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PHASE I RIEPORT
NATIONAL DAM SAFETY PROGRAM

SUMMARY

Name of Dam: Crane Structure No. 1
State Located: Missouri
County Located: Stone
Stream: Tributary of Crane Creek
Date of Inspection: July 17, 1980

Crane Structure No. 1 was inspected-by an interdisci-
plinary team of engineers from Anderson I2ngineering, Inc. of
Springfield, Missouri and Hanson Engineers; Iiic. of Springfield,
Illinois. The purpose of this inspection was to make an assess-
ment of the general condition of the dam with respect to safety,
based upon available data and visual inspection, in order to
determine if the dam poses hazards to human life or property.

The guidelines used in the assessment were furnished by
the 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 liafeand appreciable property loss could occur if the dam
fails. The estimated damage zone extends approximately one
mile downstream of the dam. Located within this zone are
30 t dwellings and buildings, all located in the City of Crane.

The dam is in the small size classification, since it is
greater than 25 ft high but less than 40 ft high, and the maximum
storage capacity is greater than 50 ac-ft but less than 1,000
ac-ft.

Our inspection and evaluation indicates that the combined
spillways do meet the criteria set forth in the guidelines
for a dam having the above size and hazard potential. The
combined spillways will pass 82 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 meteorologic and hydrologic
conditions that are reasonably possible in the region. The guide-
lines require that a dam of small size with a high downstream
hazard potential pass S0 to 100 percent of the PMF. Considering
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the maximum storage capacity (67 acre-teet) and the use of the
structure as a floodwater detention dam with no permanent water
storage, 50 percent of the PNIF has been determined to be the
appropriate spillway design flood. The 100-year flood (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.

The structure and embankment appear to be in excellent
condition. Deficiencies visually observed by the inspection
team were: (1) scattered small trees and brush starting to
grow in the emergency spillway channel; and (2) a few animal
burrows in the embankment near the primary spillway inlet.

Another deficiency was the lack of seepage and stability
analysis records.

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

Steven Brady-,P.E.
Anderson Engineering, In

Jqt(k'Healy, .
llansbn Engineer', Inc.

-7,-. ->,. -. .,,
Gene Wertepny,,P.EL./
Hanson Engineers, Inc.

Tom Beckley, P.E.
Anderson Engineering, Inc.
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Brad Parrish, E.I.T.
Anderson Engineering, Inc.
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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 Ingi-
neer directed that a safety inspection be made of Crane
Structure No. 1 in Stone County, Missouri.

B. Purpose of Inspection:

The purpose of the inspection was to make an assessment
of the general condition of the dam with respect to safety,
based upon available data and 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 Guidclincs for Safety Inspection of hams,
Appendix D." 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:

Crane Structure No. 1 is an earth fill structure approxi-
mately 38 ft high and 375 ft long at the crest. The appurtenant
works consist of a 30 inch diameter reinforced concrete primary
spillway 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 embankments.



B. Location:

The dam is located in the northwestern part of Stone
County, Missouri on a tributary of Crane Creek. The dam and
lake are within the Crane, Missouri 7.5 minute quadrangle
sheet (Section 33, T26N, R24W - latitude 36'54.S': longitude
93034.2!). Sheet 2 of Appendix A shows the general vicinity.

C. Size Classification:

With an embankment height of 38 ft and a maximum storage
capacity of approximately 67 acre-ft, the dam is in the small
size category.

D. Hazard Classification:

The St. Louis District, Corps of Engineers has classi-
fied this dam as a potential high hazard dam. The estimated
damage zone extends approximately one mile downstream of the
dam. Located within this zone are 30 '_ dwellings and build-
ings, all located in the City of Crane. Aerial Photograph
No. 1 in Appendix D shows a portion of the downstream hazard.
The effected features within the estimated damage zone were
field verified by the inspection team.

E. Ownership:

The dam is owned by the City of Crane, Attention: City
Clerk. The owner's address is Crane, Missouri.

F. Purpose of Dam:

The dam was constructed primarily for floodwater detention.

G. Design and Construction History:

The dam was designed by the U. S. Department of Agriculture,
Soil Conservation Service, Columbia, Missouri under the authority
of a Resource Conservation and Development Act. A partial set of
As Built Plans are included as Sheets 5 through 9 of Appendix A.
A complete set of plans is available through the Columbia, Missouri
office of the Soil Conservation Service.

Geologic investigations and analyses completed by the Soil
Conservation Service are included as Sheets 3 through 18 of Appen-
dix B. Sheets 19 through 21 of Appendix B are geologic reports
written by the Missouri Geologic Survey, Rolla, Missouri.

Construction of the structure was started in the fall of
1972 and completed in July 1973. Don Stewart Construction Company,
Joplin, Missouri was the contractor for the project. No pertinent
information was available from the contractor concerning the con-
struction history of the dam.
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Inspection of the project was conducted under the control
of Mr. Joe Green, Project Engineer, 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.

During excavation of the borrow area, a cavernous opening
was encountered, according to Mr. Joe Green. The opening was
stated to be approximately six (6) feet in diameter at the top.
The cavern appeared to be intermittent with numerous openings
throughout the area encountered. Mr. J. H. Williams of the
Misouri Geologic Survey, Rolla, Missouri was consulted. His
report is included as Sheets 20 and 21 of Appendix B. Remedial
measures undertaken were the placement of large boulders into
openings followed by successive layers of decreasing size of
material. Mr. Green stated that subsequent to a 6 inch rain,
he walked the downstream channel and did not observe any sign
of the water surfacing after entry into the cavern.

Mr. Green was not aware of any additional modifications
to the structure. lie stated that the highest observed water
level in the lake bed was to the base of the inlet structure.

11. Normal Operating Procedures.

The structure was designed for flood control purposes
and permanent water storage capability was secondary. All
flows will normally be passed by the restricted flow riser
to the 30 inch spillway pipe and the uncontrolled earth cut
emergency spillway.

1.3 PERTINENT 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.

A. Drainage Area;

The drainage area for this dam, as obtained from the
U.S.G.S. quad sheet and the As Built Plans, is approximately
60 acres.

B. Discharge at Dam Site:

(1) All discharge at the dam site is through an uncontrolled
spillway.

(2) Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam - El. 1217.1): 701 cfs

(3) Estimated Capacity of Principal Spillway: 11 cfs
(Elev. 1213.9)

-3
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(4) Estimated Capacity of Emergency Spillway: 690 cfs
(Elev. 1217.1)

(5) Estimated Experience Maximum Flood at Dam Site:
No flow through spillway

(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 a mean sea level elevation
of 1,231.04 for top of concrete monument at Station 4 + 99.94
centerline of dam as obtained from as built drawings (Sheet 5 of
Appendix A).

