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SUBJECT: Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of
of the Kehr's Mill Trail Lower Dam (MO 11277).

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

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

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

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

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

SIGNED 27 AM, 1.9 81
SUBMITTED BY:

Chief, Engineering Division Date

APPROVED BY : S IG N E D p _ _ _ _ _ _l

Colonel, CE, District Engineer Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Kehr's Mill Trail Lower Dam
State Located Missouri
County Located St. Louis County
Stream Tributary of Caulks Creek
Date of Inspection 19 November 1980

Kehr's Mill Trail Lower Dam was inspected by a team of engineers

from Black & Veatch, Consulting Engineers for the St. Louis District,
Corps of Engineers. The purpose of the inspection was to make an 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 Depart-
ment of the Army, Office of the Chief of Engineers and were developed
with the help of several Federal and state agencies, professional engi-
neering organizations, and private engineers. Based on these guidelines,
this dam is classified as a small size dam with a high downstream hazard
potential. According to the St. Louis District, Corps of Engineers,
failure would threaten lives and property. The estimated damage zone
extends approximately two miles downstream of the dam. Within the esti-
mated damage zone are three dwellings and a road bridge. Contents of
the estimated downstream damage zone were verified by the inspection
team.

Our inspection and evaluation indicates that the spillway does not
meet the criteria set forth in the guidelines for a dam having the above
size and hazard potential. The spillway will not pass the probable
maximum flood without overtopping but will pass 10 percent of the pro-
bable maximum flood. The spillway will not pass the flood which has a
one percent chance of occurrence in any given year (100-year flood) but
will pass the flood which has a ten percent chance of occurrence in any
given year (10-year flood). The spillway design flood recommended by
the guidelines is 50 to 100 percent of the probable maximum flood.

Considering the damage zone, the spillway design flood should be 50
percent of the probable maximum flood. The probable maximum flood is
defined as the flood discharge which may be expected from the most
severe combination of critical meteorologic and hydrologic conditions
which are reasonably possible in the region.

Based on visual observations, this dam appears to be in somewhat
less than satisfactory condition. Deficiencies visually observed by the



inspection team were the areas of seepage on the right and left abutments
and at the right side of the spillway, erosion on the upstream and
downstream slopes and at the right abutment, uncut weeds and trees on
the downstream slope, an animal burrow on the upstream slope, and the
possible slide area near the spillway. Seepage and stability analyses
required by the guidelines were not available.

There were no observed deficiencies or conditions existing at the
time of the inspection which indicated an immediate safety hazard.
Future corrective action and regular maintenance will be required to
correct or control the described deficiencies. In addition, detailed
seepage and stability analyses of the existing dam, as required by the
guidelines, should be performed. A detailed report discussing each of
these deficiencies is attached.

Edwin R. Burton, PE
Missouri E-10137

Iarr ( L. Callahan, Partner
Black & Veatch
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SECTION 1 - PROJECT INFOrmATION

1. 1 GENERAL

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

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

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

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is an earth structure located in the valley of a
tributary to Caulks Creek (Plate 1). The watershed is an area of low
hills with fairly steep rugged terrain consisting of about 80 percent
timber and 20 percent large lot residential development. The dam is
approximately 475 feet long along the curved alignment of the crest and
is 37 feet high. The dam crest is 59 feet wide and has a 21-foot wide
asphalt road along its center. The upstream face of the dam slopes
uniformly from the crest to the water surface of the lake. The down-
stream face of the dam has a nonuniform slope from the crest to the
valley below.

(2) The spillway consists of twin 36-inch corrugated metal pipes
with beveled ends installed through the embankment. The beveled inlet
and outlet ends of the pipes are encased in unformed poured concrete
(Photos 7, 8 & 9). Flow through the pipes will discharge onto a 19-foot
wide concrete chute. The chute is placed on the downstream face of the
dam and is constructed of unformed concrete poured over limestone riprap.
The chute has a slightly concave cross section (Photo 10). There is no
emergency spillway for this dam.



(3) One 12-inch polvinyl chloride drain pipe and valve has been
installed through the embankment. This pipe and valve was reported by
Dick Manlin of the Charles Liebert Construction Company, but was not
observed.

(4) Pertinent physical data are given in paragraph 1.3.

b. Location. The dam is located in western St. Louis County,
Missouri, as indicated on Plate 1. The lake formed by the dam is in an
area shown on the United States Geological Survey 7.5 minute series
quadrangle map for Chesterfield, Missouri, 1,700 feet east and 1,300 feet
north of the southwest corner of Survey #886 in Township 45N, Range 04E.

c. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines refer-
enced in paragraph l.lc above. Based on these criteria, the dam and
impoundment are in the small size category. A small size dam is classi-
fied as having a height less than 40 feet, but greater than or equal to
25 fe-t and/or a storage capacity less than 1,000 acre-feet, but greater
than or equal to 50 acre-feet.

d. Hazard Classification. The hazard classification assigned by
the Corps of Fiagineers for this dam is as follows: The Kehr's Mill
Trail Lower Dam has a high hazard potential, meaning that the dam is
located where failure may cause loss of life, and serious damage to
homes, agricultural, industrial and commercial facilities, and to impor-
tant public utilities, main highways, or railroads. For the Kehr's Mill
Trail Lower Dam the estimated flood damage zone extends approximately
two miles downstream of the dam. Within the estimated damage zone are
three dwellings and a road bridge. Contents of the estimated downstream
damage zone were verified by the inspection team.

e. Ownership. The dam is owned by the Kehr's Mill Trail Homes
Association, c/o Mr. Warren Rusgis, 1607 Broken Reins Court, Chesterfield,
Missouri 63017.

f. Purpose of Dam. The dam forms an 18-acre lake used for recre-
ation within a residential subdivision.

g. Design and Construction History. The Charles Liebert Construc-
tion Company is the developer for the Kehr's Mill Trail subdevelopment
according to Dick Manlin of that firm. The dam was constructed in 1976
by the J.H. Berra Construction Company. Brucker and Associates and the
Mueller Engineering and Surveying Company were involved in the design of
the dam.

h. Normal Operating Procedure. Under normal operation, rainfall,
runoff, transpiration, evaporation, seepage losses, and overflow through
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the uncontrolled spillway all combine to maintain a relatively stable
water surface elevation. Dick Manlin stated that there is also a valved
drain pipe.

