

Type:

Principal Spillway . . . . . . . . . Pipe, uncontrolled

Emergency Spillway . . . . . . . . . Earthcut channel, uncontrolled

Length of crest:

Principal Spillway . . . . . * . . . NA, 10.5-inch inside diameter pipe

Emergency Spillway . . . . . . . . . 25 feet

Crest Elevation (feet above MSL):

Principal Spillway . . . * . . . . . 860.0

Emergency Spillway . . . . . . . . . 862.8

-8-
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j. Regulating Outlets. . . None; however a pump is used at

the dam site to supply water

from the reservoir to a sprinkler

system on the reservoir rim.

Type: ..... ................. .Diesel powered, centrifugal

pump (portable)

Location: .... ............... .. On the left side of the

reservoir. (on the day of the

inspection)

Closure: ..... ................ None

Maximum Capacity: .. ........... .. 1,100 gpm. (According to Mr.

Guthrie)

-9
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SECTION 2: ENGINEERING DATA

2.1 Design

Guthrie Lake Dam was designed by the Soil Conservation Service

of Callaway County, Missouri. The only design information obtained from

the Soil Conservation Service consists of a copy of the original sur-

veying notes of the damsite and hydraulic calculations. The hydraulic

calculations are presented in this report (see Plate 4) and are dated

January 26, 1976.

2.2 Construction

The construction data obtained for this dam consisted mostly

of surveying notes and cut-fill quantities. Other information on the

construction of the dam was obtained during a telephone conversation with

Mr. Nelson Wilson, the contractor for the project, and confirmed by Mr.

Guthrie on the day of the inspection. Mr. Wilson stated that a core

trench was excavated into solid clay parallel to the axis of the dam.

The fill was placed according to Soil Conservation Service standards and

specifications. The Soil Conservation Service periodically inspected the

construction of the dam; however, no compaction tests were made on the

fill while it was being placed. One self-propelled scraper and one pull

scraper were used to construct and compact the dam embankment. The soil

for the embankment is primarily clay which was taken from the reservoir

area and higher areas above the lake. Silty material was used in some

areas to cover the clay for seeding the slopes of the embankment.

-10-



2.3 Operation

No operation records are available for Guthrie Lake Dan. The

only information on the operation of the dam and appurtenant structures

was obtained from Mr. Guthrie and is described in Section 1.2h.

2.4 Evaluation

a. Availability

The availability of engineering data is somewhat lacking

and consists only of surveying notes, hydraulic calculations, a

general soils map of the State of Missouri published by the Soil

Conservation Service, State Geological Maps, and U.S.G.S. quadrangle

sheets. No documented information was available on the construction

or operation of the dam.

b. Adequacy

The available engineering data did not allow for a

definitive review and evaluation. Therefore, the adequacy of this

dam could not be assessed from the standpoint of reviewing and

evaluating design, operation and construction data, but is based

primarily on visual inspection, past performance, and present

condition of the dam. Seepage and stability analyses comparable to

the requirements of the "Recommended Guidelines for Safety Inspec-

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

These seepage and stability analyses should be performed for appro-

priate loading conditions (including earthquake loads) and made a

matter of record.

-11-
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c. Validity

The only valid engineering data are the surveying notes

and hydraulic calculations obtained from the Soil Conservation

Service. The hydraulic calculations show that the dam and spillways

were designed to pass at least the 50-year flood. From our calcula-

tions (see Section 5.1d), it was determined that the dam and spill-

way are capable of passing the one-percent chance flood (100-year

flood) wichout overtopping the dam.

-12-



SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

A visual inspection of the Guthrie Lake Dam was made on

June 4, iqgO. The following persons were present during the inspec-

tion:

Name Affiliation Disciplines

Mark Haynes, P.E. PRC Engineering Consultants, rnc. Project Engineer,
Soils and
Mechanical

Jerry Kenny PRC Engineering Consultants, Inc. Hydraulics

and Hydrology

Robert McLTaughlin, P.P. PRC Engineering Consultants, Inc. Civil

Razi Ouraishi, R.P.G. PRC Engineering Consultants, Inc. Geology

John Lauth, P.F. Consoer, Townsend & Assoc., Ltd. Civil and
Structural

Robert Cuthrie Owner

Specific observations are discussed below.

-13-
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b. Dam

The overall condition of the dam appears to be fair.

Some items of concern were observed and are described below.

The top of dam appears to be adequately protected against

surface erosion by a tall, unmaintained grass cover (see Photo 2).

The grass, according to Mr. Guthrie, is being allowed to go to seed

so that it will spread into unprotected areas on the slopes. The

top of dam is occasionally used as a farm access road and, conse-

quently, tire tracks due to vehicular traffic were observed. No

tire ruts or depressions, which are sometimes associated with

vehicular traffic across earthen structures, were seen. Noncontin-

uous longitudinal and transverse cracks were seen on the main

section of the embankment. The cracks measured up to 6 inches deep,

1/4 of a inch wide and several feet long. No depressions indicating

a settlement of the embankment were observed. No significant

deviation in the vertical or horizontal alignment was apparent.

