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SUBJECT: Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of
the Harrison County Dam C-2 (MO 10614).

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

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

a. Spillway will not pass 50 percent of the Probable Maximum Flood
without overtopping the dam.

b. Overtopping of the dam could result in failure of the dam.

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

SUBMITTED BY: SIGNED 9 A L 8
Chief, Engineering Division Date

SIGNED JUL
APPROVED BY:

Colonel, CE, Commanding Date
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a PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Harrison County Dam C-2
State Located Missouri
County Located Harrison County
Stream Panther Creek
Date of Inspection 3 March 1981

Harrison County Dam C-2 was inspected by a team of engineers from
Black & Veatch, Consulting Engineers for the St. Louis District, Corps
of Engineers. The purpose of the inspection was to make an assessment
of the general condition of the dam with respect to safety, based upon
available data and visual inspection, in order to determine if the dam
poses hazards to human life or property.

The guidelines used in the assessment were furnished by the Depart-
ment of the Army, Office of the Chief of Engineers and developed with
the help of several Federal and state agencies, professional engineering
organizations, and private engineers. Based on these guidelines, this
dam is classified as an intermediate size dam with a high downstream
hazard potential. According to the St. Louis District, Corps of Engi-
neers, failure would threaten lives and property. The estimated damage
zone extends approximately six miles downstream of the dam. Within the
estimated damage zone are four dwellings and two farm buildings. Contents
of the estimated downstream damage zone were verified by the inspection
team.

Our inspection and evaluation indicates the spillways do not meet
the criteria set forth in the guidelines for a dam having the above size
and hazard potential. The spillways will not pass the probable maximum
flood without overtopping but will pass 40 percent of the probable
maximum flood. The spillways will pass the flood which has a one percent
chance of occurrence in any given year (100-year flood). The spillway
design flood recommended by the guidelines is 100 percent of the probable
maximum flood. The probable maximum flood is defined as the flood
discharge which may be expected from the most severe combination of
critical meteorologic and hydrologic conditions which are reasonably
possible in the region.

Based on visual observations, this dam appears to be in satisfac-
tory condition. Deficiencies visually observed by the inspection team
were erosion at the downstream toe of slope and at both abutment/
embankment interfaces, a wet area downstream of the dam, the growth of
trees on the embankment, animal burrows in the embankment, irregularities



in the downstream slope, vehicle tracks on the crest of the dam, and an
inoperable slide gate at the low level inlet to the principal spillway
drop structure. Seepage analyses required by the guidelines were not
available.

There were no observed deficiencies or conditions existing at thetime of the inspection which indicated an immediate safety hazard.

Future corrective action and regular maintenance will be required to
correct or control the described deficiencies. In addition, detailed
seepage analyses of the existing dam, as required by the guidelines,
should be performed. A detailed report discussing each of these
deficiencies is attached.

Edwin R. Burton, PE
Missouri E-10137

Har alahan, Partner
Black & Veatch
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SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of Engineers, to
initiate a program of safety inspection of dams throughout the United
States. Pursuant to the above, the District Engineer of the St. Louis
District, Corps of Engineers, directed that a safety inspection of the
Harrison County Dam C-2 be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of the dam with respect to
safety, based upon available data and visual inspection, in order to
determine if the dam poses hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief of Engi-
neers, in "Recommended Guidelines for Safety Inspection of Dams." These
guidelines were developed with the help of several Federal agencies and
many state agencies, professional engineering organizations, and private
engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is an earth structure located in the valley of Panther
Creek (see Plate 1). The watershed is an area of low hills with fairly
steep rugged terrain devoted primarily to grassland pasture and meadow.
Timber occurs mostly adjacent to stream channels and along drainage
ways. The dam is approximately 1,500 feet long along its crest and 54
feet high. The dam crest is 13 feet wide. The upstream slope of the
dam is broken by a 10 foot wide berm about 12 feet below the crest and
another berm just below the principal spillway level. The upstream
slope is faced with riprap below the upper berm. The downstream face
of the dam slopes uniformly from the crest to a graded 10 foot wide berm
about 36 feet below the crest, then slopes to the valley floor below the
dam.

(2) The principal spillway is a typical SCS design drop inlet struc-
ture with a pipe outlet. The rectangular reinforced concrete drop inlet
structure has an overflow weir on two sides and is protected by an angle-
iron trash rack supported by concrete walls. The outlet from the drop

4 structure is through a 48-inch diameter reinforced concrete pipe that
4 passes under the dam to a plunge pool and natural stream channel below

the dam. The drop structure has a gated reinforced concrete pipe low-

level inlet.

r - -..



(3) The emergency spillway is a 180 foot wide trapezodial channel
cut through the natural abutment around the right end of the dam. The

* emergency spillway has a natural limestone floor and right bank in the
reach at the end of the dam. The downstream reach is grass lined in
soil with 8-foot wide dikes along each bank. The dam embankment is
protected from emergency spillway flows by a dike along the left bank of
the spillway. Reference to right or left as used in this report is
defined as right or left while facing in a downstream direction.

b. Location. The dam is located in east central Harrison County,
Missouri, as indicated on Plate 1. The lake formed by the dam is in an
area shown on the United States Geological Survey 15 minute series
quadrangle map for Blythedale, Missouri in Section 36 of T65N, R27W.
The lake is shown on the USGS 7.5 minute orthophotograph for Blythedale
W, Missouri.

c. Size Classification. Criteria for determining the size classi-

fication of dams and impoundments are presented in the guidelines refer-
enced in paragraph l.lc above. Based on these criteria, the dam and
impoundment are in the intermediate size category. An intermediate size
dam is classified as having a height less than 100 feet, but greater
than or equal to 40 feet and/or a storage capacity less than 50,000 acre-
feet, but greater than or equal to 1,000 acre-feet.

d. Hazard Classification. The hazard classification assigned by
the Corps of Engineers for this dam is as follows: The Harrison County
Dam C-2 has a high hazard potential, meaning that the dam is located
where failure may cause loss of life, and serious damage to homes,
agricultural, industrial and commercial facilities, and to important
public utilities, main highways, or railroads. For the Harrison County
Dam C-2, the estimated flood damage zone extends approximately six miles
downstream of the dam. Within the estimated damage zone are four dwell-
ings and two farm buildings. Contents of the estimated downstream
damage zone were verified by the inspection team.

e. Ownership. The dam is owned by Jess Hale, Ridgeway, Missouri
64481.

f. Purpose of Dam. The dam forms a 67-acre lake used for recre-
ation, flood control, water supply, and soil stabilization.

g. Design and Construction History. Data relating to the design
and construction of the dam were available from the U.S. Department of
Agriculture, Soil Conservation Service at Columbia, Missouri. Construc-
tion of the dam was completed in October, 1972 by Turner Construction

4Company, Maryville, Missouri.

h. Normal Operating Procedure. Normal rainfall, runoff, trans-
piration, evaporation, and overflow through the uncontrolled spillways
all combine to maintain a relatively stable water surface elevation.

