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PHASE T REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Bowling Green Dam

State Located: Missouri

County Located: Pike County

Stream: Unnamed Tributary to Noix Creek
Date of Inspection: 27 September 1978

Bowling Green Dam was inspected by an interdisciplinary
team of engincers from Anderson Ingincering, Inc. of Spring-
field, Missouri and Hanson Enginecers, Inc. of Springficld,
Il1linois. The purpose of the inspection was to make an
assessment of the general condition of the dam with respect
to safety, based upon available data and visual inspection,
in order to determine if the dam poses hazards to human life
or property.

The guidelines used in the assessment werc furnished by
the Department of the Army, Office of the Chief of Enginecrs,
and they have been developed with the help of several Federal
and State agencies, professional engincering organizations,
and private engineers., Bascd on thesc guidelines, this dam
has been classified by the St. Louis District Corps of
Engincers as an intermediate size dam with a high downstrecam
hazard potential. Their estimate of the damage zone extends
10 miles downstream of the dam. Within the damage zone are
one housec, cight farm complexes, onc railroad bridge, one
state highway bridge, and three improved road bridges.

Our inspection and cvaluation indicates that the com-
bined spillways do not meet the criteria sct forth in the
guidelines for a dam having the above size and hazard poten-
tial. The spillway will pass 45 percent of the Probable
Maximum Flood without overtopping. The Probable Maximum
Flood is defined as the flood discharge that may be expected
from the most severc combination of critical metecorologic
and hydrologic conditions that are reasonably possible in
the region. The guidelines require that a dam of inter-
mediate size with a high downstream hazard potential pass
100 percent of the PMFF. The spillway will pass a 100-year
frequency flood without overtopping. The 100-ycar f{requency
flood is one that has a 1 percent chance of being exceeded
in any given year.

The embankment and appurtenances inspected appear to be
in good condition. Minor deficiencies, including crosion,
seepage, and brush and tree growth were noted and should be

© e

Y R




corrected by the owner. Scepage analyses comparable to the |
requirements of the "Recommended Guidelines for Safety i
Inspection of Dams" wecre not available, which is another . |
deficiency that should be corrccted. A detailed report o
describing the dam and these deficiencies is attached. ’

) Steven L. Brady, P.LE.
, Anderson Engineering,
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SECTION 1 - PROJECT INFORMATION

1.1 GENERAL:

AL Authority:

The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps
of Inmgineecrs, to initiate a program of safety inspection
of dams throughout the United States. DPursuant to the above,
the St. Louis District, Corps of Engincers, District Engi-
neer directed that a safety inspection be made of Bowling
Green Dam in Pike County, Missouri,

B. Purpose of Inspection:

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

C. Evaluation Criteria:

Criteria used to evaluate the dam werce furnished by the
Department of the Army, Office of the Chicef of Engincers,
"Recommended Guidelines for Safety Inspection of bams."
These guidelines were developed with the help of several
federal agencies and many statec agencies, professional
cngineering organizations, and private cngincers.

1.2 DESCRIPTION OF PROJECT:

AL Description of Dam and Appurtenances:

Bowling Green Dam is an earth fill structure approxi-
mately 73 ft high and 060 ft long at the crest. The appur-
tenant works consist of a water supply intake tower and 12
in., diameter cast-iron pipe which is located near the center
of the dam, and a concrete chute spillway, which is located
about 400 {t south of the east abutment. The water supply
intake structure contains a valve which can be used for
partial drawdown of the lakec (to clevation 780.0). Two
additional valves arc located upstrcam of the intake tower
for supplementary drawdown (intakes at clevations 760.0 and
739.5). Sheet 3 of Appendix A shows details of the intake
tower, valves, and a transverse scction of the embankment.

B. Location:

The dam is located in the central part of Pike County,
Missouri on a small tributary of Noix Crecck. The dam and
lake are within the Bowling Green, Missouri quadrangle




sheet, 2 miles cast of Bowling Green (NW 1/4 Section 29,
Twp. S3N, R2 W--latitude 397 20.0'; longitude 91° 9.2").
Sheet 1 of Appendix A shows the general vicinity of the dam
and a plan of the immediate arca of the dam and lake.

C. Size Classification:

With an embankment height of 73 ft and a maximum
storage capacity of approximately 1691 acre-{t, the dam is
in the intermediate size category.

i. Hazard Classification:

The St. Louls District, Corps of lLngincers has classi-
fied this dam as a high hazard dam. Their estimate of the
damage zone extends 10 miles downstream of the dam., Within
the damage zone arc one house, eight farm complexes, one
state highway bridge, one railroad bridge, and three improved
road bridges.

L. Ownership:

The dam is ownced by the City of Bowling Green, Missouri.

b Purpose of Dam:

The purposc of the dam is to supply water to the city
of Bowling Green, although some flood prevention is also
provided.

G. Design and Construction llistory:

The dam was designed by Haskins, Riddle and Sharp Con-
sulting Engincers of Kansas City, Missouri, constructed by
i.. W. Riney Construction Company of Hannibal, Missouri, and
completed in 1954, Plans for construction arc available
(obtained from George Butler § Associates of Kansas City,
Missouri) and have been used to prepare this report. There
has been a significant problem concerning secepage through
the west abutment since the dam was built. Extensive pres-
sure grouting of the west abutment was dore in 1959, and
some grouting of the cast abutment wes also done. It is
reported that the grouting operation reduced the amount of
seepage from about 300,000 gallons per day to about 90,000
gallons per day. However, in April 1903, it was reported
that the lecakage was 200,000 gpd. A lean concrete fill was
subsequently placed at the west abutment-dam contact (up-
stream) in a further attempt to reduce sccpage. Recent
mecasurements indicated the scepage to be between 30,000 and
70,000 gpd.
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1, Normal Operating Procedure:

Normal outflow from the lake is carried by a 12 in.
cast-iron pipe for water supply, wherecas a concrete chute
spillway would come into opcration for floods. The con-
cession stand operator at the site indicated that the chute
spillway is used primarily in the spring of the year.

1.3 PERTINENT DATA:

Pertinent data about the dam, appurtcnant works, and
reservoir are presented in the following paragraphs. Sheet
2 of Appendix A is a plan of the cmbankment and spillway.
Sheet 3 presents details of the inlet structure and a typical
embankment section. Sheet 4 shows a plan and profile of the
spillway. Presented on Shect 5 are sections of the spillway.

A. Drainage Arca:

The drainage arca for this dam, as obtained from the
Bowling Green, Missouri 15 minute quadrangle sheet, is equal
to approximately 900 acres.

B. Elevations (Fcet Above M.S.L.):

(1) Top of Dam (measured): West end 804.3; Center 801.3;
East end 803.8; Lowest point 801.0.
Top of Dam (Plans for Construction): 805.0
(Sce Existing Top of Dam Profile-Sheet 6 of Appendix A)

(2) Spillway Crest: Plans for Construction 795.0; Measured
795.0,

(3) Spillway Outlet: Plans for Construction 770.0; Measured
769.8.

