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PREFACE

This report Is Prepared under guidance contained in the Recommepded Guidelines

for Safety Inspection of Dams for Phase Z Investigations. Copies of these guidelines may
be obtained from the Office of the Chief of Engineers, Washington, D. C., 20314. The
purpose of a Phase I investigation is not to provide a complete evaluation of the safety of
the structure nor to provide a guarantee on its future integrity. Rather the purpose of the
program is to identify potentially hazardous conditions to the extent they can be
identified by a visual examination. The assessment of the general condition of the dam is
based upon available data (if any) and visual inspections. Detailed investigations, testing,
and detailed computational evaluations are beyond the scope of a Phase I investigation;

however, the investigation Is intended to identify the need for more detailed studies. In
view of the limited nature of the Phase I studies no assurance can be given that all
deficiencies have been identifiled.

In reviewing this report, it should be realized that the reported condition of the darn
is based on observations of field conditions at the time of inspection along with any data
which may be available to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action removes the normal load on the structure, as
well as the reservoir head along with seepage pressures, and may obscure certain
conditions which might otherwise be detectable if inspected under the normal operating
environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing Internal and external conditions, and Is evolutionary in nature. it
would be incorrect to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future. 'Only through frequent
inspections can unsafe conditions be detected, so that corrective action can be taken.
Likewise continued care and maintenance are necessary to minimize the possibility of
development of unsafe conditions.

A.



PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam Lawless Lake Dam
State Located Missouri
County Located Iron
Stream Unnamed Tributary of Big Creek
Date of Inspection 27 April 1981

Lawless Lake Dam, Missouri Inventory Number 31717, was inspected by Richard

Berggreen (engineering geologist), Jean-Yves Perez (geotechnical engineer), Maryann

Rivera (hydrologist) and Craig Fuithorpe (geotechnical engineer).

The dam inspection was made following the guidelines presented in the "Recom-

mended Guidelines for Safety Inspection of Dams." These guidelines were developed by

the Chief of Engineers, US Army, Washington, DC, with the help of federal and state

agencies, professional engineering organizations, and private engineers. The resulting

guidelines represent a consensus of the engineering profession. The safety inspections are

intended to provide for an expeditious identification based on available data and a visual

inspection, of those dams which may pose hazards to human life and property. In view of

the limited nature of the study, no assurance can be given that all deficiencies have been

identified.

The St Louis District (SLD), Corps of Engineers has classified this dam as having a

high hazard potential. The estimated damage zone length, as determined by the SLD,

extends approximately one mile downstream. Within the damage zone are several

occupied dwellings, a road and a railroad. The contents of the downstream hazard zone

were verified by aerial reconnaissance.

The dam is classified as small due to its 27.5 ft height and 48 ac-ft storage volume.

The small dam classification includes dams having a storage volume between 50 and

1000 ac-ft, or a height between 25 and 40 ft.

Our inspection and evaluation indicate the embankment is in generally good

condition. The reservoir was nearly empty at the time of the inspection because it had

been drained for repair work and there has been insufficient precipitation to fill the



reservoir since then. No evidence was found of significant erosion, slope instability,
disruption of the vertical or horizontal alignment of the dam, or detrimental vegetation.

Seepage and stability analyses comparable to the requirements of the "Recommended

Guidelines for Safety Inspection of Dams" were not available, which is considered a

def iciency.

Hydrologic /hydraulic analyses indicate that a I percent probability-of-occurrence

event (100-year flood) will not result in overtopping of the dam. These analyses also

indicate that the dam will be overtopped by a flood event which produces greater than

14 percent of the Probable Maximum Flood (PMF)., The PMF is defined as the flood event

that may be expected to occur from the most severe combination of critical meteorologic

and hydrologic conditions that are reasonably possible in the region. The guidelines

recommend a spillway design flood between 50 and 100 percent of the PMF for small

size dams. On the basis of the broad downstream valley, 50 percent of the PMF is

recommended as the spillway design flood for this dam.

The following specific remedial measures and additional studies are recommended

for this dam, to be undertaken without undue delay.

1. Prepare a more detailed hydraulic /hydrologic study and design a spillway

system capable of passing at least 50 percent of the PMF without overtopping the

dam. This design study should include an evaluation of the risk of embankment

erosion for storms greater than 50 percent of the PMF. The spillway system should

be protected to prevent erosion.

2. Deepen or raise the sides of the main and auxiliary spillway discharge channels

to direct flow away from the toe of the dam. The need for lining the channels

should be considered.

3. Provide a trash rack for the 24-in, diameter main spillway pipe and provide

erosion protection to the embankment at the inlet to the pipe.

The following measures should be taken as soon as practical.

4. Prepare seepage and stability analyses for the dam in accordance with the
"Recommended Guidelines for Safety Inspection of Dams."



5. Remove small trees from the embankment before they become large enough to

pose a potential hazard to the dam.