According to Mr. Guthrie, the dam has never been overtopped and no

evidence indicating the contrary was observed.

The upstream slope has no riprap protection; however,

only minor wave erosion to the slope at the normal water surface

level was found (see Photo 1). The water surface on the day of the

inspection was measured to be about 7.5 feet below the normal water

surface level, which facilitated a comprehensive inspection of the

entire slope. The slope above the normal water surface level was

supporting a sparse cover of grass. The grass cover did not appear

to be adequate protection against surface erosion and some minor

surface erosion was observed. On the slope below the normal water

surface level, a considerable amount of small erosion gullies were

observed and the slope has no erosion protection. Noncontinuous

longitudinal and transverse cracks were observed on the upper

portion of the slope. The cracks measured up to 12 inches deep, 1/4

of an inch wide and a few feet long. No bulges or depressions

indicative of an instability of the slope were observed. The effect
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of drawing down the reservoir has had no apparent adverse effect on

the stability of the embankment.

For the most part, the downstream slope supports an

unmaintained grass cover. The slope, however, is not adequately

protected against surface erosion. In one area, approximately 150-

feet long, above the principal spillway outlet, the slope has very

little grass cover (see Photo 4) and, consequently, considerable

damage to the slope due to surface erosion has occurred in this

area. Attempts are being made to correct the problems as described

above. Erosion gullies were observed over most of the slope. The

gullies were measured up to 2 to 2.5 feet wide and 12 to 15 inches

deep. Some shallow surface scarps due to sloughing were observed.

Noncontinuous longitudinal cracks measuring up to 12 inches deep and

1/2 of an inch wide were observed at the top of some of the scarps,

which is indicative of potential sloughing in the future. Noncon-

tinuous longitudinal and transverse cracks were also observed over

most of the slope. These cracks were also measured up to 12 inches

deep and 1/2 of an inch wide. One small tree was observed growing

on the slope. Several large trees were observed near the toe. No

bulges or depressions indicative of an instability of the slope were

observed. No seepage was observed on the embankment or downstream

of the toe. However, standing water was observed in the discharge

pool at the outlet end of the principal spillway (see Photo 6). Due

to the fact that the reservoir water surface was fairly low on the

day of inspection and has been there for some time and that no

flowing water was observed downstream of the pool, it is believed

that the water in the discharge pool is not due to seepage but is

attributed to recent rainstorms in the area.

Both abutments slope gently upward from the top of dam.

No instabilities, seepage or erosion were observed on either abut-

ment.
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No evidence of burrowing animals was observed on either

of the abutments or the embankment. Muskrats, according to Mr.

Guthrie, have been a problem in the reservoir in the past. The

muskrats are generally trapped when present.

c. Project Geology and Soils

(1) Project Geology

The damsite is located on McKinney Creek in the Dissected

Till Plains Section of the central Lowland Physiographic Province.

Loess-mantled Kansas drift covers the surface of most of the Dis-

sected Till Plains Section. This section is distinguished from the

Young Drift Section to the north and from the Till Plains on the

east by the stage it has reached in the post-glacial erosion cycle.

Broadly generalized, this section is a nearly flat till plain

submature to mature in its erosion cycle.

The topography at the damsite is flat to rolling with V-

to U-shaped valleys. Elevation of the ground surface ranges from

865 feet above M.S.L. at the damsite to 900 feet above M.S.L. nearly

1 mile northeast of the damsite. The reservoir slopes are in the

range of 40 to 100 from the horizontal. The area near the damsite

is covered with slope wash deposits of glacial-fluvial and loess

origins consisting of mottled yellowish brown to gray, silty clay.

The regional bedrock geology beneath the glacial outwash

deposits within the damsite area, as shown on the Geological Map of

Missouri (1979) (see Plate 5), consists of Pennsylvanian undifferen-

tiated rocks, Pennsylvanian Marmaton-Cherokee Group rocks (cyclic

deposits of shale, limestone and sandstone), Mississippian Burling-

ton Limestone (cherty, grayish brown, sandy limestone), the Missis-

sippian Chouteau Group, the Devonian Sulphur Springs Group (Bushberg

Sandstone, Glen Park Limestone and Grassy Creek Shale), and Ordovi-

cian rocks consisting of Maquoketa Shale, Kimmswick Limestone, St.

Peter Sandstone, Powell Dolomite, and Roubidoux Formation. The
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predominant bedrock underlying the glacial-fluvial deposits at the

damsite are the Pennsylvanian cyclic deposits of shale, limestone

and sandstone of the Marmaton-Cherokee Group. No outcropping of

bedrock was seen at the damsite. Inlet and outlet areas of McKinney

Creek exhibit Quaternary alluvium.