(1) Top of Dam: 1,217.1 feet, MSL (low point of crest)

(2) Principal Spillway Crest: 1,194.6 feet, MSL

(3) Emergency Spillway Crest: 1,212.8 feet, MSL

(4) Principal Spillway Pipe Invert IElevation at Outlet:
1,180.1 feet, MSL

(5) Streambed at Centerline of Dam: 1,180.0 feet, MSL

(6) Pool on Date of Inspection: None

(7) Apparent High Water Mark: None Visible

(8) Maximum Tailwater: Not Applicable

(9) Upstream Portal Invert Diversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel; Not Applicable

D. Reservoir Lengths:

(1) At Top of Dam: 900 feet

(2) At Emergency Spillway Crest: 800 feet

(3) At Principal Spillway Crest: 350 feet

4-



E. Storage Capacities:

(1) At Top of Dam: 67 acre-feet

(2) At Emergency Spillway Crest: 45 acre-feet

(3) At Principal Spillway Crest: 32 acre-feet

F. Reservoir Surface Areas:

(1) At Top of Dam: 5.6 acres

(2) At Emergency Spillway Crest: 4.3 acres

(3) At Principal Spillway Crest: 0.75 acres

G. Dam:

(1) Type: Rolled Earth

(2) Length at Crest: 375 feet

(3) Height: 38 feet

(4) Top Width: 16 feet (14 feet from as built plans)

(5) Side Slopes; Upstream varies from 1V on 2.411 to 1V on 3H;Downstream varies from 1V on 2.6H to 1V on 2.7H

(6) Zoning: Apparently Homogeneous

(7) Impervious Core: 12 feet wide

(8) Cutoff: 6 to 20 feet below base of dam

(9) Grout Curtain: None

H. Diversion and Regulating Tunnel;

(1) Type: Not Applicable a

(2) Length: Not Applicable

(3) Closure: Not Applicable

(4) Access: Not Applicable

(5) Regulating Facilities: Not Applicable

- 5-



I. Spillway:

I.1 Principal Spillway:

(1) Location: Centerline of dam station 2 + 00

(2) Type: Uncontrolled restricted flow riser and 30 inch
diameter pipe

1.2 Emergency Spillway:

(1) Location: West Abutment

(2) Type: Earth Cut

(3) Upstream Channel: Grass covered earth channel

(4) Downstream Channel: Grass covered, gentle earth slopes
changing to an asphalt parking lot and city streets

J. Regulating Outlets;

The only regulating outlet is the 8 inch diameter slide
gate located at the bottom of the restricted flow riser.

I6-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

Design calculations and construction plans were prepared
by and are currently on file with the Soil Conservation Service
in Columbia, Missouri. A partial. set of these plans is included
as Sheets 5 through 9 of Appendix A. These plans were developed
through the Resource Conservation and Development Act.

A. Surveys:

A topographic survey was conducted by the Soil Conservation
Service for the structure area. This survey was tied to the sea
level datum, and a temporary benchmark was located near the dam
site. Concrete monuments were set at each end of the embankment
by the Soil Conservation Service. A description of this benchmark
is shown on Sheet 5 of Appendix A.

B. Geology and Subsurface Materials:

The site is located along the western border zone of the
Ozarks geologic region of 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 area region are residual from cherty
limestones of the Osagean Series of the Mississippian formations.
The bedrock is believed to be Burlington limestone formation of
the Osagean series. This formation consists of white to light
buff, very coarsely crystalline, fossiliferous, crinoidal lime-
stone. The Burlington limestone is often weathered unevenly
along its surface.

Soils on the site are residual cherty soils. A layer of
soil on the valley floor is described as alluvial-colluvial and
classified as GC in the "Detailed Geologic Investigation of Dam
Sites" contained in Appendix B. Shallow probes in the embankment
indicate the embankment to consist of cherty silty clays. The
soils were identified by visual observation to be CL and GC of
the Unified Soils groups.

The "Geologic Map of Missouri" indicates that several faults
exist in this area of the State. The nearest fault lies approxi-
mately 5 miles north of the site and runs northwest to southeast.
These faults are generally considered to be inactive and have been
for several million years. The publication "Caves of Missouri"
indicates there are sixteen caves in McDonald County and these are
several miles from the dam site.

7-



C. Foundation and Embankment Design:

Included as Sheets 3 and 4 of Appendix B are the "Geologic
Investigation of Dam Site" for this structure. The profile at
the centerline of the dam shows the location of the borings as
obtained by the Soil Conservation Service. Sheets 5 through 18
of Appendix B are the detailed soils investigation with conclusion
from the study. Sheets 19 through 21 are geologic reports written
by the Missouri Geologic Survey, Rolla, Missouri.

Based upon the available information, the basic foundation
soil appears to be cherty clays (CL). There is apparently no
particular zoning of the embankment and no internal drainage
features are known to exist.

D. Hydrology and Hydraulics:

The hydrologic and hydraulic design parameters of this dam
are as shown on Sheet 9 of Appendix A. Based on the As Built
Plans, a field check of the spillway dimensions and embankment
elevations, and a check of the drainage area on U.S.G.S. quad
sheets, hydrologic analyses using U.S. Army Corps of Lngineers
guidelines were performed. They appear as Appendix C, Sheets 1
through 10.

E. Structure:

The only structure associated with this dam is the uncon-
trolled restricted flow riser with 8 inch diameter slide gate.
Details of this riser appear as Sheet 8 of Appendix A.

2.2 CONSTRUCTION:

Inspection during the construction of the dam was performed
by the Soil Conservation Service Office, Mount Vernon, Missouri
under the direction of Mr. Joe Green, Project Engineer. According
to Mr. Green, construction inspection data for this structure were
prepared by members of his staff. No construction inspection data
were obtained for this project. The inspector's log and inspection
tests, to include compaction and concrete testing, are currently on
file at the Soil Conservation Office, Columbia, Missouri.

2.3 OPERATION:

Normal flows would be passed by the uncontrolled restricted
flow riser to the 30 inch spillway pipe and the uncontrolled
emergency 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 Guide-
lines for Safety Inspection of Dams" were not available,
which is considered a deficiency. These seepage and stability
analyses should be performed for appropriate loading conditions
and made a matter of record.

C. Validity:

The As Built Plans and design data prepared by the Soil
Conservation Service and included in Appendices A and B are
valid engineering data on the design and construction of the dam.

-9-
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SECTION 3 VISUAL INSPECTON

3.1 FINDINGS:

A. General:

The field inspection was made on July 17, 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:

Steven Brady, P.E. Anderson Engineering, Inc. (Civil Engineer)
Tom Beckley, P.E. Anderson Engineering, Inc. (Civil Engineer)
Jack Healy, P.E. Hanson Engineers, Inc. (Geotechnical Engineer)
Gene Wertepny, P.L. - Hanson Engineers, Inc. (Hydraulic Engineer)

Photographs of the dam, appurtenant structures, reservoir,

and downstream features are presented in Appendix D.

B. Dam:

The dam appears to be in excellent condition. No sloughing
or sliding of the embankment was noted. The juncture of the
embankment and abutments was good. The horizontal and vertical
alignments of the crest were good. No unusual movements of sur-
face cracking were observed. The crest of the embankment was 16
feet wide, the low crest elevation was 1,217.1. The field survey
data obtained compared favorably to the As Built Plans for the
structure.

Shallow auger probes into the embankment indicated the fill
to be reddish-brown cherty clay (CL). The embankment has an ex-
cellent grass cover, recently mowed, and appears to be in good
condition. No sloughing of the embankment or seepage through
the embankment was evident. Some animal burrows in the embankment
near the spillway inlet structure were observed. No noticeable
erosion was observed.

Due to the cavernous area encountered during construction,
no permanent water storage is maintained. No riprap or other
wave protection was noted on the upstream face. This does not
present a problem, as a permanent water level is not maintained.

C. Appurtenant Structures:

C.1 Principal Spillway:

The principal spillway consisting of the 30 inch diameter
reinforced concrete pipe and associated flow restrictor riser
with 8 inch slide gate valve appeared to be in good condition.
The normal flow, with permanent water storage, would be through
the upper spillway orifice and the lower orifice if the gate valve
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was opened. On the date of inspection the gate valve was
approximately one-fourth open. No apparent high water marks
were observed on the structure. The spillway pipe apparently
has not carried any flows.

C.2 Emergency Spillway:

The emergency spillway, located at the west abutment, was
an earth cut channel. The grass cover in the channel was ex-
cellent with no noticeable erosion. Some small tree growth was
observed on the west slope of the spillway channel. The emergency
spillway, according to Mr. Green, has not carried any flow.

The outlet channel is directed well away from the embankment.
The inlet and outlet to the channel were clear.

D. Reservoir:

The slopes to the reservoir were generally steep with good
grass cover. No serious erosion was observed. The reservoir
banks appeared to be in good condition with no noticeable sedi-
mentation. No noticeable point of water egress was observed in
the lake bed.