2 , .



1.3 PERTINENT DATA

a. Drainage Area - 5,831 acres

b. Discharge at Damsite.

(1) Normal discharge at the damsite is over a weir of the concrete
drop inlet structure to a 48-inch reinforced concrete pipe through the
embankment.

(2) Estimated experienced maximum flood at damsite - Unknown.

(3) Estimated ungated spillway capacity at maximum pool elevation
20,910 cfs (Probable Maximum Flood Pool El. 931.6).

c. Elevation (Feet above m.s.l.)(Survey elevations).

(1) Top of dam - 928.3 (see Plate 5)

(2) Principal spillway crest - 906.3

(3) Emergency spillway crest - 920.4

(4) Streambed at toe of dam - 873.8

(5) Maximum tailwater - Unknown.

d. Reservoir.

(1) Length of maximum pool - 1.7 miles + (Probable maximum flood
pool level)

(2) Length of normal pool - 4,600 feet + (Principal spillway crest)

e. Storage (Acre-feet).

(1) Top of dam - 3,963

(2) Principal spillway crest - 424

(3) Emergency spillway crest - 2,079

(4) Design surcharge - 1,520 +

q, f. Reservoir Surface (Acres).

(1) Top of dam - 471

3



(2) Principal spillway crest - 67

(3) Emergency spillway crest - 161

g. Dam.

(1) Type - Earth embankment

(2) Length - 1,500 feet +

(3) Height - 54 feet +

(4) Top width - 13 feet

(5) Side slopes - upstream face 1.0 V on 2.5 H design, 1.0 V on

2.6 H field measured, downstream face 1.0 V on 2.5 H design, and 1.0 V
on 2.6 H field measured (See Plates 4 & 5).

(6) Zoning - Zone 1 - Core CH material, Zone 2 - upstream and
downstream embankment CL material, Zone 3 upstream face limestone riprap,
Zone 4 - lower upstream face limestone and shale rock (See Plate 4).

(7) Impervious core - CH material (See Plate 4).

(8) Cutoff - Impervious core trench.

(9) Grout curtain - None.

h. Diversion and Regulating Tunnel - None.

i. Principal Spillway (Survey elevations).

(1) Type - Overflow weir drop inlet structure to reinforced con-
crete pipe through dam.

(2) Crest elevation - 906.3 feet m.s.l.

(3) Inlet invert elevation - 887.4 feet m.s.l.

(4) Outlet invert elevation - 884.5 feet m.s.l.

(5) Gates - Slide gate at low level inlet to drop structure.

(6) Upstream channel - None.

1 (7) Downstream channel - Principal spillway pipe discharges to a
riprap lined plunge pool, then to the natural stream below the dam.

4



j. Emergency Spillway (Survey elevation).

(1) Type - Trapezoidal open channel.

(2) Width of channel - 180 feet.

(3) Crest elevation - 920.4 feet m.s.1.

(4) Gates - None.

(5) Upstream channel - Each of the two arms, forming the lake
contain a few trees.

(6) Downstream channel - Grass lined to natural stream below dam.

k. Regulating Outlets ("As-Built" elevation).

(1) Type - Slide gate low level inlet to drop structure.

(2) Inlet invert elevation - 888.5 feet m.s.l.

5



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Design data in the form of a detailed geologic site investigation
report, a design memorandum from the SCS Soils Mechanics Laboratory,
"As-Built" drawings and hydrologic/hydraulic data were made available by
the Soil Conservation Service. The geology report and design memorandum
are included herein as Appendix B. Pertinent data from the "As-Built"
drawings are included on Plates 3, 4, & 7. Hydrologic/Hydraulic data
provided is included in Appendix A.

2.2 CONSTRUCTION

Construction records in the form of "As-Built" drawings were provided
for the dam and spillways. A log of construction is available in the
project file through the Soil Conservation Service, Columbia, Missouri
office.

2.3 OPERATION

Operational records and documentation of past floods were unavail-
able.

2.4 GEOLOGY

The site of the dam and reservoir is located across a broad, steep-
sided valley cut by Panther Creek. The dam impounds this creek and the
drainage from its watershed in Harrrison County, Missouri.

The site is located within the Iowa and Missouri Till Plain. The
soils of the area consist predominantly of silty clays (CL) with sand
and gravel intermixed developed in Kansas age glacial till on the uplands
and hill slopes, and silty clay to clayey silt (CL-ML) alluvium and
terrace deposits on the valley floor. In addition there is a layer of
silty sand (SM) that is present about 1 foot above the bedrock in the
valley that is continous and is assumed to be permeable. Bedrock con-
sists of the interbedded limestones and shales of the Pennsylvanian age
Kansas City Group and is buried to a depth of generally greater than 10
feet.

The foundation of the dam is recent alluvial silty clay to clayey
silt (CL-ML) overlying the Winterset Limestone of the Dennis Formation
to a thickness of 6 to 10 feet. The emergency spillway is cut through
this limestone formation at the centerline of the dam.

6
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2.5 EVALUATION

a. Availability. Engineering data were obtained from the Soil
Conservation Service as noted in Section 2.1.

b. Adequacy. Engineering data were available from which to make an
assessment of the design and construction. Seepage analyses comparable
to the requirements of the "Recommended Guidelines for Safety Inspection
of Dams" were not available which is considered a deficiency. These
seepage analyses should be performed and made a matter of record.

c. Validity. The available engineering data on the design and
construction were determined to be valid.

rr
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of Harrison County Dam C-2 was
made on March 3, 1981. The inspection team consisted of Edwin Burton,
team leader; Robert Pinker, geologist; Gary Van Riessen, geotechnical
engineer; and David Rensing, hydrologist. The dam appeared to be in
satisfactory condition. Specific observations are discussed below. No
observations were made of the condition of the upstream face of the dam
below the pool elevation at the time of the inspection.

b. Dam. The inspection team observed the following conditions at
the dam. No cracking, sliding, sloughing or other signs of settlement
or instability were observed. There were no instruments on the dam to
measure performance.