No faults have been identified at the damsite. The

closest trace of a fault in the vicinity of the damsite is the

Kingdom City Fault nearly 12 miles south of the damsite. The

Kingdom City Fault had its last movement in post-Ordovician time.

Thus, the fault has no effect on the dausite.

Guthrie Lake Dam consists of a homogeneous earthfill

embankment, a principal spillway pipe located near the maximum

section of the embankment, and an emergency spillway located at the

left abutment end of the embankment.

No boring logs or construction reports were available

which would indicate foundation conditions encountered during the

construction. Based on the visual inspection and conversations with

the owner, Mr. Guthrie, the embankment probably rests on glacial-

fluvial deposits (yellowish brown, silty clay) with a core trench

excavated into the glacial-fluvial deposits. The foundation mate-

rial underneath the principal spillway pipe consists of compacted

embankment fill (mottled yellowish brown to gray, silty clay). The

emergency spillway was cut into the compacted embankment fill.

(2) Project Soils

According to the "Missouri General Soil Map and Soil

Association Description" published by the Soil Conservation Service,

the materials in the general area of the dam belong to the soil

series of Putnam-Mexico in the Central Claypan Area forest. The

soils are basically formed from loess. These soils are mostly a

very slowly permeable silty clay.
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Materials removed from the upstream and downstream slopes

of the embankment appeared to be a mottled yellowish brown to gray,

silty clay with traces of fine to coarse sand. Based upon the

Unified Soil Classification System, the soil would probably be

classified as a CL. This is an impervious soil type that generally

has the following characteristics: a coefficient of permeability

less than 1.0 foot per year, medium shear strength, and a high

resistance to piping.

d. Appurtenant Structures

(I) Principal Spillway

The principal spillway was provided with a metal hood

bolted to the top of the pipe at the inlet. This has apparently

come loose recently and fallen to the ground. There seems to be no

protective coating on the welded steel pipe and the resultant rust

appears to be pitting the surface of the pipe (see Photo 5). Also,

an object of some kind is lodged about midway inside the pipe.

(2) Emergency Spillway

The emergency spillway has grass and weeds growing within

the channel that provide good ground cover; this ground cover,

however, is 2 to 3 feet high (see Photos 3, 7, and 8). There is

also a relatively small area in the downstream channel where the

grass cover is rather sparse and erosion has taken place (see Photo

9). Since the reservoir level is so low, a portion of the reservoir

bottom is exposed in front of the spillway inlet area and is being

eroded due to surface runoff (see Photo 12).
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(3) Outlet Works

There are no low-level outlets or outlet works provided

for this dam. However, a portable, diesel-powered centrifugal pump,

which cannot be considered an appurtenant structure, is used at the

damsite. The pump is operable and is capable of draining the

reservoir, according to Mr. Guthrie. The pump was last used during

the summer months of 1979.

e. Reservoir Area

The reservoir water surface elevation at the time of the

inspection was 852.5 feet above M.S.L.

The surface area of the reservoir at normal water level

is about 30 acres. The rim appeared to be stable with no major

erosional problems observed. The land around the reservoir slopes

gently upward from the rim and is primarily used for agricultural

purposes. No houses are built near the reservoir.

f. Downstream Channel

The downstream channel is narrow and well defined, but

is obstructed with trees and large vegetation. The floodplain

outside of the channel is fairly wide and cleared for agricultural

use near the damsite.

3.2 Evaluation

The visual inspection did not reveal any conditions which were

felt to pose an immediate threat to the safety of the structure; however,

the following conditions do exist that could affect the overall integrity

of the dam.
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1. The damage to the downstream slope caused by surface

runoff, due primarily to the lack of adequate protection on the slope,

has the potential to negatively affect the stability of the embankment.

Corrective measures have been employed by Mr. Guthrie to control the

problem.

2. It is unknown whether the cracks observed on the embank-

ment are indicative of shrinkage, slope movement or foundation settle-

ment. The longitudinal cracks observed at the top of some of the scarps

on the downstream slope indicate that future sloughing of the slope is

possible. Most of the cracks on the embankment, however, appear to be

due to shrinkage judging from the extent and location of them.

3. The erosional problem on the upstream slope due to the

lack of adequate slope protection does not appear to be detrimental to

the stability of the embankment in its present condition. Because the

slope is fairly flat, the surface erosion problem has been lessened to

some degree. The reservoir is used to store water for irrigation and

since it is anticipated that the water surface shall be drawn down

periodically, the slope below the normal water level should also be

adequately protected.

4. The small tree observed on the downstream slope does not

pose a danger to the safety of the dam at this time. Depending upon the

extent of the root system, the roots of large trees present possible

paths for piping through the embankment. The root systems can also do

damage to the embankment from being uprooted by a storm.

5. Although an adequate vegetative cover is recommended to be

retained on the embankment, a tall growth of vegetation on the embankment

hinders a comprehensive inspection of the dam and potential problems

could go undetected.