6. Provide adequate grass cover for erosion protection on the upper part of the

downstream slope.

7. Evaluate the feasibility of an effective and practical warning system to alert
downstream residents, should potentially hazardous conditions develop at the dam.

8. Initiate a program of periodic inspections to identify signs of pore pressure

build-up along the downstream toe, slope instability, seepage, turbidity (soil) in the

seepage water (particular attention being paid to the spring noted at the time of the

first filling of the reservoir), or erosion and recommended necessary maintenance.

These recommended periodic inspections will become more meaningful as the

reservoir level rises in the future and is maintained at its design level.

The recommended analyses and remedial work should be performed by or under the

guidance of an engineer experienced in the design and construction of earth dams.

It is recommended the owner take action on these recommendations as soon as

practical to prevent the development of hazardous conditions at the dam. The

recommendations concerning the spillway should be implemented without undue delay.

WOODWARD-CLYDE CONSULTANTS

1ZU~/7<
Richard G. Berggreen

Registered Geologist, No 3572, CA

Jean-Yves Perez, PE No. 62-3467 5, IL
Vice President
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

LAWLESS LAKE DAM - MISSOURI INVENTORY NO. 31717

SECTION I

I GeeralPROJECT 
INFORMATION

a. Authority. The National Dam Inspection Act, Public Law 92-367, provides for

a national inventory and inspection of dams throughout the United States.

Pursuant to the above, an inspection was conducted of Lawless Lake Dam,

Missouri Inventory Number 31717.

b. Purpose of Ins~etion. "The primary purpose of the Phase I investigation

program is to identify expeditiously those dams which may pose hazards to

human life or property... The Phase I investigation will develop an assessment

of the general condition with respect to safety of the project based upon

available data and a visual inspection, determine any need for emergency

measures, and conclude if additional studies, investigations and analyses are

necessary and warranted" (Chapter 3, "Recommended Guidelines for Safety

Inspection of Dams").

C. Evaluation critria. The criteria used to evaluate the dam were established in

the "Recommended Guidelines for Safety Inspection of Dams," and Engineering

Regulation No. 1110-2-106 and Engineering Circular No. 1110-2-188,

"Engineering and Design National Program for Inspection of Non-Federal

Dams," developed by the Office of Chief of Engineers, Department of the

Army; and "Hydrologic /Hydraulic Standards Phase I Safety Inspection of Non-

Federal Dams," prepared by the St Louis District (SLD), Corps of Engineers.

These guidelines were developed with the help of several federal agencies and

many state agencies, professional engineering organizations, and private

engineers.
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1.2 Description of Project

a. Description of dam and appurtenances. The dam is an earth dam, constructed

of weathered rock and soil from the vicinity of the dam, impounding a lake for

recreational purposes. When the reservoir was first filled the owner noticed a

loss of water and drained the lake to perform repairs. The reservoir was still

nearly empty at the time of the visual inspection. The spillways are at the

left abutment of the dam (as the observer faces downstream). The main

spillway is a 24-in. diameter corrugated steel pipe passing through the

embankment near the left abutment. The auxiliary spillway is an uncontrolled,

unlined, irregularly-shaped open channel in the left abutment.

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

0.6 mi east of Sabula, Iron County, Missouri (Fig. 1). The dam is in Section 2,

T3lN, R2E, on the USGS Glover, Missouri 7.5-minute quadrangle map (1968).

c. Size classification. The dam is classified small based on its height of 27.5 ft

and storage capacity of 48 ac-ft. Guidelines criteria for the small dam

classification are: height between 25 and 40 ft, or storage capacity between

50 and 1000 ac-ft.

d. Hazard classification. The St Louis District (SLD), Corps of Engineers has

classified this dam as having a high hazard potential; we concur with this

classification. The SLD estimated damage zone length extends approximately

1 mi downstream of the dam. Within this zone are several occupied dwellings,

assorted farm buildings, a road and a railroad (Photo 1). The contents of the

downstream hazard zone were verified by aerial reconnaissance.

e. Ownership. We understand the dam is owned by Mr David J. Lawless, 294

Fourth Avenue South, Naples, Florida 33940.

f. Purpose of dam. The dam was constructed to impound a lake for recreational

purposes.
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g. Design and construction history. The owner of the dam, Mr David J. Lawless,

stated in a phone interview that he was an engineer and had designed and

constructed the dam himself. The dam was constructed during the period

1977-1978. Mr Lawless said that the flow in a spring downstream of the dam

increased when the reservoir was first filled. By using dye tracing, he

determined that the water in the spring was coming from the reservoir and

hypothesized the existence of a solution feature in the bedrock. He reported

that the lake was emptied using a siphon and that an 18 ft deep trench was dug

at the toe of the downstream slope and backfilled with compacted clay to

cutoff flow in the solution feature. In addition, the lake bed was lined with

clay. The reservoir has not since been full due to a lack of precipitation.