A wet area was observed downstream of the dam between the principal
spillway outlet and the emergency spillway (Photo 16). The inspection
team believed that this wet area was due to poor drainage of local
runoff. The downstream slope of the embankment had minor irregularities
which appeared to be the result of cattle traffic. These irregularities
consisted of two or three lines located about one quarter of the way up
the slope from the toe where the slope was interrupted by a vertical
drop of approximately one foot followed by a flat slope for about one
and one half to two feet. Minor erosion was observed on the downstream
face of the dam which appeared to have occurred before the grass cover
had become established. Erosion gullies were beginning to develop at
the embankment-abutment interfaces (Photo 15), on the upstream and
downstream side at the left abutment, on the downstream side at the
right abutment, and along the toe of the downstream slope (Photo 14)
between the left end and the principal spillway. Riprap slope protec-
tion in good condition was provided on the upstream face below the upper
berm (Photo 2). Slope protection was provided on the downstream slope,
the crest, and the upstream slope above the riprap by a good stand of
fescue grass. The grass was maintained by cattle grazing. Vehicular
traffic has worn tracks and bare areas across the crest of the dam
(Photos 3 & 4). Several small trees, 1-inch in size, were growing in
the riprap on the upstream face (Photo 2). A few animal burrows were
observed on the crest and upstream face of the dam (Photos 17 & 18).
There was no evidence to indicate that the dam has ever been overtopped.

c. Appurtenant Structures. The inspection team observed the
following items pertaining to the appurtenant structures. The drop
inlet structure of the principal spillway appeared to be in good condi-
tion (Photos 7 & 8). No cracking, spalling, or other evidence of
concrete deterioration was observed. The angle-iron trash rack was
secure with no signs of rust. One log, 8 inches in diameter, was jammed
against the trash rack but probably would not reduce the capacity of the

8
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inlet. A low-level inlet for lake drawdown was provided on the reservoir
side of the structure through a slide gate. The gate was in a closed
position. The inspection team was unable to operate the gate. A small
stream of water, estimated at approximately 1/2 gallon per minute, was
leaking from the side of the gate. The inspection team was unable to
measure the gate but estimated its size to be 18 inches in diameter.

The inspection team observed the downstream end of the 48-inch
reinforced concrete principal spillway pipe (Photo 9). Three pipe
sections supported by a concrete cradle were exposed. The pipe joints
appeared to be tight with no obvious movement. The alinement of the
pipe appeared o be true and straight when looking through the pipe from
the downstream end. Some minor erosion and undercutting of the pipe
cradle was observed. Erosion was noted in the plunge pool below the
pipe outlet. The elevation of the bottom of the plunge pool at the pipe
outlet was field surveyed to be about three feet lower than shown on the
"As-Built" drawings.

The emergency spillway is a channel cut into the embankment at the
right end of the dam (Photos 11 & 12). The channel was in good condition
with no evidence of erosion. The floor of the spillway to about 50 feet
downstream of the dam centerline was limestone bedrock. The channel
floor for the downstream reach was protected from erosion by a good
covering of fescue grass. The embankment was protected from flows in
the emergency spillway by an earth dike along the left spillway bank
(Photo 13). The dike was also grass covered.

There was no development in the spillway area which would suffer
damage due to flow through the spillways.

d. Geology. The soils in the area of the dam and reservoir consist
of low plastic silty clays developed in glacial till on the uplands and
hillsides and alluvial silty clays to clayey silts on the valley floor.
Depth to the interbedded limestones and shales of the Pennsylvanian age
Dennis Formation is greater than 10 feet.

A sample of the material in the embankment was taken with an Oakfield
sampler from near station 6+00 on the crest. The materials sampled were
visually classified for engineering properties as silty sand (SM) top
soil for the upper 1-1/2 feet and dark br-:i silty clay (CL) glacial till
from 1-1/2 feet to 2-1/2 feet. The inspec:, rs suspect that the lower
sample was from core material. Both abutments are in stiff glacial till
classified as silty clay (CL) material.

e. Reservoir Area. No slumping or slides of the reservoir banks
were observed. The lake has two arms with Panther Creek forming the
east arm and a lesser tributary forming the west arm. The upstream
channel to the lake contains a few trees. The lake was noted to be
clean with no appreciable siltation.

9
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f. Downstream Channel. The spillways discharge to a natural
stream channel containing no obstructions.

3.2 EVALUATION

The various deficiencies observed at the time of the inspection are
not believed to represent an immediate safety hazard. They do, however,
warrant monitoring and control.

The wet area observed downstream of the dam is believed to be due
to poor drainage of local runoff. However, it should be observed during
dry periods. If it does not begin to dry up during dry weather, then
it should be considered a seep area and monitored regularly.

The gulley erosion observed at the abutment-embankment interfaces
and at the toe of the downstream slope is where local runoff concentrates.
Erosion control in these areas may require riprap or paving.

The irregularities observed on the downstream slope are believed to
be the result of cattle traffic on the slopes and are not considered a
problem at this time. If the slope irregularities become larger, however,
it could lead to erosion and/or sloughing.

The vehicle tracks across the crest of the dam do not constitute a
problem at this time but could result in erosion of the crest if not
corrected.

The growth of trees on the embankment, if allowed to go unchecked,
could cause deterioration of the embankment and displacement of the rip-
rap slope protection. This could lead to erosion of the embankment.
The roots of trees can loosen the embankment material and create voids
through which water can pass.

Burrowing animals will continue to damage the embankment unless a
program is undertaken to eliminate them. Piping failure of the embank-
ment has resulted in similar small earth dams as the result of burrowing
animal damage.

The low level slide gate inlet to the principal spillway drop
structure is to provide for drawdown of the reservoir which is a safety
feature. The design drawdown time is ten days. The inoperable condition
of the gate will hinder and delay any drawdown operations if a crisis
were to arise. The observed leakage from the gate is not considered a
safety deficiency but if not corrected it will probably worsen and could
result in draining the reservoir.

10

.. w ____.~..*.



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool is primarily controlled by rainfall, runoff, evaporation,

transpiration, and capacity of the uncontrolled spillway.

4.2 MAINTENANCE OF DAM

Maintenance is the responsibility of the Soil and Water Conservation
District for the Panther Creek watershed. There was no evidence that a
maintenance program was in effect. The grass cover is maintained by
cattle grazing.

4.3 MAINTENANCE OF OPERATING FACILITIES

The slide gate at the low level inlet to the drop structure has not
been maintained in an operating condition.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

There is no existing warning system or preplanned scheme for alert-

ing downstream residents for this dam.

4.5 EVALUATION

A maintenance program should be implemented to include removal of
trees from the embankment and control of animal burrowing. The slide
gate should be repaired and maintained.

t
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Limited design data pertaining to hydrology and
hydraulics were available from the Soil Conservation Service (SCS).
Independent calculations were performed for this evaluation in accordance
with the guidelines referenced in Section 1.1c and the St. Louis District
Hydrologic/Hydraulic Standards, Phase I Safety Inspection of Non-Federal
Dams, 22 August 1980. The SCS data provided for an emergency spillway
design for a 2 percent chance (50-year) storm of 6 hours duration. The
design resulted in an emergency spillway maximum discharge of 718 cubic
feet per second at a flow velocity of 5.7 feet per second and a maximum
water surface elevation of 922.2. This design considered routing through
three upstream structures. The freeboard design by SCS considered a
13.70 inch rainfall on an uncontrolled watershed to produce a maximum
emergency spillway discharge with a maximum water surface elevation of
927.9. A copy of the design data is included in Appendix A.

b. Experience Data. The drainage area and lake surface area are
from the "As-Built" data and from the USGS Blythedale, Missouri Quadrangle
Map. The dam and spillway layouts are from a survey made during the
inspection and from "As-Built" drawings.

c. Visual Observations.

