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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

SUMMARY

Name of Dam: Structure E-1
State Located: Missouri
County Located: Newton
Stream. Tributary of Lost Creek
Date of Inspection: May 28, 1980

Structure 13-1 was inspected by an interdisciplinary team
of engineers from Anderson Engineering, Inc. of Springfield,
Missouri and Hanson Engineers, Inc. of Springfield, Illinois.
The purpose of this 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 turnished by
the Department of the Army, Office of the Chief of Engineers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations,
and private engineers. Based on these guidelines, the St. Louis
District, Corps of Engineers has determined that this dam is in
the high hazard potential classification, which means that loss
of life and appreciable property loss could occur if the dam
fails. The estimated damage zone extends approximately 2
miles downstream of the dam. Located within this zone are
approximately 6 dwellings, 6 buildings and a railroad.

The dam is in the intermediate size classification, since
it is greater than 40 ft high but less than 100 ft high. The
maximum storage capacity is greater than 50 ac-ft but less than
1000 ac-ft.

Our inspection and evaluation indicate that the combined
.;pillways do not meet the criteria set forth in the guidelines for
a dam having the above size and hazard potential. The combined
spillways will pass 70 percent of the Probable Maximum Flood
without overtopping. The Probable Maximum Flood is defined as
the flood discharge that may be expected from the most severe
combination of critical meteoroligic and hydrologic conditions
that are reasonably possible in the region. The guidelines re-
quire that a dam of intermediate size with a high downstream
hazard potential pass the PMF.
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The PMF has been determined to be the appropriate spillway design
flood. The 1 percent probability flood will not overtop the
dam. The 1 percent probability flood is one that has a 1 percent.
chance of being exceeded in any given year.

Deticiencies visually observed by the inspection team
were: (1) Standing water on the downstream berm; (2) standing
water at the downstream toe of embankment, and (3) some erosion
on the embankment slopes.

Another deficiency was the lack of seepage and stability
analysis comparable to the requirements of the recommended
guidelines.

It is recommended that the owners take the necessary
action without undue delay to correct the deficiencies reported
herein. A detailed discussion ot these deficiencies is in-
cluded in the following report.

Jack ealy, P.
liarksl Enginee Inc.

Steve Brady, P_. E_.-
* Ande r-;on E gineerin

NeIsoto Morales, P.1;
Il'nson Engineers, Inc.

Tom Beckley, P.E. \
Anderson Engineering, Inc.

i1 " ... ... .
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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 St. Louis District, Corps of Engineers, District Engi-
neer directed that a safety inspection be made of Structure
E-1 in Newton County, Missouri.

B. Purpose of Inspection:

The purpose of the inspectio1, was to make an assessment
of the general condition of the dam with respect to safety,
based upon available data and a 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 Engineers,
"Recommended Guidelines for Safety Inspection of Dams,
Appendix 1). These guidelines were developed with the help
of several federal agencies and many state agencies, pro-
fessional engineering organizations_, and private engineers.

1.2 DESCRIPTION OF PROJECT:

A. Description of Dam and Appurtenances:

Structure 1--1 is an earth fill structure approximately
45 ft high and 735 ft long at the crest. The appurtenant work
Gonsists of a 30 inch diameter reinforced concrete primary spill-
way pipe with a reinforced concrete flow riser and an earth cut
swale located at the west abutment.

Sheet 3 of Appendix A shows a plan, profile and typical section
of the embankment as obtained from field inspection data. Sheets
6 through 11 of Appendix A are selected As Built drawings obtained
from the U. S. Department of Agriculture, Soil Conservation Service,
Columbia, Missouri.
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B. Location:

The dam is located in the west-central part of Newton
County, Missouri on a tributary of Lost Creek. The dam and
lake are within the Racine, Missouri 7.5 minute quadrangle
sheet (Section 16, T2SN, R33W - latitude 36053.5 ' , longitude
94032.41). Sheet 2 of Appendix A shows the general vicinity.
Sheet S of Appendix A is the Project Map developed as part of
the Work Plan for Watershed Protection and Flood Prevention
for the Lost Creek Watershed prepared by the Soil and Water
Conservation District ot Newton County.

C. Size Classification:

With an embankment height of 45 ft and a maximum storage
capacity of approximately 700 acre-ft, the dam is in the
intermediate size category.

D. Hazard Classification:

The St. Louis District, Corps of Engineers has classi-
fied this dam as a high hazard dam. The estimated damage
zone extends approximately 2 miles downstream of the dam.
Located within this zone are approximately 6 dwellings,
6 buildings and a railroad. The location of most of the
above were verified by the inspection team.

1. Ownership:

The dam i s owned by the Lost Creek Watershed Subdistrict,
Jim Stone, Chairman, P. 0. Box 149, Neosho, Missouri 64850;
and is on property owned by Mr. Gus Buzzard, Route 2, Neosho,
Missouri 04851).

F._uLrjose of Dam:

The dam was constructed under the Authority of the Watershed
Protection and Flood Prevention Act (Public Law 566, 83rd Con-
gress, 08 Statute 606) as amended primarily tor the purpose of
a Floodwater Retarding Structure for the Lost Creek Watershed,
,e%,Wton CoLunty, lissouri.

,. Design and Construction History:

The dam was designed by the U1. S. Department of Agriculture,
Soil CoIseIvation Service, Columbia, Missouri, under the Authority
of the Watershed Protection and Flood Prevention Act. Prior to
the design of the dams, a watershed work plan for the Lost Creek
Watershed was prepared in January, 1971, by the Soil and Water
Conservation District of Newton County with assistance by SCS.
A partial set of As Built Plans are included as Sheets 6 through
10 of Appendix A. A complete set of plans are available through
the Columbia, Missouri office of SCS.

Geologic Investigation and analysis completed by SCS are
ic luded as Sheets 3 through .12 of Appendix B. A Geologic Report
prepared by the State of Missouri Geology and Land Survey Section
ts included as Sheet 43.
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The contract for construction was let on July 22, 1977,

for Newton County Structure E-I.

Inspection of the project was conducted under the control of
Mr. Joe Green, Project Lngineer, Soil Conservation Service, Mount
Vernon, Missouri. Results of the inspection and testing including
inspector's field notes, compaction and concrete reports, are
currently on file in the Columbia, Missouri SCS office.

The contractor for the project was Don Stewart Construction
Company, Joplin, Missouri. Construction commenced in October,
1977, and the dam was completed in August, 1979.

Mr. Buzzard, a retired contractor, observed the daily pro-
gress of the construction. lie stated that 'he dam was built
in general conformance with the plans with the exception of the
modification of the internal drainage system near Spring #2
(See Sheet 9 of Appendix A). An additional drainage system through
the embankment was deemed necessary after the core trench was ex-
cavated and Spring #2 area was cleaned out. Mr. Buzzard indicated
that the numerous springs in the embankment area drain to the toe
area and the resulting flow moves to the downstream channel near
the toe. lie stated that one spring, previously used for watering
purposes, has not cleared up since construction of the dam.

During construction of the dam, a channel approximately 100
ft in width at the east abutment was constructed to carry the
flow. As the dam neared completion, the flow was diverted to the
inlet structure and fill material compacted in the previously used
channel.

Mr. Buzzard indicated that the downstream berm was extended
in length to the west due to the excess rock removed during con-
struction. lie stated that 102 days after the spillway slide gate
was closed, water flowed through the upper orifice into the spill-
way pipe.

1. Normal Operating Procedures:

All flows will normally be passed by the restricted flow
riser to the 30 inch spillway pipe and the uncontrolled earth
cut emergency spillway. Intormation obtained from Mr. Green
and Mr. Buzzard indicates that the maximum pool level for this
dam was approximately 6 inches above the upper oritice inlet.
The emergency spillway has never been used.

1.3 PIERTI NENT DATA:

Pertinent data about the dam, appurtenant works, and
reservoir are presented in the following paragraphs. Sheet
3 of Appendix A presents a plan, profile and typical section
of the embankment from field data obtained by the inspection
team. Sheets 6 through 11 of Appendix A are selected sheets from
the complete set of As Built plans prepared by the Soil Conserva-
tion Service.

Z-7



A. Drainage Area:

The drainage area for this dam, as obtained from the Watershed
Work Plan and As Built Plans (Sheet 11 of Appendix A) is approxi-
mately 736 acres.

B. Discharge at Dam Site:

(1) All discharge at the dam site is through the restricted
flow riser for the 30 inch diameter principal spillway pipe
and an uncontrolled earth cut emergency spillway.

(2) Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam El. 1002.9): 4918 cfs

.(3) Estimated Capacity of Principal Spillway: 68 cfs

(4) Estimated Capacity of Emergency Spillway: 4850 cfs

(5) Estimated Experienced Maximum Flood at Dam Site:
Un known

(6) Diversion Tunnel Low Pool Outlet at Pool Elevation:

Not Applicable

(7) Diversion Tunnel Outlet at Pool Elevation: Not Applicable

(8) Gated Spillway Capacity at Pool Elevation: Not Applicable

(9) Gated Spillway Capacity at Maximum Pool Elevation: Not
Applicable

C. Elevations:

All elevations are consistent with an assumed mean sea level
elevation of 1005.3 for B.M. /1, described in As Built Plans
as concrete monument 50 ft left of Sta. 0 + 00 centerline ot dam.
(See Sheet 6 of Appendix A).

(1) Top of Dam; 1002.9 (low point), 1004.8 (hight point)

(2) Principal Spillway Crest: 975.6 feet MSL

(3) Emergency Spillway Crest: 996.4 feet MSL

(4) Principal Spillway Pipe Invert Elevation at Outlet:
959.5 feet NISl

(S) Streambed at Centerline of Dam: 960.0 teet MISL

(6) Pool on Date of Inspection: 975.7 feet NISL

(7) Apparent High Water Mark: 976.2 teet MSL

(8) Maximum Tailwater: None

(9) Upstream Portal Invert liversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel: Not Applicable

- 4-



D. Reservoir Lengths:

(1) At Top of Dam: 3000 Feet

(2) At Principal Spillway Crest: 900 Feet

(3) At Emergency Spillway Crest: 2500 Feet

E. Storage Capacities:

(1) At Principal Spillway Crest: 60 Acre-Feet

.(2) At Top of Dam: 700 Acre-Feet

(3) At Emergency Spillway Crest: 465 Acre-Feet

F. Reservoir Surface Areas:

(1) At Principal Spillway Crest: 9.5 Acres

(2) At Top of Dam: 41.5 Acres

(3) At Emergency Spillway Crest: 31.5 Acres

G. Dam:

(1) Type: Earth

(2) Length at Crest: 73S Feet

(3) Height: 45 Feet

(4) fop Width: 14 Feet

(5) Side Slopes: Upstream 1V:3.011; Downstream varies from
1V:3.0I1 to 1V:2.511

(6) Zoning: Gravelly Silt and Clay

(7) Impervious Core. 12 Fet Wide

.(8) Cutoff: 8 Feet Below Base of Dam

(9) Grout Curtain: None

1t. Diversion and Regulating Tunnel:

(1) Type: Not Applicable

(2) Length: Not Applicable

(3) Closure: Not Applicable

(4) Access: Not Applicable

(5) Regulating Facilities: Not Applicable

-5 -



I. Spillway:

1.l Principal Spillway:

(1) Location: Centerline Dam Station 1 + 90

(2) Type: 30 Inch Diameter Reinforced Concrete Pipe with
Restricted Flow Riser

1.2 Emergency Spillway:

.(l) Location: West Abutment

(2) Type: Earth Cut Swale, 100 ft wide with 1V:3[1 side slopes

(3) Upstream Channel: Grass covered earth channel

(4) Downstream Channel: urass covered channel with moderate slope

J. Regulating Outlets:

The 12 inch diameter slide gate associated with the restricted
flow riser is the only regulating outlet leature of the dam.

I
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S ECTION 2 ENGINEERING DATA

2.1 DESIGN:

Design calculations and construction plans were prepared
by and are currently on file with the U. S. Department of Agri-
culture Soil Conservation Service in Columbia, Missouri. A
partial set of these plans are included as Sheets 6 through 11
of Appendix A. A Watershed Work Plan was prepared for the Lost
Creek Watershed prior to the design phase. A copy of the Project
Mlap is included as Sheet 5 of Appendix A. This plan, prepared
.under the Authority of Public Law S66, is also on file in the
Columbia SCS office.

A. Surveys:

A topographic survey was conducted by the Soil Conservation
Service for the Lost Creek watershed. The survey was tied
to the sea level datum, and temporary benchmarks were located
at each dam site. Concrete monuments were set at each end of
the embankment by SCS. A description of these benchmarks is
shown on Sheet () of Appendix A. From the topographic survey
data a 4 foot contour interval map was drawn for design purposes.

B. Geology and Subsurface Materials.

The site is located in the border zone between the Ozarks
and Western Plains geologic regions ot Missouri. This area is
characterized topographically by rolling to hilly with oak and
hickory forest areas. The sedimentary rock layers exposed in
the Ozarks region dip downward away from the Ozarks region and the
higher and younger sedimentary deposits become the surface ledges
in southwest Missouri. The soils in this region are residual
from cherty and dolomitic limestones of the Mississippian age.
"The site is located upon an outcrop of the Warsaw formation ot the
Meramecian series. The limestone bedrock occurs at an average
depth ot 10 feet below initial ground level along the entire dam
centerline, as described in tle Geologic Report on the site. The
Geologic Report prepared by the Soil Conservation Service is con-
tained in Appendix B.

Soils in the area of the dam are one of this area's most common
soils. The embankment soils are reddish-brown silty clays (CL) with
chert rock fragments. "Ihe chert is from the parent material and is
found in each of the soil layers of this soil series. These soils
generally make good fill material when properly compacted.

The "Geologic Map of Missouri" indicates that two known faults
run in a northeast-southwesterly direction through or very near the
dam site. The Missouri Geological Survey has indicated that these
taults are known as the Seneca faults and there is no known acti-
vity or movement. These faults in this area are generally con-
sidered to be inactive. The publication "Caves of Missouri" indi-
cates there are four caves in Newton County and these are several
miles from the dam site.