6. The object lodged within the central portion of the

principal spillway could cause further blockage of the opening, thereby

causing reduced capacity of the principal spillway.
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7. When the reservoir level reaches an elevation above the

top of the principal spillway, the lack of the metal hood could result in

a debris-clogged pipe.

8. Although the rust condition of the principal spillway does

not seem to pose any severe problems at this time, it will probably get

worse, as the dam is only 4 years old.

9. The erosive areas of the downstream portion of the emer-

gency discharge channel would probably not sustain the flows of large

excess rainfall and reservoir flows. Due to the location of the erosion,

it is possible that further erosion could encroach upon the toe of the

dam and endanger the safety of the dam. The tall grass within the

emergency spillway channel would contribute to reduced outflow in the

event of a large amount of excess overflow.
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedurgs

Guthrie Lake Dam was constructed to impound water for irriga-

tion. There are no set operational procedures other than the procedures

described in Section 1.2h, which are implemented only when water for

irrigation is required.

4.2 Maintenance of Dam

The dam and appurtenant structures are maintained by the

owner, Mr. Robert B. Guthrie. Maintenance is performed as it is required

and, according to Mr. Guthrie, the grass cover is being allowed to go to

seed so that it can spread into bare areas on the embankment. Several
areas of erosion were present on the downstream slope about which Mr.

Guthrie expressed some concern. Mr. Guthrie has taken some measures to

correct this problem as described above. There is one small tree growing

on the downstream slope. A circular steel plate, used as an anti-vortex

device at one time was bolted to the top of the principal spillway pipe.

The plate has since fallen off of the pipe and, on the day of the inspec-

tion, was observed laying on the ground beneath the pipe.

4.3 Maintenance of Operating Facilities

The only operable facility at the damsite is the diesel

powered irrigation pump. The pump is portable and is located on the left

side of the reservoir. According to Mr. Guthrie, the pump is in good

condition and operable.
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4.4 Description of Any Warning System in Effect

The inspection team is not aware of any existing warning

system consisting of any electrical warning system or manual warning

notification plans in effect for this dam.

4.5 Evaluation

The maintenance at Guthrie Lake Dam seems to be adequate and

the dam does not appear to be neglected. Nevertheless, the remedial

measures described in Section 7 should be undertaken to improve the

condition of the dam.
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design

The watershed area of the Guthrie Lake Dam upstream from

the dam axis consists of approximately 305 acres. The watershed

area is mostly row crops or pasture and range land with some wooded

areas. Land gradients in the watershed average roughly 1 percent.

The Guthrie Lake Dam Reservoir is located on McKinney Creek. The

reservoir is about 1-1/2 miles upstream from the U.S. Highway 54

crossing of McKinney Creek. The watershed at its longest arm is

approximately 1 mile long. A drainage map showing the watershed and

the downstream hazard zone is presented as Plate 1 in Appendix B.

Evaluation of the hydraulic and hydrologic features of

Guthrie Lake Dam was based upon criteria set forth in the Corps of

Engineers' "Engineer Regulation No. 1110-2-106" and additional

guidance provided by the St. Louis District of the Corps of Engi-

neers. The Probable Maximum Flood (PMF) was calculated from the

Probable Maximum Precipitation (PMP) using the methods outlined in

the U.S. Weather Bureau Publication, Hydrometerological Report No.

33. The probable maximum storm duration was set at 24 hours, and

storm rainfall distribution was based upon criteria given in the

Corps of Engineers' EM 1110-2-1411 (Standard Project Storm). The

Soil Conservation Service (SCS) method was used for deriving the

unit hydrograph, utilizing the Corps of Engineers' computer program

HEC-1 (Dam Safety Version). The unit hydrograph parameters are

presented in Appendix B. The SCS method also was used for deter-

mining the loss rate. The hydrologic s~il group of the watershed

was determined by use of published soil maps. The hydrologic soil

group of the watershed and the SCS curve number are presented in
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Appendix B. The curve number, unit hydrograph parameters, the PMP

index rainfall and the percentages for various durations were direct

input to the REC-l (Dam Safety Version) computer program to obtain

the PMF hydrograph. The computed peak inf lows of the PMF and the

one-half PMF are 4,844 cfs and 2,422 cfs, respectively.

Both the PM? and the one-half PMF inflow hydrographs were

routed through the reservoir by the Modified Puls Method, also

utilizing the REC-l (Dam Safety Version) computer program. An

antecedent storm of 50 percent of the PMF preceded the PMF and an

antecedent storm of 25 percent of the PMF, preceded the one-half

PMF, each by four days. The reservoir was assumed at the mean

annual high water level at the beginning of the antecedent storm.

The mean annual high water level for Guthrie Lake was estimated to

be at the crest of the principal spillway. The antecedent storms of

50 percent of the PMF and 25 percent of the PMF, when routed through

the reservoir, will both leave the reservoir at approximately an

elevation of 861.6 feet above M.S.L. at the end of the four-day

period. Thus, the reservoir was assumed at an elevation of 861.6

feet above M.S.L. at the start of the routing computation for the

PMF, the one-half PMF, and other PMF ratio floods. The peak outflow

discharges for the PMF and the one-half PMF are 4,034 and 1,691 cfs,

respectively. Both the PMF and the one-half PMF when routed through

the reservoir resulted in overtopping of the dam.