(1) The principal spillway appears to be in good condition. The
lake level at the time of the inspection was at the inlet weir crest
with a small flow going over the weir. One large log was against the
trash rack but was not effecting the spillway capacity. The spillway
outlet pipe discharges with a free outfall into a plunge pool then to
the natural channel of Panther Creek. There were no obstructions to
flow through the principal spillway.

(2) The emergency spillway appeared to be in good condition. The
floor of the spillway adjacent to the end of the dam was exposed limestone
bedrock. The downstream spillway channel was grass lined. There were
no obstructions to flow in the emergency spillway.

(3) Spillway discharges do not endanger the integrity of the dam.

d. Overtopping Potential. The spillways will not pass the probable
maximum 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 meteorologic and hydrologic conditions
that are reasonably possible in the region. The spillway will pass 40
percent of the probable maximum flood without overtopping the dam. The
spillway will pass the one percent probability flood as indicated by

12
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comparison of the one percent probability rainfall total to the rainfall
totals of the various ratios of the probable maximum storm. According

2 to the recommended guidelines from the Department of the Army, Office of
! q the Chief of Engineers, a high hazard dam of intermediate size should

pass 100 percent of the probable maximum flood. The portion of the
estimated peak discharge of 50 percent of the probable maximum flood
overtopping the dam would be 135 cfs of the total discharge from the
reservoir of 13,345 cfs. The estimated duration of overtopping is 2.1
hours with a maximum height of 0.7 feet. The portion of the estimated
peak discharge of the probable maximum flood overtopping the dam would
be 15,900 cfs of the total discharge from the reservoir of 36,810 cfs.
The estimated duration of overtopping is 4.8 hours with a maximum height
of 3.3 feet. The embankment could be jeopardized should overtopping
occur fur these periods of time. The good stand of grass on the embank-
ment will reduce the potential for erosion.

According to the St. Louis District, Corps of Engineers, the effect
from rupture of the dam could extend approximately six miles downstream
of the dam. Within the estimated damage zone are four dwellings and two
farm buildings. Contents of the estimated downstream damage zone were
verified by the inspection team. There does not appear to be any flood
plain regulations or other constraints in force to limit future down-
stream development.

13
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of conditions which
affect the structural stability of this dam are discussed in section 3,
paragraph 3.1b.

b. Design and Construction Data. Design data relating to the
structural stability of the dam were available from the United States
Department of Agriculture, Soil Conservation Service which consisted of
Detailed Geologic Investigation of Dam Sites, 12-13-67 and Memorandum to
James M. Dale, State Conservation Engineer from Lorn P. Dunnigan, Head
Soil Mechanics Laboratory, SCS, dated April 30, 1968.

"As-Built" construction drawings, dated October 3, 1972 were avail-
able from the Soil Conservation Service.

As reported in the SCS data, samples for testing were obtained from
borings located within the original site area. One jar and two undisturbed
samples were submitted rD the laboratory to represent the foundation
materials. One large bag sample from the emergency spillway and eleven
large bag samples from the flood plain area were submitted to represent
available fill material.

Laboratory tests performed for the dam design include:

(1) Foundation Area.

a) Atterberg Limits

b) Sieve Analysis

c) Dry Unit Weight

d) One Dimensional Consolidation Test

e) Permeability

f) Triaxial Shear Test (CU)

(2) Embankment Materials.

a) Atterberg Limits

b) Sieve Analysis

14



c) Standard Proctor Test

d) Triaxial Shear Test (CU)

(3) Stability Loading Conditions.

Stability analyses performed by the SCS for the dam design included
consideration of two loading conditions:

a) Steady Seepage

b) Full Drawdown

(4) Stability Analysis.

a) Maximum Section at Station 6+25: A slope stability
analysis was made on the 2-1/2:1 upstream embankment slope using a
modified Swedish circle method. Rapid drawdown from the emergency
spillway to the base of the embankment is considered. The embankment
will rest on bedrock after normal channel cleanout; therefore, the
foundation is considered competent. Strength parameters used for the
embankment are 0 = 10.50, c = 850 psf. No berms were considered in this
analysis and the computed factor of safety is 1.58.

The downstream 2-1/2:1 embankment slope stability analysis considered
a full phreatic line (no drain) and a competent foundation. With embank-
ment strength parameters of 0 = 10.50, c = 850 psf the computed factor
of safety is 1.66.

b) Flood plain Section at Station 6+10: The slope stability
analysis of the 2-1/2:1 upstream embankment slope was made using the
modified Swedish circle method. Rapid drawdown from the emergency
spillway to the base of the embankment is considered. The embankment
strength parameters used are 0 = 10.50, c = 850 psf. A foundation depth
of 11 feet, strength parameters of 0 = 14.50 and c = 400 psf were con-
sidered and the computed factor of safety is 1.29. No berms were con-
sidered in the analysis.

The downstream 2-1/2:1 embankment slope stability analysis considers
a full phreatic line (no drain) and an 11-foot depth of foundation. The
strength parameters considered are the same as the upstream and the
computed factor of safety is 1.29.

(5) Evaluation. The available stability analyses performed by the
SCS included the factor of safety for steady seepage and full drawdown
loading conditions. Factors of safety for the maximum section were well
within the acceptable limits suggested by Appendix D of the gu'delines.
The flood plain section safety factor is less than the acceptable limits;
however, the analysis did not include the berms.
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Stability analyses for the partial pool and earthquake loading
conditions were not available. The conditions, assumptions, and strength
parameters for the full drawdown and steady seepage stability analyses
represent a more critical stability condition than for partial pool.
The factors of safety determined for the steady seepage and full drawdown
loading conditions are about equal to or greater than the suggested
factor of safety for the partial pool loading condition.

Stability analyses for the earthquake loading conditions were not
available. In accordance with the guidelines, the dam is located within
Seismic Zone I with a designated seismic coefficient of 0.025 to be used
in the conventional equivalent static force method of analysis.

Seepage analyses comparable to the requirements of the "Recommended
Guidelines for Safety Inspection of Dams" were not available. The
design memorandum indicates that near positive cutoff is anticipated and
a drain system was not considered necessary for stability of the embank-
ment.