-7-



C. Foundation and Embankment Design:

Included as Sheet 3 of Appendix B is the Geologic Investiga-
tion of Dam Site for this structure. The profile at the centerline
of the dam shows the location of the borings as obtained by SCS.
Sheets 4 through 42 of Appendix B are the detailed soil investi-
gation with conclusions from the study.

Based upon the available information, the basic foundation
soil appears to be silty clays (CL). There is apparently no
particular zoning of the embankment. Sheet 9 of Appendix A is
the As Built drainage system for this structure. The drainage
.system in the area of Spring #2 was modified in the field according
to Mr. Green. Modification #2 was the installation of an inter-
mediate drain outlet through the embankment.

During construction of the dam, the Soil Conservation Service
added to the contract the placement of three piezometers. fhe
location of these piezometers are as shown on Sheet 3 of Appendix
A. They are usually checked weekly and after each storm. The
record of the piezometer readings are maintained in the Columbia,
Missouri, Soil Conservation Service Office.

D. Hydrology and Hydraulics:

The hydrologic and hydraulic design parameters of this dam
are as shown on Sheet 11 of Appendix A. The Soil Conservation
Service surveyed 17 valley cross-sections in the watershed and
routed 8 evaluation storms through the channel using the '. R.
20 computer program. Assistance was obtained from the Tulsa
District, Corps of Engineers for the study and evaluation. Based
on tile As Built Plans and a tield check of spillway dimensions and
embankment evaluations and a check of the drainage area on U.S.G.S.
quad sheets, hydrologic analysis using U. S. Army Corps of Engineers
guidelines was performed and appear in Appendix C as Sheets 1
through 9.

1'. Structure:

The only structure associated with this dam is the restricted
flow riser. Details of this riser appear as Sheet 10 ot Appendix A.

2.2 CONSTRUCTION:

Inspection during tle construction of the dam was performed
by the Soil Conservation Service Office, Mount Vernon, Missouri,
under the direction of Mr. Joe Green, Project Engineer. Mr. Green
stated that daily inspection was pertormed during construction. The
inspector's log and inspection tests, to include compaction and
concrete testing, are currently on file at the Soil Conservation
Service Office, Columbia, Missouri. The construction inspection
data were not obtained.

2.3 OPERATION:

Normal flows would be passed by the restricted flow riser to
the 30 inch diameter spillway pipe and the uncontrolled earthcut
spillway.

8



2.4 EVALUATION:

A. Availability:

The engineering data available are as listed in Section
2.1.

B. Adequacy:

The engineering data available were inadequate to make
a detailed assessment of the design, construction, and
.operation of this structure. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available, which is
considered a deficiency. The seepage analyses should be
performed for appropriate loading conditions (including
earthquake loads) and made a matter of record.

C. Validity:

The As Built Plans and Soil Investigation data and test re-
sults prepared by the Soil Conservation Service included in
Appendices A and B are valid engineering data on the design
and construction of the dam.
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SECTION 3 - VISUAL INSPliCTON

3.1 FINDINGS:

A. General:

The field inspection was made on May 28, 1980.
The inspection team consisted of personnel from Anderson
Engineering, Inc. of Springfield, Missouri, and Hanson
Engineers, Inc. of Springfield, Illinois. The team members
were.

Steve Brady - Anderson Engineering, Inc., (Civil Engineer)
Tom Beckley - Anderson Engineering, Inc., (Civil Engineer)
Jack lealy - Hanson Engineers, Inc., (Geotechnical Engineer)
Nelson Morales - Hanson Engineers, Inc., (Hydraulic Engineer)

Photographs of the dam, appurtenant structures, reser-

voir, and downstream features are presented in Appendix D.

B. Dam:

The dam appears to be in good condition. No sloughing or
sliding of the embankment was noted. The horizontal and vertical
alignments of the crest were good, and no surfacing cracking or
unusual movement was obvious. The crest of the embankment was
14 feet wide and the low crest elevation was 1002.9. The
field survey data obtained by the inspection team compared favor-
ably to the As Built Plans for this dam.

j On the date of inspection, the pool level was about 0.1
feet above the upper orifice invert. The apparent high water
mark observed on the riser structure was about 6 inches higher
than normal pool elevation.

Shallow auger probes into the embankment indicated the fill
material to be a reddish brown silty clay (CL). The embankment
has a good grass cover and appears to be in good condition. Some
erosions was observed in some areas of the embankment where the
grass cover is light. No sloughing of the embankment or seepage
.through the embankment was evident. No animal burrows were noted.

Water was observed along the toe of the embankment. The water
appeared to be from the installed drains and the spring along the
toe of the embankment. The standing water on the downstream berm
appeared to be due to inadoquate surface drainage provided for
the berm.

No rip rap was noted on the upstream face of the embankment
at normal pool level.

The water level of the three piezometers was checked by
the inspection team. The water elevations are recorded on Sheet
3 of Appendix A.

Benchmark #1 (See Sheet 0 of Appendix A) was used as the
datum for the field survey.
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C. Appurtenant Structures:

C.1 Principal Spillway:

The principal spillway consisting of the 30 inch reinforced
concrete spillway pipe and associated flow restrictor riser
is in good condition. The 12 inch diameter slide gate appeared
to be in good working condition.

The approach to the inlet structure was clear. Considerable

rip rap was-placed around the inlet structure.

C.2 Emergency Spillway:

The emergency spillway was loc-ated at the west abutment.
The spillway channel appeared to be an earth cut channel. The
grass cover in the channel was good with some erosion channels
observed. The spillway has not been used since the dam was con-
structed. Continued use of the spillway would probably result
in erosion of the topsoil.

The outlet channel is directed well away from the embank-
ment. The outlet and inlet channel were clear.

D. Reservoir.

The immediate periphery of the lake was wooded and grass
covered with moderate slopes. The reservoir banks appeared to be
in good condition with good grass cover. No appreciable sedimen-
tation was noted.

E. Downstream Channel:

Immediately downstream of the embankment the channel is
grass covered. The downstream channel is tree lined with
moderate slope.

3.2 EVALUAI ION.

The grass cover on the embankment was fair to good with
some erosion channels in the areas of light grass cover. No
apparent seepage was observed, although standing water was present
along the downstream toe and on the downstream berm.

No significant erosion was observed on the front face of
the embankment at normal pool level.

Photographs of tie dam, appurtenant structures, and the
reservoir are presented in Appendix 1.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

The operation and maintenance of the dam are the responsi-
bility of the Lost Creek Watershed District Board in conjunction
with the Soil and Water Conservation District, Neosho, Missouri.
For the first three years after construction of the dam, a joint
inspection is being conducted by members of the District Board
and the Soil Conservation Service. After three years the District
Board is responsible for providing yearly inspections. In addition
to the annual inspection, the dam is to be inspected after each
severe flood and after the occurrence of any other unusual condi-
tions which might adversely affect the structural measure. The
inspection is to include the condition of principal spillway and
its appurtenances, the emergency spillway, the earthfill and
any other items installed as a part of the structure. Copies
of the inspection report are forwarded to the Soil Conservation
Service office in Springfield, Missouri. The last annual inspection
was conducted on May 14, 1980, and the results are included as Sheet
12 of Appendix A.

4. 2 MAINTENANCE OF DAM:

After the yearly inspection of the dam, the Lost Creek Water-
shed District Board determines the maintenance to be done. Monies
for the requircd maintenance are derived from a tax levy imposed
upon the residents of the Watershed District.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The maintenance required for the restricted flow riser is
accomplished after the yearly inspection by the Watershed District
Board. The slide gate appeared to be in good condition.

4.4 DESCRIIPTION OF ANY WARNING SYSTEM IN EFFECT:

The inspection team is unaware of any existing warning
system for this dam.

4.5 EVALUATION:

The general maintenance of the dam and associated items
appeared to be in good condition. The lack of wave protection
near the upstream face was noted. Some erosion channels were
forming in the area of light grass cover. Standing water was ob-
served along the downstream toe and on the downstream berm.

S12



SECTION S IYDRAULIC/ItYDROLOGIC

5.1 EVALUATION OF FEATURES:

A. Design Data:

The hydrologic and hydraulic design data for this dam are
as shown on Sheet 11 of Appendix A.

B. Experience Data:

No recorded rainfall, runoff, discharge, or reservoir stage
data were obtained for this lake and watershed. During the de-
sign phase, flood frequency used in evaluation of damages was
obtained from six representative stream gauges in the surrounding
area.

C. Visual Observations:

The approach channels to the spillway are clear. The emergency
spillway is well separated from the embankment, and spillway releases
would not be expected to endanger the dam. Spillway flows through the
principal spillway pipe could result in erosion of the downstream
channel.

D. Overtopping Potential:

The hydraulic and hydrologic analyses (using the U. S. Army
Corps of Engineers guidelines and the IHEC-1 computer program) were
based on (1) a field survey of spillway dimensions and embankment
elevations; (2) an estimate of the reservoir storage and the pool
and drainage areas from the Racine, Missouri, 7.5 Minute U.S.G.S.
quad sheet, and (3) data obtained from the As Built Plans for
this project (See Appendix A, Sheets 6 through 11).

Based on the hydrologic and hydraulic analysis pre-
sented in Appendix C, the combined spillways will pass
70 percent of the Probable Maximum Flood. The Probable
Maximum Flood is defined as the flood discharge that may be
expected from the most severe combination of critical meteoro-
-logic and hydrologic conditions that are reasonably possible
in the region. The recommended guidelines from the Department
of the Army, Office of the Chief of Engineers, require that
this structure (intermediate size with hi g downstream hazard po-
tential) pass the IPMF, without overtopping. The PMlF has been
determined to be the appropriate spillway design ilood. The
structure will pass a 1 percent probability flood without over-
topping.

Application of the probable maximum precipitation (PMP),
minus losses, resulted in a flood hydrograph peak intlow of
8781 cfs. For 50 percent of the PMP, the peak inflow was 4390
cis.

- 13
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The routing of the PMF through the spillways and dam indi-
cates that the dan will be overtopped by 1.46 feet at elevation
1004.36. The duration of the overtopping will be 1.0 hours,
and the maximum outflow will be 7507 cfs. The maximum discharge
capacity of the spillways is 4918 cfs. The routing of 50 per-
cent of the PMF indicates that the dam will not be overtopped.
The maximum outflow will be 3166 cfs. Overtopping of an earthen
embankment could cause serious erosion and could possibly lead
to failure of the structure.

- 14 -
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

A. Visual Observations:

Observed features which could adversely aftect the
structural stability of this dam are discussed in Sections
3.1 B and 3.2.

B. D)esign and Construction Data:

Design data obtained are included in Appendix A. Analysis
of the soil structure is included in Appendix B. Additional
design data and construction notes and test results are located
at the Soil Conservation Service in Columbia, Missouri.

Seepage and stability analysis comparable to the requirements
of the guidelines were not available, which constitutes a deticiency
which should he rectified.

C. Op erating Records:

The piezometers are normally read and recorded weekly and
after each storm. The resulting readings are on file in the
Columbia, Missouri Soil Conservation Service Office. Verbal
information from that office indicated that the water elevations
for the east piezometer were maximum 950.6 (April, 1980), minimum
948.4 (February, 1980), mean 949.5. The center piezometer was
maximum 957.2 (May, 1980), minimum 955.6 (March, 1980), mean 956.5,
the west piezo.n.,ter was maximum 964.7 (April, 1980), minimum
963.7 (March, 1980), mean 964.2. On the date of inspection the
elevations recorded were east piezometer - 948.8, center piezometer -

958.3 and west piezometer 900.7.

As the lake has been full for only about 6 months and raintall
has been slight, no noticeable trends have been observed by the
Soil Conservation Service. Thus far the east piezometer appears
to fluctuate depending upon the amount of rainfall.

1). Post-Construction Changes:

'There have been no reported post construction changes to
this dam.

-:. Seismic Stability:

The structure is located in seismic zone 1. An
earthquake of this magnitude would not generally be expected
to cause severe structural damage to a well constructed earth
dam of this size. However, it is recommended that the pre-
scribed seismic loading for this zone be applied in stability
analyses performed for this dam.

-is



SECTION 7 - ASSESSMENT/ REMEI)IAI, MEASURES

7.1 DAM ASSESSMENT:

This Phase I inspection and evaluation should not be
considered as being comprehensive since the scope of work
contracted for is far less detailed than would be required
for an in-depth evaluation of dams. Latent deficiencies,
which might be detected by a totally comprehensive inves-
tigation, could exist.

A. Safety:

The embankment is in good condition. Some items were noted
during the visual inspection which should be investigated fur-
ther, corrected or controlled. These items are: (1) standing
water on downstream berm; (2) standing water along the downstream
toe of embankment; and (3) some erosion on the embankment slopes.

Another deficiency was the lack of seepage and stability
analyses comparable to the recommended guidelines.

The dam will be overtopped by flows in excess of 70
percent of the Probable Maximum Flood. Overtopping of an
earthen embankment could cause serious erosion and could
possibly lead to failure of the structure.

B. Adequacy of Information:

The conclusions in this report were based on review of
the informat ioi listed in Section 2.1, the performance
history as related by others, and visual observation of external
conditions. The inspection team considers that these data are
sufficient to support the conclusions herein. Seepage and
stability analyses comparable to the "Recommended Guidelines
for Safety Inspection of' Dams" were not available, which is
considered a deficiency.

C. Urr ency:

The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. If the defici-
encies listed in paragraph A are not corrected, and it good
maintenance is not provided, the embankment condition will
deteriorate and possibly could become serious in the future.
The items recommended in paragra ph 7.2A should be pursued
without undue dela .

I). Necessity for Additional Imnpect ion:

Based on the result of the Phase I inspection, no additional
inspect ion is recommended.
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I':. Seismic Stability:

The structure is located in seismic zone 1. An earthquake
of this magnitude would not generally be expected to cause severe
structurol damage to a well constructed earth dam of this size.
However, it is recommended that the prescribed seismic loading
for this zone be applied in any stability analyses performed
for this dam.