(4) Maximum Design Pool: 801.0.
(5) Pool on Datc of Inspection: Measured 790.3.

(6) Apparent lligh Water Mark of Record: Reported 798 to
799.

(7) Streambed at Centerline of Dam: Plans for Construction
728.

(8) Maximum Tailwater: Unknown.

C. Discharge at Dam Sitce:

(1) All normal discharge at the dam site is through the 12
in. water supply pipe and an uncontrclled spillway.

"




(13

(2)

(1)

(1)
(2)
(3)
(4)
(5)

()

(6)

(7)

(8)

(1)

(2)

Estimated Discharge Capacity at Top of Dam (EI. 8§01.0):
2525 cfs.

D. Reservoir Surface Arcas:

At Spillway Crest: Plans for Construction 45 acres.
At Top of Dam: 54 acres.

L. Storage Capacitics:

At Spillway Crest (El. 795): Plans for Construction
1410 acre-ft.

At Top of Dam (El. 801.0): 1091 acre-ft.

. Reservoir Lengths:

At Spillway Crest (Lstimated from Plans for
Construction): 3550 ft.

At Top of Dam (Estimated from Plans for Construction):
4150 ft.

G. Dam:

Type: Rolled ecarth.

Length at Crest: 000 ft.
Height: 73 ft.

Top Width: 16 ft (mcasured).

Side Slopes: 2.5H:1V. (Lower portion of downstream
face is 3H:1V.).

Zoning: Clays in main portion of embankment; "un-
selected materials" at downstream face (sce Sheet 3,
Appendix A).

Cutoff: Apparently none.

Antiseep Collars: Three concrete collars are provided
around the water supply pipe upstrcam of the centerline
of the dan.

. Spillway:

Location: 400 ft south of the east abutment of the
dam.

Type: Concrete chute (40 ft crest length).




SECTION 2 - ENGINEERING DATA

——tmn |

o. 1l  GENERAL:

— s

Available design computations and reports for Bowling
Green Dam include a site geology report prepared by the
Missouri Geological Survey (Sheets 4 thru 10, Appendix B),
design notes for scepage, embankment stability, and spillway
adequacy, test results on cmbankment material (Atterberg
) limits, grain size, shear strength, compaction curve), and
i reports on the leakage through the west abutment and sub-

: sequent grouting opcration (Shecets 11 through 32, Appendix
BY. In addition, the Plans for Construction contain test
boring records and some hydrologic data. No documentations

; of construction inspection records have been obtained.

2.2 DESIGN:

AL Surveys:

The locations and clevations of two temporary bench-
marks are shown on Shect 2 of Appendix A, Neither of these
two temporary benchmarks was located during the visual
inspection. The crest of the spillway was used as a bench-
mark and was assumed to the samc clevation as indicated on
the plans for construction (795.0).

B. Geology and Subsurface Matcerials:

The area around Bowling Green Dam is characterized by
rolling-to-hilly topography. The subsurface materials in
upland areas generally consist of about S ft of loess under-
lain by residual soils and bedrock. Geological maps of the
area indicate that the bedrock consists of the Burlington
ILimestone overlying the Hannibal shale formations (both of
the Lower Mississippian system). The Burlington formation
is a light-gray, coarse-grained, and massive limestone. The
thickness of this formation ranges from 75 {t to 100 ft in
this area. In many arcas, the Burlington formation contains
caves, sinkholes, springs and joints. The Hannibal formation
underlying the Burlington, is a massive, blue-gray silty
shale, generally about 80 or 90 ft thick. The contact
between the Burlington-llannibal formation is reported to be
at elevation 780 in the areca of the danm,

Classifications of the soils encountered in the borings
are presented on Sheet 1 of Appendix B. The locations of
these borings are included on Sheet 1 of Appendix A. The
soils encountered in the borings arc gencraily brown and
yellow clays (with some gravel) over a green shale (bed-
rock). The maximum penetration of the horings was to
approximately elevation 677.

Lot o :
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A preliminary geology report prepared by the Missouri
Geological Survey is presented on Sheets 4 through 10 of
Appendix B.

C. Foundation and Embankment Design:

No foundation or cmbankment design reports for Bowling
Green Dam were obtained. However, soil test results on
potential borrow material and partial slope stability calcu-
lations were acquired from Mr. Clifford Sharp, P.E. Although
scepage analyses were apparently performed, they were not
available. A brief summary of the results of the ecmbankment
design calculations and recommendations for cmbankment
construction are presented on Sheets 2 and 3 of Appendix B.

Sheet 3 of Appendix A shows a transverse section of the
dam at the location of the water supply pipe (Station
2+55). No core trench is shown on the plans, and apparently
no internal drainage svstem was provided. Only three anti-
scep collars are provided around the water supply pipe, and
these arc located well upstream of the centerline of the
dam. The transverse scction shows a rock toe drain which
was apparent from the visual inspection.

Because the water supply pipe passes through the dam to
the pumping station, the full head of water impounded by the
dam is acting entirely through the dam. The area around the
water supply pipe at the downstrcam toe of the dam should be
periodically inspected for scepage which might indicate a
leak or rupture of the drain pipe and could eventually
initiate a piping failure through the embankment. The water
supply pipe has an upstream valve which is normally open, but
could be shut off if leakage occurs.

Borrow material for the dam was obtained from the floor
of the valley, both downstrcam and upstream of the dam. The
only apparent zoning of the embankment can be secen on Sheet
3 of Appendix A. "Unselected materials" were to be used
downstream of a line which extends from the downstream edge
of the crest at a slope of 1.5M:1V toward the toe of the
dam. "Selected materials, rolled in layers" arc shown
upstream of this linc. No construction inspection test
results have been obtained.

D. llydrology and llydraulics:

Some hydrologic and hydraulic design data have been
provided, and the Plans for Construction also contain some
hydrologic design data; these data arc contained on Shecet 1
of Appendix A. Based on these data, a ficld check of spill-
way dimensions and embankment elecvations, and a check of the
drainage areca on the U.S.G.S. quad sheect, a hydrologic
analysis using U.S. Army Corps of Engincers guidelines was
performed and appears in Appendix C, Sheets 1 to 6. It was

o
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concluded that the spillway will pass 45 percent of the
Probable Maximum Flood.

L. Structure:

Structural design computations for appurtenant struc-
tures were not obtained. Details of the inlet structure and :
spillway are shown on the Plans for Construction and are
presented on Shects 3 through 5 of Appendix A.

2.3 CONSTRUCTION:

No construction inspection data have been obtained.
Information regarding the pressure grouting which was per-
formed in 1959 is included in Appendix B. No reports were
available describing the concrete fill which was placed
upstream at the west abutment-dam contact.

2.4 OPERATION AND MAINTENANCE:

Conversations with personnel at the Bowling Green water
treatment plant indicate that normal operation consists of
pumping about 500,000 gallons per day out of the reservoir
for water supply. This rate of usage is expected to double
with the construction of a new water treatment plant and the
addition of new users. The water level fluctuates as much
as 15 ft during the course of a yecar. Inspection indicates
that maintcnance of the dam (mowing the grass and brush
removal} is done periodically.