E. Downstream Channel:

The downstream channel is not well defined. The slopes of
the channel are gentle. The channel is grass-covered for
approximately 200 feet. At and beyond the swimming pool the
channel is asphalt or gravel-covered parking lot and city streets.

3.2 EVALUATION:

The embankment of the dam appears to be excellent with a
well maintained grass cover. No noticeable erosion was observed.
Some small tree growth was noted on the west slope of the spillway
channel. A few animal burrows were observed on the embankmenit near
the spillway inlet structure.

Photographs of the dam, appurtenant structures, and the
reservoir are presented in Appendix D.

-11 -

i



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

The operation and maintenance of the dam are the respon-
sibility of the Southwest Missouri Resource Conservation and
Development Steering Committee, City of Crane, Missouri in
conjunction with the Soil and Water Conservation District of
Stone County. For the first three years following construction
of the structure, a joint inspection was conducted by members
of the Steering Committee and the Soil Conservation Service.
After the three year time period, the responsibility was assumed
by the Steering Committee. In addition to the required annual
inspection, the dam is to be inspected after each severe flood
and after the occurrence of any unusual condition which might
adversely affect the structure.

The inspection is to include the condition of the primary
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 Conser-
vation Service office in Springfield, Missouri. The last annual
inspection of record was July 17, 1979. The results of this
inspection are included as Sheet 10 of Appendix A.

4.2 MAINTENANCE OF DAM:

After the annual inspection of the dam, the Stcering Com-
mittee determines the maintenance to be done. Monies for the
required maintenance are derived from a tax levy imposed upon
the residents of the water district.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The maintenance required for the restricted flow riser is
accomplished after the inspection by the Steering Committee.

4.4 DESCRIPTION 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 excellent condition. Some tree growth was
noted on the west slope of the emergency spillway channel. A
few animal burrows were observed on the embankment. The grass
cover on the embankment and emergency spillway channel were good
and well maintained.
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SECTION 5 -IYDRAULIC/IIYI)ROLOG I(C

S. I EVALUATION OF FEATURES:

A. Design Data:

The hydrologic and hydraulic design data obtained for this
dam are as shown on Sheet 9 of Appendix A.

B. Experience Data:

No recorded rainfall, runoff, discharge, or reservoir stage
data were available for this lake and watershed.

C. Visual Observations:

The approach channels to the spillway are clear. The emer-
gency spillway is well separated from the embankment. Spillway
releases would not be expected to endanger the dam. The spillway
pipe and the earth cut channel do not appear to have carried any
flows.

D. Overtopping Potential:

The hydraulic and hydrologic analyses (using the U.S. Army
Corps of Engineers guidelines and the IIEC-1 computer program)
were based on: (1) a field survey of spillway dimensions and
embankment elevations; (2) an estimate of the reservoir storage
and pool and drainage arcas from the Crane, Missouri 7.5 Minute
U.S.G.S. quad sheet; and (3) data obtained from the As Built
Plans prepared by the Soil Conservation Service.

Based on the hydrologic and hydraulic analyses presented
in Appendix C, the combined spillways will pass 82 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 meteorologic and hydrologic
conditions that are reasonably possible in the region. The
recommended guidelines from the I)epartment of the Army, Office
of the Chief of Engineers, require that this structure (small
size with hi downstream hazard potential) pass 50 percent to
100 percent o the PMF, without overtopping. Considering the
maximum storage capacity (67 acre-feet) and the use of the
structure as a floodwater detention with no permanent water
storage, 50 percent of the PMlF has been determined to be the
appropriate spillway design flood. The spillways will pass
the 1 percent probability flood without overtopping the dam.

Application of the probable maximum precipitation (PMP),
minus losses, resulted in a flood hydrograph peak inflow of
1,430 cfs. For 50 percent of the PMF, the peak inflow was
715 cfs.
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The routing of the PMF through the spillways and dam
indicates that the dam will be overtopped by 0.5 ft at
elevation 1,217.6. The duration of the overtopping will
be 0.33 hours, and the maximum outflow will be 964 cfs.
The maximum discharge capacity of the spillways, at ele-
vation 1,217.1, is 701 cfs. The routing of SO percent
of the PMF indicates that the dam will not be overtopped.
Overtopping of an earthen embankment could cause serious
erosion and could possibly lead to failure of the structure.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

A. Visual Observations:

Observed features which could adversely affect the
structural stability of this dam are discussed in Sections
3.lB and 3.2.

B. Design 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 tests, not included in
this report, are located at the Soil Conservation Service in
Columbia, Missouri.

Seepage and stability analyses comparable to the require-
ments of the guidelines were not available, which constitutes
a deficiency which should be rectified.

C. Operating Records:

No operating records have been obtained.

D. Post-Construction Changes:

To our knowledge, no post-construction changes have been
made to the structure.

E. 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.
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SECTION 7 - ASSESSMENT/REMEDIAL 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 generally in excellent condition. A
few items were noted during the visual inspection which should
be investigated further, corrected or controlled. These items
are. (1) some small tree growth on the west slope of the
emergency spillway channel, and (2) a few animal burrows on
the embankment near the spillway inlet structure.

Another deficiency was the lack of seepage and stability
analyses records.

The dam will be overtopped by flows in excess of 82
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 information listed in Section 2.1, the performance history
as related by others, and visual observation of external con-
ditions. 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. Urgency:

The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. If the defici-
encies listed in paragraph B are not corrected, and if good
maintenance is not provided, the embankment condition will
deteriorate and possibly could become serious in the future.
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D. Necessity for Additional Inspection:

Based on the result of the Phase I inspection, no additional
inspection is recommended.

E. 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.

7.2 REMEDIAL MEASURES:

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

A. Alternatives:

(1) Not Applicable

B. 0 & 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) The small tree growth on the spillway channel slope

should be removed.

(3) The animal burrows should be repaired.

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

17
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APPENDIX A

Damn Location and Plans
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STRUCTURE DATA

Class of Structure C 1 F/oodl/er/-)?el ara/' 9 Freeboard

Drainage Area (total) 60 Ac. .094_. Sq.Mi. Rainfa

(uncontrolled) 60 Ac. -O09_ Sq.Mi. Runoff

Time of Concentration 0.80 Hours Peak I

Soil Cover Complex Number 70 For A.M.C. II Maximu

'JiSediment Caoacity Available .8 Ac. Ft. below Elev. // 5 " Maximu

Total Sediment Capacity Available Ac.Ft-
Capacity Equivalents (Vol.) .. QL I.n. /

Retarding Capacity Provided tO.0 Ac. Ft.

Capacity Equivalents (Vol.) 8.00 In.

Water Suop;y Provided /Vor7e Ac.Ft.-Iden'tify Uses /1/O

100 yr. Se;,'ent 61ev.

Principal Sol I 'way:

Maximum Caoacity 4-c- -.4-a- c-4 /0 c.f.s. --
/ ZOO'

10 Day Orawdown Elev. //9l.5 w

Emergency Soll way:

Percent Chance Use / Storm Duration 1Yr.. 1 io

Type Veg. Car/h "n" Value Used 0.04

Emergency Spillway Hydrograph for Class C Structures

Rainfal I //. 90 in. 118

Runoff 7-9S in. e
Peak Inflow 38/ c.f.s.

Maximum Discharge - Emergency Spillway 0 c.f.s.

Maximum Water Surface Elev. /e//.49

Velocity of Flow (Ve) f.p.s. Supplement

Supplementary Data and Special 
Design Featyres: 

Special De

Ie Iqh t -r 51-

Princi;l,/ Sp,//waoy Crest /ev. 1194.5

£?7erqenc y So/va y Crei le v. Ie/ e. 5"
Se//led Top o/Doam lev. 1/16. 5
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TRUCTURE 
DATA

Freeboard Hydrograph for Class C Structures

Rainfall Z.8. 7in
Runoff 24t.1 Ain.

Peak Inflow- / //-I c .f S .