No other records of the design and construction were available.

h. Normal operating procedures. No operating records were available for this

dam. The pool elevation is controlled by the elevation of the ungated spillway.

1.3 Pertinent Data

.2a. Drainae area. 0.09 mi

b. Discharge at damsite.

Maximum known flood at damnsite Unknown

Warm water outlet at pool elevation N/A (Not applicable)

Diversion tunnel low pool outlet at pool elevation N/A

Diversion tunnel outlet at pool elevation N/A

Gated spillway capacity at pool elevation N/A

Gated spillway capacity at maximum pool elevation N/A
3Ungated spillway capacity at maximum pool elevation 100 ft Isec*

Total spillway capacity at maximum pool elevation 100 ft /sec*

* Includes both main and auxiliary spillway capacities.
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c. Elevation (ft above MSL).

Top of dam Varies from 798.9 to

800.5

Maximum pool-design surcharge N/A

Full flood control pool N/A

Recreation pool (main spillway crest) 795.9

Spillway crest (gated) N/A

Upstream portal invert diversion tunnel N/A

Downstream portal invert diversion tunnel N/A

Streambed at centerline of dam Unknown

Maximum tailwater Unknown

Toe of dam at maximum section 771.6

d. Reservoir.

Length of maximum pool 900 ft

Length of recreation pool 860 ft

Length of flood control pool N/A

e. Storage (acre-feet).

Recreation pool (main spillway crest) 40

Flood control pool N/A

Design surcharge N/A

Top of dam 48

f. Reservoir Surface (acres).

Top of dam 2.8

Maximum pool 2.8

Flood control pool N/A

Recreation pool 2.5

Spillway crest (main spillway) 2.5
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g. Da.

Type Earth fill

Length 292 ft

Height 27.5 ft

Top width Varies from 10 ft to 16 ft

Side slopes Upstream 3.0 - 3.8(H) to 1(V) increasing
to 1.7 - 2.3(H) to I(V) near the crest.
Downstream 2.0 - 2.5(H) to I(V)

Zoning Unknown

Impervious core Homogeneous impermeable
embankment.

Cutoff 18 ft deep trench at downstream toe.

Grout curtain None

h. Diversion and regulating tunnel

Type None

Length N/A

Closure N/A

Access N/A

Regulating Facilities N/A

i. Spillway.

Main:
Type 24-in. diameter corrugated steel pipe

Length of pipe 33 ft

Inlet invert elevation 795.9 ft (MSL)

Gates None

Downstream channel Unlined, earth

Auxiliary:
Type Uncontrolled, unlined open channel,

irregular shape with a low point in a
narrow V-notch at EL 796.9 ft (MSL).
Equipped with fish control fence.

Length of weir Open channel, 45 ft wide at EL 798.9 ft
(MSL), minimum top of dam

Crest elevation 796.9 ft (MSL)

Gates None

Downstream channel Unlined earth

j. eyluatieu outiets. None.



6

SECTION 2

ENGINEERING DATA

All design information was obtained during phone interviews with the owner of the

dam, Mr David 3. Lawless, who stated that he designed the dam himself. No design
drawings or other documents were available.

2.2 Construction~

All information on the construction of the dam was obtained during phone interviews

with Mr Lawless. No other construction records were available.

Mr Lawless stated that he constructed the dam himself during the period 1977-1978.

Hie reported that, on the first filling of the reservoir, a solution feature in the
bedrock appeared to be transmitting water from the reservoir to a spring down-

stream of the dam. The existence of a solution feature was hypothesized when dye

put into the reservoir appeared in the spring. The reservoir was then emptied using
a siphon. A trench 18 ft deep was cut at the toe of the downstream slope and
backfilled with compacted clay in order to cutoff flow in the solution feature. In

addition, the lake bed was lined with clay. The reservoir has not been full since due
to lack of precipitation and it is, therefore, not possible to assess the effectiveness
of these measures. Since the reservoir has been empty for some time, the clay liner

is likely to be dessicated and may not be effective. However, if the downstream

cutoff is effective, high pore pressures could develop under the downstream slope.
This could result in slope failure on the downstream slope of the embankment.

2.3 Opaation

No records were available concerning regulation of the pool elevation. Normal pool

elevation is controlled by flow through the ungated spillway. At the time of the
visual inspection, the reservoir was practically empty. There was no evidence or
record of the dam being overtopped. However, a high water mark was surveyed at

EL 796.9 ft (MSL). This would have resulted in flow through the main spillway.
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2.4 Evaluation

a. Availability. No data were available regarding engineering or design of this

dam, other than the information obtained in the phone interviews with the

owner.

b. Adquc 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. These analyses should be

performed by a professional engineer experienced in the design and construc-

tion of earth dams. These analyses should be performed for appropriate

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

No records are available of any strength data on the soils used in construction

of the dam, or any compaction tests made during construction. Consequently,

the adequacy of the embankment design cannot be assessed. Our comments

concerning the adequacy of the spillway are discussed in Section 5 of this

report.