7. 2 RENEDIAL MEASURES:

The following remedial measures and maintenance procedures
are recommended. All remedial measures should be perlormed under
the guidance of a professional engineer experienced in the design
and construction of dams.

A. Alternatives:

Spillway size and/or height of dam should be increased to
pass the PM:. In either case, the spillway should be protected
to prevent erosion.

B. 0 F, M Procedures:

(1) Seepage and stability analyses comparable to the
requirements of the recommended guidelines should
be performed by an engineer experienced in the
construction of dams.

(2) Vegetative growth on the dam should be maintained
and cut annually.

(3) Wave protection should be provided for the upstream
face of the embankment.

(4) the downstream berm should be graded to allow egress
of surface water.

(5) 'The water at the downstream toe should be observed
periodically to determine any increase in flow.

(6) A detailed inspection of the dam should be made
periodically by an engineer experienced in the
design and construction of dams.

- 17



APPENDIX A

Dam Location and Plans
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STRUCTURE DATA

Class of Structure -C 61odw.alv- gktang6 a Freeboard Hyd

Drainage Area (total) 736 Ac. 11/5- Sq.Mi. Rainfall

(uncontrolled)- 736o Ac. 1/5' Sq.Mi. Runoff

Time of Concentration 0.8 Hours Peak Inf I

Soil Cover Complex Number "7/ For A.M.C. II Maximum D

Sed iment -Capac ity Ava ilIablIe .575Ac.Ft. below Elev.9?75.6 MaximumW

Total Sediment Capacity Available 600 Ac. Ft.

Capacity Equivalents (Vol.) 0.178 I n.

Retarding Capacity Provided 398.0 Ac. Ft .

Capacity Equivalents (Vo .)6.417- n.

Water Supply Provided INAOfle Ac.Ft.-ldentify Uses //

Principal Spillway:

Max imum Capac ity a--ew--s-ta-45 c.f.s. 20

Maximum Capacity (high stage) 0 ~ ~ s

10 Day Drawdown Elev. 97S& uj

E-ergency Spillway:

Percent Chance Use / Storm Duration 611041f 970

Type &e fdorh"n" Value Used 2.04

* Emergency SpilIlway Hydrograph for Class 4C Structures

RainfallI -/?00 in.

* Runoff 519___ in.0

Peak Inflow 3,1L. c.f.s.

*Maximum Discharge -Emergency Sp iIIway 042 c. f .s.

Maximum Water Surface Elev. 9______78 __

Velocity of Flow (Ve) 7/ f.p.s. Supplementar

Supplementary Data and Special Design Features: SeilDs

1rn,Do/ pi _w y Cres-l 67ev. 9?756

Er~eqecySpi//waOY & -no Wldlh /0 0
Selled Tp 01f9017-7 E/ek v.003.2
lle,h X /&1-qe -7.? r -5"8 07e3



STRUCTURE DATA

Freeboard Hydrograph for ClassZ2- Structures

1M i. Rainfall1 _Z180 O n .

Mi . Runoff ___ ___ ____1 in.

r s Peak Inflow 9719 cf.s.

n 1 Maximum Discharge - Emergency Spillway- 57/5 c f s.

5.lo Maximum Water Surface Elev. i0O.0

.Ft. Reservoir Capaci ty

In. L i

.Ft. - -f l

In.

ses /0/0

U) I

.f.s. -. Vii
qqo I IvII II II I-H +

'-If 970

ructu res

95011 ---- M
0 1?0o 400 600 (900

:. f.s. Total Storae - Ac.Ft.

f.p.s. Supplementary Data and 93-7
Special Design Features: ST8UCTURE1 EZ-/

Z-0S7 CRE(EK WATERSI/E0 PLZ-56,6

4/94/TOVMINY O/i/41SSOURI

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ot

0.-~ 465~. l.73ilE

_______~~~~~~~ f __ ___ ~~5~HR ~-1
_______t I_____ X1
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ENGINEER'S REPORT

SITE E-1 LOST CRELY.

1. STREA4 CHANNEL - Stripping and foundation preparation ard core trench
excavation should elindiiate all the stream channel cleanout needed.

2. DEPTH OF CORE - Recomnend that the core trench be as shallow as possible
to insure a saf- dazi.

3. UNDESIRABLE t SPEPJAL - There appears to be no large amount of undesirable
material in the fotudation area except for a minor concrete structure
and silty matuiial located in the spring area downstre&ni from the
centerline of the dam.

4. MTERALS - Excavation from the core and emergency spillway may be used
for fill material. Rock was encountered above grade in the upper exit
section of the emergency sOillway. Sufficient borrow material can be
obtained by excavating the too of the hill upstream from the emergency
spillway, 2 to 3 feet deep on rhe right side of the stream channel in
the permanent pool area and approximately 6 to 3. slopes along the right
nbutricnt from Grid "C" to the emrgency spillway.

5. CONDUIT - Due to class of structure the conduit will be reinforced
30 inch concrete pir e. 'i\,-o locations: ;ere drilled out during site
inveztigition and were considered very comparable. Recom .end the

-. original location be selected.

6. DPAINI GF -,~~~--t ~t et+ii~~*
. - i ,- . &. Request I-aborator., reco:W.endations

as to the tipe and locaticn: of c iins nceded for a safe 4an.

7. Recomie( ri that fill placement cojtL.-ols be .
Class A compaction with controls cn the minus 3/4" fraction.

*/)

Gret.n, Project .hgineer
/ Eeptcm~er 1.1, 1975

Sheet 4 of Appendix B
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Report and Recommendation:s front the State Design
Engineer and the Fngineering Specialist for Soil Mechanics

Site E-1, Lost Creek Watershed
Southwest RC&D, Missouri

The Operations Geologist requested our assistance because of the Tripoli

in the foundation and the water supply spring.

The tripoli found in Missouri is a form of weathered chert. This was

easily seen when the material was inspected at the site. This formation
is not high quality tripoli and is not extensive. It occurs as a pocket
under the principal spillway. The material is solid and will not consoli-

date or weather further. The top few feet are permeable (about 5 fpd)
but this will not be a problem from either a construction or stability

standpoint. Our conclusion is that the tripoli will not affect the

structure and should be treated as ordinary bedrock.

The landowner had the following clause written into the easement he
signed. "If within 5 years following the completion of the works of

impprovement, the flow of the natural spring, located between the fill
site and the dwelling location on the farm, is terrinated cr substan-

tially reduced due to the installation of the works of improvement; a
well will be provided by the local organization." This spring seems
to be originating in a gravelly pocket which could be an old stream

channel. This gravel material contacts the bedrock and lies in a
44shallow depression in tho limestone surface. 'No drill holes, one on

the q- of the dan and one on the i of the drain borings, contacted the
giavelly layer. Both of these holes caused the spring to become muddy.
No other holes found the gravelly layer or muddied the spring. -1e

water table at this site is quite high, 3 to 4 feet below the ground.
We feel that a cutoff to waterline in the CL or CC material will be

sufficient on this site. This will leave the gravelly layer intact
to feed the spring and the spring may not even be effected by construc-

tion activities. The high water table is indicative of a very good

chance for a full pool. Ile walked the stream channel and could find no

fndication that the stream chann~el was in any way connected to the

aquifer that feeds the spring.

Borrowing should be limited in the pool area to preserve a blanket over
the bedrock. Tie foundatio)n underlying the sitt, is about 12 feet deep
across the floodplain. There is 2 to 4 feet of i.L over 6 to 8 feet of
gravelly, cherty, CL or CC. At the soil-bedrock nAtefcaca there is a

sr.all amount of weatheied bedrock. We obtained one undiuturbed sample
from the lower part of Ihe L stratui. The CL stratum was just to rocky
to sample with a shelby tube. The foundation appears to be very good
with adequate strength for a class c dam.

Sheet 5 of Appendix B
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Foundation drainage will not be required on this site, in fact, a
foundation drain may encourage flow under the dam. An embankment drain
will probably be needed to meet class c stability requirements.

We are of the opinion that the problems mentioned above are not serious.
The other springs mentioned in the geologist report are not hazardous to
the dam. The spring upstream from ( station 34-39 is a wet, marshy area
with no open flow. The spring at the base of the left abutment feeds
directly into the stream channel and its flow was quite small. An
extension of the embankment drain could intercept this flow and outlet

in the stream channel below the dam.

The embankment will be a homogeneous fill consisting of gravelly CL
from the borrow area on the right abutment. The CL has a rock content
which varies between 10 to 40%. The red, waxy CL occuring just above

the bedrock should be placed in the interior of the dam, preferably
below the phreatic line. There will be ML borrowed from the pool area
and placed as a shell section for vegetation.

" . / J, -'.

Neil H. Randall Michael IM. Blaine
Head, Design Secticn Engineering Specialist

Sheet 6 of Appendix B



Form SCS-376A
Sheet I of 10 _ UNITED STATES DEPARIMENT OF AGRICUL1URE

SOIL CONSERVAIION SERVICE~1059'

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

GENERAL
S - 9

State Missouri C.unty __Ne, ton ; . i, " Sec. l.., T 25- R 331L Watershed I n05t rpe

Subwa'ershed .- Fund class 8.L-- _ 201 8 Site number E - Site group I Structure class C
(FP.2, WP.1, et:.)

Investigated by _ _ ,. Equipment used Fai . 1g$__.R.l,_) C.C . , Date 5
(signature and titl) (lype, size, make, n,odei, etc.,

SITE DATA
Drainage area size 1. 15 mi. 736 acres. Type of structure Compacted Earth Purpose _FOO water Retarding

Direction of valley trend (downstream) South , Maximum height of fill 44 feet. Length of fill 830 feet.

Estimated %olume of compacted lill required 108, 383 yards

STORAGE ALLOCATION

Volume (ac. ft.) Surface Are" (acres) Depth at Dam (feet)

Sediment 60 10 17

Floud-atai 398 31

SURFACE GEOLOGY AND PHYSIOGRAPHY

Physiofraphic description Ozar. Hig l and Topography Rol lng Attitude of beds: Dip .SE... Strike. N- .

Steeress of abutments. Left 3__t0 9P.-cent, Right _27__ percent. Width of flcodplain at centerline of dam- 6.55 feet
General geoloZ; of site: hJ.-_5 i t s 1uQatcUuponLanc ut-ruofth-Warsaw f rmar onof the_ _

Merameci a i _se rni--an - isJ sns iip~pi- a gdc--t--the-is-zrdsstn5

certharness 5 chert a1
cherty ietne dt Very___ __________________ ____________________

Thgj _iiLcis.-appLo ximatlyl_8-mLle_ w it d on thep thr-owns-ideof* the.-eeOca-

___fu ? t ys te m _Jh i _~ma jor _a i£ nds _NE__a ndS in astraigh t-lUsne _ over -an appioximate-
"di.stance__of_%3 tO 10 ra*Lle. X".i_' Lo E au i ti-ag-is-4 r e- qt -tia-.!hu site-- u ,-z'uv -

__-fcvtj.Lil._.Wads _apascnt Li.de __the q_ daralgjzhzLln"_ p

hardn.ss 4-5 limestone. Medium oelddd hardness _4 cherty limestone and verweth. __

hardncss 1-2 tripolitic chert Is fotn,d at an_anvcrage .ptof. _ .b ._

__floodp1ain section. . . . . . . . . .. . . .

Sheet 7 of Appcnidix B_
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U . S. DEPARTMFNT OF AGRICULTURE FORM SCS-3761

-SOIL CONSERVATION StRVICE REV. 2-64

SHEET O2 OF 10
DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEATURE D Dam
(CENTERLINE OF DAM. PRINCIPAL SPILLWAY, EMERGENCY SPILLWAY. THE STREAM CHANNEL. INVESTIGATIONS FOR DRAINAGE
OF STIRUCIURE. E;OHROW AREA. RESERVOIR CASIN. ETC.)

DRILLING PROGRAM
NUMER or SAMPLES TAKEN

EQUIPMENT USED NUMBER OF HOLES UNDISTURBEr DISTURBED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

Failing 1500 RD 15 2 1 (3" Shelby) -- 3

1 (sack cores)

TOrAL 15 2 2 -- 3

SUMMARY OF FINDINGS
(INCLUODE ONLY FACTUAL DATA)

Soils developed above bedrock in the floodplain areas are a slightly clayey gravelly

silt (MT-) horizon overlying a gravelly to very gravelly clay (CL) horlzon. In some holes,

always directly on top of bedrock, a red-waxy slightly gravelly clay horizon was encounter-

ed. Average depLh (If the water level on the . dam alignment is at an elevation of 960.0

ft. water was flowing in the channel at the time of the site investigation.

The gravel lens. ,- are generally lenticular and discontinuous but some show continuity.

In boring #11 at station 4-50 CL dam the gravel zone encountered at 14 to 15 ft. is probably

an. aquifer for the spring located approximately 260 feet down stream.

Average depth of the water level on the q. dam alignment is at an elevation of

960.0 feet.

Chertv clay and ch2rt is encountered at shallow depths on both abutments, overlying

limestone, A permeability test was conducted in boring #6 at station 0+77 j dam.

•Permeability rates were moderately low. Circulation was lost in the limestone in three

Ihgi. S 3 #f202 and #208 on the ri/Lht abutment at approximate elevation of 981.0 to

Bedded, hardn)-ss 1, rnertv tilnestone avid very weathored hardress 1-2 tripolitic chert

.. _InImdL.m nnvr n ge dept ._LZ2' to 14' thloug _LAo ain section. Cores were

" kiVr nf tho IiJLiit--2 clj _.?bor # an# , ..j_.lPressure premeability tests

_ymr . w______,i, th, rp,,i ch:,rt in bpr;nD! 12 . pcrmabilit:y ratv!s were moderately

_lig in thn Uu.L -1art. _____

Sheet 8 of Appendix R



'U. S. DEPARTMENT OF AGRICULTURE FORM SCS-37EB

SOIL CONSERVATION SERVICE REV. 2.64

SHEET 3O.L F 10
DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEATURE Princtpal Spillwav (1+90 q- Dam)
(CENTERLINE OF DAM, PRINCIPAL SPIt LWAY. EMERGENCY .,PILLWAY. THE STREAM CHANNEL, INVESTIGATIONS FOR DRAINAGE

or STRUCTURE, BORROW ARLA. :ESEWI 1Ot DASIN, ETC.)