Maximum Discharge - Emergency Spillway 5'6 -c.f.s.

Maximum Water Surface E Iev. _________

7--11197.9

I UL

-AI ----

. . .. . . . . . . . . . . . . . ..s - - - - --

--- ct-9-o------fld----



RCPD

OPI IA I ON A.'D ,AI it:,,'CE I I,'SI'FC I] ON R- PORT

P.'OJ CT souMs.11 T i ?,, ,RC C :Jy, O'Y SI ONE
" CRANE IIUUD -1 N VINII1ON (Site li .. . .D:

29-6002 MD9-007 0AIF WO1 1 1I 19/3

-.- ¢-i i rr,- :in i c- A] ird AitCt Date

Itern Coditiun rnd ,d dd ,ji rs Rep R irs to h1 Repa i rs

I' Corplreted Co.plr'ted

Farthfi II - -

~Vegetation - .[

Ve geta ti ve

lS p 11,1,V.; ayi liCe4-t ' r= '-
Pipe 

6

spi11wqay-

Au re of Representative (SCS-- /-'-- -/ Si'gnature of Sponsors
Date of Inspection Representative

Original and 2 copies to AC - I copy in Field Office File
AC send original to SAO and retain 1 copy

Sheet 10 of Appendix A
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APPENDIX B

Geology and Soils
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U. s. VIEPARTMLNT OF AGRICULIURE Crane Site fIl FORM SCs. 374.6

SOIL CONSERVATION SERVICE SWRDREV. 2 64

DETAILED GEOLOGIC INVESTIA[ION OF DAM SIIES SHEET --- OF

FLA1URF E Dam, Principal Spillway, Emergency_ Spillvwa , Borrow Area
(CFNTERLINE OF DAM, P'~i'dcirAL ';FIILLWA)', EMErGENCY SP'ILLWAY, IE STREAM CHANNEL. INVESTIGATIONS FUR DRAINAGE
OF STRUCTURE. BORROW AREA. RESERVOIR HASIN. LTC.)

DRILLING PROGRAM

NUWbtR OF SAMPLES TAKEN

EQUIPMENT USED NUMBER OF HOLES UNDISTURBED DISTURBLD

EXPLORATION SAFAPLING (STATE TYPE) LARGE SMALL

* FA 51Fliht Au.er 13 _____ __ __________

Rb -Tricone rock bit 9 ____ _____ ____ ___

Backhoe
-_ __ _ __ __ _ __ _ 3 __ _ _ _ _ 7 bags _ _

TOTAL 22 3 ________ 7 ____

SUMMARY OF FINDINGS
(INCLUDE ONLY FACTUAL DATA)

The overburden of the abutments is cherty residual clay classified a~~vfjLr

chert fragments occur throughout the so!l material and range in size from qravelt

cobbles. rhe depth to sound bedrock ranges from 7 to 17 feet on the left abutr'!nt E;).,

from 7 to 10.5 feet on the right abutment. The overburden of the voilc~y floor is

gravelly alluvium over the cherty residium. Bedrock occurs at 13 to 114.5 feet. Th-!

overburden in the foundation area is permeable. There was no groundwater level at the

time oF the investioation.

Thtpkrj j lp I lway. location at station 2+00 centerl ine dam has a relatiLe vcjni t i-r

bedrock surface prof ile occuring at deoths of 7 to 10 feet beneath res idual cky overbur-

den.

The emr ie ncy jllway c uts a re s ha I p' anrd w ill be i n thec resd Oil iove rLuL;rdel C-Ce DtI,

-o two ,qfeet above-the proposed finishe4d eline._ ___

Do rw LLsja a~y illc. IP1-the res iduaL che r ritJe av IIy &I a4.

Samp , (s to ecn are repre'sentative of the materia! avoL'111c at the__~
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U. S. DEPARTMENT OF AGRICULTURE SCS 7u:

SOIL C0NStRVATION SERVICE~ k [V. 2 64

SHET --- ,'F

DETAILED GEOLOGIC IR~VESTIGATIO;N OF 0AM WIES

Y; T 1"314F0 SUBWATFEUSHED COUNly 1 STAT E

Crane________ J________- - Misso

SITE NO. SIEGROUP SRCUECLASS INVt.STIGATEU tLY: (SIGNArL;1E Or GEOLGG:...' IL

INTERPRETAIIONS AND CONCLUJSION~S

Foundat ;on
Yhe ov'erburden of the valley floor and lower slopes is permneable. In test holes advanced
with a tricone roller bit, sor.e water loss occzurred at depths of 3 to 5 feet. Re "Ove I
w~as easy with the use of bentonite. In the Zone -just above w-.hat is irdicated as tme
firmn bedrock surface, water loss was instant and exceeded the pump c,)pacity' of an esti-
mated 80 to 90 gallons per minute. This zone is believed to be wea6rtcreu ilnestone and/or
cFert with clay except ~n test holes 304 and 311 where voids, as indicatedI by bit
drop5, occulrred below what was believed to be sound limestone. In tcst hole 3Q'-
there was no water loss into thc- bedrock with pressures applied whic' were eu'ae'
to the head at the emergency spillway crest elevation. Cthzr test holes -V:u-re advanced
2 to 4 feet into the sound rock. Representative founeationl si.3~leb could not )
obtained with equipment available. Borrow sawples &btamncd with the [0ackhoe are

believed to be representative of the material which occur!7 in the foundaticn iirca.

There is no groundwater level in the soil material at the site.

Pi n ff-i 11w 1,
Furiter invest igat ion was made to relocate the princip.)l spi )lway af ter the void6 was

enCoUntered intetest hlfotepiron til orya pillway location at
-tton225 centerline of the dam. The locatio ( If _ st . t ion 2+00 has a re lot ively

uniform bcdrock surface prolFile and the overburden consists of the chcrty residual
clay. This material is slightly moist to moist and stilff in ploce. Strength and
consolidation is not questionable. The permreable zone jnit above sound bedrock is
expected to occur along the foundation area of this location.

ErnteS Cy s p i 1 Ltai
The tricone roller bit was used to determine the type of rock encountered in test hole
207. All other refusals with the auger arc believed to be sound rock.

Borrow Material
Borrow samples submitted are believed to be representative of the residual cicrty clay
and the gravelly textured alluvium which overlies the residiurn of tile vallny floor.
There is approximately .5 to 1 foot of topsoil which is classified as a gravelly IlL
in the foundation and borrow areas. The chert fraqmcnts range in size from ciravcl to
cobblet.. They are wx~a~thered 3nd brittle and are exp. civd to break do..:n durinq borrowinc.,
operations and placement.

Channel
The channei is blight to non-existent throughout the driinage area. No channel deposits
as such arc present.

Sheet 7 Of Appendix 13



ENGINEER'S REPORT

SITE NO. 1 CRANE

1. STREAM CHANNEL - Stripping and foundation preparation should eliminate
all the stream channel cleanout needed.

2. DEPTH OF CORE - Due to class of structure it is recommended the core be
cut to firm bedrock the entire length of the dam to emergency crest
elevation with 2:1 approaches above emergency spillway elevation. Core
trench excavation with 10 ft. bottom width and 1:1 side slopes will be
approxintely 3,600 cubic yards.

3. UNDESIRABLE MATERIAL - There appears to be no undesirable material in
the foundation area that needs to be removed other than normal stripping
removal.

4. MATERIALS - Excavations from core trench and emergency spillway can be
used as fill iaterial. Excavation of bedrock in emergency spillw':ay is
considered insignificant. Borrow material should be obtained from
below the 1204 contour. Approximately 30,000 cubic yards can be ob-
tained by excavating 10 ft. deep with 2:1 side slopes belov the 1204
contour.

5. CONDUIT - Due to class structure conduit will be reinforced 30 inch
concrete pipe. To obtain more uniform bedrock location the structure
was relocated to station 2+00 centerline dam.