1.3 PERTINENT DATA

a. Drainage Area - 584 acres (including 510 acres upstream of the

Kehr's Mill Trail Upper Dam).

b. Discharge at Damsite.

(1) Normal discharge at the damsite is through a twin 36-inch
corrugated metal pipe spillway that discharges to a concrete chute
constructed on the downstream slope of the embankment. The chute dis-
charges into a natural channel to the stream below.

(2) Estimated experienced maximum flood at damsite - Unknown. Mr.
Dick Manlin of the Charles Liebert Construction Company stated that the
maximum water surface has reached 3/4 pipe full. This is equivalent to

elevation 507.2 m.s.l.

(3) Estimated ungated spillway capacity at maximum pool elevation -

140 cfs (50 Percent Probable Maximum Flood Pool El. 512.6).

c. Elevation (Feet above m.s.l.) Approximate elevations based on
estimated tie to USGS Contour map.

(1) Top of dam - 509.6 (see Plate 3)

(2) Spillway pipe inlet invert - 504.9

(3) Spillway pipe outlet invert - 503.5

(4) Streambed at toe of dam - 473.0 +

(5) Maximum tailwater - Unknown.

d. Reservoir.

(1) Length of maximum pool - 2,100 feet + (50 Percent probable
maximum flood pool level)

(2) Length of normal pool - 2,100 feet + (Spillway pipe inlet invert)
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e. Storage (Acre-feet).

(1) Top of dam - 342

(2) Spillway pipe inlet invert - 255

(3) Design surcharge - Not available.

f. Reservoir Surface (Acres).

(1) Top of dam - 19.6

(2) Spillway pipe inlet invert - 17.7

g. Dam.

(1) Type - Earth embankment.

(2) Length - 475 feet +

(3) Height - 37 feet +

(4) Top width - 59 feet

(5) Side slopes - upstream face 1.0 V on 4.4 H, downstream face
varies between 1.0 V on 2.7 H and 1.0 V on 6.5 H (see Plate 4).

(6) Zoning - Unknown.

(7) Impervious core - Unknown.

(8) Cutoff - Unknown.

(9) Grout curtain - Unknown.

h. Diversion and Regulating Tunnel - None.

i. Spillway.

(1) Type - Uncontrolled, twin 36-inch corrugated metal pipes
through the embankment with discharge to a 19-foot wide concrete chute
on the downstream slope of the dam.

(2) Pipe inlet invert elevation - 504.9 feet m.s.l.

(3) Pipe outlet invert elevation - 503.5 m.s.l.
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(4) Downstream end chute invert elevation - 484.8 m.s.l.

(5) Gates - None.

(6) Upstream channel - The Kehr's Mill Trail Upper Dam lies at the
upstream end of the lake.

(7) Downstream channel - Eroded open channel below spillway chute

to natural stream.

j. Emergency Spillway - None.

k. Valved Outlet - Dick Manlin of the Charles Liebert Construction
Company stated that there is a 12-inch polyvinyl chloride drain pipe and
valve. They were not observed by the inspection team.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

A geologic investigation of the dam site was conducted by the
Geology and Land Survey section of the Missouri Department of National
Resources. Recommendations resulting from this investigation are pre-
sented in an engineering geologic report, Appendix B. A subsurface
exploration and soils testing program was carried out by Brucker &
Associates, Soils Engineers. Recommendations and boring logs are pre-
sented in a report of this exploration work, Appendix C. The dam design
and hydrologic analyses were prepared by Mueller Engineering & Surveying
Co. No design information was made available.

2.2 CONSTRUCTION

The dam was constructed by the J.H. Berra Construction Company in
1976. Construction records were unavailable.

2.3 OPERATION

Operational records and documentation of past floods were unavail-
able. Mr. Dick Manlin of the Charles Liebert Construction Company
stated that the dam has never been overtopped. He said that he observed
the maximum discharge to be about 3/4 pipe full, elevation 507.2 m.s.l.,
during the two largest storms since the dam was completed.

2.4 GEOLOGY

The site of the dam and reserovir is located in a steep-sided
valley. The dam impounds a small, intermittent stream tributary to
Caulks Creek.

Published information was not available on the soils in the area of
the dam and reservoir. However, the engineering geology report mentioned
above indicates that the soils consist of silty clay and clayey silt.
The soils developed in residuum and colluvium according to the report.

The engineering geology report indicates that the bedrock consists
of limestone of the Burlington formation of the Osage Series of the
Mississipian system. The limestone is deeply weathered with extensive
solutioning along vertical joints and bedding planes. Numerous outcrops
of limestone are present in the valley walls. One spring was observed
approximately 200 feet downstream of the dam on the left side of the
valley. Left and right are used herein to provide directional reference
while looking downstream.
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The boring logs performed by Brucker & Associates indicate that the
subsurface materials consist of alluvial silt of low plasticity (ML)
overlying residual, highly-plastic clay with rock fragments (CH). Water
was encountered in the borings approximately 8 to 12 feet below the
surface in the vicinity of the dam. Limestone bedrock was encountered
approximately 35 feet beneath the surface.

2.5 EVALUATION

a. Availability. No engineering design data were made available.
A geologic report and a soils report were made available and are appended
to this report.

b. Adequacy. No engineering design data were made available.
Thus, an assessment of the design, construction, and operation could not
be made. 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 seepage and stability
analyses should be performed for appropriate loading conditions (includ-
ing earthquake loads) and made a matter of record.

c. Validity. The validity of the design, construction, and opera-
tion could not be determined because engineering design data were not
made available.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Kehr's Mill Trail Lower
Dam was made on 19 November 1980. The Black & Veatch inspection team
consisted of Edwin Burton, team leader; Robert Pinker, geologist; Gary
Van Riessen, geotechnical engineer; and John Ruhl, civil engineer. The
dam appeard to be in somewhat less than satisfactory condition. 'Specific
observations are discussed below. No observations were made of the
condition of the upstream face of the dam below the pool elevation at
the time of the inspection.