C. Validity. There is no reason to question the validity of the information

supplied by the owner. The information was not in conflict with the conditions

observed during our inspections, except that it was not possible to determine

the location of the cutoff trench due to the growth of grass over the

downstream toe. The available engineering information is incomplete.

2.5 Project Geology

The dam site is located on the southwestern flank of the Ozark structural dome.

Bedrock in the area is mapped on the Geologic Map of Missouri (1979) as the

Cambrian age Potosi Dolomite and Eminence Dolomite. The Potosi Dolomite, a

light gray medium- to fine-grained dolomite, typically contains an abundance of

quartz druse associated with chert deposits within the formation. The Eminence

Dolomite, which conformably overlies the Potosi Dolomite, is similar in appearance

but containts less chert and quartz.
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The owner noted the presence of numerous springs and caves in the area. The

problem of leakage beneath the dam, reported by the owner, indicates solutioning of

the bedrock could be a continuing problem at this facility.

The soil in the area is a light brown, low plasticity, gravelly silt (ML). The Missouri

General Soils Map (1979) indicates the dam site lies slightly north of the contact

between two soil types. To the north of the contact is the Captina-Clarksville-

Coulstone Soil Association; to the south is the Per idge -Cantwell -Gasconade

Association.

The Structural Features Map of Missouri (1971) shows the closest incidence of

faulting to the dam site to be the Glover Faults. These are two short (about I to 1.5

miles long) NE-SW trending faults located about 6 miles north of the dam site.

Displacement on these faults is northwest side up. The Black Fault, a NW-SE

trending fault approximately 16 miles long, is located about 7 miles northeast of the

dam site. Displacement on the Black Fault is northeast side up.

Other small faults mapped in the area of the dam site include the Ketcherside Gap

Fault, approximately 7.5 miles north, and the Hogan Mountain Faults, about 9 miles

north. These faults, like most others in the Ozark region, are within Precambrian

and Paleozoic formations, and are likely Paleozoic in age. They are not considered

seismically active.

The dam is located approximately 80 miles northwest of the line of epicenters for

the very large New Madrid earthquakes of 1811 and 1812. A recurrence of an

earthquake of the magnitude of the New Madrid events could possibly cause damage

at the dam, but a study of this aspect of risk was beyond the scope of this Phase I

inspection.
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SECTION 3

VISUAL INSPECTION

3.1 Findings

a. General. A visual inspection of Lawless Lake Dam was made on 27 April 1980.

The owner was not present for the inspection. The inspection indicated that
the dam embankment is in generally good condition.

b. Dam. The dam is an earth fill dam constructed with gravelly, low plasticity
silty soil (ML), apparently excavated from the left abutment and probably also

from the reservoir area. The gravelly silt appears to be a residual soil
typically developed as a result of weathering of the carbonate bedrock in the

area. The embankment material is considered to have a moderate to high

susceptibility to erosion in the event of overtopping. No evidence or record of

past overtopping was noted during the visual inspection.

The downstream face of the dam has a slope of 2 to 2.5(H): 1(V). The lower
half of the downstream slope has a thick grass cover and may have been the
location of the excavation for the cutoff trench. The upper half, however, is

sparsely vegetated and has large bare patches (Photo 2). There are several
small trees on the downstream slope. The upstream face has a slope of 3 to

3.8(H):I(V), increasing to 1.7 to 2.3(H):I(V) near the crest and is not vegetated.

There is no riprap or other erosion protection on the upstream face.

The vertical and horizontal alignment of the dam crest appears undisrupted

(Photo 3). There was no evidence of detrimental settlement, sinkhole develop-
ment or animal burrows on the dam. Some minor gully erosion has occurred on

the unvegetated upper part of the downstream slope. There was no evidence

of any seepage through the dam. However, the reservoir was practically

empty at the time of the visual inspection and the possibility that seepage

S - -' AN
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could develop, when the reservoir level is high, cannot be discounted. A spring

was noted by the owner downstream of the dam when the reservoir was full. A
cutoff trench was reportedly dug and the reservoir lined with clay but the
effectiveness of these measures could not be assessed at the time of the

inspection. Since the reservoir has been empty for some time, the clay liner

placed on the floor of the reservoir is likely to be dessicated and may not be

effective. However, if the downstream cutoff is effective, high pore pressures

could develop under the downstream slope. This could result in failure of the

dam. The location of the cutoff could not be determined during the

inspection.

C. Appurteniant structures.

1. Spillway. The spillways for this dam are located at the left abutment.

The main spillway is a 24-in, diameter corrugated steel pipe (Photo 4), wr~ich
runs through the embankment near the left abutment. The pipe has no control

features or trash rack. Evidence of past flow through the pipe was noted.

There is no intake structure and the potential exists for erosion of the

embankment around the inlet during high flows. The pipe is partially blocked

by vegetation at its upstream end.