The sizes of physical features utilized to develop the

stage-outflow relation for the spillway and overtopping of the dam

were taken from field notes and sketches prepared during the field

inspection. The reservoir elevation-area data were obtained from

the U.S.G.S. Kingdom City, Missouri Quadrangle topographic map (7.5

minute series). The reservoir elevation-area curve and the spillway

and overtop rating curve are presented as Plates 2 and 3, respec-

tively, in Appendix B.
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From the standpoint of dam safety, the hydrologic design

of a dam must aim at avoiding overtopping the dam. Overtopping is

especially dangerous for an earth dam because of its erodable

characteristics. The safe hydrologic design of an embankment dam

requires a spillvay discharge capability combined with an embankment

crest height that can handle a very large and exceedingly rare flood

without overtopping.

The Corps of Engineers designs dams to safely pass the

Probable Maximum Flood that could be generated from the dam's

watershed. This is the generally accepted criterion for major dams

throughout the world and is the standard for dam safety where

overtopping would pose any threat to human life. Accordingly, the

hydrologic requirement for safety for this dam is the capability to

pass the Probable Maximum Flood without overtoppiig.

b. Experience Data

It is believed that records of reservoir stage or spill-

way discharge are not maintained for this site. However, according

to Mr. Guthrie, the maximum reservoir level is approximately two

feet below the crest of the emergency spillway.

c. Visual Observations

Observations made of the spillway during the visual

inspection are discussed in Section 3.1d and evaluated in Section

3.2.

d. Overtopping Potential

As indicated in Section 5.1a, both the Probable Maximum

Flood and the one-half Probable Maximum Flood, when routed through

the reservoir, resulted in overtopping of the dam. The peak outflow

discharges for the PMF and the one-half PMF are 4,034 and 1,691 cfs,

respectively. The maximum capacity of the spillway just before

-26-



overtopping the dam is 411 cfe. The PMF overtopped the dam by 1.19

feet and the one-half PHF overtopped the dam by 0.6 feet. The total

duration of flow over the top of dam is 5.25 hours during the PHF

and 2.58 hours during the occurrence of the one-half PHF. The

spillway/reservoir system of Guthrie Lake Dam is capable of accomo-

dating a flood equal to approximately 30 percent of the PMF just

before overtopping the dam. The reservoir/spillway system of

Guthrie Lake Dam will accommodate the one-percent chance flood (100-

year flood) without overtopping.

The failure of the dam could cause extensive damage to

the property downstream of the dam and possible loss of life. The

estimated damage zone extends approximately three miles downstream

of the dam. There are twelve dwellings, a commercial building, a

bank, a Post Office, a U.S. highway crossing (U.S. 54), and an

Interstate highway crossing (1-70) within the damage zone.
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations

There were no major signs of settlement or distress

observed on the embankment or foundation during the visual inspec-

tion. Nevertheless, the erosion on the downstream slope, the

observed scarps and the longitudinal cracks above the scarps (these

are indicative of the possibility of future sloughing) could be

detrimental to the stability of the structure. The downstream slope

should be properly repaired and the slope properly protected. The

minor erosional problem on the upstream slope does not appear to be

detrimental to the stability of the dam in its present condition.

Nevertheless, continued erosion of the slope can only jeopardize the

embankment. The upstream slope should be adequately protected both

above and below the normal water surface level. The upstream slope

below the normal water surface level requires some sort of protec-

tion due to the fact that the water surface is drawn down annually.

No adverse effect to the stability of the embankment due to the

drawing down of the reservoir was apparent. It was not apparent

whether the majority of the cracks on the embankment were due to

shrinkage, slope movement or foundation settlement. Therefore,

monitoring of the cracks is warranted. In the absence of seepage

and stability analyses, no quantitative evaluation of the structural

stability can be made.

The spillway system appeared to be structurally stable on

the day of the inspection.
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b. Design and Constructiok', Data

The hydraulic computations given to the inspection team

had a limited use in the assessment of the structural stability of

the dam and appurtenant structures. Seepage and stability analyses

comparable to the requirements of the "Recommended Guidelines for

Safety Inspection of Dams" were not available. No embankment or

foundation soil parameters were available for carrying out a conven-

tional stability analysis on the embankment. No construction data

or specifications relating to the degree of the embankment compac-

tion were available for use in a stability analysis.