DRILLING PROGRAM
NUMBER OF SAMPLES TAKEN

EQUIPMENT USED NUMBER OF HOLES UNDISTURBED DISTURBED

EXPLORATION SAMPLING (STATL TYPE) LARGE SMALL

Failing 1500 RD 5 1 1 sack cores

TOTAL 5 1 1

SUMMARY OF FINDINGS
(INCLUDE ONLY FACTUAL DATA)

1Iardn~aza e_1XgiJJ- '.Stcgfe and or hardness 1-2 very weathered tripolitic

chrt is aL.4 avera'W (LLvd h of 10 fen long this alignment. Boring t302

enemnte,-r -_ rda__-__imostone at 18feet dept-h. Very weathered tripolitic

4horl ip AS__rQ1,nttred in boring 4 32 feet depth. Diamond cores

were taken of this material in the boring.

Aver-, iir -Lable eevation alo_ this alignment is at 959.0 feet.

i

Shcet 9 of Appendix B
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U. S. DEPARTMENT OF AGRICULTURE FORM SCS-376B

* SOIL CONSERVATION SERVICE REV. 2-64

SHEET -4- - OF 1
DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEATURE Alternate Principal Spillway (2+60 q1 Dam)
(CENTERLINE OF DAM. PRINCIFAL SPILLAAY, LMLRGENCY SPILLWAY. THE STREAM CHANNEL, INVESTIGATIONS FOR DRAINAGE
OF STRUCTURE. BORROW ARLA,. RSERVoJH VASIN. ETC.)

DRILLING PROGRAM

NUMBER OF SAMPLES TAKEN

EQUIPMENT USED NUMBER OF HOLES UNDISTURBED DISTURBED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

Failihg 1500 RD 5 1 -- 2 -

TOTAL 52 --

SUMMARY OF FINDINGS
(INCLUDE ONLY FACTUAL DATA)

Comparable and similar foundation materials are encountered along this alignment

as those discussed in the summary sheet on the original principal spillway @ station

-1+90 q dam.

An estimated additional 250 feet of channel excavation will be necessaty if this

location is utilized.

Water levels along this alignment varied from an elevation of 961.0 feet to 941.0

feet.

Shect 10 of Appendix B
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U. S. OLPAFPTI.I.ENT OF AGRICULTURE FORM SCS-3768

SOIL CONSERVI ION SERVICE REV.2-64 5  1
SHEET 5....O

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEATUftE - Dra in ring&s-
(CENTERLINE OF DAM. IPIIN~'IAL SPILLWAY, EMERGENCY SP'ILLWAY. THE STREAM CHANNEL, INVES7IGATIONS Fok DRA11NAGEJ

OF STRUCTURE. BORROWV AREA. RESERVOIR BASIN. ETC.)

DRILLING PROGRAM

NUMBER OF SAMPLES TAKEN

EQUIIPMENT USED NUMBER OF HOLES UNDISTUIRBED DISFURRED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

Failing 1500 RD 3 2 - 6-

TOTAL 32 -- 6

SUMMARY OF fINDINGS
(INCLUOL. ONLY FACTUAL DATA)

Thx iujmrb~inj~t elo dIrilld for correlation and controgl purnoses.-

jat_ fouuid ilLhL Q borins as those encoun.te red

__________ ________ Sheet 11 of Appendix B



U. S. DE'nARTMENT OF AGRICULTURE FORM SCS.376B

SOIL CONSERVATIO SERVICE REV. 2.64~SHEET .6-- OF _Cl.O
DETAILED GEOLOGIC INVEStIGATION OF DAM SITES

FEATURE . S _rii _

(CENTERLINE OF PAM. PRINCIPAL SPILLWAY. EME!RGFNCY SPILLWAY. THE SlREAM CHANNEL. INVESTIGATIONS FOR DRAINAGZ

OF S7RUCTURIE, uORROW AREA. LSLVOIH BASIN, ETC.)

DRILLING PROGRAM
NUMBER OF SAMPLES TAKEN

EQUIPMENT USFD NUMBER OF HOLES UNDISTURHED DISTURBED

EXPLORAIION SA-,IPLING (STAI E TYPE) LARGE SMALL

TOTAL

SUMMARY OF FINDINGS
(INCLUDE ONLY FAC ]UAL DATA)

Numerous saigs_}4erepresent on this site.

The spring- located app-roximatelv 260 feet downstream from station 4+20 o dam is

currently being used for house and garden needs. This spring reportedlv hasnever

been dry in the 100 year history-of the landowner's family. .hen borin__l 41 cILd__
at station 41-50 dam was drilled the spjngturned mddv._A clayey gravel zone above

bedrock is robbLy the anuifer for tthis spring. Water temperature was at 630 F.

* The sorin& iq thr draw to the rijht below the dam functions only during wet periods.

-A spring is presetI at aproximatelv 25 feet upstream station 3+30 C. dam which has

* fed a breachsLsjl po ]ow thdeschjr e, The old dam is approximately 100

_Prin&.__ab&_Qu 4 to 5 feet higl ad__aC_CQijg to the landowner

Swas onstru cred in th__year l__8§9._

A spring wns notLjat the base . __the left abutent appr:i tci int aa _50_f 2w .tr .

0

_site_ .iliIeufgaio e ........

____Sheet 12 .-of- Arjendix B



U. S. DEPARTMENT OF AGRICULTURE FORM SCS-3768

;OIL CONSERVATION SER4VICE REV. 2-64

SHEET 7 OF

DETAILED GEOLOGIC INVESTIGAl ION OF DAM SITES

FEATURE . S~rpam .Channp~
(CENTERLINL OF DAM. PRINCIIPAL SPIL IWAY. EMERGENCY SPILL WAY, THE STREAM CHANNEL. INVEST IGATIONS FOR DRAINAGE

OF STR)UCTURE, BORROW ARIFA, kLSERVOIR BASIN, ETC.)

DRILLING PROGRAM
NUMBER VF SAMPLES TAKEN

EQUIPMENT USED NUMEr OF HOLES UNDISTURBED DISTURBIED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

Falling 1500 RD) 1 - _______ _________

TOTAL1 -- -

SUMMARY OF FINDINGS
LINCLUDE ONLY FAClUAL UAIA)

Sandy Che rt Cgrave I was on the surface of thle channel and extended to a depith of

fetL .-linderlying -.uace crave), from 3 to 7 feet depth was a gravellv clav

(CL). Frow~Q -2 tohred chert wn ; encouintered on top of limestone__bedrock .

The stream was flowjgga clear 640 water at the time of the site investigation.

lhc-.ians L-o.er, repo-rts the flow as being, conptinuous exetdrn h r 934 year

*L.jh"lflnaewas aliost dry,

Water was~ nljx~jeanL~ som_ nxL~e~sQqions upstream as the flow poes un ergqround.

Sheet 13 o f Appendix B



U. S. DEPAH1LT0 GIUrH FORM SCS-376B

SOIL CONSEI"VATION SERVICE REV. 2.64

SHEET A OF lLa-
DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEATURE .. Emegency-01pilway-
(CENTERLINE Uf DAM. PRINCIPAL SPILLWAY. EMERGENCY SPILLWAY, THE STRFAM CHANNEL, INVESTIGATIONS FOR DRAINAGE
OF STRUC1U.'d. UORROW AREA. IlEStkvOiR BASIN, EIC.)

DRILLING PROGRAM

NUMBER OF SAMPLES TAKEN

EQUIPMENT USED NUMBER OF HOLES UN4DISTURBED DISTURBED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

D6C Cat 1 1 -- 2

Failing 1500 RD- 9 1 -1-

TOTAL 10 2 -- 3

SUMMARY OF FINDINGS
(INCLUDE ONLY TAClIJAL D)ATA)

S~~~~~Forebaiy and Control Section _________________

A thin rnantle of chorty silt (111) overlies a brown-red .,'-rv chertv clay (CI.) ___

horizon. The second horizon extends to an average dethof 4 to 5 feet. Belcw the

~ix~k~vy~ay re wjy~n~gouschetyclay (Cf.) is encountered. This hotizon

is lsjzckert-,wih depath, The rcd-waxy, cia extends to below proposed grade -n this

area.

Upper jExj t Area ____________________

Ila r dna--z5-cL~jyj~e -rn_ bdrock is encountered a few feet ab-ove proposod

~gradt- in thisalreap

Hnwpvo r no uWeasurahl voi ,,?re pnuntCd ____

_____________ _______Sheet 14 ofAppendix 11 ____



U. S. DEPARTMENT OF AGRICULTURE 
FORM SCS-3768

SOIL CONSERVAION SERVICE REV. 264 9 10
SHEET _ OF -

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEA URE B ri~wAr. a

(CENTERLINE OF RAM. p'RiNCIPAt SPILiWAY, EMERGENCY SPILLWAf, THE SIRE AM CHANNEL. INVESTIGATIONS FOR DRANAGE

OF STRUCTURN L:)KROW AREA, RLSERWOIR BASIN, LTC.)

DRILLING PROGRAM
NUMDER OF SAMPLES TAKEN

EQUIPHENT USED NUMPER OF HOLES UNDISTUREIED DIS1uI'BED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

Failieg 1500 RD 10 2 -- 5 --

TOTAL ]0 2 -- 5 --

SUMMARY OF FINDINGS
(INCLUDE ON

I 
Y FAC1 UAL DATA)

Three soil horizons £nera the materials of the borrow. The surface

horizon av:era~jigi 3 to 4 feet in depth is a rown clavev silt: (Ml or CL-ML)_. The

sec_.Lhwizonis abrown-red graveMljv _CL or CL-GC)tjhat extends to an average_

_.hoqf_Z_to__8 fet2j___. Th! th ird ho riz on iss a red way _sL1 itly e -- th.yc ay.(.I.

This horizon directly overlies bedrock. In the hi-her elevations the second

horizon is more chlertyamorp stic and redder in color.

Two horings 0.101 and 11110 encountered water at 6.9 feet and 5.5 feet respectively.

ttlh re)Qr_ew hrjnpg__eej __dr _o _r the borrow holes in the floodplain caved

_______ ztwij 9~L fct atZJ)xirs-,

Sheet 15 of Appendix B
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U. S. DEPARTMENT OF AGRICULTURE SCS-376C

SOIL CONSERVATION SERVICE AEV. 2.6410 10

SHEET _-OF

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

WATERSHED SUBWAIERSHED COUNTY STATE

Lost Creek Newton Missouri
SITE NO. ITTE GROUP RStrUCTURE CLASS INVESTIGATED BY: (SIGNATURE Of GEOLOGIST' DATE

E- 1,_ I C P-9-75

INTERPRETATIONS AND CONCLUSIONS

Dam - The recommended minimum cutoff trench depths should provide an adequate cutoff.

The Crench will bottom on both abutments in cherty clay and through the floodplain

section in gravelly clay material. Some seepage may be expected in the gravelly

clay through the floodplain section; and if the cherty limestone is exposed on the

right abutment some highly permeable strata may be uncovered. It is not anticipated

that the very weathered tripolitic chert material encountered around station 2+00 '

dam will constitute any particular stability or construction problem.

Principal Spillwav - Location alignment and foundation are satisfactory, and the
location at station 1+90 L dam is adequate. Trench depths should eliminate the

M1, surface material found along this alignment.

Alternate Principal Spiilwav - This alignment at station 2+60 (L dam is not recommended.

The toundation along the alignment is comparable to the original alignment and
additional channel excavation will be needed.

Drainage - Should be considered from the left to the right abutment.

Stream Channel - I to 2 foot: removal of the surface gravel at all sections is

suggested.

Borrow - Ample materials are available within the suggested borrow limits to construct
the dam. .ore plastic materials are found in the higher elevations; on the right

of Emergency Spillway area and on the ripht flank of Grid "A", "B" and "C".
Because of the water table and the advantages of a blanket cover it is suggested that:
borrowing be limited in the floodplain areas to a depth of 4 feet or less.

Emergency Spillway - As presently designed an estimated 16,000 cu. yds. of excavation
will 6e needed from the Emergency Spillway area. An estimated 500 cy. yds. of this

amount may be rock excavation. The rock excavation was encountered above proposed

grade in the upper exit area. Modification of construction design could be considered.
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UNITED STATES rPARTMEIJIT CF AGRICULTURE

SOIL CONSERVATION SERVICE - Soil Mechanics Llboratory

800 "J" Strtct, Lincoln, Nebraska 68508

MiI(L ENG 13-18, Missouri M',-08, Lost Creek, Site E-1 flAI F May 11, 1977
(Newton County) - Supph i<cnti .

U) James M. Dale
State Coi.ewrvat.ion Enginer
Soil Cosic 'vation. S('vice
Col bia, Missouri

INTRODUCTTON

The slope stability analysis of this site was originally reported without

considering ceismic forces. A telephone call from Mike Maine was received

on May 5, 1977, requesting a seismic evaluation using a 0.05G seismic force.

DISCUSSTONT

'hie same shear parameters were used for the analysis as in the previous

analysi,,. This 'i:.:-num section at Station 1+30 '.:as reported to have a

factor of' sacty of 1.5C) with i 50-foot downstrea:n benn and a fouiinltion
drain. 'Bie 0. .jG se ::]c force cipplied to this f:a-ilure condition reduces

this factor o!' safety to 1.32.

The floodpluin seeLion vt Station 2+65 was reportfd to have a facto:" of

surety of 1.5c, with a 36-f'oot downstram be-,n anl a drain. This factor

will reduce to 1.32 wiLh the s'a: seismic force applied.