2.5 EVALUATION:

The available engincering data listed in Section 2.1 do
not include sufficient scepage or stability analyses nor any
construction test data, and thus were inadequate to make a
detailed asscssment of the design, construction and operation
of Bowling Green Dam, No valid engincering data on design
or construction of the embankment were found.

Scepage and stability analyses comparable to the require-
ments of the "Recommended Guidelines for Safety Inspection of
Dam's'" were not available, which is considered a deficiency.
These seepage and stability analyses should be performed for
appropriate loading conditions (including earthquake loads)
and made a matter of reccord.
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SECTION 3 - VISUAL INSPECTION

3.1 GENLRAL:

The field inspection was made on 27 September 1978.
The inspection team consisted of personnel from Anderson
Engineering, Inc. of Springfield, Missouri and Hanson
Ingineers, Inc. of Springfield, Illinois. The team members
were:

Louis Williams - Anderson Enginecring (Instrument Man)
Steve Brady - Anderson kEngineering (Civil Engineer)
Dave Daniels - Hanson Lngineers (Geotechnical § Hydraulics

Enginecer)
Dan Kerns - Hanson Ingineers (Geotechnical Engineer)

3.2 DAM:

The dam is an carth fill cmbankment constructed from
borrow material obtained from the valley both upstream and
downstream of the dam. Based on the soil borings and soil
test results, the fill material would be expected to consist
of medium to high plasticity clays.

The embankment is grass-covered and appcars to be in
good condition. Considerable scepage was noted at the west
abutment. Some crosion (small gullies, 8 in. to 12 in. decep)
and small trece and brush growth was prescent at the dam and
west abutment contact as a result of this seepage. A small
slide (20 ft to 30 ft in arcal extent) was cvident above the
pumping station which 1s located at the toe of thc dam near
the west end. This slide did not appear to be active.

It appcared that the seepage was generally cxiting
through the abutment, not at the abutment-dam contact. The
flow in a ditch immediately north of the pumping station was
estimated to be about 40,000 gallons per day. It is believed
that the entire flow in this ditch was seepage exiting from
various locations at the west abutment.

Brush and some small tree growth is present on the up-
stream face of the dam and through the rock toe drain.
Brush and rced growth and some crosion was noted at the
contact between the dam and the cast abutment. Although
some seepage has been reported at the cast abutment, and the
presence of reeds indicates that the arca has been wet, no
seepage was observed at the time the inspection was made.

The horizontal alignment of the dam appecared as shown
on the plans., There is a shallow depression in the crest
near the west abutment. No surface cracking or unusual
movement was obvious., [t should be noted, however, that the
elevations along the top of the dam which were obtained in
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the field were as much as 4.0 [t lower than as indicated on

the Plans for Construction (sec Scction 1.3.R of this report).

All other eclevations obtained in the ficld agreed fairly
well with those indicated on the Plans for Construction.

No instrumentation (monuments, piczometers, ctc.) was
observed.

AL Spillway:

The concrete chute spillway was generally in good
condition. There was a 1l in. wide joint scparation in the
right spillway wall at the point where the spillway begins
to slope downward. A similar crack was evident in the left
wall at the same location, although not as wide. A small
void was present under the left drain pipe just below the
spillway crest. The Plans for Construction (Sheets 4 and 5
of Appendix A) show vertical walls on the 40 ft wide spill-
way, However, the spillway was built with side walls sloping
at LH:1V.

A road which is built to the spillway crest constricts
the approach channel somewhat. Tree growth at the sides of
the approach channel also could restrict flow.

A plunge pool has been formed out of the underlying
shale. The pool is about 12 ft deep and appears to be
eroding back toward the spillway exit. The discharge channel
has been eroded into the overburden and shale.

3.3 RESERVOIR AND WATERSHED:

The immediate periphery of the lake was timber-covered
with moderate slopes. No sloughing or serious erosion of
reservoir banks was noted.

The concession stand operator indicated that the high
pool was 3 or 4 ft above the crest of the spillway (1973).

3.4 EVALUATION:

Small trece and brush growths noted at both abutments,
on the upstream face and at the rock toc drain of the dam,
should be removed, and all future growth should be removed
on a yearly basis. An cngineer experienced in the design
and construction of dams should study and recommend means
of correcting and/or controlling the observed seepage,
erosion and slide.




To reduce entrance restrictions, trees along the sides
of the spillway approach channel should be removed. 1t is
believed that the road leading to the spillway crest restricts
the passage of low flows only, and does not constrict the
entrance during periods of high flows. The c¢racks in the
spillway wall and the void below the left spillway drain
pipe should be filled and sealed.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

Information furnished by personnel at the Bowling Green
water treatment plant indicates that about 500,000 gallons
of water per day arc drawn from the reservoir for water
supply. This rate of usage is cxpected to double in the
near future.

4.2 MAINTENANCE OF DAM:

No maintenance information was available. Inspection
indicated that maintenance of the dam (mowing the grass and
brush removal) is apparently done periodically.

4.3 MAINTENANCE OF OPERATING FACILITIES:

Although the water supply facilities appear to be in
good condition, it is not known whether they are regularly
maintained.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFLECT:

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

4.5 EVALUATION:

Tree and brush growth should be removed from the dam on
a yearly basis. Although not serious now, ecrosional areas

at abutment-dam contacts will nced some repair in the future.
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SECTION § - HYDRAULIC/HYDROLOGIC

5.1 LVALUATION OF PFEATURLS:

AL Design and Expericnce Data:

Some of the design data used by the Haskins, Riddle and
Sharp Consulting lngincers to design this dam have been
obtained. Some hydrologic data as shown in the Plans for
Construction are presented on Sheet 1 of Appendix A,  Based
on this information, a field check of spillway dimensions
and embankment elevations, and a check of the pool and
drainage areas from the U.S.G.S. quad sheet (Bowling Green,
Missouri quad shecet), a hydrologic analysis was performed
using U.S. Army Corps of Engineers guidelines and appears in
Appendix C, Sheets 1 to 6.

B. Visual Observations:

The concrete chute spillway generally appeared to be in
good condition, although some cracks were noticed in the
spillway walls. In addition, a small void was present at
the left drain pipe just below the crest of the spillway.
Trees at the edge of the approach channel could possibly
restrict all flows to the spillway.

Facilities available to draw down the pool for water
supply appeared to be in good condition. The spillway is
located about 400 ft south of the cast abutment. Spillway
releases would not be expected to endanger the integrity of
the dam.