b. Dam. The inspection team observed the following conditions at
the dam. The dam embankment appeared to be in satisfactory condition.
The embankment has a wide crest and reasonable upstream and downstream
slopes. The downstream slope of the embankment was nonuniform. The
irregularities resulted from material (soil and broken asphalt) placed
on the embankment in the area left of the spillway. Erosion on the
downstream slope below the added material and erosion or repairs of the
crest (Photos 15 & 19) suggest the possibility of the dam having been
overtopped. A slope failure or slide on the downstream face near the
center of the dam has possibly occurred as evidenced by a power pole and
some older trees leaning up slope while the smaller trees were leaning
down slope (Photo 18). No sinks or cracks in the embankment were ob-
served. Areas of minor erosion on the upstream face due to local runoff
and wave action were observed. Erosion on the right abutment was due to
surface runoff. The material being eroded is a silty clay (CL). Evidence
of nonflowing seepage was observed at the right abutment (Photo 16) and
to the right of the spillway. Water was evident at the latter area. A
spring was observed downstream of the dam near the left abutment. No
toe drains or relief wells were observed. The upstream face of the dam
has no riprap except near the left abutment but does have a fairly good
grass cover for erosion protection. The downstream side of the crest
and the downstream face have a poor grass and uncut weed cover. There
were several small trees (I to 4-inch) growing on the downstream embank-
ment face. One small animal burrow was observed.

c. Appurtenant Structures. The only appurtenant structure ob-
served was the twin pipe spillway and concrete chute. The pipes appeared
to be in good condition. The inlet and outlet ends of the pipe were
observed and the pipe interiors and alignment were observed from both
ends (Photos 8 & 9). The observed pipe joints appeared to be tight
without movement and without leakage into or out of the pipes. There
was no visible distortion of the pipes or their alignment. Repairs to
the concrete chute had been made recently by pouring additional concrete
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over part of the existing chute. There was some loose rock and debris
in the pipes and on the chute but it should not obstruct flow through
the spillway. The lake level at the time of the inspection was about 6
inches below the spillway inlet. There was no development in the spill-
way area which would suffer damage due to flow through the spillway.

d. Geology. The soils in the area of the dam and reservoir consist
of silt and clay. The soils are developed in loess, colluvium and
residuum. The soils are classified for engineering purposes as clayey
silt (ML) and silty clay (CL) of low plasticity. Samples of the embank-
ment were taken near the center of the downstream crest. The samples
were visually classified as silty clay of low plasticity. Based on
these samples, it is surmised that the embankment consists of silty clay
material of low plasticity (CL).

Two outcrops were observed along the hill to the left of the left
abutment. The outcrop consisted of three to four feet of medium to
thin-bedded gray limestone (Photo 20). Both vertical and 750 joints
were present in the limestone. Solutioning had also widened the bedding
planes. The joints were open 2-6 inches and were oriented perpendicular
to the dam. One area of seepage was observed along the toe of the
embankment near the left abutment. It is believed that this seepage is
from the spring described in the engineering geologic report.

e. Reservoir Area. No slumping or slides of the reservoir banks
were observed. The area around the lake consisted of low, wooded hills
with steep slopes to the lake. Runoff from the area enters the lake
through poorly defined multiple channels. The lake was clear to a depth
of approximately 18 inches with only a minor amount of siltation. The
Upper Kehr's Mill Trail Dam (No. 11636) crosses the valley at the upper
end of the lake.

f. Downstream Channel. The spillway discharges to an irregular
natural channel lined by a thick growth of trees and brush.

3.2 EVALUATION

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

It is the belief of the inspection team that the additional material
placed on the downstream slope was repair work from erosion due to
overtopping. The potential for future overtopping is discussed in
Section 5 of this report.

Speculation by the inspection team that a slide had occurred on the
downstream slope is based only on the observation that the power pole
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and older trees appeared to be leaning. Additional evidence may have
been hidden by the dense growth of weeds or by the repair work. This
area should be monitored for new signs of instability.

The growth of trees and brush and the uncut grass on the downstream
face of the dam, if allowed to go unchecked, could cause deterioration
of the embankment. The roots of trees can loosen the embankment material
and also can leave voids through which water can pass. Brush and weeds
on the dam prevent inspection of the embankment and kill the smaller
grasses whose roots are more effective in protecting the surface soil of
the slope from erosion. The brush and tall uncut weeds provide habitat
for burrowing animals which can damage the embankment.

The areas of seepage which were observed should be monitored regu-
larly for quality and quantity. Seepage can cause internal erosion
creating cavities and underground channels, thereby weakening the embank-
ment and/or abutments.

The erosion on the upstream and downstream faces of the embankment
and on the right abutment should be repaired and a suitable ground cover
should be established for erosion protection. Riprap protection should
be provided to reduce the potential for wave induced erosion.

Burrowing animals will continue to damage the embankment if a
program is not undertaken to eliminate them. Piping failure of embank-
ments has resulted from damage caused by burrowing animals.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool is primarily controlled by rainfall, runoff, evaporation,
transpiration, seepage losses, and capacity of the uncontrolled spillway.
Dick Manlin stated that there is also a valved drain pipe.

4.2 MAINTENANCE OF DAM

Some maintenance was evident from the repairs to the downstream
face, the spillway chute, and the pavement on the crest. Grass on the
upstream face had been mowed.

4.3 MAINTENANCE OF OPERATING FACILITIES

The inspection team is not aware of any maintenance to the drain
pipe and valve.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

There is no existing warning system or preplanned scheme for alert-
ing downstream residents for this dam.

4.5 EVALUATION

A maintenance program should be implemented to include cutting of
weeds and grass on the downstream face of the dam, removal of trees and
control of burrowing animals.
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SECTION 5 - HIDRAULIC/HIDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. No design data were made available.

b. Experience Data. The drainage area and lake surface area are
developed from the USGS Chesterfield, Missouri quadrangle map. The dam
layout is from a survey made during the inspection.

c. Visual Observations.

(1) The spillway appears to be in good condition. The lake level
at the time of the inspection (El. 504.4) was below the spillway pipe
inlet invert. There was an accumulation of debris at the pipe inlet
(Photos 7 & 8) and trees were beginning to develop at the outlet (Photos
9 & 10) which could reduce the capacity of the spillway pipes. The
channel downstream of the spillway was grown up with trees and brush but
should not effect the capacity of the spillway.