The embankment design provided for a settlement allowance of 1.5
feet. A crest of dam profile survey made as part of the inspection
revealed that the anticipated settlement of the embankment has not taken
place since construction of the dam.

c. Operating Records. No operational records were available for
review by the inspection team.

d. Postconstruction Changes. There have been no post construction
changes. Sheet 4 of the "As-Built" drawings shows a 15-inch low level
inlet to the drop structure. Sheet 13 of the "As-Built" drawings shows
the low level inlet to be 18 inches in diameter. The inspection team was
unable to measure the size of this inlet.

e. Seismic Stability. The dam is located in Seismic Zone 1 which
is a zone of minor seismic risk. A properly designed and constructed
earth dam using sound engineering principles and conservatism should
pose no serious stability problems during earthquakes in this zone. An
assessement of the seismic stability is a requirement of the guidelines.

16
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

5 7.1 DAM ASSESSMENT

a. Safety. Several conditions observed during the visual inspec-
tion by the inspection team should be monitored, corrected, and/or
controlled. These are erosion at the downstream toe of slope and at
both abutment/embankment interfaces, the wet area downstream of the dam,
the growth of trees on the embankment, animal burrows in the embankment,
irregularities in the downstream slope, vehicle tracks on the crest of
the dam, and the inoperable slide gate. Seepage analyses comparable to
the requirements of the "Recommended Guidelines for Safety Inspection of
Dams" were not available, which is considered a deficiency.

b. Adequacy of Information. The conclusions in this report were
based only on performance history and visual conditions and the available
engineering design data. The inspection team considers that these data
are sufficient to support the conclusions herein. Seepage analyses
comparable to the requirements of the "Recommended Guidelines for Safety
Inspection of Dams" were not available, which is considered a deficiency.

c. Urgency. It is the opinion of the inspection team that a
program should be developed as soon as possible to implement remedial
measures recommended in paragraph 7.2b. If the safety deficiencies
listed in paragraph 7.1a are not corrected, they will continue to
deteriorate and lead to a serious potential of failure. The item recom-
mended in paragraph 7.2a should be pursued on a high priority basis.

d. Necessity for Phase II. The Phase I investigation does not
raise any serious questions relating to the safety of the dam nor does
it identify any serious dangers which would require a Phase II investi-
gation. However, the additional analyses noted in paragraph 2.5b are
necessary for compliance with the guidelines.

e. Seismic Stability. This dam is located in Seismic Zone 1 which
is a zone of minor seismic risk. A properly designed and constructed
earth dam using sound engineering principals and conservatism should pose no

serious stability problems during earthquakes in this zone. However, an
assessment of the seismic stability is required by the guidelines.

7.2 REMEDIAL MEASURES

a. Alternatives. The spillway capacity and/or height of the dam
would need to be increased or the lake level would need to be permanently
lowered to increase available flood storage in order to pass the spillway
design flood.

17

...... _ _ |



b. Operation and Maintenance Procedures. The following operation
and maintenance procedures are recoumnended and should be carried out
under the direction of a professional engineer experienced in the design,
construction, and maintenance of earth dams.

(1) The irregularities in the downstream slope should be monitored.
If they become larger, grazing of cattle on the dam should be stopped
or reduced. Should the irregularities continue to worsen, the condition
should be evaluated by an engineer.

(2) The wet area below the dam noted during the visual inspection
should be closely monitored during dry periods to determine if it is dam
related. If it is determined to be due to seepage, it should be monitored
and documented regularly and any significant changes should be evaluated.

(3) An improved maintenance program to remove and control the
growth of brush and trees on the embankment should be developed.

(4) The erosion gullies at the downstream toe of slope and at the
interface of the embankment and the right and left abutments should be
backfilled with suitable material and compacted. Paved ditches, riprap,
or other slope protection may be required to control the concentrated
runoff.

(5) The animal burrows in the embankment should be corrected since
they can lead to piping. Control measures should be implemented under
the direction of a qualified engineer to discourage increased animal
activity in the area. The embankment slope should be monitored during
this repair.

(6) The slide gate for the low level inlet to the drop structure
of the principal spillway should be repaired and maintained in working
condition.

(7) Seepage analyses should be performed and made a matter of
record.

(8) A detailed inspection of the dam should be made periodically.
The results should be recorded and made a matter of record. More frequent
inspections may be required if additional deficiencies are observed or
the severity of the reported deficiencies increase.

1
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PHOTO 1: UPSTREAM FACE OF DAM

PHIOTO 2: UPSTREAM FACE OF DAM AT WATERLINE
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PHOTO 4: CREST OF DAM LOOKING EAST
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PHOTO 5: DOWNSTREAM FACE OF DAM LOOKING WEST

PHOTO 6: DOWNSTREAM FACE OF DAM LOOKING EAST



PHOTO 7: PRINCIPAL SPILLWAY DROP INLET STRUCTURE

PHIOTO 8: PRINCIPAL SPILI.WAY WEIR



PHOTO 9: PRINCIPAL SPILLWAY PIPE OUTLET

PHcO 10: CHIANNEL DOWNSTREAM OF PRINCIPAL, SPTLLWAY
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-PHOTO ii: EMERGENCY SPILLWAY LOOKING UPSTREAM

PHOTO 12: EMERGENCY SPILLWAY LOOKING DOWNSTREAM
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PHiOTO 13: DIKE ALONG LEFT BANK OF EMERGENCY SPILLWAY

PH10Oo 14: EROSION AT TOE OF DOWNSTREAM FACE OF DAM



PHOTO 15: EROSION AT LEFT ABUTMENT -UPSTREAM FACE OF DAM

P

PIIO{T()lf: DRAINAGE DITCH DOWNSTREAM OF DAM
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PHOTO 17: ANIMAL BURROW NEAR CREST OF DAM
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I'H()UT' 18: ANIMAL BURROW ON UPSTREAM FACE OF DAM
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HYDROLOGIC AND HYDRAULIC ANALYSES

I To determine the overtopping potential, flood routings were per-
formed by applying the Probable Maximum Precipitation (PMP) to a synthe-
tic unit hydrograph to develop the inflow hydrographs for Harrision
County Dam C-2 and five upstream reservoirs, Harrison County Dam B-11,
Harrison County Dam B-13, Harrison County Dam B-10, Tugglet's Dam LT-93,
and Meek's Dam LT-84. The inflow hydrographs were then routed through
the reservoirs and spillways. The overtopping analysis was determined
using the computer program HEC-l (Dam Safety Version) (1).

The PMP was determined from regional charts prepared by the National
Weather Service in "Hydrometeorological Report No. 33" (HMR-33) (2).
Reduction factors were not applied. The rainfall distribution for the
24-hour PMP storm was determined according to the procedures outlined in
HMR-33 and EM 1110-2-1411 (3). Comparison of the routiLgs of the PMP
storm ratios with the total rainfall of a 24 hour, one percent chance
probability storm indicates that the one percent chance flood will not
cause overtopping of Harrison County Dam C-2.