C. Overtopping Potential:

Based on the hydrologic and hydraulic analysis as
presented in Appendix C, the spillway will pass 45 percent
of the Probable Maximum Flood. The Probable Maximum Flood
is defined as the flood discharge that may be expected from
the most severe combination of critical meteorologic and
hydrologic conditions that are rcasonably possible in the
region. The recommended guidelines {rom the Department of
the Army, Office of the Chief of Engincers, require that
this structure (intermediate size with high downstream
hazard potential) pass 100 percent of the PMF, without
overtopping. Fifty percent of the PMF will overtop the dam
by .41 ft for a duration of .58 hours with a resultant peak
outflow discharge of 2913 c.f.s. One hundred percent of the
PMF will overtop the dam by 2.24 ft for a duration of 2.92
hours with a resultant pcak outflow of 9990 cfs (sce Sheet 6
of Appendix (). The structurc will pass a 100-year fre-
quency flood without overtopping.
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SECTION o - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY:

AL Visual Observations:

Although the scepage through the west abutment is
detrimental in terms of water loss from the lake, we do not
helieve that this condition adverscly affects the structural
stability at this time. However, if left unchecked, the
erosion at abutment-dam contact arecas could causc some
localized stability problems and possibly complete failure
in the future. The seepage should be periodically checked
for both quantity and turbidity. An increasc in turbidity
of the seepage water would indicate that embankment material
is being washed away. If significant increases of seepage
quantity or turbidity are noted, then immediate remedial
measures should be initiated to attempt to stop the leakage.
These remedial measures should be performed under the guid-
ance of a professional engincer cxpericnced in the design
and construction of dams.

B. Design and Construction Data:

Stabi1lity analyses were perf{ormed by Haskins, Riddle
and Sharp Consulting Engineers, and recommendations were
made regarding side slopes and berm widths and clevations.
Our site inspection indicates that the side slopes and berm
widths and elevations were as shown on the plans. Secepage
analyses comparable to requircments of the guidelines were
unavailable and constitute a deficiency that should be
rectified. No compaction specifications or construction
records of the density of the earth fill have been obtained.

C. Operating Records:

Current water usage drawn from the reservoir is about
500,000 gallons per day. This usage, combined with the
seepage and cvaporation, results in a rescrvoir water level
fluctuation of up to 15 [t during the ycar. These fluctua-
tions of water level have apparently not affected the struc-
tural stability of the dam.

D. Post-Construction Changes:

The only known post construction changes at Bowling
Green Dam werc attempts to reduce or climinate the secpage
through the abutments of the dam. These attempts include a
major pressure grouting program at the west abutment (and,
to a lesser extent, at the cast abutment) in 1959. This
operation succeceded in reducing the quantity of scepage from
300,000 gallons per day to about 90,000 gallons per day.
Later, the seepage was rcported to be hetween 150,000 gpd

- 13 -
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and 200,000 gpd (May 1903 letter from MGS - Sheets 29 and 30
of Appendix B).

Subsequent attempts to stop the scepage were made by
placing fresh concrete at the upstream face of the west
abutment-dam contact in an area of suspccted scepage en-
trance. This operation was successful to some degree. The
present water superintendent indicated that the scepage was
reduced to between 30,000 gpd and 70,000 gpd. Reports on
the leakage and grouting operation are included as Sheets 11
through 32 of Appendix B.

L. Scismic Stability:

The structure is located in seismic zone 1, which is
historically the lcast active zone in terms of occurrence
and magnitude of carthquakes. The seismic loading prescribed
for zone 1 is generally not critical for a well-constructed
earth dam of this size,.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM O ASSLESSMENT:

AL General:

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

B. Safety:

The embankment itself is gencrally in good condition.
The minor items which have been noted previously--such as
brush and treec growth, and crosion--can and should be cor-
rected and controlled. Other deficiencies which should be
corrected include an inadequate spillway and lack of seepage
analyses as required by the guidelines.

Several attempts to stop the abutment seepage have
failed. This scepage should be monitored closely in the
future, and records should be maintained. If the quantity
or turbidity of the scepage water should significantly
incrcase, then an immediate study of the problem and remedial
measures should be initiated under the guidance of a profes-
sional enginecer experienced in the design and construction
of dams.

The dam will be overtopped by f{lows in excess of 45
percent of the Probable Maximum I'lood. Overtopping of an
earthen embankment could cause scrious crosion and could
possibly lead to failure of the structure.

C. Adequacy of Information:

The conclusions in this report were bascd on revicw of
preliminary design notes and calculations, the Plans for
Construction, the gecological report prepared by the Missouri
Geological Survey, the performance history as related by
others, and visual obscrvation of external conditions. The
inspection team considers that these data are sufficient to
support the conclusions herein.

D. Urgency:

The remedial measures recommended in paragraph 7.3
should be accomplished in the ncar {uture. If the minor
deficiencies listed in paragraph B arec not corrected and if
good maintenance is not provided, the embankment condition




will continue to deteriorate and possibly could become
serious. Priority should he given to increasing the capa-
city of the spillway so that it is able to pass the PME,

L. Necessity for Phase 11:

Based on the result of the Phase | inspection, no Phase
Il inspection is recommended.

| Scismic Stability:

The structure i1s located in scismic zonc 1, which 1s
historically the least active zone in terms of occurrence
and magnitude of earthquakes. The scismic loading prescribed
for zone 1l is gencrally not critical for a well-constructed
earth dam of this size.

7.2 FURTHER INVESTIGATIONS:

The scepage {rom the west abutment should be monitored
carcfully with respect to both the quantity of flow and
whether soil is being carried by the scepage water. Any
substantial increcase of quantity of flow or turbidity of the
seepage water should be fully investigated immediately and
corrective actions taken. Although this secpage is believed
to be passing through the abutment and not the embankment or
abutment-dam contact, it is a potentially dangerous situation
which could endanger the embankment. All investigations
should be performed under the guidance of a professional
engineer cxperienced in the design and construction of dams.

7.5 REMEDIAL MEASURLS:

The following remedial measures and maintenance procedures

are recommended. All remedial mcasures should be performed
under the guidance of a professional engineer experienced in
the design and construction of dams.

(1) Remove the existing tree and brush growth on the up-
stream face of the dam, at the abutment-dam contacts,
and at the rock toc drain, and remove all future tree
and brush growth on a yearly basis.

(2) Remove the trees at the approach channel to the spill-
way. Repair the cracks in the spillway walls, and {ill
the void at the left drain pipe just below the spillway
crest.

(3) Corrcct the minor erosion activity at the embankment-
abutment contacts on the downstream side of the dam.
Study and repair the small slide arca above the pumping
station and channelize the secepage water around the




(4)

(0)

(7)

pumping station. Periodically check the plunge pool
for incrcased crosion toward the spillway, and take
remedial measures if the spillway is threcatened by
undermining.

The secepage water {rom the west abutment should be
closely monitored for increased quantity or turbidity.
Any significant increase of quantity or turbidity of
seepage water should be immediately investigated, and
corrective actions taken. Methods to correct and/or
control the seepage should be studied and implemented.

Check the downstream slopec of the embankment periodi-
cally for seepage and stability problems, cspecially
around the location of the water supply pipe at the
downstrecam toc of the dam. If wet areas or seepage
flows from the embankment arc obscrved, or if sloughing
is noted, then the dam should be inspected and the
situation evaluated.

A detailed inspection of the dam should be made periodi-
cally by an engineer experienced in the design and
construction of dams. Morc frequent inspections may be
required if additional slides, seeps, or other items of
distress are observed.