6. DRAINAGE - If core trench is excavated to sound bedrock, no drainage
conditions should exist that would need special treatment.

Joe A. Green, Project Engineer

Date: April 28, 1971

Sheet 8 of Appendix B
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UNITED STATES DEPARTMNT OF AGRICULTURE

SOIL CONSERVATION SERVICE - Soil Mechanics Laboratory

'%x,cc.xxxkx: 800 "J" Strect, Lincoln, Nebraka ¢C'

si I'llti EMG 22-5, Missouri RCLD, C2-ane Structure No. 1 DA[N': June 28, 1971
(Stone County)

in James M. Dale, State Conservation Engineer
SCS, Columbia, Missouri

L -J

1. Form SCS-3541 Soil Me honics labortory Data, 1 sheet.
2. Form SCS-352, Compaction and Penetration Resist'snce, 5 sheets.

INTflODUCrTTI!T

Thbe proposed 35-foot hhi,h Class C hrizard flood -rvention du: is in
the Ozark Highland physiogr(rphie area of so-,:hwe: t :.I-ourx. Thn to
fifteen feet of peeblc eher'ty CL rcniduu,n blar-ot the liscce
bedrock of the Burlington for.-iation in the abut-ncnts. 71e soil
materials gener-lly dispers;e readily in water.

DISCUSSMi0

FOUlDA T-OI

A. Classification. Grvel Ly clay alluvimi banlkets the cherty residual
clay in the flood plain to depths up to 5 feet. Liirestone bedrock
underlies the residual clay of the flocd plain at deptas of 13 to
14.5 feet.

Voids near the surface of the limestone bedrock were reported in the
flood plain test holes Nos. 304 and 3.1.

No ground water was encountered durin, the site invesli gntion. Water
circulation loss was reported at the bedrock contact in several holes.
A pressure test in the bedrock from the 15 to 30-foot denths showed
no water loss. The cherty residuail and alluvia]l sails were reported
to be permeable.

B. Shear Strength. 'ie shea," -trength of bhe ginvlcl.y alluviIu. ind
cherty resiaual soils is expected to be adequate for tue nr.nposed
35-foot high embankment.

C. Consolidation. The conclidation potential of the flood plain fofis
under the proposed 35-foot high dam in expectedl to be low.

Sheet 9 of Appendix B



James M. Dale 2

Subj: Missouri RC&D, Crane Structure No. 1

EMBANKMENT

A. Classification. The borrow materials will ccnsi.,,t of' residi':.I. cherty
clay and gravelly clay alluvium. Five borrow samples 'ere subiniTtei
to the laboratory for testing. 'Tfhe 2 shallow gravelly sampler f'rom
the surface 4 feet of the flood pool borrow area were GC-GM roiterials
with 48% and 38% gravel and low-plasticity fities. Liquid lmits of
the minus No. 10 material were 23 and 26 and the plasticity irices
were 4 and 6.

Two samples underlying the shallow CC-,'r samples at depths of 4 to 8
feet are CL materials with 29% and 40% -1rvel. Oxe has low-pla ticity
fines and the other has high-plasticity fines.

The fifth sample of borrow material is a high-pla ;Lieity WH initerial
with a liquid limit of 66 and a plasticity indcx of 32.

The Atterberg limits (43, 22) indicate the hi-h-ilasticty CL
sample 102.2 (71-0-182) will have a shrinkage limit of apporoxi':. tely
15%, which is 1O lower than the optimum moisture content of 25 for
Standard Proctor compaction (AS91 D-6")8, Method A). The Atterlerg
limits (66, 32) of the MH sample 103.2 ([1-0-183) indicate a shriri-
age limit of approximately 22%, which is 13% less than optimum
moisture of 35% for Standard compaction.

The 3 low-plasticity samples are expected to have shrinkage !L ,-is
at or below optinmm moisture content for Standard Froctor cn, a' ion.

The high-plasticity CL and the 1411 materials are quite stable when
submerged in water. The three borrow 3a-nnples with low-plasticity
fines are not water stable and disper-sc readi.ly when placed in
water.

B. Compacted Dry Density. Standard Proctor compaction tests (ASi!4 D-)
Method A) were made on all 5 borrow samples submitted. Maximnu. dry
densities for the minus No. 4 fi-actions of the 3 samples with lw-
plasticity fines varied from 105.0 pcf to 108.5 prf. The higi-
plasticity samples yielded considerably lower densities. The CL
sample 102.2 (71-0-182) had a maximum dry density of' 93.5 pcl', an-I
the MH sample 103.2 (71-0-183) had a maxmiuri dry density of 81.0 pef.

C. Permeability. The compacted borrow mtrrials at 95% of StLadard
density are expected to be fairly peinuble.

D. Shear Strength. The borrow materials at 95% of Standard densiy rre
exuected to have adequate strength fcr the proposed 35-foot 11h
dam.

Sheet 10 of Appendix B



James M. Dale 3
SubJ: Missouri RC&D, Crane Structure No. 1

CONC LUS IONS AND RECO.-DKi ATT0NS

A. General. Permeability and susceptbility to erosion an:l drying cracks
appear to be the major problems at this site. The solution for one
problem makes another problem worse. Covering the plastic mageriels
with the erodible low-plasticity materials to avoid drying cracks
creates slope erosion problems. Plicing the erosion-resiztant
plastic materials on tne slopes for erosion control may re.sullt in
drying cracks and possible interr'll seepage problems. An upstream
impervious zone of plastic CL and .H ma.te-ial (placed at or abcve
optimun to obtain low permeability) coVCred with a scr-aper width of
the GC-GM (to protect from drying c(racks) appears to be a satisfactory
compromise to control seepage, to avoid deep rilling or jugging of
the slope, and to prevent drying cracks.

B. Cutoff. An upstream cutoff extending down to firn bedrock is recom-
mended below the emergency splllvay elevation to control sepa , thr ,ugn
the foundation soil materials and to provide an inspection trench
determine the nature of the bedrock surface. A 15-foot bottom w*il.db
is suggested across the floodplain to provide adcquate working roan
for dental grouting of any fractures encountered. A bcttom width of
10 feet is sulfficient at the emergency spillway elevatior.. Side
slopes of 1:1 or flatter are recormrended. Backfill with the plastic
borrow materials.

C. Drainage. Foundation drainage is not co,sidered necessfary if the
cutoff extends to sound bedrock and any iractures encountered arc
dental grouted. The natural permeability of the soil materials is
considered sufficient to dissipate any seepage through the impervious
section of the dam.

D. aibar!kment Design. The following are recommended:

1. Selectively place the plastic CL and MI :iaterialz in an upstream
impervious zone. Place wet of optimum to obtain the lo'4czt
permeability. Drying cracks between lifts of the high shrink-
swell materials will be a big hazard, so careful scarifying
techniques should be used to break up potential seepage paths
at the interfaces.

2. Provide an upstream slope cover (scraper width) of the gravelly
alluvial b-rrow material like the GC-2GM material 102.1 (71-3-1")
to protect the plastic Imperrioa- zorte materials froo Cr-ncking
due to drying in prolonged drouth periods.

3. Place the low-plasticity materials in the remainder of the
embankment.

K. Coritrol fill density on the mi::us No. 4 fractlon at 915% of
Standard (ASTM D-698, Method A).

Sheet 11 of Appendix B
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James M. Dale 4
Subj: Missouri RO&D, Crane Structuie Nob. 1

5. Provide a2 :1 or flatter embanlknint slopes both upstrcam and
downstream.

6. Provide an overfill of 1.0 foot across the flood plain to
compensate for residual foundation and cmbanknieait settlement
after construction iLs complete.