The synthetic unit hydrograph for the watershed was developed by
the computer program using the Soil Conservation Service (SCS) method
(1, 4). The parameters for the unit hydrograph are shown in Table 1.
The lag and time of concentration for each watershed were obtained from
SCS design data and were verified using the Kirpich and Snyder methods.

The SCS curve number (CN) method was used in computing the infil-
tration losses for the rainfall-runoff relationship. The CN values
used, and the result from the computer output, are shown in Table 2.

Storms were routed through the six reservoirs noted above.

Routing through the reservoirs was performed using the modified
Puls Method. The initial reservoir pool elevations for the routing of
each storm were determined to be equivalent to the crest elevations of
the principal spillways in accordance with antecedent storm conditions
preceding the probable maximum storm outlined by the U.S. Army Corps of
Engineers, St. Louis District (5). The hydraulic capacity of the spill-
ways and the storage capacity of the reservoirs were defined by the
elevation, surface area, storage, and discharge relationships shown in
Table 3.

The rating curves for the spillways are shown in Table 4. The flow
over the crests of the dams was determined using either the non-level
dam crest option ($L and $V cards) or the weir flow option of the HEC-1
program. The program assumes critical flow over a broad-crested weir in
the non-level dam crest option.
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Breach analyses were performed using HEC-1 for reservoirs upstream
of Harrison County Dam C-2 with spillway capacities less than 50 percent

* of the PMF. The breaching parameters are shown in Table 5.

The result of the routing analysis indicates that 40 percent of the
Probable Maximum Flood (PMF) will not overtop Harrison County Dam C-2.

A summary of the routing analysis for different ratios of the PMF
is shown in Table 6.

The computer input data and a summary of the output data are pre-
sented at the back of this appendix.

"As-Built" drawings and hydrologic/hydraulic design data for
Harrison County Dam C-2 and the upstream reservoirs were made available
by the SCS, Columbia, Missouri.
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Unit Hydrograph Ordinates
Discharge (cfs)*

IHarrison Harrison Harrison Meek's
County County County Dam

Dam B-m Dam B-li Dam B-13 LT-84

Time (Min.)*

0 0 0 0 0
5 174 182 125 147

10 556 579 400 502
15 1,098 670 795 706
20 1,342 484 993 630
25 1,291 252 968 419
30 1,065 141 807 239
35 728 77 567 146
40 484 43 377 87
45 337 24 262 52
50 232 13 184 31
55 159 7 126 19
60 108 4 87 11
65 73 2 59 7
70 51 0 41 4
75 35 28 2
80 24 20 0
85 17 14
90 12 10
95 8 7

100 5 4
105 2 2
110 0 0

* From HEC-I computer output

FORMULAS USED:

T = (11.9 x L3/H)0 .385 (6)

L = 0.6Tg

3 D = 0.133 Tc
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Unit Hydrograph Ordinates
Discharge (cfs)*

(Continued)

Tugglet's Harrison
Dam County
LT-93 Dam C-2

East Arm West Arm
Time (Min.)*

0 0 0 0
5 167 23 74

10 554 56 232
15 704 109 446
20 575 173 743
25 327 243 1,121
30 188 334 1,472
35 109 438 1,710
40 63 559 1,819
45 36 698 1,828
50 21 839 1,763
55 12 960 1,623
60 7 1,062 1,463
65 4 1,145 1,260
70 2 1,195 1,013
75 0 1,232 815
80 1,239 674
85 1,238 557
90 1,231 469
95 1,187 392

100 1,139 326
105 1,086 265
110 1,028 223
115 967 185
120 892 153
125 810 127
130 719 104
135 640 87
140 566 72
145 513 60
150 464 50
155 418 41
160 379 34
165 343 28
170 315 24
175 288 20
180 260 17

S4io 0 0
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TABLE 2

RAINFALL-RUNOFF VALUES

Selected Storm Storm Duration Rainfall Runoff Loss
Event (Hours) (Inches) (Inches) (Inches)

PMP
Harrison County Dam B-10 24 31.07 29.91 1.16

Harrison County Dam B-I 24 31.07 29.78 1.29

Harrison County Dam B-13 24 31.07 29.78 1.29

Meek's Dam LT-84 24 31.07 29.78 1.29

Tugglet's Dam LT-93 24 31.07 29.78 1.29

Harrison County Dam C-2

East Arm 24 31.07 29.78 1.29

West Arm 24 31.07 29.78 1.29

Additional Data:

SCS Runoff Curve Number (CN)

AMC II AMC III

Harrison County Dam B-10 79 91

Harrison County Dam B-Il 78 90

Harrison County Dam B-13 78 90

Meek's Dam LT-84 78 90

Tugglet's Dam LT-93 78 90

Harrison County Dam C-2 78 90

Obtained from SCS "As-Built" data

2 Used for PMY runoff hydrograph calculations
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TABLE 3

ELEVATION, SURFACE AREA, STORAGE, AND DISCHARGE RELATIONSHIPS

Elevation Lake Surface Lake Storage Spillway
(feet-MSL) Area (acres) (acre-ft) Discharge (cfs)

Harrison County
Dam B-I1
*122.0 19.2 128 0
**126.8 29.0 243 80
***129.1 35.7 318 498

Harrison County
Dam B-11
*80.0 3.9 19 0
- 84.0 6.9 40.6 40

***86.8 9.5 65 268

Harrison County
Dam B-16
*112.0 11.6 93 0
*-l16.4 18.5 160 77
-"**118.7 28.8 214 780

Meek's Dam
LT-84

*94.0 6 27 0
"196.9 9.9 48.7 5
10*101.0 10.5 89 1,048

Tugglet's Dam
LT-930 1  2

*95 .05 25 0

*,98.0 7.5 40 11
** 1013 10.3 88 478

Harrison Ccunty
Dam C-26
*906.32 67 424 0
*'920.4 161 2,079 362
***928.3 471 3,963 11,791

*Principal spillway inlet crest elevation
*''Emergency spillway crest elevation

*-**Top of dam elevation

The relationships in Table 3 were developed from the SCS "As-Built"
lata and the field measurements.
Elevation based on arbitrary datum for specific site

2 Elevation in feet m.s.l.
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TABLE 4

SPILLWAY RATING CURVE

Reservoir Principal Spillway Emergency Spillway Total Spillway
Elevation Discharge (cfs) Discharge (cfs) Discharges (cfs)I Harrison County

Dam B-10

*122.01 0 0 0

122.5 73 0 73
-*126.8 80 0 80

127.8 80 100 180
-;*129.1 81 417 498

131.8 81 1,700 1,781

Harrison County
Dam B-1I

*80.0 0 0 0
82.0 12 0 12

'84.0 40 0 40
85.0 41 15 56

**-*86.8 44 224 268
89.0 48 970 1,018

Harrison County
Dam B-13

*11201 0 0 0
114.5 63 0 63

"116 4 77 0 77
117.5 79 222 301
118. 7 81 699 780
120.6 84 1,820 1,904

Meek's Dam LT-84

*94.01 0 0 0
95.0 2 0 2

*96-9 5 0 5
98.9 7 314 321

"101.0 8 1,040 1,048
103.9 9 2,680 2,689
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TABLE 4