Spiliway size and/or height of dam should be increased
to pass the PMIF. In either case, the spillway should

be protected to prevent erosion. An increase in the
height of the center portion of this dam to the original
top of dam design elevation of 805.0 (make dam level
from abutment to abutment) might increase the capacity
of the structure to pass the PMF,
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GEOLOGICAL REPCRT ON RUSLRVOIR TOR BOWLING GRERN, MISHOURL
by
Jomes H, Williama, Ocologist
Missouri Geological Survey and Water Resources

April 106, 1953

Abstractt

The study of rock formations at the four proposed reservoir sites
indicates that Duckner Hollow Site and Site A arc favorable, Surface
features indicate morc valley alluvium, silt, sand, and gravel would
have to be excavated at Site A to key the dam in a solid rock forma-
tion, the !lannibal shale. Consequently, Buckner Hollow ajppears to be
the best geologic location for a dam and reservolr. Site B is unfavor-
able because of rock fermations that would underlie tho dam. Peno Creck
is not recommended due to danger ol wscepapge at both the dam site and up-

strcam,

Description of rock formations at the reservoir arcas:

The {llustrated geological columnar scction (Plate I-A) diagrams the
rock formations of the reservoir arcas. Tiis colum presents the expect-
ed scquence of rocks that would be cncountered if a well were drilled in
the SWi Nwi Nwg sec. 29, T. 53 N,, R, 2 W, at thc Buckner Nollow spillway
site. As thesc different rocky are laterally persistent, this same sc-
quence can be seen by walking from the headwaters of Buckner lHollow, where

the Durlington limestone crops out, to the moutli of Buckner Hollow, which

is in Maquokcta shale.

Sheet 4, Appendix B




These rock formations are described beginning with the oldest, the
Maquoketa shale, It 13 exposed ncar the mouth of Buckner Hollow in the
Nid swi sw) sec. 17, T, 53 N.,, R. 2 W. It is a massive, greenish-blue
and blue shale, Therc are thin blue-gray limcstone layers in the shale.
The shale is casily affeccted by weathering and it is usually mantled with
a thick cover of soil and vesetation, Fresh exposures under the influ-
ence of weathering "flow' and slide like mud., The upper contact of the
Maquoketa shale with the Bowling Green dolomite is at 670 fcet elevation,
Therefore, the Maquoleta does not affcct any of the reservolr sitca, The
overlying Bowling Green dolomite would affcct dam construction at Site B,

The Bowling Green is a yellow-gray and blue-szray, finec-grained dole-
mite., It is massive and evenly bedded. When undercut by streams, it
brecaks off }n large rectanguler blocks whilch slump into the stream., The
formation is appreximately 20 fect thick, If a dam werc bullt at Site B,
it rhould be keycd in the Bowling Green, The Louisiana formation, which
overlies the UDowling Green, would be an ingecure foundation, Tor this
rcason Site B is not rcconmended,

The Louisiana is a thin-bedded, brittle, ycllow-gray, fine-grained
limestone and dolomite, It is non-icsistant to weatherins, and its surface
exposures are usually mantled, The Louisiana is approximately 10 feet
thick, Its contact with the overlying Hannibal, approxiuately 700 feet

)
¢levation, is marked by a two-foot thick sandy shale zone that is satu-
rated wvith water, Site B is not rccormended because of danger of water
secpage at this contact zone, and because of the weakly-resistant Louisiana
formation,

The Hannibal shale is massive, gray-blue, and silty. It brecaks into

Sheet 5, Appendix B
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"gmall blocky pleces. 1lie lannidal 13 much more reafstant to weatherlng

than the laguoketa, and it does not "flow! like rud when water sosked.

The Hannibal is from 80 to 90 tect thick. Tie silt content and the con-
solidation of the Hannibal make ft <uitable as a foundation for the dam
at Buckner Hollow or at Site A, Its impermeability to water will reduce
va.cr secpage from the reservoir at efther locatlon, Tho Hannibal could
be used as the dam foundation at Peno Creek were it not for the unfavor-
able characteristics of the overlying Burlinston limestone in this arca,

The topimost formation, the Burlington, is a light-gray, coarsec-grained,
and massive limestone, In many areas, it contains caves, sinkholes, springs,
Jeints, and othier features that would cause water secpage. This is truc in
tiic Peno Creck area, There arc solution features, caves end springs, in
Buckner liollow, but they are above 800 fect clevation. There are wo rca-
turcs belaw 800 feet in the lower Buarlirngton liwestonc or associated with
the Burlington-Hannibal contact that would indicate solution and possible

water sccpage,

Buckner Hollow:

The diagramed profile and geologic cross-scction of the Buckner Hollow
dem site /Platc I-B) illustratea the rock foimations and their rclation to
the dan, ’

It i3 recommended that there be ‘hree coie-drill boles at the Buckner
Lollow dan site. Two should Le made on t(he alluvium where the key will be,
one near each abutment, The third oie should be upstream, 600 feet north

of the dam sitec, One of the holes at the dam site should be cored through

the valley alluvium, the lower !llannibal shale, the Lonisiana, a2ud into the

Sheet 6, Appendix B
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Bowling Green. If conditions are found to be satlisfactory ln this core,

the other three nced go only to the ton of the Loulsiara,

Site Ay

Site A is a favorable dam site and rescrvolr locaticn, The dam would
be keyced in the Hannibal shale, as rccommended at the Buckner llollow Site,
Since Sitc A i3 geologically similar to the Buckaer lollow Site, the re-
lationship of the rock formations to the dam and rescrvoir is similar,

The greatcr thickness of mantle at the dam site would require more cx-
cavation and would nccessitate four corc=drill holes on the valle; alluvium.
Two should be ncar the abutments of the key and onc evenly spaced betwcen
then, The fourth one should be 600 fcet upstrcani, The ccater hole at the
ey should ‘be cored into the Bowling Green dolomitce., If this is a satis-

factory core, thc other three nced go only to the top of tiae Loulsiana.

Sitc b

This location is not recommended for a dwn site. A rescrvoir here
would have a water-permcable zone, the Louisiana-ilannibal contact, near the
base of the dam., ‘ihe Hannibal, if precent at all, is not thick enough to le
a dam foundation here, and the underlylng Loulsiana would be a very insccure
foundation, The dam could be keyed ip tho lowling Green, Lut tuat would re-

quire excavation of the Louisiana formation.