Preprared by:

rt/ F-,f}oLe. rt . ',y i£-

Civil Ehgiiveei'

* Reviewed and Approved by:

horn P.Dui:a:

cc: ,., inrn , Cal ii 0] a
Dog.nu Y- . !c-)<, Li.coln, TE
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UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SRIE - Soil I'lcclinico Laboratory ,.

8CO "J" Strcet, Linololn, Ilebrazkn 68)506

suBJIrcT: ENG 13-18, Miseouri WJF-08, lost Creek, Site E-1 DATE: September 27,. 1976
(11cwton County) - S 'Ipplcvw'atal Rleport

TO: Jaines 14. Dale
State Conzaervation Lgne
Soil Coii.servatioii '; rvice

ColuriI a, iozouri

This rcport supple!nkcnts our coil engineering report dated Februaqry 25,
1976 and is pr~j.±:wc1 in rczponse to yaur letter of Sepitemnber 16 96.

In your letter you requestcd additional slope stability analyses based oni
___ the followinig coniditions:

1. Phreatic line dcvcloped from the cres-t of the principal spillvay
(ul 975.6) uni ecyee.sing iinto a drain located 75- fe-et downstream
from!f c ente rli ne of d-ar.

2. Lr--c of PIPVDOCK.$2 ali1ding block procedure with conlitions per trials

V0o. .-Idwn nd 21 (lip) in t'he orgnlanalyzls.

3. Miniinr, -fety faetorL; as oornta.iied in Te chnical Releace 60.

Fcnr.a,; CS-1F"Li-357, onit'jof Vtarce Jipets, are a.ttached. ThMey catain
the '-dop'te1 ke;l Wi trt a!, n i uaaize thec reslt 0' this addition~al
a nalyri : a. t boti h-_ i:ax umzi and fi oodp2 a inseto.

t : t r c, 'Ti i-canlyci.3 injicates tint a 2~ :1 silope above and a 3: 1

L0i blo e low :1 15-foot wide bor.! at c'1(v,:ticn 975.6 has an aicquate
,PuEty fPastor J'or t1he assur!!cA coniditj oris.

Dunt~an.,,x riD analysis lindicates thiat a 2, :l slope above and below
a .1 -rfo v.id' bcr-n Lja a an ad.aua!L:tC -afety factor for the assumned
conI 1i lnsa.

Thne above cmbanksent crass-:ecctioni does not consider the decign requirE-mcnts
Sti\1ltcdir FTJ Tca hi Ica 1 t-i~-T2 (he. ./7 far a hazardl class

(c) dan~ locute-d ini tn earthquike. desiLgn clacs! 1. rc[.gion.

Prepaved by: Reviewed anA Approved by:

Don i J S3 i i Lbra P. lDint.) gin
Civil F'%gines!' Hvwi

Attacl.sci.nts: Formn L3i2E1-?Y, -u'r.ary - Slope SU-bility Analysis, 3 sh;Ieets
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE - 3oi 1. chsne Laboratory
80) ""," Street, Lincoln, thbm. 68)06

SUlJI-CT: PNG 13-18, Mi-souri WT-08, Lost Creek, Site E-1 D AIT.: February 25, 1976
(Newton County)

TO: James M. Dale
State Con-crvntion Engineer
Soil Coner%,,tion S.rvice
Coltmbia, Missouri

ATTAChMENTS

1. Form SCS-FNG-354, So-l Mechanics Laboratory Data, 2 sheets
2. Form SCS-FIG-355A & 355B, Triaxia l Shear Test Data, 3 tests, 7 sheets
3. Fora SCS-NUIG-35 2, Compaction anA Penetration Recsistance, 2 sheets
4. Form SCS-EIG-35-(, Sna:.ry - Slope Stability Anlysis, 6 sheets
5. Figures 1 and 2, 2 sheets

INTfDITTON

lie proposed dAm il; a hnzarid class c floodwater retinfling structure. It
has a r'-ximum .xvnf!i ht of, ,Jucut 44 feet, a crest length of about 830 feet,
and a da i iTeg :,rez of* 1.-5 squrc m'lcs.

C)
'ihis site is located in earthqunko design clacs'i, region. The geologic
report indlicatc: thxt there is minor faultig in the are. but none at the
dan site.

There are ceverl sprin.g s at the site as pointed out in the geologic report.
Flow in one spring tm:ut be maintnined per the easement.

DISCUSST _ O-v DATA

FOUNDATION

A. Bedroc. edrock consists of',there, chert overlying 1lmestone.
See the geologic re1ort for details. At the ectnterline of the dam,
bedrock lies below tre grond surface at depths a- follow:

1. lft abutm:..t ......... 7I fce t;
2. F] o : .. . ...... ]C, to 2C) feet; and
3. P ight abutme.t ..... 12 to 36 f-eet.

B. Soil C1:,i flcat on.

1. IDcft abutmr.nt. (prox Sttion &Ou LO -0 ). No samples
were :: .'t--.. So:1 1 ,o ,,d as ML ( -:urfacc) with un,derlying
CL to tv:,_ -t ri ehl rt.
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James M. Dale -Lost Creek, Site D-2 2

2. Floodpl-iin. (Approximntze Station 1+00 to 4+50).- One core and
eighit bL<, za-mple.r were sub-nitKA- to the haboratory. The surface
materlir, airc loiged -is MI, (2-4 feet thick) or CL, except in the
channel vhere 3 fee-t of gratvel we're encountered. tUnderlyin
material down to thie bedrock is logged as CL and CL,1GC, much of
which is gravelly to very gravelly.

The surfact(e coils are recpresented by Sninie 76W-784A (306-1),
76v7&,) (60ji-i), unl 76vrfl,2 (602-1). Fines vary front7-00~
LL's 1f10!. 31-1;3, .,nd PI's Croin 11-24. All soils classify as CL's.

The unix rlying soils are represented by samples as follows:

Fupac- No. D.'ath USCS LL/PI Fines Wnd Gravel Size

70-J(81.B 3CoS-2 3-10 GC 141/22 49 23 28 3

78) 2-] )f-5 .5 CL 36/)4 81) 12 3 2

7Y86 2-2 7-7.5 CL 39/18 72 24 21 3

'"0 61Cl -2 3-5 GC 3-,/ 18 y 1-9 31

'91 601-3 5-10 GC 40/120 37 22 2

'03 602-2 41-7 CI, 35/1 6 68 .13 39

Except i'or core sampl-e 76-,785, all of the above saniples arc bag

3. ili t Aib~ .( Approximr~atc -lc~ition 4+50 to N&vO) . sam p IC.
*(6ji(~yT~~Tji~ly6..[30(13-2) represent the near surface anld

uiiderlyi!q- -: oil to 1Uciroe[P. .-:e amples classify a-s CH ( LL =7C,
P1 = hi ) -n1 Ci. (LET 1 5, PT 2,2), rezpcctlvely. The former has

£3~ i sr.'d ;. g'uclto I -inch s 2,.'eea-;the liatter has%'
fineus an't 1214 grave]. to 1.-in-ch i-ize. Corisistcncy of surf-Ice ML'sI wns logg~ Unerc ily a; medium, and underlying CL's as stiff.
inboratory li sperszion tests ir1icate that these samples are nct

di spe r:;cd.

C. Dry Drj.A Ar: .Tne diry dcnrU-,y of' Sa.'pie 76w7'7£35 (2,') f-mcore
op'am ~ .63g/c. Lry dcr, zItic. 01j six mi .3pjecirrcns -an-'e-d

from 1.'53 t~o 1.6,5 tg cc. The .o rrnrcent.2d by this cample gener-al"'y
have 1ned i Un to sti 1.' COj c1.ec aexlu. to t-ie logs.

The sufc I~ WCL'L II~t a: le;]f enriyde-scribe the cotk.:;i stencey
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James M. Dale -lost Creek, Site E-1 3

D. Permeability nnA~ 'Xater Tlihie. No laboratory permcebility tests were
mnade. T1e c C) I ,41Crport states that a field tezst in TOi 6 (left
abut.mnnt) ii1c:wc oderately low peniieability values in the 12-36 foot
depth interval.

Circtilation vwar. lort in 11 13 at elevation 981, TH 202 at elevation 984,
and 114f 2(,8 at elcevntion J'(-5--all holes being in the righit abutment and
emergency --1-) y aea .h3e ossw at eleviations above the
percuinent pool (c]. ()-5.6). Also, circulation was lost in TO 308 at
ele'vation 938 :aIppioximatelJy; thfis hole is 175 feet downstream from
the dotwristroein too of the embankrient.

In the crocs section represented by Tif 30)~, 306, 310, 307, and 308
(Station 2-r6(-) t4 d2-M), the Croundwwater level rang-es frc.il 4 to 6 feet
below the fgrou::!1 cirec betweeni T111 ')C)- and 307. IEu grun te~ i~s
indicated in T1{ 3085 to a% depth of 20 fevet at which depth circulation
was lor-t, as p1,onted out in the preccdinLa pa.rzagnph.

In thec cross secction represrenited by TH 301, 303, 30c4, and 302 (Station
11-i d:rn) , thUP oat~c level range-S at depths of 4 to 6 feet

Groundwater wsencountcred in the lower portion of the right abtmtent
tit elevation (-~8

The geologIct i,(portc four ipilg t or near thec site: one (percnniaL--)
abcu t 2 0 ft-ee .io)wnstrietrL Iror statiLon li+00: one to the rlght of thte
creck lonL :( location n~t given); one 25 feet unzt-emrr from
&t ia:' )1 30; :1I one 50 f(2<t Iowriznti'enm fri s ta-tion 1+00. Thre gE o-
logic Fb tir iicatezs tha t tic naui ie thait festhe perennial s-pring
liecsC a t aIbout( 1. V:! tin Q95 1 in I i fII . Fifteen mni.nutcs -after drillinG
Til 11 t~hwa berin thr: -pcji fr turned mu] :iy. Ho cown un icuti on be tween
other t(. st '01(2 1d the pin is imnti sted Ln thc geologic report.

E. Coi:ol i+n.t .oi1. A consol idation test was not ma Ieo. The uruiit' consoli-
dt ion (,f 1t~Lo e dc:i b orio f imle (W8 (2-1) is estir-ite'i

at about 3.5 f Lan1,1 the 'highe(r density portion at abo.,ut. 2.5%. The se
*estim-itci- are bsdon data, fixan the triaixial trst.- and an embarnlonent

load( of 5 ksf (Ii6-1'oot erbaan).An b-valuc of' 0.4 foot culi bz useda
for i. l"' ia n eitIes hi". valuec is- 0 ve7l. on 11 ftet of

conec s bie11ii i~r ic Aanbe i l 1 he Sanmple C;4i5.Actuall.y inuch
of th orato o'sia; rvlb to ver guys ly -o data from

F. Shcir Strcvi~tKi. Tt is imposs,,iblec to obtain th.ree triaxial shear speci-
ne:at 1,io 4 level frai a 2 7/18-rA ad 1ia;i~:te r r';oc. Two testz,

as detscrite-d I.,,Iw, were ria-dt on yamle'(6-W, (2A.Both tests verc
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James M. Dale - Lost Creek,. Site E-l 4

the consolidatedI undrained type with measurements of shearing po-e
pre ssure s. Specimenso were 1A inch in diameter. Near-sra turation
was obtained aso indicatcd by the B paramieters whiich ranged fromn 0.95
to 0-( 9. See Forms SCS-D1MI-355A and -355B attaiched.

Data from the firs;t test (T-1) were interpreted as follows: total
stress 0 = 14.50, c =250 pI:and effective srs 0 = 320, T = 175 psi'.
Due to v~jriritions; in ,;p-eimuen dr-y d ritices an~d tho total stress 14ohr
circle--, plus,- tlh._ iiccd for wide briims as discussed in the slopc
stability s.ection, a second test was mnade.

Data from the second test (T-2) were interpreted as follows: total
stress 0 16%, c :-800 psf; and effective stress P9 32o, F* = 175 psf.
Total Lstress , shear parameters in test T-2 arc. higher, especially
Cohesion, tlhan values in test T-1. However, effective stress shear
parameters arc the sac in both tests.

The six total stress Mohr Circles from the two tests arc? plotted on
Form SCS-01 -' YA marlked "Composite T-1 and T-2. " The Mohr envelope
for four circles indicates 16'Id, e = 725 pecf with specirren dry
densitieks ranging fr'om 1.59-1 .65 9/cc . The Mohr crnvelc'pe for the
other two cic:r-lrs in I icates 1)1.5", c = 250 psf with speciren diry
densiAtie:s of' 1.53 and 1-54ce

Thus, these tests appear to -Indicate a range in, CU shear streng-th for
low,:r aInd higher dr-y donsitcs or for differnt iriteria ls.

A. ClasPsi firmt 1o -. Five large-bag samples were re-ceived, largc -Ibag
sap , I ( 164-P, Y-13 foot deplti , was- flot r-ce iv\'Ai Borrow will be
obtaincd fr om the c-icrgenCy 1pill x.a xnatcsaduT il fro::, it,
floodp I ain in ivool area, and up~strrun s ie of right nIbuts;3c nt in, p~ool
a rea . No quantities were given. See Jon!' S-CS-Eid-354 and Figure 1

for gradation and Atterberg l~imiits informution.

Emnergcncy spilivway materials are represented by Samples 7614-9)4 (201-i-)
anid 76W-('_5 (201-2). These sramples classit'y (7 C-0.1 and CC, lrivwe P1's3
of 5 and 211, eoiitlai 11,10 and 2 cobb lu~sa ii. ye 1;Li ari 4i") :1 ner
thanl the 3/b-i!-en sieve, rpe tivey c I 7&6YTIj) ( 201--1) lh s_ only
Y% V irn( L. Lh~s snles; di :1 not conta in the. .:-_xy red eclay as "s
indl(ratCd in CoAs cOI on o!' thei othor test holes, in tneticr~
OPi i ay.