(2) There is no emergency spillway for this dam.

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

d. Overtopping Potential. Hydraulic routing of storms included
routing through one upstream structure. The spillway will not pass the
probable maximum flood without overtopping the dam. The probable maximum
flood is defined as the flood discharge that may be expected from the
most severe combination of critical meteorologic and hydrologic condi-
tions that are reasonably possible in the region. The spillway will
pass 10 percent of the probable maximum flood without overtopping the
dam. The spillway will not pass the one percent chance flood (100-year
flood) estimated to have a peak outflow of 1,980 cfs developed by a
24-hour, one percent chance rainfall. The spillway will pass the ten
percent chance flood (10-year flood) estimated to have a peak outflow of
40 cfs developed by a 24-hour, ten percent chance rainfall. According
to the recommended guidelines from the Department of the Army, Office of
the Chief of Engineers, a high hazard dam of small size should pass 50
to 100 percent of the probable maximum flood. Considering the damage
zone the appropriate spillway design flood should be 50 percent of the
probable maximum flood. The portion of the estimated peak discharge of
50 percent of the probable maximum flood overtopping the dam would be
2,870 cfs of the total discharge from the reservoir of 3,010 cfs. The
estimated duration of overtopping is 9.6 hours with a maximum height of
3.0 feet. The portion of the estimated peak discharge of the probable
maximum flood overtopping the dam would be 3,620 cfs of the total dis-
charge from the reservoir of 3,760 cfs. The estimated duration of
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overtopping is 12.2 hours with a maximum height of 3.3 feet. The embank-
ment could be jeopardized should overtopping occur for these periods of
time.

According to the St. Louis District, Corps of Engineers, the effect
from rupture of the dam could extend approximately two miles downstream
of the dam. Three dwellings and a road bridge could be severely damaged
and lives could be lost should failure of the dam occur. Contents of
the estimated downstream damage zone were verified by the inspection
team. Flood plain regulations under the National Flood Insurance Program
restrict development in the flood plain of Caulks Creek which is immedi-

ately downstream of the dam. Caulks Creek has been designated as a
flood insurance zone A6 in this area.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

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

b. Design and Construction Data. No design data relating to the
structural stability of the dam were found. 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.

c. Operating Records. No operational records were available.

d. Postconstruction Changes. As noted in paragraph 3.1b, repairs
to the dam may have been made subsequent to overtopping. Mr. Dick
Manlin of the Charles Liebert Construction Company stated that additional
fill material was placed on the downstream face to repair erosion caused
by water from the spillway pipe overshooting the spillway chute. His
company repaired the slope and extended the riprap and grouting below
the pipes. He also stated that the repair work to the road across the
crest of the dam was part of a pavement repair program throughout the
residential subdivision.

e. Seismic Stability. The dam is located in Seismic Zone 2 which
is a zone of moderate seismic risk. A properly designed and constructed
earth dam using sound engineering principles and conservatism should
pose no serious stability problems during earthquakes in this zone. The
seismic stability of an earth dam is dependent upon a number of factors:
embankment and foundation material classifications and shear strengths;
abutment materials, conditions, and strengths; embankment zoning; and
embankment geometry. Adequate descriptions of embankment design para-
meters, foundation and abutment conditions, or static stability analyses
to assess the seismic stability of this embankment were not available
and therefore no inferences will be made regarding the seismic stability.
An assessment of the seismic stability should be included as part of the
stability analysis required by the guidelines.
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SECTION 7 - ASSESSHENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. Several conditions observed during the visual inspec-
tion by the inspection team should be monitored and/or controlled.
These are the ar-zs of seepage on the right and left abutments and at
the right side of the spillway, erosion on the upstream and downstream
slopes and at the right abutment, uncut weeds and trees on the downstream
slope, an animal burrow on the upstream slope, and the possible slide
area near the spillway. 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.

b. Adequacy of Information. Due to the unavailability of engineer-
ing design data, the conclusions in this report were based only on
performance history, visual conditions, and the geologic and soils
reports. The inspection team considers that these data are sufficient
to support the conclusions herein. 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.

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

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

e. Seismic Stability. This dam is located in Seismic Zone 2.

Adequate description of embankment design parameters, foundation and
abutment conditions, or static stability analyses to assess the seismic
stability of this embankment were not available and therefore no infer-
ences will be made regarding the seismic stability. An assessment of
the seismic stability should be included as part of the recommended
stability analysis.

7.2 REMEDIAL MEASURES

a. Alternatives. The spillway size and/or storage volume would
need to be increased or the lake level would need to be permanently
lowered to increase available flood storage in order to effectively pass
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the recommended spillway design flood. Spillway capacity could be
increased by increasing the spillway pipe size and/or by providing an
emergency spillway. The storage volume could be increased by raising
the low areas of the dam crest.

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

(1) The area of suspected sliding on the downstream slope of the
dam should be monitored for signs of additional sliding.

(2) The seepage areas noted during the visual inspection should be
closely monitored and documented as to quantity and quality of flow.
Any significant changes should be evaluated.

(3) An improved maintenance program to remove and control the
growth of brush and trees on the embankment should be developed. Grass/
weed cover on the embankment should be cut periodically.

(4) The areas of erosion discussed in paragraph 3.1b should be
backfilled with suitable material and compacted. Suitable erosion
protection should be developed. Riprap should be placed on the upstream
face of the dam to an elevation above normal lake level.

(5) The animal burrow in the embankment should be repaired. Control
measures should be implemented to discourage increased animal activity
in the area.

(6) Seepage and stability analyses should be performed.