Prepared by:

Edgar F'. Steele

Reviewed and Approved by:

Lurn P. Dunnigan
Head
Soil Mechanics laboratory

A ttachmnents

cc:
Joe A. Green, Project Engineer, Mt. Vernon, Mo. (2)
Kenneth M. Kent, Lincoln, Nebraska

Sheet 12 of Appendix B



I, ~tI-!t

I IF

~~.iI - Ii - I

.2 -. _

4-. 1:I 11 ! 1i-

1*J I _ _ I -'+1 +PQII.L

fi 13 p il



-- ~~ . . .... . .... . ..... .. ...

Ai'I -I AS U. S I)-'iTARMEK'NT of AGRh i .EYJC I'1)A CTI ON /, 71)
C. S 1' SOIL C TNSIV ..TION. NVi;. P iETR A l'ON 10 ,,.SISTA N

.-, ., , :. -, , . .L . c,---.: _ ,._. -;-,_

__ __ _ . _. _ s .L L L, .O ... .. . ... ...... .... _ _ _

<I,,i i ,/, , "

CLASSIFI1CATION C--,&A- " L4 LL -" - PI '#" CURtV NO. . . ...../ OF -"
MAX. PARTICLE SIZE INCLUDED IN TESI "7L STD.ASTM 1-698) L METHO _. - -{MINUS NO. 4 2. MO0 (ASTM D-15b7)E; METHOD _I/___ I

NPLUS NO. 4 2 - "c, OTHER TEST [ (SEE REMAR7K1)

S P E C IF IC G R A V IT Y (G ) P U O - T E E T L ) E R E M

2.1 [ ... I t

. " ; 7 ' L.. -- - IL i i iK __ t
1J 00 -

H -- > o. -- - - - - - -- -- -- --.. .'

I--- - - - 1 - I . .t. .

" 111 1- ~ I I " / I I .

0

/2: T j .....-~ 2. A X I :
- -I ..! i - I j- t - L

o . . I - I.. l -i. ~ i I\- I- - -- - i, i"," -)OPT. "1 1ST.

-i -. I NATURAL .;S.

"O - ---- -.. .. ..- --"i -

.2/4 2L-- - ---. -.-L-.. ; ' . &_ , I _' _.L--'
.. .I_____,____
..- . .. .--t- I- ! -- ..- - '. . -.- - ,.i -_

c. I -2 - 5 , - I , I -i

H 1z : -- -- I l - ;+ t --- - -.._-I.,, --.--.- ..I J i '/4
-"i--- - - -.. .. . .-- " - F --

0 , ;P

------r- i- -- ----- -- ,. _ . -- .i. ...

l - -I .. ., ?,--- >-- --- I- .

... .. ., -- I TU R E cO T . _ _, .. ... c, _ ... . '. .. . ,.. .

R. ... , - ,V IS f) T :. - !- 1 f-

- - ! _ , t_- -t , _.,_

. ...0_- . . .... . . ., _ r ;r -z.'__i _ _ r -_ -. . .e s t t ; ,_ ... ! t J --- -...- !....! ---- l --i ... i -t --I-.....

-- 7A --I

M. OiS TL)R E CO0,'.ST.T PEr- C-,'T OF D-Y !E:G!',TI

REMARKS CURE is FR., TE ,,:r'u ,;. 4 :R-,-oSheet 14 of Appendix B

GNO.:I3I 0," P' 5,,.~



xIATE I *is lU. S 1) IAi'r N1: (EN;, fPAI c',N A F ND
"'1T'rl.C 1 '-:Po~TISOII I \ 'FlU. Si:! V 1:2' E EN E'I'R PItN I s Y N ( E

- ___ _ -- 1 O f- :,- - ,. .
lc' l iJ T :, 2'j"-i?? 4---7 ".

CLASSIFICATION CL LL I ,, CURVE NO- OF

MAX. PARTICLE SIZE INCLUDED IN TEST --_-__L4 - STD.(AST.i D-OB698) ',; I.',MLTm-O.O

S MGNdS NO. 4 MOD (ASTM D-1157)[j; NLTHODSPECIFIC GRAVITY (G,)JPU O T E ETI 'S E R~,A K "

(G)jPLUS NO, 4 ____ OTHIER TEST ] SEE rP~.44ARe,1

-20 0 0- ------ -- I -- r
'- .- - --ti .- --

1500 . . . . . . . ... . . . -- I

Z 1000 _) _- - - I
00

--- - - -

0j~1"FT _ T... 17. a
-.. - - -- - ' - - I. .. .( i . . . . ../

I_:2 --L -~ 1 - !- , -PA ,

-*- -T2- - 'I-- I ... _-_" ,-__ . .. t.. . i..

-k1- 0' -/ I ..l :i I-' .. - , , . . .. . ..11

- ' . .-- ' . .. . . .I---II - I. . . -- : .-,-_ _ -' ,
!- i I -- ,___ _, (- I__. ,Io :r. ..L ~ _ v

U i

I'

.0 : -I ,, T-----T . .. . . -

.,, I .T U,

- - ..R- I IIS I -_- -

/he 1 of .App-en i x

C-- . .. IS, - 1 . ....... . S..... 15 of 'P " • i B

.. . . , . .~ * . ; -: _ -- .. . . . .._

1/ ----r -/ I i , ', ... ~~~..i. ..T -' - [ -- . - ---



.A.. s U. S. " ' PA'T.M INT o f AG IZcL .T[:cI 1 -i)l (" J 'N A N- D

1INFi'C Fli')1]'V.'O1l CON1.t-' VA'rloN SL' ( :iC i", P ll'l t A -,x'Ai'()I\N S 1... T, L

..' ZN L .

G-,_VI L L c U .," 't N____-_ __-___ ___ _--:;L2L ;IL,9-'/ §......>.L 21 §: __IW
CLASSIFlCATION -@ C - . /V LL UU_2- Pi _____ CURVL" NO. ___. OF -" I

,.AX. PARTICLE SIZE INCLUDED IN TEST. - . , " STD iASTM D- COB) "" MLT hO _____

P MINUS NO. 4 M_,OD (ASTtA D-!557) ;,ETHOD _

PLUS NO. 4 OTHER TEST El (SEE PEMARKS)

CA.

L 2 ooo - _ ,_

"' :- : -- --i-t ... -
-Ioo 12 1._1

LI " --

O 0 - .. - "- - I .. .

ta ... , ... ... -.. I . . .
o. . -- .... _2 __* _500 -- 1- -- K--II-

/ I I _- --

-.. . . ... . .. I " T .PT -".I /' ' ) 1

l . . .... , I " I I .. ..
/ 1 1 ! NTURAL C;_--

-J I --- I -- I -/_ _ t _ .
I 7,,

4 7 5 _ -7 , --- , : .. . ,I . , _ .S --:-lI : . . . . .. ..! -!- -,-
. . ... .... . .. - - , _

a 
•

0 I/ . )i . I , ' ,,", i 1 I i ] - -, I I " " I ,- - . . . .

/ --- -_ -- .. . ..k ' - I -A -- -I I 1 .. . I . . , t - : , '

i , .• ' (. I I 1, 1 I ,,

---- ----. , .. 1, - ,

- - 4 ." t - - I-' l. . . .i i "

I-- - - ---t - ----- :l : : - - - - I. . I ---_-- - -7 . .