Floodplatin aniterialc are rer(-scnteid ILuy Saumplel 761W79c6 (1-01-2)ad
7Cy7 (101 -3) Te(y clascif'y a:C a. i ay P1': of 16 and 32,

hzlve 11C'4 an I 3  Vines, and lcvceIio urAi 'tni taun Ole 3/il-Ic
ren~:'~I I''el. irpl 7iv7,( d o C ~ fi a a: ' SC! Or ('C

ln ey "J.", ~ ~ ~ '' mrsne .- i'~~*' *

Gxuui;L ti, Uf, time1 of ivsi tc' .ueL5-7( i'c hA;Li,
grcu'3i nae
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'James 14. Dale -Lost Creek, Site E-1 5

Upstream right abutment materials are representel by Sample 76w798
(io41-1). It Classifies asa CL (almoot t SC), has a PT of 16, 52%
fines, and 1001'1 i*Iicr than the 3/4-inch sieve.

The three amlsfromn the pool arca arc considera--bly finer than the
emerge~ncy L~ I L,..2 y spe.( 3cc Figurie 1. ) hc. Lpj nway s'amples

contain~~ frni5 -3 sizej, including cobbles, 1larger than the 3hic

sievc.

B. Compacted Moicto-o-Density and Relative De nsity. r1 -.,o compaction tests
(ASTI14 D-Cbvb) a~i oiie relatOive density t( Atverc Perforiiedi. See attaicd
Foxirs SCS-ENG-352 for compaiction test results. T1he reLative density
test was wrcei dUe2 to thle ,-mall arrount of' finces in 705-,794 and inability
to perfCoin a -,trinlard compaction test. A suutrary of' test and field
data follows:

___Coi-picti on (D-C~ -Z) leai Den-city
Sa-mpole 11o. De--pth I 'atoY 4toA i./ oM. i vx.I

_____ iici (j~) TestAed ~j)()~ fj

761,1- K h
201-3 0.5-h.5 -1: -8- -- 1-!083.1

'j,,16 103-2 3-8 ~ 31' C 112.5 lb).0 -- -

98 i01i-1 2-7 "h A 111. 3 6.0 - -

The moistAure-density curve for Sai.ple 76V!7',j6 1,eaks abruptly, inicating
relat lye.)y nancyv mo isture lim it- for corspactlo! control.

Bulk dry dcnsities of plus No. It materialIs in th e preceling table varied
from 328.) to 13 9 U-7 pci'. Absorption ot* tlhe c-sac- j:ctions varied from
5-7% to 9-j() S--e attached Form:1s SCS-EHlG-354.

C. Pernncability ani Concolidntllon. No tests were perfon'ned. Permeability
Of rit ~ 3± oY~ og (8siiould bc 3 c's -,t icns itie s Z95"
AS-114 D-698- U ;ing da-ta f~rom the triaxiail shea-r tes t or 761-796, unit
conool idttio of the emb,-!rkrenf !rvC te ci al Cint, fu nill Ie ight,
compactf.A to l)5 or mocce ASrII D-698, iLs entiniat, I at 0.01 ft, ft.

D. Sher ru.' A c c;... 1 I,,; tJ Indeir: 1 tn 1-4:i X I ti t wi th mene sure-
mrit uf i-ar irrrr r'orc- ~r sr s aeon triQ r::us jIo. 4~ fraction
of' S-cpic 7L2'C( .1 03 -2) :rc!-. " .)] i n-h in d -,ameter; they
wore cCos'pactel to ')5/.. of ASPI.1 i)-6'ti 3t moId'r~ii re- of' 17.6.8. See
Forltis -C~i135 5P zi)i -5h %4 atchc'1. Tiim 1) r x- acters of, 0.9!i to
0.0~8  i n ri I c t ., tha near tu.i t on 'srij rt17 inc, I 'y h- I ok ) L ssu I, ng.
Sh-l- r P': Vantr o I low-,- V: i L1rX's rrct fr t, 2t ~eelt:total
streun: 0 F =4" h'(55 s' ffctv ~i20 ~ rf
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James M. Dale LoIst Creek, Site E-1 6

SLOPE STARTTY ANALYS

Slope stability nnalyz~es were mide at two sections: maximum station 1+30
and floodplain :t:Jt~on 2+65. Two circular are and one sliding block
procedures wee a--tre latter becaur,-e thre thickncs,- of foundation soil
is relativtely tli n. Two --ets of foundation shcar p-Irawneters, as discuLrsed
under "founi:ition i:Lea stren-th," were us-ed. See attachcd Fois SCS-F:,IG-3I57
foi- a cray.A (iirscussion of' the results follows:

1.Matx :::Ir-t Src-tion (Statijon 1+30 dam).

a . Shc. r va:imotcrc (fouindation d=14.50, c = 250 psf; embankment

(1) Up -Ioiam )cm: full drawdowri from clevation 996.2.
Or.-Ccoot berm at elevation 975.6 with 3:1 slope below

be ii: 2n~ 21 clope ab.ove to obtair, a sa-fety factor of 1.35.
Setri a No. 12 on suen i'y form11 357. )

(2) I -!q!r~ I~~ cue: ste'rdy seep--r e fromn elevation 99 6.2 and
(Iii ai 't o~r..6 b. Requirc-s 50-foot berm at elevation (?73.3

wi~ ~ ~ -t'-l: soe bove arid below the bermn to obtain n safety

fictor of' 1.50. (Ioee trial No. 15.)

b. Mifnr meer ( foundition 0 z 180, c =725 psf; embankment

(1) M),ter clope: full drawdow-n from elevAion 90C6.2.
Le~jrizr. i-lot brlm !t ele~vation 975.6 with 24t side slopes

aIbove arId below the ir.(Gce trial Vo. 11A. )

(2) ;-n:~ra lore: stea!dy se-epagre from elevation 99)6.2 and
dtiii it c L. . hcaulrQs 10-foot berm~ at elevration 973.3
wih ,:lsieslpe bove and below the berm. (See trial

No. Il3B. )

2. Floolpl iln )(erAion ( St:,tioi 2+65 - dam).

a . She"I.rr:reer (foundation 0 14.50, c = 250 psf; emnbankmrent

(1)ll (3riCL ~o% wdc ro,% elm-ti on ()(?6. 2. eo
her n clvtio yI- 6 :1 loc tlo

tiv 2 : I-loe th be~n o ot.-in a Safety factor
of'~~ I.tia e. '.
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James M. Dale - lostU Creek, Site E-1 7

(2) Down.ztrca!m zJope: steady seepage from elevation 996.2 and
d ina~TT b t 7 . Require.; 35-foot benn at elevation 973.3
withi 2->: : ide slopes above arid below the be ia. (See trial
No. 20.)

b. Shear ionm'.retcrs (foundation 130, c = 725 psf; ernbankJuTent
,;=29 , -j75T p sf) .

* No analy.res were run, but safety factors will be adequate in
view of' thec analyses in paragraph I b (1) and I b (2) above.

The low shear strenath in the foundation (triaxial test T-1) necessitates
(1) iiider upstreai Lind downstream berms, and (2) flattening of the upstreaim
slope below the brnii in comparison with the valucs proposed oil Form SCS-356.

SEEPAGE ANALYSTS

Due to lack of sufficient data, a seepoge analysis ha,-s not been made.
Nothing was _ivun -in thie geologic rceport on oritgin of foundation soils, but
we assutte thit ;:oije alluviail iite-rial is prescent along with tlhe residua-l
soils. logzr, indicatc zotner of vL~iy gr~avelly so] 1 bit do not indicate
whether1 clcean or f i~h Ly pei~ab] Claer of ralgj-,x'el exi-zt. It iis not
unrcazsona-ble, p: irti eu'a d-y if s-o'c coils are P.[Liiv :1, thiat hirhly pey',oablo
layer", exist. Th'ie perennilal sprinrg is,- evidence that s:orrwhere in thie
f'oun1iation therc is- a continuous lnyer(L;) of rclabiv ly high pe rmeabllity
beneatLh the jpposed dan.

if a highly pe1lulelyer(s ) occurs at a relatively s-hallow depth in
the fou:i Lit ion or atbut::: unts, thc reservoir head could cau-se high solft
pressure beneath tYi,- MI_'CL blank-t at Or near the doons-trelam toe of the
crnbanktt. tit. For eipla low factor of '~ fety aga,.inst lienving at the
toe is ilmdlccat, d Lb he foil owl a sssta ;trc .siade: head =33 feet;
b Iank (,t Uhi11c us C 1'e eet; a qul n'r t) ii cknsc 7 2 feet: a Quife r to b la nkct
permeability ratio =1,000; Linl buoyant blanket. icse are reasonable
assumptions.

SlMUTPNT ANALYSIS

Asettle-ment dnaiysis was not iiadc due to ldck of sufficient data.
CC1 JM1OI2 A!mR*70DAD~

A. Sit' Prcr'arntion. It it; sugcleuted that (1) the gra.c'l and otner highly
per,ibieSi r-trna L in th pres.,ent -1ann-acl be rcmovc'i fromi the cutoff Lo
the- up) Atrreln tc( , and (2) the Atep , lop e in the lower portion of ithc
left :ibutrk--pt I-( fi-ttcnedA to 1:1 or flte. o -:e1 triprig op~era-
ti ens -1,oii I raroe,( undin si~l u i i nnU rial froia theC !wr.-A rhr ara i ust
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James M. Dale -lost Creek, SieE-1 8

B. CutoiT. A pa--rtial cutoff through the surface ML and CL above the
water ta,,ble in the fl1oodplain ispo.-by adqut, as recommended
in the engincee's report. This should riot interfere with the dow,.n-
stream rprng Ue are riot sure, whait elfect, it' any, the added 'weght
of the dam ::nJ pot ntial reduction in pertieability of the aquifer will
have onl flow to this spring. Due to the shcillo-a cutoff, -lack of' foun-da-
tion dra-Lin, a nd gravelly sewiis in the foundation, wet spots may develop
in th~e floodliin dow..nstream~ from the dam when the reservoir level is
ra ised. We do riot know wha bearing this may Lave on the buildings
irriieiately dowr-tiai fromr tho damr. A shallow cutoff in the abutments
throuLgh the ML into the CL chould be adequate.

C. Drainaige. Ani erbanknirmt di-ain is needed for slope stability. It is
suggtte-l that thi-- drain be locatud at c -- 0.6 b. It ne-d. not exteni
into, the founlaItion. The volume of' surfoce material like Sample 76 iF9)4
(201-1) i3 -lt known. It appe-a rs that material like this sample ca-n
be us. .,i for, thc dra,.in. Surfnce. foundation materfial: like Sample 761%734,A
(306-.1) hatve irt~-r,:-ic'iatc PI values, so ; filter such as fine aggreg--te
ASMM C-33 Choul I bc. placed betenthe d r.ain ii-Aterial aind the founlat ~on
raterial. S5 c the szketch ill the upper-! I ef-ha corer of Figure 2.
The borro '' j e-ial (other tha'n 761-1'81:A) have PI ,vrlues g-reater than
,5 . A filr ii no" rlieailx.'e the emakmn ni the drain
r:,ate rhin u!aJ r t ieci reui,-zt~iiccs . The dr,-a in should- uxtend up the
abuLrteit; , to ,zboui elevationl kT5.

As ouggLe ted in thie engi ricel-'s report, the spring a'bout 50 feet down-
stream11 I ior Stativai j100 daim can be connected to the ci-,bankrrcnt drain.

D. Fr rncirai Sull%1 The loc-Ation of the pri neiral spil lway noriacl to
St'It ion i ia T7: I appears to be, satisfactory. ]'h biedrock drops off
Coni: i (II-Al y be loW. thel lower 1- If of' thte downs tir---a slope . but the
embankJmentt !o'a is dicureainfg, s-o unri .abl e settlemenl :ma3y not be a
p rob Iem. Wi th the invert ait the outclt end a-t eleva.tion 961.2, it ap-
pears that little excavat ion af'ter norir il sturipping,- will be required.
Iforizc~itzil straini a. estimaited at about 0.003 ift 'ft. A value of
300 i., Cu)!-te f pipe lo-irgii ca,,lculations. Fill and b~ickfi) I
a roundc the pipe carl cons-i.t of* maiteria 1 like- 706T7,8 (104-i-) co~i~pac ted
to 95'% of staindard at a moisture- content of optiiurr or- gro.ater.

F.EL'k~n! D'.. i :'".. Vol uiv, s of' the vra niou.: 1 o-ro'. aiterials are not
ko.4.:trtabl- in th' f.!coh1P!-iin i I >c11% Jy high, thus
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Jairres M. Dale - Lohat Creek, Site E-1 9
1. Placemenlt of MateiPls. 1iflih-piasticity soils should be placed in

the low- a pert4 ion o Lte ceniter, of tht-, ci:.baak::cnt and in the in-
terior ap te ) ortion of the eiiban-krnent . P-acement of the waxy
red clay ina the low center of' the fill inay be a problem since it
i s gent, cal11y I o,.:tx t(I at somo dpth inl the bo - ow p ro f;Ie s. Ma t erialIs
like 7 ~p C .7'(r . C, in7,sd 7 1 can bc placed in the center or
upstreaim portion 01 theemnknt

Material like 6?hC!-) if not used in the drain, can be
placed inl a oni ra toe seoction. Maeillike '(0.,795 can be
placed inl the lower portion oi' the downstream section above and
upstream of 76',, TO4 or, if enough maiteriail is available, in the
enti re downstre-am section.

Fill denEsity of' m-Ittr.al like 76wY'114 (201-1) and 76W70T(5 (201-2) -an
be control] ed by a acte pci ficntion. Contr.iol oi fill. densi ty
of liateriuls e?6Y 1.10 -2) 11 (', 6w7 (lOX-3) , and 76W7c,"8 ( 4

canbe n te mter ~.ar r m nsNo. 14 1raction pr AS171 D-6?,
Methos (. or A, recj)pse ively. Placemcent isi-ture content sniould
be opt] rier or hii <e a.

2. Slop-:; api 1.1w if-, doubtful tHat wetkmaerals as indicPateL-
by trI :xa.i: e.: tt T-1 ( tn, lo%:er p~ortion- of co:a- '70.~h 2-Ic
be dific irtntiate, i i ie fi-Id . Thus, vxa atr a rotLably

*cannot bc removed N-7-1th uny de[!ree of cc i't- ity. Twvo ,0tern-_itiveE,
* based on pniw-s.ent annrp 'r I borafor at-tin ja, re proposed.