The auxiliary spillway is an uncontrolled open channel in the left abutment

(Photo 5). It is unlined, its cross-section is irregular in shape and it is

equipped with a fish control fence. The crest of the auxiliary spillway is

approximately I ft higher than the invert elevation of the main spillway pipe.

The soil in which the spillway is cut is judged to be highly erodible; a deep

gully has been eroded by water flowing from the abutment into the reservoir

upstream of the spillway (Photo 5 and Photo 6).

d. Reservoir area. The area surrounding the reservoir is densely wooded and

little sediment appears to be transported from the surrounding hillsides into

the reservoir. The natural slopes are approximately 3(H) to 1(M. There are

some near-vertical cut slopes on the right bank where borrow was taken from

the reservoir area (Photo 6). These slopes could slump into the reservoir when

the water level rises. Because of the low water level at the time of



inspection, the reservoir bottom was visible. It appeared to be about 5 ft

above the natural valley floor. This may be partially due to sedimentation and

partially due to the clay liner reported to have been added by the owner to

decrease leakage.

e. Downstream channiel. Neither the main, nor auxiliary spillway downstream

channels are well-defined. Both are unlined channels in highly erodible

material (Photo 7). Even during periods of low flow, the outflow from the

main spillway is likely to flow along the downstream toe of the dam. The sides

of the downstream channel of the auxiliary spillway are low and likely to be

eroded or overtopped during high flows. The discharge would then flow along

the downstream toe of the dam, where erosion could result in failure of the

dam. The natural downstream channel below the dam is heavily wooded.

3.2 Evaluation

The visual inspection indicates that the dam embankment is in generally good

condition. No evidence of disruption of the vertical or horizontal alignment of the

dam crest was noted. However, the gravelly silt used in the dam construction

appears to have a moderate to high susceptibility to erosion. Little erosion

protection is offered by the vegetation on the embankment.

The auxiliary spillway and both spillway discharge channels are unlined. There is

considerable potential for erosion in these areas and along the downstream toe of

the dam resulting from spillway discharge.
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures

The inspection did not identify any operational procedures at this dam. There were

no facilities identified which required operation. The reservoir pool elevation is

controlled by the crest elevations of the spillways.

4.2 Maintenance of the Dam

No records of maintenance on this dam were available (see Post construction

changes, Section 6.1d). The embankment appears to be in good condition. However,

the spillways and discharge channels require additional construction work for safe

operation. Some small trees are just becoming established on the embankment.

These should be removed before they become large enough to pose a potential

hazard to the dam.

4.3 Maintenance of Operating Facilities

No facilities requiring operation were identified at this dam.

4.4 Description of Any Warning System in Effect

The visual inspection did not identify any warning system at this dam.

4.5 Evaluation

There are no operational procedures or records of maintenance at this dam. This is

considered a deficiency. The appurtenant facilities appear to be in generally poor

condition. A program of scheduled inspections and maintenance is recommended.

The feasibility of a practical warning system should be evaluated to alert the

downstream residents in the event potentially hazardous conditions develop at the

dam during periods of heavy precipitation.
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SECTION 5
HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. DesiRn data. No hydrologic or hydraulic design data were available for

evaluation of this dam or reservoir; however, the dimensions of the dam were

surveyed. The survey data were supplied by James McCaul, Ill and Associates

of Potosi, Missouri. Other relevant data were measured during the visual
inspection or estimated from topographic mapping. The map used in the

analysis was the USGS Glover, Missouri 7.5-minute quadrangle map (1968).

b. Experience data. No recorded rainfall, runoff, discharge, or pool stage

historical data were found for this reservoir. No record or evidence was noted

of past overtopping of the embankment.

c. Visual inspection.

1. Watershed. The watershed is undeveloped and covered with natural

woodland. The reservoir area is about 5 percent of the total watershed area of

0.09 square miles.

2. Reservoir. The reservoir and dam are best described by the maps and

photographs enclosed herewith.

3. Spillways. The spillways are located at the south end of the dam (left

abutment). The main spillway consists of an uncontrolled, 24-in. diameter

corrugated pipe with an entrance elevation of 795.9 ft. The auxiliary spillway

is an uncontrolled earth spillway with crest at elevation 796.9 ft.

4. Seepage. There was no visible seepage through the dam. However, the

reservoir was practically empty at the time of the visual inspection.

d. Overtopping potential. One of the primary considerations in the evaluation of

the Lawless Lake Dam is the assessment of the potential for overtopping and

consequent failure by erosion of the dam. The lowest portion of the dam crest,

---------------------------------
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elevation 798.9 ft, was considered to be the top of the dam for the purpose of

determining overtopping potential.