Peno Creeks
Peno Creek is an unfavorable reservoir and dam site duc to the danger

of secpage in the Burlington limestone. There ar- several caves and springs
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that would be submerged with a resulting loss of water., Sinkholes in

the upland iudicate a network of subsurface drainage. Joints in the
Burlington limestone indicate water passagcways that would cause water
secpage if submerged, A dam at the Peno Creck Site would be keyed in
the Hannibal shale, The Burlington-Hannibal cuntact would be approxi-
mately 30 feet above the baso of tho dam, The joints and fractures of
the Burlington would cause construction difficultiez for the upper part

¢f the dam,

Excavation and Core Fillg

It may be possible to remove the upper few feet of the Hannibal shale
for the treach at the dam site with scoops and other heavy machinery with-
out blasting., Blasting should be avolded if pomsible, as it might produce
unwvanted cracks and fissurea, The Hannibal shale will probably be unsult-
able as a core filler. Its tendency to break into blocks and chunks, rather
than fine particles, would hindcr compaction even with heavy machinery,
The clay soils from thc ridges above the Burlington limestone would be more

suitable,

Concrete Ageregate and Riprapi

The Burlington limestone would be suitable as concrete aggregate and
rirrap. There are scveral small potential quarry sites in the ka sw: NE4
sec. 19, T. 53 N., R. 2 W., ncar a large spring at 800 fect olcvation, and
in the SW, NE4 sW sec. 29, T, 53 H., R. 2 W., rcar Open Mouth Cave and
Three Rooms Cave, The floor of the quarry should not be belaow the 800 foot

elevation because of the underlying Burlington-llannibal contact, The po-
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tential quarry sitc could bo sampled Ly chipping small pleces of rock

from unweathered portions of the limestone exposures,

Cravel Dcpositsi

there aro several gravol depoaits alonr Noix Creck that cextend from
skt NwWi NEd sec, 18, T, 53 Ney Ro 2 W. dowastrean to Vera, They will supply
the need for 5,000 to 6,000 cubjc yards, These deposits will averase from
305 to 407 sand. Approximately 87 to 10% of the material is from 6 to 8
inches in diameter, The rest of the material, 207 to 503, varies from
one-half inch to two inches in diameter, The sand is predominately guartz

and the larger material is chert,

Surmaryt

The Buckner Hollow Site and Site A arc favorable geological locations
for a dam and reservoir, DBuckner Hollow is the morc suitable due to a
greater thickness of mautle at Site A, The increascd mautle thickness at
Silte A would require cxcavation and core-drilling,

Site B is not recommended becanse of possible secpage and an unsuitable
dam foundation. Pcno Creck is unfnvorable.duc to possible water scepage in
the Burlington limestone and constructlon difficulties at the Jam sit.,

Nearby sources of core fill, concrete agsrermate, riprap, and gravel

'
deposits are available for uac at the Buckuer Hollow Slte or Sive A, The
Buckner lollow Site i3 closer to the concrete apgregate and riprap soucces.

A geovlogical map of the Duckner Hollow Site, Site A, and Site D accom-

panles this rcport (Plate I-C),
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2.2 Charles Dro2lis, -
Pncinzess. Xangad Cliy, Misaosuri, the undlorsi-rod rmade as inzoeztinz

<f the vwater sunpiy dam <u Ducliner Crock ac ‘wilayg Green, Missuzri,
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Thz I~llowing conditiong were chserve l:

LN

»

{2) Visiile sagayae anpeasad to

- - - B e nm . A 1 .- - H | P,
axcc At astres fiha Jam cvcz fipmm acd di

e NP s e aiie D g 3 JO T SO, LTI . '
(5) Thersommare s the feft cholirent (U ast) appearsd to Lo

samewhat greateor than (ot vy ol the vight arment (Tastl, Frems o
histawy af tan o225t crirraace, apzareimly tar livot ovidances 03
Pathe left rtTenl,
() The Lohout oot LD rrepngo onotuilar Soatmiect oonen oD Lo
as aonTaximotal the ome cdesplion an i cualer pface Lt vooaT T
{2) Theg aiidoa g chailsy, eanfiazd privaziiy to the thia ool

n in the ootiral ardmend slopes,

d

s

=t sverdu

{2) Thez rorzzveeir sn e top of theo il 2tove the left ahodmer

(23

thoe tlrar of the inspection,

TP oms i anheray solerved coniditions, 1t i oroy apinisa thot:

{a) Alnst ol thz soesageis pasaizg thrsuogh iz Harahal chale

LS M ~ € am Y
QA5 LoV 0

$yemmativa, winch iz latorloce bvata Laresterne tiringera,

foorns roust of the <lotmmrndt contact for tha dam, Th2 leallagse apzeare 3
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02 aszproxiaately horizoatal throush these lmeotone stringers, 1 Leliew

tlio scepags azceared {ir:t in the ledt abulmment because of the expasus
of daz Hazaital formmatiom in ncarly vertical faces iz the old ¢creek Lack,

v.aich ia located adjacent to the left abut=mert ot tiie darn site and ia tha
mally immediatsly voctream of the dam ia tze left adutment. The taer
part of tioe rijas abutment 15 blanketed with clay overburdern, wiila it is

t2l oy albozrat hizhoar 1 in the abutment. Thareiare, the seepage did

(J

n.t agpeas uxtil allar tiie reservoir reached these adigher elevations,

{L) The rz.2rvoir in the left atutrment 1vcztzd hirh abave tha dam

koo tistle, £ az,, aliect oo tie s2epage.  2hvisusly, 4 doezn't alizct
Deoriglt slulsment st

(<) Infizars -2t roatier, A s:lie asave the pump bulildiayg Cowne
strlezs it i sactmeont may Usrrroand sotld o stmally thyust a-zoalt
too summp kouco strnre, This slide 15 alse tsonted in the noturai
atubment, Lat raight caulearavaernent of some arrbankonant materizl
ad;ncent to the slilo.

(4) Depair of thz voad oathe right abutmeant Shsuld be ofiected by

roitscaticn away from 22 gprcseat lagatinn, L7 ropdlr 5f tae cresent
roadway 3°
fiatronted slope £rom tus Lase up and rot bty durzpisg fzom the roadway

)y L g

as i3 proc2dure weald lilicly cause greator clide moavemant and might

(e) I diduzi shsorve any structural <elivizzney in the dam inmy

investization on May 11, 1705
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Csrraction of the seeza

aa conditisal

daantity appears to Jdecrcase witk rising resexvois
azd tibme, some d2pssitica of 5ilt over these eizzoused surfaces acd in
t:e seepaze channels i3 Ddrobably takiag place, zd the saenage i3 lialy

to decreasze further with tuns and eventuauy
L the asepage does ~ot decrease or fiucreaces, 1 ballieve a grout

curtain shold b drilicd aad pumped into place in bata abutmants

witliaut delay. la tiiis coancction, 1 understand that the seepage appears

Lave decreased somewiaat with rise of the recervair level, which

indlcatea thot it ia o7stedly 7ood Judomernt E3 fustior observe the

ceuditing hefsra peacesding with any action,

- .
R L I TN
Coasaliingy Dosloeer
I N AL S
sad o336 vota Hércet
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rascas Gy, Ldgsourt
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March 26, 1959

Honorable Edward V. long
Lisutonant Govarnar of Miscsourl
Missouri State Capitol

Jefferson Clty, Miassourl

Dear Governor Long:

Zncloged 1o 2 copy ¢f my letter to Mr. Bell rogarding leakapo
at the Bowling Groon roscrvoir. ! foel that this leakago can be stoppod
and will continue to give tho problem my personal attentlion,