(7) A detailed inspection of the dam should be made periodically.
This inspection should include measurement of seepage flows and analyzing
water samples taken from the seeps and lake. More frequent inspections
may be required if additional deficiencies are observed or the severity
of the reported deficiencies increase.
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PHOTO 1: UPSTREAM FACE OF DAM LOOKING WEST

PHOTO 2: UPSTREAM FACE OF DAM LOOKING EAST



PHOTO 3: CREST OF DAM LOOKING WEST

PHOTO 4: CREST OF DAM LOOKING EAST



PHOTO 5: DOVTNSTRFAkl FACE OF DAM LOOKING WEST

PHOTO 6: DOWNSTRE,1 P'ACE OF DAMI LOOKING WEST
FR~O'M NEAR S I LLWAY



PHOTO 7: SPILLWAY INLET LOOKING UPSTREAM

PHOTO 8: INLET TO SPILLWAY PIPES



PHOTO 9: OUTLET TO SPILLWAY PIPES

PHOTO 10: CONCRETE CHUTE DOWNSTREAM OF SPILLWAY PIPES



PHOTO 11: CHANNEL BELOW SPILLWAY CHUTE

PHOTO 12: EROSION ON RIGHT ABUTMENT



PHOTO 11: CHANNEL BELOW SPILLWAY CHUTE

PHOTO 12: EROSION ON RIGHT ABUTMENT



PHOTO 13: EROSION ON UPSTREAM FACE OF DAM

PHOTO 14: RIPRAP AT UPSTREAM EMBAN'KMENT-ABUTMENT INTERFACE
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PHOTO 15: EROSION ON DOWNSTREAM FACE LEFT OF SPILLWAY CHUTE

PHOTO 16: POSSIBLE SEEPAGE AREA



PHOTO 17: ANIMAL BURROW ON UPSTREAM FACE OF DAM

PHOTO 18: POSSIBLE SLIDE AREA ON DOWNSTREAM FACE OF DAM



PHOTO 19: CREST REPAIRS AT POSSIB.LE OVEWP'YI'INC AREA

PHOTO 20: ROCK OUTCR~)1 AT LErT ABU!"NEN'T
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HYDROLOGIC AND HYDRAULIC ANALYSES

To determine the overtopping potential, flood routings were per-
formed by applying the Probable Maximum Precipitation (PMP) to a synthe-
tic unit hydrograph to develop the inflow hydrographs for the Kehr's
Mill Trail Lower Dam and the upstream reservoir. The inflow hydrographs
were then routed through the reservoirs and spillways. The overtopping
analysis was determined using the computer program NEC-I (Dam Safety
Version) (1).

The PMP was determined from regional charts prepared by the National
Weather Service in "Hydrometeorological Report No. 33" (HMIR-33) (2).
Reduction factors were not applied. The rainfall distribution for the
24-hour PHP storm was determined according to the procedures outlined in
HMR-33 and EM 1110-2-1411 (3). The St. Louis, Missouri rainfall distri-
bution (5 min. interval - 24 hours duration), as provided by the St.
Louis District, Corp of Engineers, was used when the one percent chance
and ten percent chance probability floods were routed through both
reservoirs and spillways.

The synthetic unit hydrograph for each watershed was developed by
the computer program using the Soil Conservation Service (SCS) method (1
and 4). The parameters for the unit hydrograph are shown in Table 1.
The time of concentration (Tc) was computed using the SCS method and
verified by using the Kirpich method.

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

The reservoir routing was performed using the modified Puls method.
The initial reservoir pool elevations for the routing of each storm were
determined to be equivalent to the inlet invert elevations of the spill-
ways in accordance with antecedent storm conditions AMC II preceding the
one percent and ten percent probability storms and AMC Ill conditions
preceding the probable maximum storms as outlined by the U.S. Army Corps
of Engineers, St. Louis District (5). The hydraulic capacity of the
spillways and the storage capacities of the reservoirs were defined by
the elevation, surface area, storage, and discharge relationships shown
in Table 3.

The rating curve for the spillways are shown in Table 4. The flow
over the crest of each dam was determined using the non-level dam crest
option ($L and $V cards) of the HEC-1 program. The program assumes
critical flow over a broad-crested weir. The flow through the spillways
was determined from Hydraulic Charts for the Selection of Highway Cul-
verts (6).
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Where routing through the upstream reservoir resulted in overtopping
of that structure, a breach analysis was performed using HEC-I. The
breaching parameters are noted in Table 5. This structure will be
referenced as "Upper Dam" through the remainder of this appendix.

The result of the routing analysis indicates that the spillway
under study will pass a flood equivalent to 10 percent of the PMF without
overtopping the dam.

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

The computer input data and a summary of the output data are pre-
sented at the back of this appendix.
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH

Parameters: Upper Dam Lower Dam

Drainage Area (A) 510 acres 584 acres

Hydraulic Length of 7,300 feet 975 feet
Watercourse (Z)

Hydrologic Soil Cover 86 (AMC III) 86 (AMC III)
Complex Number (CN') 72 (AMC II) 72 (AMC II)

Average Watershed Land 1.8 % 13.4%
Slope (Y)

Lag Time (Lg) 0.95 hours (AMC III) 0.07 hours (AMC III)
g 1.47 hours (AMC II) 0.11 hours (AMC II)

Time of concentration 1.59 hours (AMC III) 0.9 hours (AMC III)
(Tc) 2.45 hours (AMC II) 0.18 hours (AMC II)

Duration (D) 12.7 min. (AMC III) 0.9 min. (AMC III)
19.5 min. (AMC II) 1.5 min. (AMC If)
(use 5 minutes in each case so that the
durations used for the upper and lower
lakes will be the same)

Discharge (cfs)
Upper Dam Lower Dam

Time (Min.)* AMC II AMC III AMC II AIC III

0 0 0 0 0
5 4 10 199 405
10 9 30 349 319
15 19 57 180 91
20 30 91 73 26
25 43 133 30 8
30 58 186 12 2
35 75 248 5 0
40 96 302 2
45 119 344 0
50 145 372
55 171 387
60 194 389
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TABLE 1
(Continued)

Discharge (cfs)
Upper Dam

Time (Min.)* AMC II AMC III

65 214 386
70 230 368
75 242 346
80 250 321
85 254 293
90 255 259

95 254 220
100 253 187
105 244 162
110 235 141
115 225 122
120 215 107

*From HEC-1 computer output

FORMULAS USED:

L .8x (S + 1) 0.7 (4)
g 1,900 x Y0 .5

1O00
S = 100 - 10

CN'

T = L /0.6
C g

D = 0.133 T
c

A-4



TABLE 2

RAINFALL-RUNOFF VALUES

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

PMP 24 32.74 30.86 1.88
50% PMP 24 17.24 15.43 1.81
1% Probability 24 6.97 3.80 3.17

10% Probability 24 4.90 2.12 2.78

Additional Data:

1) No information on soil associations was available for this
watershed.
100 percent of drainage area assumed to be in hydrologic soil

group C.
20 percent of the land use was large residential lots.
80 percent of the land use was timberland.