Hydrologic analyses of this dam for the I and 10 percent probability-of-

occurrence and Probable Maximum Flood (PMF) events were all based on

initial water surface elevations equal to the invert elevation of the 24-inch

diameter main spillway pipe. The results of the analyses indicate that a flood

greater than 14 percent of the PMF will overtop the dam. The total discharge

capacity for both spillways at 14 percent of the PMF is approximately
3100 ft /sec. The PMF is defined as the flood event that may be expected to

occur from the most severe combination of critical meteorologic and hydro-

logic conditions that are reasonably possible in the region. The analyses a!so

indicates that the spillway will pass the I percent probability-of- occurrence

(100-year) flood event without overtopping the dam. The I percent pro-

bability-of-occurrence flood event is the flood event that has a I percent

chance of being equalled or exceeded in any year, or would be expected to be

equalled or exceeded on the average once in every 100 years.

The following overtopping data for various flood events were computed for the

dam assuming no erosion of the spillways or embankment.

Maximum Maximum Maximum
Reservoir Depth Outflow, Duration of

Precipitation Elevation, Over Dam, Overtopping,
Event ft, (MSL) ft ft /sec hrs

1% Prob 798.7 0 60 0

14% PMF 798.9 0 100 0

50% PMF 799.6 0.7 460 2.9

100% PMF 800.0 1.1 940 5.8

It is recommended that a spillway design flood of at least 50 percent of the

PMF be used for this small dam. A spillway system capable of passing at least

50 percent of the PMF should be designed, provided that the spillway design

recommendations incorporate some of the measures discussed below. This

recommendation is based on the broad downstream valley (Photo 1).
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It should be noted, however, that with the present spillway configuration, the

depth of overtopping at 100 percent of the PMF will reach 1.1 ft and the dam

will be overtopped for almost 6 hours. During this period, significant erosion

would very likely take place and could lead to a breach of the dam.

It is suggested, therefore, that when the recommended spillway design study is

made, particular attention be directed toward the evaluation of the remaining

erosion hazard in the event of a 100 percent PMF storm. Whatever design

approach is chosen, one of the study objectives should be to minimize the

likelihood of dam embankment erosion for storm events exceeding 50 percent

of the PMF.

The input data and output summaries for the hydrologic analyses are presented

in Appendix B.
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual inspection. The visual inspection of Lawless Lake Dam revealed no

evidence of disruption of the vertical or horizontal alignment of the dam

crest. There was no evidence of detrimental settlement, sinkhole develop-
ment, or cracking of the dam embankment. Some minor gully erosion has

occurred on the unvegetated upper part of the downstream slope. It is

recommended that grass cover be provided for this area.

b. Design and construction data. All information on the design and construction

of the dam was ob'ained through phone interviews with the owner, Mr David J.
Lawless, and is presented in Sections 1.2g and 2.2.

Seepage and stability analyses comparable to the "Recommended Guidelines

for Safety Inspection of Dams" were not available. This is considered a

deficiency.

C. Operating records. No operating records or water level records are maintained

for this facility.

d. Post construction changte. After the first filling of the reservoir a leak was

identified, using dye tracers, which was thought by the owner to be occurring

along a solution feature in the bedrock. The reservoir was emptied and an

18 ft deep cutoff trench was reported to have been dug along the downstream
toe and backfilled with compacted clay. In addition, the lake bed was lined

with clay.
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Since the reservoir has been empty for some time, the clay liner is likely to be

dessicated and ,ney nu oe effective. However, if the downstream cutoff is

effective, high pore pressures could develop under the downstream slope. This

could result in failure of the dam.

e. Seismic stability. The dam is located in Seismic Zone 2, to which the

guidelines assign a moderate damage potential. In view of the silty soil used in

the dam construction, liquefaction is possible during a moderate seismic event.

However, since soil property data or static stability analyses are not available

for review, the seismic stability cannot be evaluated.



SECTION 7

ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety. On the basis of the visual inspection, the Lawless Lake Dam

embankment is judged to be in generally good condition. However, the

hydraulic and hydrologic analyses indicate the spillways will pass only about

14 percent of the PMF, which is considered a deficiency under the guidelines.

The embankment material is considered to have a low to moderate resistance

to erosion; in the event of overtopping with high flow velocities, sufficient

erosion could occur to result in failure of the dam.

Seepage and stability analyses comparable to the requirements of the "Recom-

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

also considered a deficiency.

b. Adequcy of information. The visual inspection and interviews with the dam

owner provided the base of information for the conclusions and

recommendations in this Phase I report.

The lack of seepage and stability analyses as recommended in the guidelines

precludes an evaluation of the structural and seismic stability of the dam. The

lack of these analyses is considered a deficiency which should be rectified.

C. Urgency* The deficiencies described in this report could affect the risk of
failure of this dam. It is suggested that the recommendations in Section 7.2b
on the spillway capacity re-design be implemented without undue delay to

prevent the development of hazardous conditions at the dam. Other recom-

mendations presented in Section 7.2b and 7.2c should be implemented as soon

as practical.
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d. Necessity for Phase Hf. In accordance with the "Recommended Guidelines for

Safety Inspection of Dams," ihe subject investigation is a minimum study.