Aleo ernclosaed are coples of the Dowllng Grocn and Silex aquad-
rangles, I. C. 15, Teopopraphic Maps of Mlrcouri, R. 1, 22, Coolony of
tho Bowling Greew quadrangie, and R. I. 21, Morxtherst Mlssourt’s Otl
Poosibilitiso Inipsova,  The geology of the Bewling Green area has boen
of Intorect to geologists and tndustry for many yeare bacausc of the lmo-
etono and shale daposits, the proundwatsr problems, and hacauso of tha
groat variety of />rmations which crop out. Should you wish additional
coples of any of these publicationa, plcaso do not hesitats to call on mc.

l very much enjoy~d the trip to Bowling Green and hope tho
proposed ocluticn will solve the loakage problem,

Very truly yours,

Thomas R, Doverldgo
State Geoloy:ist

TRB:VI
Enclosures
Sheet 15, Appendix B
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March 26, 1999

Mr, Olin N, Bell
Bowling Grecn, Missourl

Dear Mr, Bell:

THis lettar {s to confirm my statements made yestorday during
our vizit to the Bowling Graecn resorvoir, located in Ducliner Hollow.

I feel quits certaln that the leakapge at the weet end of tho dam s
through the brown beds of the Burlington limestone., These brown beds lle
on the olive-colored Hannibal shales which form the floor and all but the
upper 10 to 15 fect of the roservolr. The brown bedn of tho Burllngion tend
to bo fracturcd and to contain cavities causcd hy the solution c¢f the Yimeotons,
These fracturcos and solution cavitico are, in my opinlon, thae cources cf
leakage.

The Hannibal-Burlington contact may be secn in the couth side of the
draw west of the pumphouso and {t {3 quitc evident that the brown bods are
below the preoent surfaco lavel of thoe roeorvolr.

My recommecndations for scaling the loakageo arc as follows:

(1) Hand excavate along thc junctlon of the dam and the bluff alang
tha downctream slope of tho dam to malo ceriain that there {3 no leakage
where the dam abuts the bluff. It {o my undersianding from ovur counverasztion
that the dain wae not kaycd into tho bluff--thus thcre may Lo lrakago at the
contact of the dam with the brown bods In tho bluff.

(2) Drill the brown bads from tho elevation of the top of the dam
down one foot {nto tho Hannibal shalo and praosnurc grout the drill holes.
Drlling should start at the bluff where {t {ntersecta the axis of the dam and
continue north and west barely {nto tho draw west of the pumnpliouse. Slnce
thero is no ovidenco of leakage in tho draw, drilling nced not oxtend vory far

up the draw.
Sheet 16, Appendix B
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Mr, Clin I, Dell 2, Muazch 26, 59

(3) Altornate for (2). Clecn off tho brown bado starting at ths dow
strcam side of the damn and following 2round tha point barely iato the draw,
The scalping chould include at least a foot of the Haanibal chiale. Such szalp-
ing may rovcal the cource or sourcan of leakase in tho brown Leds and thaece
leaks could be patcled on an individual basle by pressurc grouting.

Solutlon (2) 12 the moro 1deal ono, whoreac (3) 1s probsbly cheaper.,
A3 ve apreed yasterday, the velaction of the slternate should roust with tho
Cityy Council, but I will be glad to confor with them sheould you wish, Also,
sheuld any furthar quostions arlso, picase do not hasitate te call on ran, It
does aprear thi.t your problam {s one vhich can ba solved, and 1 will bo most
intorested in the progross and outcoma,

Vitth perovonal repasrdn,

Thoman R. Beveridpge
State Goologliut

TRB:VJ

cct It, Governor Long
Mayor Willard Middlaton
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‘,.’" : HAT NG, IIDDLE & SHARP
. ' COMSULT IO LN ERG
- TUOY UALTIMONE AVENUTFE
t’ ' KANBA  CITY &, MO,
y TEL, "HAND 1-7730
}
B MEmMOeQ
l AmMEmiCan BOCIETY QF Civie IngIdIng CHAG, A HMAMKING
i AMERICAN WATIAWO s B ARTIC 1 8T1IQN (1932-1vee)
RS S October 12, 1959 Wee. 6. 910OLE
NATIOMAL GOT 7Y OF FAOFIBR UNAL Yoo, . . BL.CLIFFDIND GHARP
i tnaInsEne .’ L. E.ORDELHEIDE
' t .
| Caod
oo Mr., Olin Bell, Chairman LRy ,
’ﬁ Board of Public Works
City Hall
: Bowling Groen, Migsouri Re: Fressure Grouting
‘ Bowllug Green Dam
Doar M-, Boll:

(7 In respcnae to our roquesat, the Layns-Western Company, who have just
complctod preossure grouting actlviileos on the Bowling Graon wzter supply
dam, have forwoarded thols coport No. 2 oatitled "Final Construction Report"

}

relativo to thie grouting work., In cccordance with thelr suggesiion, a copy
fa being farwarded to the Miosoour!l Geologlcal Survey to tho attention of
Mr. Tom Bevoridge, Director, and & copy ls attached horeto,

We are cnclosing a letter with two coples pertalaing to the necesslty {or
baving this repair work done, and aloo arc encloslng our statement for
services performed during this work.

Naturelly, we would havo prefcrred to see the grouting activity rosult

{n a bottle-tight abuttment; hawaover, we are ploased that the leakago has
\ / boen reduccd as much as It has and also that apparontly all leakage which
\/ could be prosumeod to affect etructural characteristico of the dam iteslf
U apparently bave been otopped. We have gone over the cntlro job, including
the report transmsitted herewith, with our soil mmechanics congultant, who

is plcaged with the result of the groutlng work and i3 of the oplnlon that no

furthor grovting is indicnted at thio timo. In light of the substanticl roductions

which have been mado and more paticulazly the {act thot such circuitous abute-
i ment {eakage as continuze, thoy do not appear to bo of any concern as far

as the dam iteclf goas, '

If thorc o aaything furthor which you or your beard ncedo cf us in this
matter, pleaso let us know,

Yours very truly,

E'A..)X’KN“ I‘X')F)EI) L SHARP

/ ~</" L
f/. o. Tolddld, \
WGR:db

Fnc. Sheet 18, Appendix B
cc: Mr. Tom Bovoeridgo
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‘ ' ' FirSOURE GROUTING AT 1GAILING Giuld, MIG; iU

KRHACTI AL RESYRVOIR

| REFODT HO, 2 |

ol

FDIAL CQISAUXTIAI noiany
.m‘\:l)'\ or 19__]&22

DIRPOTE  Tho prrpoco of Whis reperd 49 to owmavies tho work rerfor=d in
pregswre=groutdng the dorldng Creen lunicipel Recarvolir.

“OWR COMPLET-D

Attar 6} weokm work, he Contractes hes campletad drilling cad
graaling opeyatians as cet forth an ths original cotimmto, Tho reaulto
of this work aro oo follxos '

(1.) 21 holep &011)2d to mn averm;o czpth of 20 £t, into too
Iokon rock furzation edgecend o tho wost ord of 4ho dm.