2) SCS Runoff Curve CN = 86 (AIC III) for the PMF.
3) SCS Runoff Curve CN = 72 (AMC II) for the one percent and ten

percent probability floods (4 and 7).

TABLE 3

ELEVATION, SURFACE AREA, STORAGE, AND DISCHARGE RELATIONSHIPS

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

Upper Dam*524.8 16.4 160 0

527.3 18.4 203 51
**529.8 20.4 252 110

Lower Dam
*504.9 17.7 255 0

507.2 18.6 297 46
*'A509.6 19.6 342 97

*Spillway Pipe Inlet Invert Elevation
**Top of Dam Elevation

The relationships in Table 3 were developed from the Chesterfield,
Missouri 7.5 minute quadrangle map and the field measurements.
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TABLE 4

SPILLWAY RATING CURVE

Reservoir Spillway
Elevation (ft-msl) Discharge (cfs)

Upper Dam
*524.8 0
526.0 18
527.0 42
528.0 73
529.0 91

-''529.8 110

Lower Dam
*504.9 0
506.0 16
507.0 39
508.0 72
509.0 88

-'-'509.6 97

*Spillway Pipe Inlet Invert Elevation
, Top of Dam Elevation

METHOD USED:

Spillway release rates are based on nomographs for a pipe culvert

with inlet and outlet control (6).
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TABLE 5

BREACHING PARAMETERS

Upper Dam

Bottom Width of Breach (BRWID) 10 feet

Side Slope of Breach (z) (In feet 0.5

horizontal to 1.0 foot vertical)

Elevation of Breach Bottom at Maximum 510.0 ft. m.s.l.
Size of Breach (ELBM)

Time for Breach to Develop to Maximum 1.0 hour
Size (TFAIL)

Elevation of Water Surface Which Will 529.8 ft. m.s.l.
Cause Dam to Fail (FAILEL)

TABLE 6

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth Duration
of Inflow Elevation Storage Outflow of Dam Overtop
PMF (cfs) (ft.-msl) (ac.-ft.) (cfs) Over Top of Dam

(ft.) hrs.

- 0 *504.9 255 0 - -

0.10 213 507.8 309 68 0 0

0.50 3,724 512.6 403 3,014 3.0 9.6

1.00 3,794 512.9 410 3,758 3.3 12.2

*Spillway Pipe Inlet Invert Elevation
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KEHR'S MILL TRAIL LAKE SITE



ENGINEERING GEOLOGIC REPORT ON THE KEHRS MILL TRAILS LAKE SITE

St. Louis County, Mo.

LOCATION: In a northwest trending tributary to Caulks Creek paralleling
Kehrs Mill Road in Sec. 17 & 18, T. 45 N., R. 4 E., Chesterfield Quadrangle.

GEOLOGIC SETTING:
Two proposed lake sites are planned for the valley. One dam is proposed

at the mouth of the tributary valley with the second dam proposed at the
tail waters of the first, approximately at elevation 500 in the valley bottom.

Limestone of the Burlington Formation is the parent bedrock in the lake
and watershed area. The Burlington in this area is very deeply weathered
with much solution work along joints and bedding planes plus creating a very
permeable bedrock. The bedrock, however, is masked for the most part by
thick residual soil on the lower valley slopes which in turn is covered by
an unknown but relatively thick sequence of silty and silty clay soil. Numerous
outcrops of limestone are observable in the lower valley walls in the vicinity
of the streambed upstream of the dams. At least one spring was observed on
the lower valley wall at or just downstream of the right abutment. This
spring is on the base of a narrow ridge which would have a relatively low
water storage capacity and thus may represent water moving down the valley
from the upstream (within the lake basin) area.

The thick soil cover represented as terraces in the valley bottoms and
the residual, colluvial and silty soils on the ridges should prevent much of
the water from the proposed lake from reaching the bedrock. Water that does
reach the bedrock, however, can be expected to escape through the ridges or
into bedrock in the valley bottom and under the proposed dam.

+
The drainage area encompasses approximately 550 surface areas - and would

be sufficient for the 15 acre and 13 acre proposed lakes, provided no adverse
leakage conditions are encountered.

SUMMARY:
In summary, the bedrock is extremely permeable and will transmit water

rapidly, particularly under pressure. The relatively thick soil cover mask-
ing the bedrock should provide enough protection to prevent water from reach-
ing the bedrock in most areas of the lake.

RECOMMENDATIONS:
1) Because of the presence of the bedrock spring just downstream of the

right abutment, it is recommended that the dam site of the lower dam be
moved upstream at least to where the loop of the existing driveway road is
present. The soil on the north or right abutment is thicker in this area and
a relatively thick sequence of soil is present in the valley bottom that will
help prevent water from getting to the bedrock. If the dam is placed at
the location on the plans, the chances of lake water getting to the spring
system will be very high.
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2) It is recommended that the core under the dam be extended to bedrock
across the valley bottom and up the valley wall to where clayey soils ex-
ceed 10 feet in thickness. No water was present in the stream system on
the date of this investigation and it is thought that water moving down the
valley is following old channels that are now covered or is moving at the
soil bedrock contact somewhere on the valley bottom. The core should penetrate
to rock if at all possible if the soil is less than 15 feet thick in the val-
ley bottom.

3) It is recommended that the streambed be filled with borrow material
to at least general floodplain elevation several hundred yards upstream of
the dam. The weak point in the valley bottom is the existing streambed and
filling of the streambed to general floodplain elevation will help prevent
water from getting to gravels and/or bedrock in the deep water portion of the
lake.

4) Borrow material should not be removed from the valley bottom or valley
walls unless it can be shown to exceed at least 10 feet in thickness. The
soil material not the bedrock is what will impound water in this basin. Adequate
quantities of borrow material can probably be removed from the higher terraces
on the floodplain and/or the shoreline of the proposed lake. Bedrock should
not be exposed in the borrowing operation.