This study revealed that additional in-depth investigations are needed to

complete the assessment of the safety of the dam. These investigations which

should be performed without undue delay are described in Section 7.2b. It is

our understanding from discussions with the St Louis District that any

additional investigations are the responsibility of the owner.

7.2 Remedial Measures

a. Alternatives. There are several general options which may be considered to

reduce the possibility of dam faiture or to diminish the harmful consequences

of such a failure. Some of these general options are:

1. Remove the dam, or breach it to prevent the storage of water;

2. Increase the height of the dam and/or spillway size to pass the

recommended spillway design flood without overtopping the dam;

3. Purchase downstream land that would be adversely impacted by dam

failure and restrict human occupancy;

4. Provide a highly reliable flood warning system (generally does not

prevent damage, but diminishes the chances for loss of life).

b. Recommerdations. The following specific remedial measures and additional

studies are recommended for this dam, to be undertaken without undue delay.

1. Prepare a more detailed hydraulic /hydrologic analysis and design a

spillway system capable of passing at least 50 percent of the Probable

Maximum Flood, without overtopping the dam. The recommended spillway

design flood is based on SLO guidelines and the broad downstream valley. This

design study should include an evaluation of the risk of embankment erosion

for storms greater than 50 percent of the PMF. The spillway system should be

protected to prevent erosion.
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k. Deepen the channel or raise the sides of the main and auxiliary spillway

discharge channels to direct flow away from the toe of the dam. The need for

lining the channels should be considered.

3. Provide a trash rack for the 24-in, diameter main spillway pipe and

provide erosion protection to the embankment at the inlet to the pipe.

The following measures should be undertaken as soon as practical.

4. Prepare seepage and stability analyses for the dam in accordance with

the "Recommended Guidelines for Safety Inspection of Dams."

5. Remove small trees from the embankment before they become large

enough to pose a potential hazard to the dam.

6. Provide adequate grass cover for the upper part of the downstream face.

7. Evaluate available options for an effective and practical warning system

to alert downstream residents should potentially hazardous conditions develop

at the dam.

It is recommended that these remedial measures and studies be done by, or

under the guidance of an engineer experienced in the design and construction

of earth dams.

C. 0 and M procedures A program of periodic inspections and maintenance

should be implemented for the dam as soon as practical. These recommended

periodic inspections will become more meaningful as the reservoir level rises

in the future and is maintained at its design level. This program should include

but not be limited to the following items.

1. Monitor pore pressures along the downstream toe generated as a result

of the location of the cutoff trench.
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2. Inspect the embankment to identify any signs of slope instability such as

slumping and cracking.

3. Inspect the abutments and embankment for signs of seepage or erosion.

Should the reservoir become full, particular attention should be directed to the

spring which was observed downstream of the dam after its first filling.

4. Inspect the spillway area and the discharge channel to identify any

significant erosion following heavy precipitation.

5. Prepare records of recommended and performed maintenance on the

facilities.

This program should be under the guidance of an engineer experienced in the

design, construction and maintenance of earth dams.

(__ _
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Photographs
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1 . Downstream hazard zone, looking east. Reservoir
is visible near center of top edge of photo.

2. Downstream slope, looking north. Note sparsely
vegetated upper slope.



3. Dam crest, looking north.

4. Inlet to 24-in. diameter main spillway pipe.
Note partial blockage by vegetation.
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5. Auxiliary spillway, looking northeast. Note
fish control fence and erosion gully leading
into reservoir.
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6. Reservoir area, looking northeast. Note low
water level and near-vertical cut slopes. Also
note erosion gully from left abutment into
reservoir (bottom of photo).
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7. Spillway discharge channels, looking west
(downstean). The main spillway discharges to
the right of the low ridge in the foreground,
the auxiliary spillway to the left.
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APPENDIX B
Hydraulic/Hydrologic Data and Analyses

B.A Procedures

a. General. The hydraulic/hydrologic analyses were performed using the "HEC-l,
Dam Safety Version (0 Apr 80)" computer program. The inflow hydrographs
were developed for various precipitation events by applying them to a
synthetic unit hydrograph. The inflow hydrographs were subsequently routed
through the reservoir and appurtenant structures by the modified Puls
reservoir routing option.

b. Precipitation events. The Probable Maximum Precipitation (PMP) and the I
and 10 percent probability-of-occurrence events were used in the analyses.
The total rainfall and corresponding distributions for the I and 10 percent
probability events were provided by the St. Louis District, Corps of Engineers.
The Probable Maximum Precipitation was determined from regional curves
prepared by the US Weather Bureau (Hydrometeorological Report Number 33,
1956). The Probable Maximum Precipitation distribution was computed by the
HEC-1 program internally using standard EM-l 110-1411 method.

c. Unit hydrograph. The Soil Conservation Services (SCS) Dimensionless Unit
Hydrograph method (SCS, 1971, Hydrology: National Engineering Handbook,
Section 4) was used in the analysis. This method was selectlel because of its
simplicity, applicability to drainage areas less than 10 mi , and its easy
availability within the HEC-l computer program.