c. Operating Records

No operating records are available relating to the dam or

appurtenant structures. The only operable facility at the damsite

is the diesel powered pump used to supply water to the irrigation

system. According to Mr. Guthrie, the reservoir level is drawn down

annually during the summer months and fills back up during the

remaining months of the year except for the year of 1979 as stated

previously. The drawing down of the reservoir does not appear to

have affected the stability of the dam. The water level on the day

of the visual inspection was 7.5 feet below the principal spillway

crest. The reservoir level, reportedly, remains full most of the

time except for when water is being pumped from the reservoir for

irrigation.

d. Post Construction Changes

No post construction changes are known to exist which

will affect the structural stability of the dam.
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e. Seismic Stability

The dam is located in Seismic Zone I (see Plate 7), as

defined in "Recomended Guidelines for Safety Inspection of Dams"

prepared by the Corps of Engineers, and will not require a seismic

stability analysis. An earthquake of the magnitude which would be

expected in Seismic Zone I will not cause significant distress to a

well designed and constructed earth dam. Available literature

indicates that no active faults exist near the vicinity of the

dameite.

I

I
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SECTION 7: ASSESSMENTINEMEDIAL MEASURES

7.1 Dam Assessment

The assessment of the general condition of the dam is based

upon available data and visual inspections. Detailed investigations,

testing, and detailed computational evaluations are beyond the scope of a

Phase I investigation, however, the investigation is intended to identify

any need for such studies.

It should be realized that the reported condition of the dam

is based upon observations of field conditions at the time of the inspec-

tion along with data available to the inspection team.

It is also important to realize that the condition of a dam

depends upon numerous and constantly changing internal and external

conditions, and is evolutionary in nature. It would be incorrect to

assume that the present condition of the dam will continue to represent

the condition of the dam at some point in the future. Only through

continued care and inspection can there be an assurance that an unsafe

condition would be detected.

a. Safety

The spillway capacity of Guthrie Lake Dam is found to be

"Seriously Inadequate". The spillway/reservoir system will accommo-

date about 30 percent of the PMF without overtopping the dam. The

safety of the embankment will be in jeopardy if the dam is over-

topped. The embankment itself would be susceptible to erosion due

to the high velocity of flow on its downstream slope, which could

lead to an eventual failure of the dam.
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The dam and appurtenant structures appeared to be in fair

condition. However, a quantitative evaluation of the safety of the

embankment could not be made in view of the absence of seepage and

stability analyses. The present embankment and appurtenant struc-

tures, however, reportedly have performed satisfactorily since their

construction without failure or evidence of instability. The dam,

reportedly, has never been overtopped and no evidence indicating the

contrary was observed. The safety of the dam can be improved if the

deficiencies described in Sections 3.2 and 6.1a are properly cor-

rected as described in Section 7.2.

b. Adequacy of Information

The hydraulic computations were of limited use to the

overall assessment of the dam and appurtenant structures. The

conclusions presented in this report are primarily based upon field

measurements and present condition of the dam. Information on the

operation and maintenance of the dam was not available except for

the information received from Mr. Guthrie. Seepage and stability

analyses comparable to the requirements of the "Recommended Guide-

lines for Safety Inspection of Dams" were not available, which is

considered a deficiency.

c. Urgency

The remedial measures recommended in Paragraph 7.2 should

be accomplished in the near future. The items recommended in

paragraph 7.2a should be pursued on a high priority basis.

d. Necessity for Phase II Inspection

Based upon results of the Phase I inspection, and assum-

ing that the remedial measures recommended in Paragraph 7.2 are

undertaken, a Phase II inspection is not felt to be necessary.
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7.2 Remedial Measures

a. Alternatives

There are several general options that may be considered to

reduce the possibility of dam failure or to diminish the harmful aspects

of such a failure. Some of these options are:

1. Increase the spillway capacity to pass the PMF without

overtopping.

2. Increase the height of the dam enough to pass the PMF

without overtopping the dam; an investigation should be

done that also includes studying the effects on the

structural stability of the existing embankment. The

overtopping depth during the occurrence of the PIF, stated

in Section 5.1d, is not the required or recomended

increase in the height of the dam.

3. A combination of 1 and 2 above.

b. 0 & M Procedures

1. The damage to the downstream slope (surface erosion,

scarps and cracks) should be properly repaired and the

slope adequately protected. (Measures to correct this

condition are being implemented at this time by Mr.

Guthrie.)

2. The observed cracking on the embankment should be moni-

tored to ensure that it is not symptomatic of distress in

the slopes or foundation. Large cracks should be properly

repaired.

3. The upstream slope above the normal water surface level

should be adequately protected against surface runoff.

(Measures to correct this condition are being implemented

at this time by Mr. Guthrie.)
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4. The upstream slope below the normal water surface level

should also be protected against surface erosion.

5. The small tree on the downstream slope should be removed

from the slope and regrowth prevented.

6. The vegetative growth on the embankment should be properly

maintained and an adequate vegetative cover retained on

the embankment to protect it from surface erosion.

7. The metal hood should be permanently and properly reat-

tached to the inlet end of the principal spillway.

8. The rusting of the principal spillway pipe should be

monitored and repairs made when deemed necessary.