5) Small collapses of the lake bottom or lower valley walls is a distinct
possibility in this geologic setting. Large voids can be present in the bed-
rock and in the residual soil. These openings are normally masked by soil
material that can collapse when they become saturated. Some grouting at a
later day may be necessary if these collapses should occur.

6) Drilling information and/or backhoe test pits would be very beneficial
in determining soil quality and quantity in the valley bottom and valley walls,
particularly on the centerline of the proposed dam.

7) This office would be happy to help evaluate drilling information if
requested.

Thomas J. Dean, Geologist
Applied Engineering & Urban Geology
Geology & Land Survey

orig: Allen Dolph
Jefferson County Engineering Co.
Hillsboro Bank Building
P. 0. Box 578
Hillsboro, Mo. 63050
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Investigation of Subsurface Conditions

KEHRS MILL TRAILS SUBDIVISION
LAKES "A* & "B"

ST. LOUIS COUNTY. MISSOURI

At the request of Manlin and Liebert Construction Company.

we have investigated the subsurface conditions in the area of pro-

Posed lakes "A" and "B" of Kehrs Mill Trails Subdivision in St. Louis

County, Missouri. The locations of the dams were selected by others.

The purpose of this investigation was to determine the

feasibility of using the proposed reservoir areas as a borrow area and

to outline specific problems which might develop with the proposed

dams as a result of the existing-subsurface conditions. It is not the

Purpose of this report to provide a detailed design for the proposed

dams, since the dam design and hydrologic studies are being handled by

Mueller Surveying & Engineering Company.

Field Investigation

To Investigate the subsurface conditions, six test holes

were drilled at the locations shown on Figure 1. All test holes were

advanced using a four-inch-diameter, truck-mounted auger. Samples In

the borrow area were obtained at maximum vertical Intervals of three

feet or at every visible change in soil type. In Test Holes 1 and 2

split spoon samples were taken in accordance with ASTM recommended

procedures. Undisturbed three-Inch-diameter Shelby tube samples were

obtained in Test Hole I at relatively shallow depths and were attempt-

ed at greater depths but due to the soft consistency of the materials

It was not possible to recover samples. The type of sample was

-1JZKrO % A. SCr'Arr



-2

dictated by both the type of so11 and location of the boring. The

depth of each test hole varied depending upon the boring location and

its purpose.

In the area of Lake .A, ground water was encountered in all

of the test holes and it appears that a relatively stable ground water

level is approximately eight feet beneath the ground surface. In the

area of Lake "B*, no significant quantity of water was encountered

during the test drilling, although traces of water were noted at a

depth Of approximately 25 feet In Test Hole S.

General Conclusions and Recommendations

Reservoir Areas

The results of these test holes indicate that for both Lakes

"A"'and "B" it will be feasible and economical to'use the preposed

reservoir areas as borrow areas. In Lake 'A" the material from the

ground surface to a depth of 10 to IS feet is a low to medium plas-

ticity silty clay and will be ideal for the construction of the

embankment. At the time of our test drilling the moisture content

was such that the material could be satisfactorily compacted with a

minimum of effort. It is recommended that all material placed In the

embankment be compacted to a minimum density of 90 percent of the

Standard Oensity (ASTM 0 698-70), and that the material be compacted

with a moisture content as high as possible. This office has not

made an Investigation of quantities of material required to construct

the dams; however, based on our subsurface Investigation It appears

that sufficient quantities of material In both r4servoirs "A" and "B8

is available. It will not be possible to excavate to a depth greater

than six or seven feet In Lake "A" due to the relatively high ground

".o~rfQ & A3KCCI4T1S,
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water. The subsurface investigation Indicates the potential problems

associated with the design and construction of these dams are unique,

and, consequently, each dam site is discussed individually.

Lake "A"

Four test holes were drilled for this site. Test Holes 1

and 2 are in the approximate location of the embankment while Test

Holes 3 and 4 are in the reservoir area. Test Holes 3 and 4 indicate

that the material in the reservoir is satisfactory for construction of

the proposed embankment. We anticipate no problems associated with

this material, either during or following the construction. The

material will not be subject to volume change and associated changes

in shear strength upon saturation. Assuming that the slopes of the

embankment have been properly designed and the soil compacted, we

would not anticipate any sloughing or failure of the slopes.

Test Holes I and 2 were drilled approximately along the

centerline of the proposed embankment. In Test Hole 1 the material

from the ground surface to a depth of 15' consists of a relatively

low plasticity silty clay. A gravelly, rocky seam was detected at a

depth of approximately 12 feet. At a depth of approximately 15 feet

the material changed from a low plasticity clay to a reddish-brown,

very high plasticity clay which contained abundant rock fragments.

Auger refusal on rock or boulders was encountered In Test Hole I at a

depth of 37 feet and the auger was advanced 12 inches into this

material with the use of a claw tooth bit. The test hole was terain-

ated at 38 feet. Ground water was encountered at approximately 12

feet below the existing ground surface which is consistent with the

ground water level In the borrow areas.

4 d
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Test Hole 2 which is located near the center of the valley

was drilled to a depth of 45 feet at which depth it was arbitrarily

terminated. Bedrock was not encountered throughout this depth al-

though from 13 feet to 45 feet several thin layers of boulders or rock

ledges exist which were underlain by extremely soft silts and clays.

The boulders or ledges and the soft nature of the material precluded

obtaining Shelby tube samples. During the drilling several zones were

encountered which were so soft the augers settled under their own

weight. It was not possible during the drilling to differentiate

whether large gravel or boulders or ledges were present. As in Test

Hole 1, a gravelly seam was detected at approximately 12 feet beneath

the surface.

Based upon the information from these test holes we feel

the problems associated with the design of this embankment are:

1. Unusually large total settlement In the vicinity of Test

Hole 2.

2. Differential movement which may be extreme from the center-

line of the existing valley to the abutments and which may

cause damage to the discharge pipe.

3. Possible loss of water and subsequent lowering of the lake

level due to leakage through the gravel seams.

4. Instability of the downstream embankment due to scouring and

rapid drawdown associated with flood levels in Caulk's creek.