The watershed lag time was computed using the SCS "curve number method"
by an empirical relationship as follows:

L z 0 .8 (S-1) 0 7  (Equation 15-4)
1900 Y0 . 5

where: L : lag in hours
L= hydraulic length of the watershed in feet = 2700
s 1000 -10=5.4

5 CN
CN AMC H hydrologic soil curve number as indicated in Section

B.2e.
Y average watershed land slope in percent = 19.

This empirical relationship accounts for the soil cover, average watershed
slope and hydraulic length.

With the lag time thus computed, another empirical relationship is used to
compute the time of concentration as follows:

-I
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L (Equation 15-3)
- 0.6

where: T = time of concentration in hours
C

L = lag in hours.

Subsequent to the computation of the time of concentration, the unit
hydrograph duration was approximated utilizing the following relationship:

AD = 0.1 33 Tc (Equation 16-12)

where: AD = duration of unit excess rainfall
Tc = time of concentration in hours.

The final duration was selected to provide at least three discharge ordinates
prior to the peak discharge ordinate of the unit hydrograph. For this dam, the
unit hydrograph duration of 5 minutes was used.

d. Infiltration losses. The infiltration losses were computed by the HEC-1
computer program internally using the SCS loss function. The curve numbers
of SCS loss rate procedure were established taking into consideration the
variables of: (a) antecedent moisture condition, (b) hydrologic soil group
classification, (c) vegetative cover and (d) present land usage in the watershed.
In addition, the computed basin loss was reduced proportional to the
impervious area in the drainage basin.

Antecedent moisture condition III (AMC III) was used for the PMF events and
AMC II was used for the 1 and 10 percent probability events, in accordance
with the guidelines. The remaining variables are defined in the SCS procedure
and judgements in their selection were made on the basis of visual field
inspection.

e. Starting elevations. Reservoir starting water surface elevations for this dam
were set as follows:

(1) 1 and 10 percent probability events - outlet pipe invert elevation

795.9 ft

(2) Probable Maximum Storm - outlet pipe invert elevation 795.9 ft

f. Spillway Rating Curve. Flow through the 24-inch diameter main spillway pipe
was computed using the US Bureau of Public Roads culvert capacity nomo-
graph. The HEC-2 computer program was used to compute the auxiliary
spillway rating curve using the auxiliary spillway discharge channel cross
section and conveyance characteristics. A Manning's "n" value of .025 was
used in the analysis of the auxiliary spillway.

B.2 Pertinent Data

.2a. Drainage area. 0.09 mi

S -
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b. Storm duration. A unit hydrograph was developed by the SCS method option of
HEC-l program. The design storm of 24 hours duration was divided into equal
intervals equal to the unit hydrograph duration of 5 minutes in order to
develop the inflow hydrograph.

c. Lag time. 0.25 hr

d. Hydrologic soil group. B & C

e. SCS curve numbers.

1. For PMF- AMC III - Curve Number 82
2. For I and 10 percent probability-of-occurrence events - AMC 11 - Curve

Number 65

f. Storage. Elevation-area data were developed by planimetering areas at
various elevation contours on the USGS Glover, Missouri (1968) 7.5-minute
quadrangle map. The data were entered on the $A and $E cards so that the
HEC-1 program could compute storage volumes.

g. Outflow over dam crest. As the profile of the dam crest is irregular, flow
over the crest was computed according to the "Flow Over Non-Level Dam
Crest" supplement to the HEC-I User's Manual. The crest length-elevation
data and hydraulic constants were entered on the $D, $L, and $V cards.

h. Outflow capacity. The combined outflow rating curve was computed by
combining the flow through the 24-in. diameter main spillway pipe and flow
over the auxiliary spillway. The capacity of the main spillway culvert was
computed using the US Bureau of Public Roads culvert capacity nomograph.

The auxiliary spillway rating curve was developed from the cross section data
of the spillway and the downstream channel, using the HEC-2 backwater
program. The rating curve data for the main spillway pipe and auxiliary
spillway were combined and entered on the Y4 and Y5 cards of the HEC-I
program.

i. Reservoir elevations. For the 50 and 100 percent of the PMF events, the
starting reservoir elevation was 795.9 ft, the main spillway pipe invert
elevation. For the 1 and 10 percent probability-of-occurrence events, the
starting reservoir elevation was also 795.9 ft, the main spillway pipe invert
elevation.

B.3 Results

The results of the analyses as well as the input values to the HEC-I program follow
in this Appendix. Only the results summaries are included, not the intermediate
output. Complete copies of the HEC-I output are available in the project files.
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