9. The object lodged in the central part of the principal

spillway pipe should be removed.

10. The tall grass within the emergency spillway discharge

channel should be maintained at a lower height, e.g. a 1-

foot maximum. The erosion near the end of the discharge

channel should be repaired to the extent that it would not

further erode in the event of a large flow in the channel

and the entire spillway channel adequately protected to

avoid excessive erosion during flows through the spillway.

11. Seepage and stability analyses should be performed by a

professional engineer experienced in the design and

construction of earth dams.

12. The owner should initiate the following programs:

-34-



ii Id di i IIAi~~ I .m o n wf t ties dto by a Pro " .'nlal

of earthen dame.

(b) Set uip a maintenance schedule and log all visits to

the dam for operation, repairs and maintenance.
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GUTH*fIE LAK(E DAM

LEGEND PLATE 6
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APPENDIX A

PHOTOGRAPHS TAKEN DURING INSPECTION
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Guthrie Lake Dam

Photographs

Photo 1 - View of the upstream slope looking toward the left

abutment showing the sparse vegetation and the inlet to

the principal spillway.

Photo 2- View of the top of dam showing the tall grass cover.

Photo 3 - View of the downstream slope which also shows the

curvature of the embankment in the background.

Photo 4- View of erosional gullies and the sparse vegetation cover

on the downstream slope in the area near the principal

spillway.

Photo 5 View of the principal spillway inlet showing the rusting

of the pipe. Note, circular steel plate used as an anti-

vortex device is shown in the lower right hand corner of

Photo.

Photo 6 View of the principal spillway outlet showing the

discharge pool.

Photo 7 View of the control section of the emergency spillway

looking downstream.

Photo 8 - View of the discharge channel for the emergency spillway.

Photo 9 - View of the erosion gully at the confluence of the

emergency spillway discharge channel and the principal

spillway discharge pool. Note, the person in the Photo is

at the principal spillway pipe.

k 7 j



Photo 10 - View of the downstream channel showing the obstruction of

trees and brush.

Photo 11 - View of the diesel powered, centrifugal pump.

Photo 12 - View of the reservoir and rim.

Photo 13 - View of a Post Office located approximately 1.2 miles

downstream of the dam. The downstream channel (McKinney

Creek) is in the background.

Photo 14 - View of a commercial bank located approximately 1.2 miles

downstream of the dam. The downstream channel (HcKinney

Creek) is shown on the right hand side of the Photo.
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G.uthrie Lake Dam

Photo 1

Photo 2



(,iLhrle Lake Da~m

Photo 3

Photo 4



Cutlirie Lake Dam

Photo 5

Photo 6



Guthrle Lake Dam

Photo 7

Photo 8



Guthrie Lake D~am

Photo 9

Photo 10



Guthrie Lake Dam

Photo 11

Photo 12



Gurthrie Lake Dain

Photo 13

Photo 14
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SUMMARY OF RIF AND ONE-HALF PMF FLOOD ROUTING
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PERCENT OF P14F FLOOD ROUTING
EQUAL TO SPILLWAY CAPACITY



*..e@SS 600 OSSOS

I.

7. *1..
I U

-I

- i

'*4. .~0

a

- I

-A

hi

LU Pai

* t Ce
£
a

hA I
* a

* a -
* U- I

* 4. 0 egg
a a c

1.1 gC -' I
* ~Oh

a t.~
W I.I..0

a
a. ~0Z
o ww

* a
4

I - ,.,.t U,.3.
I *

I I

U.-

I * i..

* a I

V.

a

SOSOSSeS B BOSS Bee......

.7 U,, ,*



II
- - - (a -a

v 4L

W 0

I...
C90,

L, IL W4-

in 490 a 0

* *a
* 49An

- . d

9 9 .

OL 59,

7~I 9. t.. -

U a. -

. .. '. 4

-4 0 4 f-
at ,.,. .o



0474

e,0 0 000

4

M. *.1 C, .

2'*V a'-

C.110 . 1 .1
4-us c, 0 .IL

-~ 4L

*010 0. 4:aI.I

:4 V i 'I. '. . *4

- C; a '

c. 4 -G

aN A

549C 4L 0 CU



~. r
~ .j

S 4,~

S0S S.O.S 0 *0000000 *....**

j.

A'

* F

p.

9,

? C-
* 4*- CCQ t
* .,e 36

'- U C 2*
-e I-

CA - (Id
2 -~
o 3 j C

- - - 1*
- *t fly. ~

* *- ew
~- a. a.

* - flC'd -,
o MC *'J

4
a

'-,. .- .~ I
-~ *'dM M# *

Zr . 0-
00 ~ ~*

- LCU -
hJ~J UIC I~J

~
-a ..C

ad, 4- a.d-
* - Sc.., *s .- .-

3 a Ca - .' - .- C-J

z~- 'C .. -
.~... ~- -~~-r * -

* LsCO 4

~ -
*~6d.J ~ Z- *C~. I.- DCS A 'C. Cdd,

~ - -

-- -Cr C -.
A'

d~.LdUC Nfl - -
00 U'i.