.. . .. ._ 1 --I,. J - tI,
I- I."--- -- -- -!_....___ _ _ ._ _. _

NiOISTU tE CONTENT. PE,'C. r DRY ',,"WT

RE M,,,21K5 CUVIVE IS F,7)R IHE MI,%US t;5. 4 l', IO'I S t 1 ox

GR ,1IO' OF TIAL ,P:S et 16 of Appendix B

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



~~~..-U l 1A1.S U. ~L.M.:-..Al"',r.I;N ,, l ,'CCtl.IrtI2u. COM(P, AC .7iON",, ,.ND

AT '% i ,NTESTIN 1 FPO Sol WNSA .\CLO
F's." , C T ~'7L

FkELL" SAMPLE NO.. .
"  

. -/,

CLASSIFICATION CL LL __ P3 2.i - CURVE NO. L_ - C '-
MAX. PARTICLE SIZE INCLUDED IN TEST S. " TO.(ASTM D- 6___8) __; _TD ,

__ ",__....__ ,'TD.(ASTM D-1557)[ L,; -T{ MINUS NO. 4 M. /,(ASTMI D-1557)E;
SPECIFIC GRAVITY (Ga) PLUS NO. 4 -2--.- OTHER TEST E (SEE REMARKS4

1500 r c " -
"000 -. "." - !

7 1::,-.-- - -:-1- -- - -1.. ]y - i 1 - •
I- [ = ,.:- _ 1 . - - i

< o - - -j f - I -- - .. - - - --- - - - -- , . . : - .
a: 500 :i2j~LiI-.1-I-- , -

S 0 L
-.2.- - ... . .. .. . ... .r I ,M A X .Y d

I ... . .. . ...... I . . l-- , r- • OdST' .... -- "

Cd.d

S iOPT. %'.O:ST. ,

-- --.- b--A--

.... . . . -' - - ! ;r _ , ! m -- - . . .. . .. .

, j .%._. .. -l- 1

---6 ..1i .4 - - -, -I - , . -I I -" . . . .
... .__ _ i _ ._ { (2'. . . ... .

I f - - '- -r- l4. .. . ..-

c,.~~~ - 7 ._L iI- . .. - -- - -I . ...-; I i- - -I .. ---)i
- _ ... ...I._ _: _ I _ . _-_I --, r _,- - - . _ _ _ ,

II 1 t. _ l -- _ -]-- I - - " -t. .. - - --!i .z,. - -i: .. _ _.___ _ _ -_ _ I, - . . .

_• _'-_ -CNTENT, ,-- -T ' T rY WE:C 7

K)2E SF~4 THE f.INUS N
G 1;,ATC;' Of r',- 1 Shect 17 of Append ix 13

>" F --'I - I - ! !,-, l -I "'! l"'..l I- I I 'i - - 1. .I ' - -
- -

" ' - .



*O~~~flA I2 "A "A' , ;1 .1 -/

-0 ... .. N i'i

M.N'III.LS U. S. DI):PAI ''MdEI:NT of AGICIi I (O ,1/("'ION AND 
TIESINC 11FPO C NI'ESOi VAOEli "TION T .

FIELo SAVI'L E N. 
M, I ,t'.1

.f 47 1' ,_e. , ,1ia .cfi± A ? o - JU__r.j _ o o l J., . ,oI.--_"-

_______________ ___ L i/,cL /7 Q (K .,.L_[_f,' i'.j_ i -' ZZ/ I

CLASSIF ICATION L) l LO P_ ._ CURVC NO. - OF

MAX. PARTICLE SIZE INCLUDED IN TEST ";'" STD.(ASTM D-698)L/f; ,ETHOD _ .{M',N'US NO. 4 _ __ __ IOD.(ASTM D- 557)[; ~IiOD

SPECIFIC GR~AVITY (,G KSN .K0A)-MDi'70 E10

PLUS NO. 4 OTWER TES-T !) (SEC PE M RK )

2500- 7--i
..... .. I- I ' -I - tI;

Wj 2000-
,o)oo F- ,--- -I, I'

z- - ' - -... ...
4J --- -

-.. 
...

I. ..tt- -t ., - I +1 . , 1 , "1500- -- - t 2 ' !i - i - -

Z I000 J-
P. ."1 -- I . %

° -I -i.. . -. 1f" - " . . . . ... . -

cr.o - ~ ~1------i .-- ----- - ------ :, -

u¢ --:---i. --r- -:. " ; .: .- +

• ! x, . ,._

1-- i .. ii. . .-- C.-':

ATURA .... ' +I
I A- k '

-- .. r L_ ! i

--" -- --- e..'-," I -- I: - " t. . . . . i . - -

A :

_ . -_. . . . . . - - -

0. -

?o i~~iJ~t -io vI

Z M ---AR K C- r- -----' - -- . . ..

I-- + -.:- :i : l- _ --I ... -- .... -- .. - - ..

-.< : 3 .i.:: L ._J .-- _'zi2 -.i ... Il-t "' .

MOISTI RE "  C¢,P'T;: NT, .P r-," O ," ,',EItG HT

R M # A R K -S C I, l V I S r s R T E r . ';: , i s , r . .; F r A O T :I 3 ' B

C ; 1 T. Shcet 18 of Appendix
• ,,-k -



ENGINEERING GEOLOGY OF THE CRANE LAKE SITES, 1BARRY COUNTY

LOCATION: S'; sec. 33, T.116 N., R.24 W. (Aurora Quad.)

GEOLOGIC SETTING:

The geologic setting for both of the proposed lake sites for tile village
of Crane are identical. The sites are located in very stoop sidec! highl gr-adient
valleys which would normally have rapid runoff. The2 bedrock if encoun ttered in
this area would consist (if the Elsoy or Reed Sp-cings Fonpations which a:i idontified
by thin alternating bands of chert and limestone. The residUal3 soil on these
formations is characterized by very stony 'cherty" soil. The chert fragM-ents
frequently account for more than 507. of the total voiume of the. soil., iJv ing,
this soil a h~qlhly permeable nature. The bedrock due to the alternating hands

* of limestone and chert nnd numerous vertical joints transinitts lgeai.ounts

of water. Without very extensive and expensivc! remedial measur)eS it is; not possible
to construct a dam at these sites that would be guaranteed to maintain a stable
water level.

RE COMMENDA IONS:

Due consideration to the construction of flood retention daiis shoulC be

*given. The soils a-nd bedrock in this area is SUit.able fer this type-, of structures.

*There are certa in remedial measures such as groiltin-, cons:r-actlion a coi-e trelic ,.
to bedrock, borrowing all the embankment fill- from '-he ridire tops,. w.here better
soil is found, an. treating the lake i)ot tOr withl bertOlli tO that would -Iid in
sealing the ponds. However, the city officials should he wa:,rned that if any
or All of these2 remedial mneasures are aecoru. lishe d that tho:;e dams cu'd( not
be guaranteed to hold water. If fl1o00(1nio Stltrutru'- are d-s igned LThoy
should be similar to the design of Southwoest Citv.

Edwin F . Lutzen
Engincering Gceologiszt
Missouri Geological Survey
February 27, 1969
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ENGINEERING GEOLOGIC REIPOJRT ON CiANE FLOOD
RETARDATION STRUCTURE

Stone County, ;Iissouri

LOCATION: SW0 SW SE sec. 33, T. 26 N., R. 24 W., (Aurora Quadrangle)

GEOLOGIC SETTING:

The site is underlain by massive pinnacled limestone, the Burlington

Formation, with an overlying soil consisting of stoney red clay. The

setting is typical of southwestern Missouri where a variable thickness of

soil cover exists over cavernous limestone. A sthallow cavern development,

typical of this region, occurs at the limiestone-soil contact. This con-

tact, of course, is extremely irregular because of the pinnacled charac-

teristics of the bedrock. In addition, the cavern development is equally

irregular. Host of the actual opening that is maintained for any period

of time exists in the limestone portion of the cavern. However, the roof

usually consists of stoney red clay so that collapse into the underlying
limestone cavern is relatively common. These collapses may occur natural-

ly or may be caused by change in surface water characteristics, excavation

procedures, vibration, etc. in major stream valleys and areas ef liarge

cavedurese collapses are significant and serious in boh size nad lteral

continuity. However, on upland tributaries, such as at the Crane dam site,

and in regions where cavern development has not been extensive, the affect

of collapse is less dramatic.

RECOnMENDAT IONS:

Because the location is on an upland tributary area, with collapse

'."d to a shallow soil cover over limestone and remote from kno.n exten-

sive cavern and cave development, there is no ipparcnt hazard to groundwater

pollution that would be caused by loss of surface flow. The most obvious

point of resurgance of water loss is downstream in the adjoining valley with

water moving along the limestone-soil contact. Consequently, recommendations

from the geologic aspect would be aimed more toward stabilizing the founda-

tion of the lake floor subsequent to completion of the structure rather than

concern about contaminates entering the groundwater system.

Procedures for stabilizing openings developed by collapse into caves

developed in the soil and bedrock profile consist of stabilization with

large boulders overlain by decreasing smaller size material all of which

Shect 20 of Appendix B
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is well graded.