SPILLWAY RATING CURVE
(Continued)

Reservoir Principal Spillway Emergency Spillway Total Spillway
Elevation Discharge (cfs) Discharge (cfs) Discharges (cfs)

Tugglet's Dam LT-93
*95.01 0 0 0

96.0 3 0 3
**98.0 11 0 11
100.0 15 193 208

k*101.3 18 460 478
103.0 20 985 1,005

Harrison County
Dam C-2

*906.32 0 0 0
910.3 299 0 299

**920.4 362 0 362
924.4 384 3,616 4,000

***928.3 404 11,387 11,791
931.0 420 18,600 19,020

*Principal spillway crest elevation
**Emergency spillway crest elevation
***Top of dam elevation

1 Elevation based on arbitrary datum for specific site

2 Elevation in feet m.s.l.

METHOD USED:

Principal spillway release rates were determined from SCS "As-Built" data
which utilized the weir flow and pipe flow equations.

Emergency spillway releases were(litermined from the SCS "As-Built" data
and SCS Technical Release No. 39

A
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TABLE 6

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth Duration
of Inflow Elevation Storage Outflow (ft.) of
PMF (CFS) (ft.-MSL) (AC.-FT.) (CFS) Over Top Overtopping

of Dam (Hours)

- 0 *906.3 424 0

0.40 22,087 927.9 3,789 10,880 0 -

0.45 23,286 928.5 4,037 12,165 0.2 1.1

0.50 25,458 929.0 4,252 13,345 0.7 2.1

1.00 43,125 931.6 5,338 36,810 3.3 4.8

* Principal spillway crest elevation
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Engineer's Report - Investigation of Dam site - structure C-2, Panther Creek

Harold Townsend 12-13-67

CMM MOM: Recommended depths

Station Elevations
1+00 920.0
2+40 902.0
3+10 878.0
5+00 876.5
6+5o 876.5
74-30 883.5

. - 8+00 882.0
940 85.0

12400 900.0
+400 907.0

15+60 917.0

3:1 slopes at both end of the core trench.

The recommended core trench depths w-ill remove the weathered limestone or .. ....
be in good CL material and should provide a positive core cutoff.
Youndation drainage will not be needed to relief seepage through the............
foundation or et'oa.-cment.

Rock excavation is not anticipated. Only material that is weathered and
can be ripped will kr need to be removed. This material will need to be
wasted.

S--MLM-Ay: Limestone was encountered in the inlet channel to
the emergency upil.h-ay. Some of the overburden will be suitable for
fill and should be classed as borrm;. The weather limestone, shale and
material with rock fragments too large for fill material should be
classed as excavation coanon and wasted. This material should be wasted
along the upstream toe of the dam in the deeper fil sections. Pre.iminary
estimates indicate that there will be about d ys of rop', e-cavaticn.
A zone fill is reconmended so the rock excavation naterial/tlfizet.
This zone of rock fiI, should oh on the upstream face in the area of

--antici-ated wave action.

SM2 2: CHRMEL CLWa. OUT! Excavation in the stream channel is recommended
from tne core trench to the upstream toe of the dam. The extent and depth
will be md icated on the field design prints of the geology sheets.

BO?.ROJ4. Adequate fill material will be availabie from the energency still-
way z-nd the sediment ool areas. A wet construction period will li.it
de ,th of borrow in the sedinent pool and lengthen the haul distance.

• ., )
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U. S. DEPARTMENT Of' AGRICULTURE

'-6)0 SOIL CONSERVATION SERVICE

?art 1-1 Flow Test Data

hole No. N ame of Site " ,-,

Depth Treated: Fro .m_, oi.i Formation - I.-. ,.- psi

Graph Pressure Total ElaWater Meter ReadinGs
Plot Gage Pressure Start Stop Time RTtGl

No. psi (Gage+P) Time Time (Mins) Start End of Total Gals.Test Test Water Used GPM

__ _ F _____,_ r 
"  

Z / ..-. P s

2 IF S- / '. c''

7 - -' /,_r-_ _ 4 - 7

4 '

Remarks:

Depth Tetd rm'.T__ Fo aio// /-r e , , 1~ s

Depth Tested: FraI!STc.LZ; Formation F Lo psi
,5~-- /5 :'; ": , c° ' _______

... . j: /Z ZI ____

Remarks:

. .. .. .. ..... . . .....

I-
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7-6: SOIL CONSERVATION SERVICE

£ Part :I - Flow Test Data

Hole No.. ame of Site /

Depth Treated: FroFTol Formatin,/. . - -. '"P L psi

Graph Pressure Total -ad Trater ieter eadins
Plot Gage Pressure Start Stop Tie

No. psi (Gage+P) Time Time (Min) Starest Tesof Ttal Gals GP

2 e-/ r " , '"

2

6

Remarks:
epth Tested: From ToT Fmation! _ psi

fRemarks:

JrDepth Tested: From "p;P

Reark:



UNITED STATES GOVERNMENT

Memorandum
TO : James M. Dale, State Conservation Bngineer, DATE: April 30, 1968

SCS, Columbia, Missouri 65201

FRoM lorn P. Dunni±n, Head, Soil Mechanics laboratory,
SCS, Lincoln, Nebraska 68508

su3JECT: END 22-5, Missouri WP-08, Panther Creek, Site No. C-2 (Harrison County)

ATTACHMENTS

1. Form SCS-354, Soil Mechanics laboratory Data, 3 sheets.
2. Ybrm SCS-127, Soil Permeability, 1 sheet.
3. ftm 5S-128 and SCS-128A, Consolidation Test Data, 3 sheets (1 test).
4. Form SCS-355A, Triaidal Shear Test Data, 3 sheets.

.: 1Fm SCS-352, Compaction and Penetration Resistance, 6 sheets.
Yorm SCS-357, Sumary - Slope Stability Analysis, 3 sheets.

DISCUSSION

POWDATION

A. Bedrock: The bedrock consists of thin to medium bedded limestone with
interbedded gray shale which has been weathered to h depth of 3 to 7
feet. The bedrock appears to be relatively uniform at elevation 887-
except in the channel alluvium area where it occKs at elevation 87 -.
There is a hump in the bedrock at Station 6+60 ?0 The limestone bedrock
is overlain, in the emergency spillway, by 2.0 to 10.0 feet of CL till.

B. Soil Classification: Both abutments are classified CL till. The thin

layer of SC materi&l to the right of Station 9+00 is considered to be
of low permeability by the geologist.