2UI~J -~ .- .-
a - C ~ .t~
44K Sd .i~. C.
*d*d -. N
~ a a
r.C.a - C -C
~i~C B

-a.-.,
CIC.,.' .Ca. . C

~ ~ - ±
C.d7 * Cfl ~-~- '

0'-~9 C ** -. .~.., '.

c.;a4 C C '.4
C,4C~ 4 j

aa. a . i .
C

~. .t. 4 ~C 2 - -
4
.5

-o a -C '-'I

-ala. I
C~1~C d~

4
C, - C, **
- C *N *.4 C t
CO 4 * 4 1 i

C .~ I B

- j 74,1 *

-S - - I-d~~ '~e . - ~ J .- ~-CLC'
C C ~
- 0 0'

-s - - C Cl.
4 -

MC I'

.~'- * K " LX~CI ~

c. * - ~'
- K
,- CO r -
- 0 C.- -~

~, ii- ~,
C -

~

000 00600 gee...... S.....

C..

* * S I.

C...,, - C *~* ' .. d - .d * * .



- -, __________________
~ ~'1A ~

0 ~ ~ 9 3 3 3 03300 . . * * . * * - .0

- 4~;*.~ *.

I
I 4

-- 4
C ~ U ~ Vt

flb~ CCSCC.CC .4
-4.4!.....
s-C ooetooo

..

-A. - I.

.. ..-.- ~

t. ..

* '.. -. * 44 fVt.u-~U 7
* *ON.-.....C

C' - 4.fl)

.. q .4
* -, ~.re?

-'

- 0<A
-. 44 o34~~c~4'
- .4 C C 4 - giji -

4A - 44 n . 4
- *4.0 C .. '

- 3
*~ TC

.toe. flo v-g,-rr.,
* - C * K .4.0 U~C. .4.0.444

- P.S.. .O,-a4
.4 ~La

.4 -.4

* p - 4..
A ,A*. r

~A 4. *
-,0W Pant

1.4.. lm..e..,r
- -St tqCtCte

- . ~* ~
-' .4 4-.

cc,.. 7 V.
- K

£
- .- p4

U *.t

A. - ,Zc or,4-,r-*
- ~- - c. cc C' - g~. -*

J2 54
-to t-L. OWt~ - ... 5
.44.J !O.4

.. e~ -~. *..:~.4..nuc r . 2~ -
.44~ A444 .4441 ~444.C
... 4WO .4A C ~C4LZ44XC

1 4 4 ~
j K ..-~.' 'a- ..~A. *~ 41'

* 44. aN..4%.. C . 4
- Or 'rlfl-),nr C

-J

44
C
-J -.
C.

I.

0 *006060600 0 @0000000 *0
,4

*k. A..* - j-* ~. ,*. -. ' .4, 4

4. -A. . -A.'.

4- v'.. ~*



HEC-2 INPUT AND SUNHARY TABLE



ow 0

V. a -. 0%

.4 .A

10C C .. 0

4..' I

La .. ZZ
4' J . 4 4 .C .

S.~ - 1 .



40 0 A I 

, - - ... . - . -V '~C~j. • . , -,-w1 .m -6
. . . . . . . .,, -S ' * .. + -,- 'L'ai aspi.-, .,

44

.'W jJ ) i

IL ' K ,4r. 'r

'. . r.. = .

* I r 4 - + w a .Nv I .

fl~~~~C D A* J 'I

. .. . . . . .

N C . a . '4 N r a . C .. , - a . , C ft , ., .+ . +. , . . "

Ice I

*~~~~~~~~0 %1* .*.C'.U".c 41

. .. . . . . .. .. . ... +I.. . . ..... . ... ... + 4... ..CC- '- +

4 0 
---- , S.

* *, .. C L.A .- C*",I, ,gg ' f'

1L1- I . a - ,~ . . . C ,44"& O W N

* , . ., - +.
"- ._ ,, r . . . ..a . . ,- e .+ , , .. .. . o . . . .. . .' . . . ..~ . *+ + [ +- , .

-• . . . * * .- * -~ .. -,- . ,,f .++ •g * A -"+' 00.O_.. .. .a444 .4 . f . .
* [ .i . i ' a

• .;. - .j

... . , a,
' .. -'4 . . - C . ... ' . 0 C* , , C ,. ,,

(' .a @ C C.Cwa"*.wO+inI '.
, - - - . ' . . . . ... ... . . .~ + ., c . .- .- - . .- . o- ; ..* e . 0 w rwo + + ; " . + +, . . : _.

a. : - ".+ h4 . ' .'4"-" & N#4.4,41+

:,*. . * 1 ,...,...a"""'a- .. t.." ...a14.

. I + 
+J L

- * .4 a ':.i " I,

:+'++. . . .. t'4 ' I