AlIternaf 11 o. 1. A viI.rthie vsoak founi P oun rnt 'lis not

I 1)";t. It :!m- - ()-foot wllis ben~ "a t ci evat- l o 1711.6 wi tli 3 :' flopo
beIo,.w L)i c,1) rm and 2'. io: 1above; do .a 5-otwide
berm ait elet-,ion '13. 3 with 2~ :1 Flor-- !tr. rat - bc! o the
bc-ni and ani~ embankmen ((.I t dr I. at c4 b. ,he "r ;~ ecion
is only abomit 50 le.t loag at ceniterline of'I A -fo-iot uip-
stream wnd a 35-foot downstream ben ma piovide s-.tfety f etort, of
1.21 ind 3.412, rfai]y;tlic-e 1eriim 1iru,e Icdcc ::;-tte zafety
factors of 1.35 and 1 .0 ian the. fI oodplan ii ctlon. Tle width1 of
the berm:) eculd be variedA, i.e.* use " grt-,' ith inl the maxis-unIsection la1 ! a aerwidth inl the,_ floolpl in sction. L13ing tlha-
wenk? a fl;. ition tea'L ill 0&e V 1 yr:.y :t conserva tivo

_1 vicO of j' r !o.iUiy -,C:: rP l:ai .criy gra-vellyI
irateii a ila the( lovor port ion of the cla;y atttr;howe ver, it
Only tate;, - thitn 1Lye! 01' %w:k matr lto provide, i plane for
slid i aq

Al tfrrint- No. 2. As surinr, th!-t the weak fow-dation mteriai is

.5 -100A L 4 L IC0ii ,,t cl .;i Li on c,'().6, 10-1loot 2Otitri
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James M. Dale - Tort Creek, Site F-I 10

benn at elevation 973.3, 2,:1 slopes both sides, and an embank-
went drain bcneath the downutream llopc at c = 0.6 b. This is
the c ross 'ection pvopo-cd oil Form SCS-356.

Another alteni,.tive is to do more samapling of the foundation soils
and tcstiin of undi,-turbcd sninpies i!i an effort to de.ineate weak
materials.

3. Overfill. An overfill allowance of one foot between I Station 1+00
and h-150 is sug~>sted to compensate for residual settlement after
completion of the embankment.

Prepared by:

Don.il]d M. Sui U[,,_%:' cC

Ci-vil Engineer

Reviewed and Approved by:

lorn P. 1)un K'dn
Ika3l

Attachmnents

cc:
Joe A. Green, MI. Vernon (2)
Buell M. Fergu.-on, Lincoln, NE
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FIl! CO I lNC,_1 LACOIIAO ,) PC. .

11AEiRi US 1. S. If MENT of AGIUTURE I. R:, AXI A.L SHEIAR TEST

P OACT old SIATE ,A PLE LOL.ATION/
_- . __ ._, 17-) t

FI(LD SAMPLE NO -Ut" ,GMC ORIG,N

TYPE OF SAMPLE 1 TEO Al APPRaOvAD BY DATE

INDEX TEST DATA _ SPECIMEN DAIA TYPE OF

USCS ____ LL _______ PI /H_ hEIGHT "- DIAMETER / d
j  TEST

% FINER (mm): 0.002 _ ; O.05 ; MATERIALS TESTED PASSED f .SIEVE UU -

0.074 ( 200) _ _METHOD OF PkEPAR4IION . cu

STANDARD: d MAX. pcf; wo __ % MOLDING MOISTURE CD ]

MODIFIED: Yd MAX. pcf; w__ % MOLDED AT __O/o OF yd MAXIMUM

DRY DENSlfTY I ~ MOISTURE__CON IENT,% TIME OFMINOR DEVIAORKAYIAL
INITIAL (-)L , STl bEG O -A -S ND COON;O; I-PRICIPAL STRESS STRAIN AT
pet E: 04TE 0 OF AT START OF DATION STRESS a, - a FAILURE,
9/cc p TEST OF TEST TEST (h.,S) o (psi) (psi) E (%)

DEVIATOR STRESS (cr, - 3  psio .. ' G
-777 -777-77777

. ....... ..... ......... ......
.... ' . . . . . . ... .... ...

. . .. . . . . . ....... ... .. .....
, 2... . . ....... . .... .........

20)
....

. .... . .. .. .. . . I. .

... . ."...... ... ... ....... . .. .

I--"'' _____... . .''' .?Y3 pI .............. I' .. ..~ . . . . . . .I. . . . . . . .

.. , : : :.:: ...:::. 7:: .7:: ::,.
I .. . ..... . . .... .... .. .....

. . f. ...... . .. . .. .. ..... . . .........

..................... -. ... ... ........

i....................... . ... ................

S... .. ...... ..
,' .. ... . . . . .. ....... ...... ...

SREM A ,K [ ( ....... ...... ... 2. ) .-.............. . . . .

o ,. . .. . ... ..

.. .. 0 PM-- A) I- T-A-

, REMA K 3 / C 7 - ' . .. ' '" 

"
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F~ w E L'0" N k- - LABORAIO'4Y NO.

MA TE I I IAl.S 0u. S. DPARTMENT of AGIZICUI.TIRE 'i RIAXI AL SHEAR TEST
TFSTING REPRuiT SOIL CO (ANS Eit AT[ON SKIZVICE with pore* pressure measured

11NC "Alt I L~JOCATIN ,

i E rs A ut t Ito4t&r/ A"' ROv(O BY DATE

MINOR PORE EFFECTIVE DEVIATOR AXIAL
PRINCIPAL PRESSURE, MINOR STRESS, FAILURE STRAIN AT

STRESS. PRINCIPAL at -0 CRITERIA FAILURE,
C". STRESS,

(s (p i ps) i M)

III I /2 :-'/ 0__4_0

PORE PRESSURE (u), psi

0 70

- d52 eg *:

Ion ,. "

LU);- A-LLL _.L-

NORM~AL SIRiESS (u), psi
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SC5-["~IN d.- A c
1
2 * I.A00AhtO~R NO 7<h. 9

N1 '1,11 ki~ lI.S P. S. DEPIRTMFNI' tf A(,hICULTFII I 7t'T[irFs ii ,.; ItH'( lSl. (:) I'A,' VVtO, SIiI.'Tr I IAXIAL SHFAIR TESST

, . __ -__ _ _ -- , - S• _I.L L.OCA(•N

FIELO SA~rWL NO OPTH GLOLOGIC ORIGIN

TYPE OF SAMPLIE TESTED AT PRVDB DATE

- , - ,/ , . _ _.

INDEX TEST DATA SPECIMEN DATA TYPE OF

USCS . .; LL 2..6_.; P1 / I HEIGHT 0-. _.± __"; DIAMETER , TEST

% FINER (rmm): O.O02.. ; 0.005 .,_ .f; MATERIALS TESTED PASSED -' SIEVE UU --

0.074 (w 200) -lq.. METHOD OF PREPARATION -'-,r :" Cu -
Gs ('1-4 .6 -" G , " 04) If'.2 ... U''Z .. .....;'","--- :;' 0 [

STANDARD: -'d MAX. pcf; wo _ % MOLDING MOISTURE CID

MODIFIED: yd MAX.___pcf; WO ___O MOLDED AT % OF /d MAXIMUM

DRY DENSITY LMOISTURE CONTENT, % TIMF OF MINOR DEVIATOR AXIAL

INITIAL CONSO LI- a START DEGOF SAT END CONSOLI- PRINCIPAL STRESS STRAIN ATI

pcf p DATED f-')N OF AT START OF DATION STRESS at - 0 3 FAILURE,pct ED
g/cc /cc I TEST OF TEST TEST (lirs I 03 (psi) (psi) E (%

I._-..2<,_____ __. __ ,.

DEVIATOR STRESS (a, -cr3), psi

0 . .. ..... 1-__ _. ... . .. ... .. , .7

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

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

._- ; ::::! t:::; \ : ;: ::::::::: : :::\ : ::::: :: :::: :::: :t ... '; ; : ::: : : : : : :

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

.. , ..... ........ .. . ...... ... . ......... .... .. ... ... ... ... ...1.... i. ,~ 'iI~iI....A... ...... ............. . ,...............

.............................. ...... ......I" ' .... ............. '....... l......... I...........

. . . . , .:. . .................... ... , .. .......

....... ...................... ...........
"t. . . ... . ........ ... ............... .......

t a n- : -: :: ::::: .:
P SI , , . ..... ..... .. : : .

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

S.. ................... ..

u )' . . . . ' . . . . i . . ' . . I . . . . . . . * . , ' . . .. . . . . . . . I.. .. . . . . .

. . . . . . . . . . . . . ... . , ... . . .... . . .... . .. .... ....... .

40 .....R A SHE S . .

(.,9" '. ..z : : : : : ...... -. . : " .! .:: : . : : t -: . : ' : :- : " : I . . . . .. . . . .
/ 0... ...........

L-

" 'V )° ' ' . . . . . ' . . . . . . . . . . . . . . . .. ' . . . .| . . . . . I . . . . .. .

NORMAL :SIREbSa ), ps,
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rAi.$ NI. - L. .AS. DEPART-iENT ot 5CL'

7 M4.f.I'IAI.s L.:l.,I)!',I*MF',, ov IR .T.'E,:TRA IAL SHEAR TI'ST
LTr's'r,; ili')iTS0Ll()ON.,VAION Si1'VIC wih porc prcssurc mcasurcd 1

!o JEc1 ,. SIA1I . I 9LF tOCANON

77 1 - __ 'P___
- - 7

I'll't Of SA 'i.L 45,10 AT/ AP '4OVkD of DATE
.. ..... ....-.. <-,o Z ,,-.-Z./ ',:-''.,.: - - _ __ _

MINOR PORE EFFECTIVE DEVIATOR AXIAL-

PRINCIPAL PRESSURE, MINOR STRESS, FAILURE STRAIN AT
STRESS, u PRINCIPAL al - 173  CRITERIA FAILURE,

(3  STRESS,
(psi) (psi) a3 (psi) (psi) E (%)

5- -"). q /q / e, q
0 + _.7 /. 3 33, 4 q

_ '_ _.__ _,,i_ _._ 3 F.o q

PORE PRESSURE (u), psi

2,
., fT ;, d IT,' . , I . . . . . . .

.. . . .... . ... ... ., , , ' , , , , , . .. ....... .... ... ......

I' 9,-.I I9 9 f' 1 i ' lI ' 9I . I ' ''

7 .,. . ...... .. ' . .-t 1 . .. .• , ,

allSHE~AR FARt.M.ETERS

-_______psf 
t

(nI

i t I .. . . . . '- .... ! ....: ...... . , ) .. .. :' " .. . .i .. .. l ! ...:_ tL -1 !. .

/ ... .,.... . ..

I. . . . . . I,, . . .. . . .f . . . .r . . . . . . . f I . .. .,

0 L -

1'20 39 a / 0 74
NORMAL STRESS (c), psi
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SC S . - 70 Cc--.s4. -f%

AI:~1 A I'S 1'. S. DIPARTMIFNT o( AGRIC('t IATVIL SHEAR TESTr* K ~ N(;~I1'oh'FSOIL CONSIOATIION *S;IZi~ P A A

FIL0 SAY, If NO [)E PIN. GEOOGIC 0RG3N

T)EO 4SAPE ?("ItD at AFPROVEO BY DAEZ/ /
-and.S1 (,Ir h rd .5 1L _

_____ INDEX PEST DATA SPECIMEN DATA TYPE OF

uscs L..!L LL..~ PI HEIGHT _,-_9 " DIAMETER / / a TEST

%/ FINER (mm): 0.002 23 ,_ 0.005 _3 Ji MATERIALS TESTED PASSED 'qjSIEVE UU
0.074 0~ 2001 3B5 METHOD OF PREPARATION 7k t Crew, Cu

G(ft4)_2. 61. Gs(.N 4 ) ______ a2L -

STANDARD. Y'd MAX. ____pct, wO ___ % MOLDING MO:STURE _____/ CD L1
MODIFIED: Yd MAX. __pct; w 0 .. _-% MOLDED AT-% OF 7d MAXIMUMM

DRYDENSITY m6)SLURE CONTENT, %/ TIME OF MINOR D/EV;JATOR }AXIAL
INITIAL CNLI START DEG OF SATI END CONSOLI- PRIN CIPAL STRESS STRAIN' AT
pCi P-- DATED OF AT START OF DATION STRESS al - L-3j FAILURE,
g/CC3 l /cc EL TEST I OF TEST TEST C hrs) 03 (psi) (ps) . ()

__0 7__ _ ...__ _ _ . -. o 2 3. . 77

V). .... DE IT R S R S a- ~ s 3 . .. ....

~. ............

C p f .. ....... .

171. ............. . . . . . . . . . . . . ..... ::

psi .... 4

I. .. ... .. .. .

V) . t_3Aj.