For design of the proposed embankment. and to determine

satisfactory as well as economical slopes, we recommend a shear

strength of 400 psf for fill material. This assumes that all

material will be compacted to 90 percent of the Standard Proctor

(ASTM 0 698-70). To preclude the possible loss of water by leakage

. Eq z.;3 C -
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through what appears to be a permeable gravelly layer, we recommend

the cutoff trench or key for this dam extend to a depth of 15 feet

beneath the existing ground surface. This depth is based on the In-

formation obtained in the two test holes and it may be modified during

the construction. There may be some seepage beneath the cutoff trench

but we do not believe that it will be large enough to warrant a

sheet pile cutoff wall.

The embankments should be designed for both a steady seepage

condition and for possible rapid drawdown conditions at both the up-

stream and downstream faces of the embankment. Flood levels in the

adjacent Caulk's Creek should be Investigated and appropriate Measures

taken to protect the downstream toe against erosion. For stability

analysis and design of the embankment the shear strength of the

natural materials should not exceed 300 psf.

Lake "B"

It appears that most of the problems associated with the

satisfactory performance of Lake "B" are hydrologic. Test Hole 5 was

drilled near the centerline of the proposed embankment. Contrary to

the conditions encountered in Lake "A" it does not appear that any

major foundation problems are associated with the construction of this

embankment. Ground water was not encountered in Test Hole 6 In the

proposed borrow area and only a slight amount of seepage was encount-

ered at a depth of 251 feet In Test Hole 5, therefore, it will not be

a major consideration in the construction of this reservoir. The

material beneath the proposed embankment is relatively high In shear

strength, with moderate to high densities, and consequently we do not

anticipate that either large total or differential settlement will

-e jzKee & .sgaCI.,[g
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occur beneath the proposed dam. The cutoff trench should be extended

to a minimum depth of seven feet below existing (natural) grade to

assure that leakage does not occur through the surficial soils. For

design of the proposed embankment it is recommended that a shear

strength of 500 psf be used for the virgin materials. The shear

strength of the compacted soil within the embankment should be

assumed as 400 psf.

In view of the relatively large watershed area and the

steep slopes around this reservoir, it is anticipated that consider-

able erosion and subsequent silting will take place; therefore, it is

recommended that consideration be given to siltation measures in the

design of this reservoir. Based upon our field investigation it also

appears that some slope stability problems may occur In the virgin

materials particularly where the thin soils are overlying limestone

which is generally the case throughout the reservoir area. These

problems are best treated individually if and when they occur.

4 QJCcgA £ £SgOCC 9 i
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L E GEN D

Figures within the graphical logs indicate the
number of blows required to drive a 2-Inch 0.0.
standard sampling spoon 12 inches, using a 140-
pound weight falling 30 inches.

Shaded areas within graphical logs indicate topsoil.

Site drilled 11/14-17/75.

Q.KQ& ASSOC~IAT-

Figure 2



TH I
480-= Brown topsoil.

..Brown, low plasticity silt,
475- wifth a trace of coarse s-a--nd.

Medium to dark grey, low
470- 2.plastIcity silt.

465 8

Brown and grey. red, very high
plasticity clay, with small rock

46 fragments.

Rock fragments with a trace of clay.

8
4SO--

Gravel, chert with clay binder.

6 Brown, medium plasticity clay.

Water encountered at 11'.

Kehrs Mill Trails
Lakes "A' I "B"

St. Louis County. Missouri
BORING LOG

Brucker & Associates Brentwood, No.
Consulting Engineers November 1975

Figure 2-1



TH 2, 2Brown silty topsoil.

475-
Light grey. low plasticity
silt.

470-

Brown and grey mottled,
low plasticity stilt.

465 - Grey silt with gravel.

460 -

Grey, low plasticity, soft
silt, with small rock fragments

455- and gravel.

450 -

445-

Brown clayey gravel with
440- abundant rock ledges or boulders

occurring intermittently. Very
soft.

435 -

Kehrs Mill Trails
Lakes "A" A "B*

Water encountered St. Louis County, Missouri
at 12.5' BORING LOG

Brucker & Associates Brentwood, Mo.
Consulting Engineers November 1975

Figure 2-2
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TH3

Grey and brown topsoil.

475-

Brown. low plasticity. very
slightly clayey silt.

470 - j. Io.4- -s

Brown, with traces of grey,
medium plasticity, slightly

465- silty clay with traces of small
gravel.

Grey and brown, medium to high
460- plasticity clay, with traces of

limonite. lignite and small gravel.

-Brown with a trace of grey, medium to
455-_ high plasticity clay with abundant

rock fragments.

Large gravel or boulders with clay
binder.-

450- Water encountered at 9.5'.

Water at 8' after 24 hours.

Kehrs Mill Trails
Lakes *A" I "9"

St. Louis County, Missouri
BORING LOG

Brucker & Associates Brentwood, M.
Consulting Engineers November 1975

Figure 2.3



TH 4
N 4 Brown topsail.

485-

Light brown, low plasticity
silt.

480--

Greyish-brown, low plasticity
silt.

r.475 -

Brown. low plasticity slt with
a trace of small rock fragments.

470-

Reddish-brown, high plasticity

465- clay with abundant rock fragments.

460

No ground water encountered.

Kehrs M111 Trails
Lakes NA" I *B"

St. LOuis County, Missouri
BORING LOG

Brucker & Associates Brentwood, Mo.
Consulting Engineers November 197S

Figure 2-4



TH 6
Brown topsoil.

Brown and grey mottled,

$OO_ lasticity silty cla'y.

4965

490- Dark brown. low to medium
PlastiCity_;1ay. with small
rok fragments. Rock content
Increasing with depth.

485-

480-

Reddish-brown, medium plasticity
475- clay with abundant rock fragments.

470-
W(ater encountered at 25'.

F Kehrs Mill Trails
Lakes "A" & '3'

St. Louis County, Missouri
BORING LOG

Bruck a Asoiate Brenitwood,
Conslti g fintr November 19

Figure 2-5



TH 6~510-

Grey, low plasticity silt.

Brown, low plasticity silty505- clay.

S50-

Brawn, low plasticity silty
lra, with small rock
ramerits.

49S--

490-
No groundwater encountered.

Kehrs Kill Trails
Lakes Am  0 9

St. Louts County, Missouri
BORING LOG

Brucker & Associates Brentwoed, No.
Consulting Engineers November 1971

FIgure 2-4
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