C. Denity: Undisturbed samples were taken from Test Hole 301'. The sample
taken from 3.0 to 5.P-foot depth has a dry density of 1.40 g/cc in the
top portion and 1.76 g/cc in the lower portion. An undisturbed sample
va submitted from Test Bole 301 at a depth of 6.5 to 8.7 feet. The
dry density of this sample is in the range of 1.55 9/cc.

S o blow counts were submitted.

D. Consolidation: A consolidation test ws made on sample No. 68wI96!"T".
based on the results of this test, and load of the embankment, the
settlement in alluvium represented is estimated to approach one foot.

- - BwDry U.S. savin'gr Bend, Rerularly en the Paynwll Savinfgi Plan.. *<!.
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2 -- James M. Dle -- 4/30/68
lorn P. Dunnigan

Subj: G 22-5, Missouri WP-08, Panther Creek, Site No. C-2

E. Permeability: A falling head permeability test was made on Sample
681U961"T". The results of this test show a permeability rate of 0.1
ft/day. Data on pressure tests in the bedrock are reported in the
geology report.

F. Shear Stren A consolidated undrained shear test was made on
Sample 6WI961"T" from TH 301. The test specimens were trimmed from
the undisturbed sample and soaked prior to testing. The data obtained
from the test represent two strata. An average strength value of
0 = 14-.5, c - 40O psf was used for design purposes.

D(BANXMENT MATERIALS

A. Classification: The borrow samples submitted are CL and CL-ML materials.
The CL materials have liquid limits ranging from 20 to 40 and PI's rang-
ing from 9 to 20. The CL-ML materials have liquid limits of 28 and 23
and PI's of 7. The material from the emergency spillway is CH material
with liquid limit of 51 and PI of 30.

B. Compacted Density: The compacted dry density of borrow samples was
112.0 pcf for the sandier CL (68W1965), 106.0 pcf for the finer grained
CL (68W971) and 105.0 pcf (6MW1972), ll.0 pcf for the Mix of samples
(681966, 1967, 1970, 1974, 1975), and 101.0 pcf for the CH material
from the emergency spillay (68W1964).

C. Shear Strength: Consolidated undrained shear tests were made on Samples
6M 972 and Mix of 68W1966, 1967, 1970, 1974, 1975. The shear strength
parameters obtained for Sample 6Ml972 are 0 = 10.5 , c - 850 psf. The
shear strength parameters of the Mix are 0 = 13.5*, c - 1100 psf. These
values are for saturated material at a minimum of 95% of standard Proctor
density.

SLOPE STABILITY

A. Maximum Section at Station 6+25: A slope stability analysis was made
on the 2 1/2:1 upstream embankment slope using a modified Swedish circle
method. Rapid drawdown, from the emergency spillway to the base of the
embankment is considered. The embankment will rest on bedrock after
normal channel cleanout; therefore, the foundation is considered competent.
Strength parameters used for the embankment are 0 = 10.5', c = 850 prf.
No berms were considered in this analysis and the computed factor of
safety is 1.58.

The downstream 2 1/2:1 embankment slope stability analysis considered a
full phreatic line (nc drain) and a competent foundation. With embank-
ment strength parameters of = 0.5, c = 850 psf the computed factor
of safety is 1.66.

- -~ - - - .



3 James M. Dale -4 /30/68
lorn P. Dnnigan
Subj: R;G 22-5, Missouri 167-08, Panther Creek, Site No. C-2

B. Floodplain Section at Station 6+10: The slope stability analysis of
tne 2 1/2:1 upstrean embamenrt slope was made using the modified
Swedish circle method. Papid drawdown from the emergency spillway
to the base of the eibankment is considered. The embankment strength
parameters used are = 10.5, c = 850 psf. A foundation depth of 11
feet, strength parameters of = 14.5* and c 40 psf was considered
and the computed factor of safety is 1.29. No berms were considered in
the analysis. -

The downstream 2 1/2:1 embankment slope stability analysis considers
a full phreatic line (no drain) and an 11-foot depth of foundation.
The strength parameters considered are the same as the upstream and
the computed factor of safety is .29 .' be.-,, o

RECt4MNDATIONS

A. Site Preparation: Investigational data indicates tha limestone out-
crops in the left abutment near the leNo-channel bank. We suggest that
the bedrock-soil contact be examined for overhangs when the cutoff
trench is open. If overhangs are present they should be flattened and
a check made to assure there are no overhangs elsewhere.

The alluvium material has a consolidation potential in the range of
0.095 ft/ft. Because of the high consolidation potential of the al-
luvium "e suggest that the right channel -baiikbe flattened to a 3:2.
slope to reduce differential settlement. ... / ,

3. Cutoff Trench: We concur with the engineer's recommended cutoff depths
wLth the suggestion that concurrent with the inspection of the lime-
stone bedrock, after the cutoff trench is open, the permeability of
the SC stratum encountered in TE 8 should be evaluated to determine
if it is necessary to deepen the trench in the vicimity of test hole
flo. 9 to cut off seepage through the foundation.

C. Pr ncipal SpiLlway: Material from TH 301 is stratified alluvium. The
sample submitted from 1E 301 to the laboratory was logged in the 'field
as CL. The sarple is reported to be representative of the alluvial
foundation material. A consolidation test was made on this material
(lab. sample 68M961"T") and the test indicated a relatively high
consolidation potential. Based on the test data the elongation potential
is estimated to be in the range cf 0.011 ft/ft. If this amount of
settlement is intolerable, we suggest that you consider an alternate

location. It is noted that the limestone bedrock occurs at elevation
" 883 in the vicinity of Station 6+25 and it might be possible to bottom

the conduit on bedrock.
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Torn P. Dunnigan* Subj: ENG 22-5, Missouri WP-08, Panther Creek, Site No. C-2

a-

D. Drain- Near positive cutoff is anticipated with cutoff trench depths
suggested and a drain is not considered necessary for stability of
the embankment.

E. Embankment Design:

1. Placement of Materials: Selective placement of materials is
suggested to utilize the higher plasticity CL materials like
sample No. 68W1964, 68W971, and 68W1972 in the center portion
of the embankment. This type of material is expected to be
more flexible than the low plasticity materials sampled.

All materials should be placed at a minimum of 95 percent of
standard Proctor density with a placement moisture controlled
on the wet side of Proctor optimum.

2. Slopes: With the embankment at 95 percent of Proctor and no
drain, the proposed 2 1/2:1 slopes are expected to be stable.

3. Settlement: An overfill allowance of 1.5 feet is suggested to
compensate for residual consolidation within the foundation and
embankment.

Prepared by:

Gerald N. Gibson
Reviewed and Approved by:

Lorn P. Dunnigan

Attachments

cc: James M. Dale (2)
E. D. Butler, Lincoln, Nebraska

*
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