It is anticipated that the rate of water loss will gradually diminish

as the residual soil roof of the caves gradually collapse. The debris will

continue to fill the small cavern passageways developed in the uppermost

portion of the lincstone. While the change in the typical valley regime

will undoubtedly cause more rapid removal of the fine te:tured materials

when water is impounded by the flood retardation structure, the large

fragments will continue to accumulate and remain in the cavern areas. Thus,

over a long period of time the rate of water loss will gradually diminish

as the voids fill with chert or rock fragments.

" r / "I - ,,

J. Hadley Williams, Chief
Applied Engineering & Urban Geology Section
Missouri Geological Survey

November 9, 1972
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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
hydrograph to develoj the inflow hydrograph. The inflow hydrograph wds
then routed through the reservoir and spillway. The overtopping analysi-
was accomplished using the systemized computer program HEC-l (Dam Safety
Version), July 1978, prepared by the Hydrologic Engineering Center, U.S.
Army Corps of Engineers, Davis, California.

The PMP was determined from regional charts prepared by the National
Weather Service in "Hydrometeorological Report No. 33." Reduction factors
were not applied. The rainfall distribution for the 24-hour PMP storm
duration was assumed according to the procedures outlined in EM 1110-2-
1411 (SPD Determination).

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 Table 1 (Sheet 4, Appendix C).

The SCS curve number (CN) method was used in computing the infiltra-
tion losses for rainfall-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
Method. The hydraulic capacity of the spillway was used as an outlet
control in the routing. The hydraulic capacity of the spillway and the
storage capacity of the reservoir were defined by the elevation-surface
area--storage-discharge relationships shown in Table 3 (Sheet 5,
Appendix C.)

This dam has been designed for flood control purposes, and the water
surface elevation is maintained below the principal spillway invert ele-
vation. To consider the effect of the reservoir storage, an antecedent
storm of 25 percent and 50 percent of the PMF was considered (assuming
the reservoir at the sedimentation pool elevation 1,194.6) to determine
the starting reservoir elevation for the routing of 50 percent and 100
percent of the PMF respectively. The antecedent storms were assumed to
occur four days prior to their corresponding storm. The 25 percent PMF
reached elevation 1,211.07. The 50 percent PMF will fill the reservoir
(1,215.07) beyond the emergency spillway level. At the end of the four
days, the reservoir will reduce to the sedimentation pool level since
the principal spillway is unregulated. Thus, the final routing analysis
was accomplished considering the starting reservoir level at the principal
spillway invert elevation 1,194.6 (sedimentation pool).

Sheet 2, Appendix C
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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 principal 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-l program.

The program assumes criticdl 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.

Sheet 3, Appendix C



TABLE I

SYNTHETIC UNIT HYDROGRAPH

Parameters:

Drainage Area (A) 0.094 sq miles
Length of Watercourse (L) 0.50 miles
Difference in elevation (H) 105.0 ft
Time of concentration (Tc) 0.20 hrs

Lag Time (Lg) 0.12 hrs
Time to peak (Tp) 0.16 hrs
Peak Discharge (Qp) 284 cfs
Duration (D) 5 min.

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

0 0
5 141

l0 282
15 177
20 73
25 32
30 14
35 6
40 3
45 1

(*) From the computer output

FORMULA USED:

311.9 L 3) 0.385 From California Culverts Practice, California

Tc = ( H Highways and Public Works, September, 1942.

Lg = 0.6 Tc

Tp = D + Lg2

484 .
Qp = . Q= Excess Runoff =I inch

QP Tp

Sheet 4, Appendix C
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TABLE 2

RAINFALL-RUNOFF VALUES

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

PMP 24 36.4 34.6 1.8

Additional Data:

1) Soil Conservation Service Soil Group B
2) Soil Conservation Service Runoff Curve CN = 85 (AMC III) fcr the PMF
3) Soil Conservation Service Runoff Curve CN = 70 (AMC II) for the

1 percent chance flood
4) Percentage of Drainage Basin Impervious 10 pot -it

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHIPS

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

1,188.0 0 0 -

*1,194.6 0.8 3.2 0

1,200.0 1.5 9.4 6
1,212.5 4.1 43.2 10

**1,212.8 4.3 45.0 10
1,215.0 4.8 55.0 211

***1,217.1 5.6 67.0 701

1,220.0 6.4 84.0 1,707

* Principal spillwdy crest elevation
**Emergency Spillway crest elevation
***Top of dam elevation

The above relationships were de-eloped using data from the SCS plans,
the USGS CRANE, MO 7.5 minute quadrangle map and the field measurement.

Sheet 5, Appendix C



TABLE 4

SPILLWAY RATING CURVE

Reservoir Principal Emergency Total

Elevation Spillway Spillway Discharge

(MSL) (cfs) (cfs) (cfs)

1,194.6 0 0
1,198.0 5 5

1,205.0 8 - 8
"1,212.8 10 0 10

1,213.4 10 17 27

1,213.9 i 58 69

1,214.4 11 118 129

1,214.9 11 192 203

1,216.0 11 411 422

*'1,217.1 11 690 701

1,218.0 12 960 972

1,219.0 12 1,305 1,317

1,220.0 12 1,695 1,707

*Emergency spillway crest elevation

**Top of dam elevation

METHOD USED:

i) Principal spillway: Assuming orifice flow

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

Q = Discharge in cfs

C = Discharge coefficient = 0.60

A Opening area in ft (0.5 x 1.0)

g = Acceleration of gravity = 32.2 ft/sec
2

h = Head from reservoir elevation to the center of the opening (in ft)

2) Emergency spillway: Assuming open channel flow. Using charts from
'IUD Method of Reservoir Flood Routing", SCS 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) (acre-ft) (cfs) Over Top

of Dam

- 0 *1,194.6 3 0 -

0.20 286 1,208.2 32 9 -
0.25 357 1,211.1 40 10 -
0.30 429 1,213.3 47 23 -
0.50 715 1,215.1 55 237 -
0.70 1,001 1,216.6 64 575 -
0.80 1,144 1,217.0 67 685 -
0.82 1,173 **i,217.1 67 701 U
0.90 1,287 1,217.4 69 812 0.3
0.95 1,358 1,217.5 69 889 0.4
1.00 1,430 1,217.6 70 964 0.5

The percentage of the PMF that will reach the top of the dam is 82 percent.

* Pri1CiVi1 1iayr-te 1cVritiOT)
**Top of dam elevation

Sheet 7, Appendix C
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INFLOW-OUTFLOW
HYDROGRAP1

FOR THE PMF

U
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LIST OF PHOTOGRAPHS

PHOTO NO. DESCRIPTION

1 Aerial View of Embankment (Looking South)

2 Aerial View of Embankment

3 View of On-Site Plaque

4 Crest of Dam (Looking West)

S Upstream Slope of Dam (Looking West)

6 Downstream Slope of Dam (Looking East)

7 Inlet Structure (Looking Northwest)

8 View of Slide Gate Valve on Inlet Structure
(Looking South)

9 Spillway Pipe Outlet (Looking Southwest)
10 Spillway Pipe Outlet (Looking North)

10 Emergency Spillway (Looking South)

12 Emergency Spillway (Looking North)

13 Emergency Spillway (Looking Southwest)

14 View of Lake Bed (Looking Northeast)

15 Downstream Slope and Berm (Looking West)

16 Animal Burrow at Inlet Structure (Looking South)
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