Shec 35) of. Apeni B



- - . . . .. ;-3'.AA I.e,.i3. w i .i. : .p,

PILE CON M &- 22 LADOftATORY N.O _Z

VILE.. . ill. S. D:I"RrMENT O AGCrUTUE "IAXIAL SHEAR TEST

- 6 . - .-_ _ -----------J _

SFROicT old StAV( SAWiPL LOCATION

FIELO .,VPL E NO OfrPy i GEOLOGIC ORIGIN

TVW OF s L( I APLE / I TAPPROVED BY DATE

• - 'V, ______________,______

INDEX TEST DATA SPECIMEN DATA TYPE OF

USCs ....S &A " LL.-_ Pr I HEIGHT 2. ; DIAMETER . TEST

% FINER (mm): 0.002 /" ; 0.005 - / MATERIALS TESTED PASSED - "" SIEVE UU -

0.074 (0 200) ' __ METHOD OF PREPARATION -A- 7- CU-1-

Gs 4 -
__"__s(_ _4) .f." - " " C-

STANDARD: 1d MAX. //..pc f ; wO . ( 1/ % MOLDING MOISTURE 1"7i % CD

MODIFIED: Yd MAX. pcf; Wo % MOLDED AT5,/o OF Td MAXIMUM

DRY DENSITY 6, MOISTURE CONTENT, % TIME OF MINOR DEVIATOR AXIAL

INITIAL CONSOLI- ,jmwe/kr START CEG.OF SAT END CONSOLI- PRINCIPAL STRESS STRAIN AT

Pcc DATEO OF AT START OF DATION STRESS or - u FAILURE,
C/cc E3 TEST OF TEST TEST (hrs) o"3 (psi) (psi) E {l)

____ _ ,_ _ __O___G__ ,_ T. £ 3~ "• _ az1 ..

AD_ 4. c&L . / K - _ _

DEVIATOR STRESS ( o-, - ) psi

0 Ito~.. ~ "

. *.- .. .. I, .. ,,...,... ..........

..................... ...... .... ..... ........ .. ...... .... ....... ....
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. .. .. . .• .. .... . . .,I • , - - / : T .. . .'. .. . . .. ... .' ' t 4 . .... . .. .. .. . .. .

.. . . . I .. I . .....SHEAR PARA T :E :. :, i. .... ..
... ... ... .......

tonA P.Rt.EIz i

_-_.. . . . . . . . . _____.. .__.. . 1 : . . . . ' . . . . . . . . . . > . . . . . . . . . . . . . . . . . . . . . . . .

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

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

... ... . ... .. . .. .. ... .... : : : : :. ; : . .. .. .. ., . . . : : : : , . . . .

,.. ................................... ..... . . ....

~~~~.......... ./...........S............ I..... .. " ....... ........ I.. ............ I:

fill 0 .. . . ....................

" * *' I 
. ....... . ...... 

...... .... I.,..... .,;. . ..... .....

:::::::::::::: : : ::;:: . (:: : : : : : : : : : : ' l i i : : : : : :0i
N.....1AL STR.ESS . .), psi
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ITATEIIALS U.S f2AETo ~~~ITJ ik AXdIIAL SHEAR TEST
TESIN IU'OITSOIL CONSER1VAT[ON SECRVICE with porc pressure rnesured

?POEC 05 TATE SAMLE OCAIO

TYP Of SAPL TETD/ AP'PROVED IL8DT

MINOR PORE EFFECTIVE DEVIATORAXL

PRINCIPAL PRESSURE, MINOR STRESS, FAILURE STRAIN AT
STRESS, u PRINCIPAL at- 03CRITERIA FAILURE,

0,3 STRESS,
(psi ( psi ) &'t (p si) (psi )E (%)

-7.,
13, S(4 4.o

e1C) 1Z 7,S- -5e._ _ 1 I;

PORE PRESSURE (u), psi

o~4 /1 2) D0 if~I~ ~HI

0:t ~

±- 0 ..-~2L...... ...-. . -

ton 0 '?jIt :

I ...... ...

* u .......~ t- -
, I !i___

." : .- :

NORMAL STRESS (a), psi

RLMARKS ,C - % S h
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M ATRIL.S ti. S. IEPARTMENT of AGIC1(;IIII. COMPACTION AND
E'sTIN; iTuOB SOiL CON'S'RV,'rION SiERVi:E PI-NEITRATION RESISTANCE

PROJECIyXd STAlT

FIELO SAMPLE NO LOC.TY,'N DEPTH

___- -- 'o ,, .4 4.- .-
GtOtGO C ORIGIN TESTED AT APBHOVEO BY DATE51, / c - 0 /W I'

CLASSIFICATION S"C.. LL __ _ PI . CURVE NO. . OF '2.

MAX. PARTICLE SIZE INCLUDED IN TEST ±I . STD IASTM D-698) M; METHOD C_..
SPCFC GAVT G) MINUS NO 4 -, -MOO.(ASTMA D-i557)[:j; METHOD

SPECIFIC GRAVITY PLUS NO. 4 _______ OTHER TEST 0 (SEE REMARKS)

A u. o-7ThZ____ ___

2500

*l ... . . .i

z, 15000..

. . .. . .-----

o ---

- " 'MAX - - f-- rn P{
-~~~~~ 7~ 7 7 '7 -

1 V A

, - - - OPT.MOIST. ._c_.)_'

- ', _ ' . -_

I- l 
"

z oo

o ) Ioii- _ -,-"-I

I - 1 -

_ : f -o -.. I S' "- '-

CLL

"I:. / ag. ,v /( 'd so .?- J/ Z , -

MOisrLURE COJTFN1, PERCENJT OF DRY WEIGhIT

GIhA(IAhIiY] Ji !U;A .'.',
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S - 1 ..... -Iu ii ,% l I ,. .' I ............ N ' , 796

* ,t tuurm% s ju. s. mI:v,%wrmI.:N'r ,, ,of; (RIIL.'rI'iV (.O)C PACiON ANI)
r':sriiNt, Il.:i*;rrll,;1i (:oi I ION VATI)N SI'E'I(I i E ]) iT'R ATilON RIiSIS'IA NCE
PROJ ,, STAll

FIELD SAMPLE NO LUCAI QN DET

- " Ls' I- -I-y IC '

"GF(.L0 C (IlilN" TEDtfO A " AW'I'ROV D BY DATE

.$in L -. N C toL) I

CLASSIFICATION CL - LL 3 (O PI _O CURVE NO. -2- OF _ _

MAX. PARTICLE SIZE INCLUDED IN TEST -" SD (ASTM D- 698) [[; METHOD{ MINUS NO 4 z._ MOD (ASTM D-1557)[j]; METHOD
SPECIFIC GRAVITY 1G3) PLUS NO. 4 j__.__ __ OTHER TEST I (SEE REMARKS)

2500 -- -- -

1500 -- - i .

S"-- l.- J I -- --- TU -L -,-.--.-

_C .-! -_-

21000 4

I.- \

* . . MOI..Ti O T R , P R E T O -1Y W I

I -E
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APPENDIX C

HYDROLOGIC AND HYDRAULIC ANALYSIS

To determine the overtopping potential, flood routings were performed
by applying the Probable Maximum Precipitation (PMP) to a synthetic unit
hydro:graph to develop the inflow hydrograph. Thie inflow hydrograph was
then routed through the reservoir and spillway. Tht! overtopping analysis
was accomplished Linthsystemized computer program IIEC-i (Dam Safety
Version), Juily L978, jeeopared by thre Hydrologic Enginee'rng Center, U.S.
Army Corps of Enginceers, Davis, California.

The PMP was deteirmined from regional charts prepared by the National
Weather Service in 'Ilydr-ometeorological Report No. 33." Reduction factors
were not applied. 'flu rainfall distribution for thre 2L-hour PMP storm
duration was assumed according to the procedures outlined in EM 1110-2-
1411 (SPD Determinaition).

The synthetic unit hydrograph for the watershed was developed by
the computer program using the SCS method. The parameters for the unit
hydrograph are shown in Tajble 1 (Sheet 4, Appendix C).

The SCS curve number (CN) method was used in computing the infiltra-
t ion losses for, rajiifati-runoff relationship. The CN values used, and
the result from the computer output, are shown in Table 2 (Sheet 5,
Appendix c)

The reservoir routing was accomplished by using the Modified Puls
Me thod. 'Ihe hydraiulic capacity of the sp~illwuty anused as an outlet

*contl0 it) the! rent ini'. The hydraulic capacity of the s--pilway anid the
* stragecapaityof- the reser-voir were defined by the elevation-surface

areas tried ich re l at ionfzhips shown in Table 3 (Sheet 5, Appendix C).
Th is dam hsbeen des ii ned for, flood contraol purposes, and the water

ufaeele vation is m. usntained below the primary spilliway invert ele-
vait ion. TO cons ider' the e-ffe ct of the reservoir a torage , an antecedent
storm of 25 per~cent and 50 percent ot the PHI' was considered (assuming
LhI rcrv,;ii' at III( so(d iliitait ioru poolI eleva t ion 975. 6) to de terminie
the star-t in re.seirvol r eJlevation for, the routing, oit 50 piercent and 100
percent of the P141' res-zpectively. The antecedent storms were assumed to
OC4o111 four days-- prioir' to their curresponding storm. Both antecedent
*s torms will. fill the reservoir beyond the emergency spi llway level, but
at the ,:nd of theo tour da-ys, the level of- the rese rvoir will. reduce to

thof n 1.rout i rii> untlysis was icacompl ished cons idering the starting

re,v i t ue i t-vion 975.6.s ietepiays i wyi neuae.Tu

Sheet 2, Appendix C



The result of the routings of the PMF ratios indicate that the dam
will pass the 1 percent probability flood without overtopping the dam.

The rating curve for the spillways (see Table 4 Sheet 6, Appendix C)
was determined assuming orifice flow for the primary spillway and channel

flow for the emergency spillway.

The flow over the crest of the dam during overtopping was determined
using the non-level dam option ($L and $V cards) of the HEC-I program.
The program assumes critical flow over a broad-crested weir.

A summary of the routing analysis for different ratios of the PMF

is shown in Table 5 (Sheet 7, Appendix C).

The computer input data, a summary of the output data, and a plot
of the inflow-outflow hydrograph for the PMF are presented on Sheets 8,
9 and 10 of Appendix C.

S . A
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TABLE 1

SYNTHETIC UNIT HYDROCRAPH

Parameters:

Drainage Area (A) 1.15 sq. miles
Length of Watercourse (L) 2.08 miles
Difference in elevation (H) 190 feet
Time of concentration (Tc) 0.80 hours
Lag Time (Lg) 0.48 hours
Time to peak (Tp) 0.565 hours
Peak Discharge (Qp) 985 c.f.s.
Duration (D) 10 min.

Time (Min.)(*) Discharge (cfs)(*)

0 0
10 183
20 634
30 967
40 925
50 690
60 401
70 250
80 154
90 96
100J 59
110 36
120 23
130 14
140 9
150 6
160 3

() From the computer output

FORMULA USED:

1 9L3 0.385
* Tc = % 19 If

*Lg = .6Tc

T1) D + T.g

4P!84 A.Q Q Excess Runoff 1 inch
Tp
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TABLE 2

RAINFALL-RUNOFF VALUES

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

PMP 24 35.5 33.7 1.8

Additional Data:

1) Soil Conservation Service Soil Group
2) Soil Conservation Service Runoff Curve CN = 86 (AMC III) for the PMF
3) Soil Conservation Service Runoff Curve CN = 71 (AMC II) for the

I percent probability flood
4) Percentage of Drainage Basin Impervious 5 percent

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHIPS

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

960.0 0 0
* 975.6 9.5 60 0

980.0 11.3 106 26
984.0 16.6 165 37
990.0 24.0 285 49
996.4 31.5 465 59
1000.0 36.3 590 1564

** 1002.9 41.5 700 4918
1005.0 43.3 790 7970
1010.0 50.3 1020 --

e*Primary spillway crest elevation
**Top of dam elevation

The above relationships were developed using data from the SCS plans
and the U.S.G.S. SENECA, MO.-OKLA. 7.5 minute quadrangle map.
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TABLE 4

SPILLWAYS RATING CURVE

Reservoir Primary Emergency Total

Elevation Spillway SpiIway Discharge
(Ft MSL) (C t . ;. ) ( C. t:- ,. ) (C.f.s.)

975.16 0 0
980.0 26 26
984.0 37 37
990.0 49 49
996.4 59 0 59
996.9 60 56 11.6
997.4 61 188 249
997.9 61 374 435
998.4 62 610 672
999.4 63 1250 1313
1000.4 65 2060 2125
1001.4 66 3080 3146
1002.4 67 4220 4287

* 1002.9 68 4850 4918

1003.4 69 5500 5569
1004.4 70 6980 7050
1005.4 71 8560 8631
1006.4 72 10300 10372

* Top of Dam Elevation

METHOD USED:

1) Primary Spillway: Assuming orifice flow

Q = C.A. (2 g.h)
I/2

Q = Discharge in c.f.s.
C = Discharge coefficient = 0.60
A = Opening area in ft2 (14" x 28")
g = Acceleration of gravity = 32.2 ft/sec

2

h = Head measured from reservoir elevation to center of orifice (in ft)

2) Emergency Spillway: Assuming open channel flow

Using charts from "UD Method of Reservoir Flood Routing," S.C.S.
Technical Release No. 35, February 1967.
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TABLE 5

RESULTS OF FLOOD ROUTINGS

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

of Dam

0 * 975.6 60 26
0 ** 984.0 165 37

0.20 1756 997.1 488 157
0.30 2634 998.9 550 967
0.40 3512 1000.4 604 2096
0.50 4390 1001.4 644 3166
0.60 5268 1002.2 674 4074
0.70 61-47 *** 1002.9 699 4898 0
0.80 7025 1003.5 723 5658 0.6
0.90 7903 1003.9 745 6534 1.0
1.00 8781 1004.4 762 7507 1.5

The percentage of the PMF that will reach the top of the dam is 70 percent.

* Primary spillway crest elevation
** Starting reservoir level used for routings

** Top of dam elevation
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LIST OF PHOTOGRAPHS

Photo No. Description

1 Aerial View of Dam

2 Aerial View of Dam

3 Closeup of Project Plaque

4 View of Crest (Looking East)

5 View of Upstream Embankment Face
(Looking East)

6 View of Downstream Embankment Face
(Looking West)

7 View of Lake from Crest (Looking North)

8 View of Inlet Structure

9 View of Spillway Pipe Outlet (Looking
*Southeast)

10 View of Spillway Pipe Outlet (Looking
North)

11 View of Spillway Pipe Outlet (Looking
Southwest)

12 View of Downstream Channel (Looking
South)

13 View of Emergency Spillway (Looking
Northeast)

14 View of Emergency Spillway (Looking
Southeast)

is Aerial View during Construction (August 1979)

16 Aerial View during Construction (August 1979)
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