(2)  Apvoxinately 200 £t, of 29 curenting pipo sealsd into
thoso holeg,.

(5) Urcea Fluorescent Dyo fracad frem doill hols to I-al Lee
dow &om.

(b) 5000 tago of csaend purped Uirough @ 4njootion hedés into
NNt

(5) Lezkoge Shrough the vosd bIuEf redused fren 300,000 gllons
per day &b the slart of the praject to about 20,000 gallono por ¢y at
prescat (at a 63.5% reduotion),

DETAIL3 O TMME

‘ Ae FPhoea i Tost Drlling

Threo toat holea wors dridlod 4n ths iosd Llufe ab tim Lea
datetmine the charngtzristdss of ths widsrlying rosk formation. Theso
Loles varo logeed as follcess '
l'ols Fumbor  location Dopth tolowr icm Charaotor of lotta of
of drdlling Nwid 1con Rook Dwlen, Zong
— talr~ Dan
) § £ Beof Wl use 200 Lira<tano,briken 2007
n dan and fmeotured
2 Loco of W.Muff WJ-in Licetma,brakaa L7007
cn 41 and foootured
3 OV Heof Uslluff 34y Lumatonsbrokan 1704
e hill and freetired
Froa on cxtmation of Wo formation log, rock core cuples, and

Sheet 19, Appendix B
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‘llhll
'~Rcuwxvz ‘e Preosts i atir el Metldng oy 10
4 L2334 2ean oleirnetaraats 1. T Lontiinh 03ns s werd Geoaiod

eithia i broken Mlomestome o Led o pusddstod Dy 1o Sals Geoleciods

b

e drflling "1L.1(.. Waeard ooy a o esaplato 123y of ~lzslnticn no

&““‘ &3 Ua Meoalzd vook wdsrdyisg the ¢ wea paotaleds .lu Lhdd oo

24 upsrionedd while Arillry thwoush the o dtoolfs Coro 6plog ¢f U '
I"“St:nﬁ [y Tvdtele! u badly urc&g“ r.4d Cracturad siivedirs vith nuﬁu?uLg cnlum '
Ylem eaviles ol ovb-lime of ontry costtana Coima of o gtz wdoriilng
he Urecotaro ehonsd a oolid; 4xinvlous claueturo widch would rot Lo ¢oow
ductive %o tho puzsolsallsa of rates. 110 62ling ‘hucush tho o 1l
ro sang? of ratir Invel An o heles wag obacrvade ."'umr, €3 sy &u 1o
Umstane vas prielraled, tho static valer Joved foll o the o elevttian

&5 ths surfnce of Lo latg, Pheza i vecudren 2 1 wckg forr ceiplotic.

Teat Drilling Kicanlis

Irom thlo dnforuaticza tho follarn oawnelusgicons vere reszhods
e o dealngs Lo eildant through the 411 of tio ¢m 4tsoif.

Jo Lo lextiere iz ovidmnd Chpovgh tha so24d €100 Thigh wmlse)isy

the major postden of ths lake Lalaw tin Lcgtons drgeve.

3. Tho liddny zonsu ere rppaowatty tonfirsd 1o s Isyers of
Yralen lirmatane which fora wpprasisately o unjer 1Y feat of rogk bordor-
il.‘.:: W 1.

N

e A Cconotdovable pasilon of tho Jooteoo du i tant Linoatono
\]

’\
fooms Won Lms? -:':.a]y ad,j:.':f.:.;: Ly id walsplydas Lr»» Vot nd 6L L dils

De HITLLGT AND GRIVTWE M AY

oAl s

Dacad vpon i daforzitden (;"" wasd e tesl Ji1le-, a procaan
wes hon ezioblinhicd B0 prossure eoeend o deal: w:c rc*»: "f-'r :u.l Qoonly
eorl of £ ez wuih Ll 4y pontibin, R ~2.1~.L.mw1‘,r TG O rtrul Ly oesnd
ticco ool fl;;i.,', giv ey (o doowenflivm doin fﬂ::a v.ni.:'n night peooinly

ezusd ctruclhuval dozacs,

Curtninsa1] Croentdn 3 '

T proccdwe follemad dn rworsucioesmmentlng tle loakin zonns

wvae Lo curtawdneuald ormnuting t..ci""“m. kg teo “mn.a wau catahlic.od
avd pepfectzd by i Ve U Farcen o¥ Naclesntion thircu ":n.ru of cinasicidd
eznling tha wderlying ook otratn ot nucrauws public dosy thrviusad Un
comyy. The Crond Couldes Lo 49 cud cooople of il 5o of T3ie 01 A Lo
sndouy e2vloe  Loiuily, the curinine~2dl fochirdque fnvolvos drllling
pizesury cxzyating ¢ oirios of holan enesy “ho ln_ur.:; aroage  follsilrg
thie, irntemedinto holoz are drillnd &ud csmnud, nd Wilo procaduss cone
Wnwed vnl a Ur"... ¢urtada enll of cc*vn., han becn fmu.s'l in ;\}r.-::' oorend

o dleske Eatizally, 3 roownd of rodecticn dn flew doponis unm o tichite
toss of thy comiab well, mnd iy onent c.. 1‘;9 coveraza.  Tide radusticn

tiarefcro dzp:mds c.'.metly vaC) Uxe (,“.li.lntit'-;’ &l otvibutlon of zanliny
)
Sheet 20, Appendix B
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Repord o2 Frezoure Grouting st Uowling Orcen, KOs

ce=end walch oon be coonoaically jusilfied for a given oituwaticn,

Crouting W nrit

To 4rplenent tha grouting prezraa culdinod atovs, threo ad!dtional
cporatiqaal phases wero oddsd to tho oripginal t23t drilling phnas 1.

ibeso 2 inoluded a corics of 10=feat gpaced comented holes startdng
at tho castarn end of the ldmatars projoaiica wnder tho m Jt ond of tho d..:;
od contimuing vostuiord gbout 25 £, o tha bluffe 1heco wers hales L through 0.

Plosa ) included a geries of 16~foct cpacod hnlco slarting at tha
UWuff end extending couth=rast, ¢ dlotonee of 30 f£2. slong the uwppor rord.
Thoga wazo holos 10 ihrough 7.

Phosn by Lieduded a c::'rs of clezing holoa drllilsd Lotrren Lo nost
sucsoneful offcris dn phers & anl 3, Gheso woro holea 18 MUoough 22, amd
wera lexated betwean holoo 1 thioush 10,

Flow Yaaguyaile-a

Tharouptiott the groviing cperall > Cally roermia wro lxpt of o
t:‘.ﬂ. leakape flow 03 woapuzad Gvur 0 Vcc-'w ch w=ir irs,’*‘lc-.l bolcw t'n dau.
Fariodic applicstions of lusroscand Croom dyo wero adlfsd ¢o U drillirg
flvid, cud tho welir pond cheeled to dobterutna 40 iy of o 0 coculd ba tonce
ed fraa the drilli-liola to tho lecakss Ly placed in holo /7 shomad recognds-
abls gracn colsor in the pund bolce.

Flcw Ratoan:

Tho flsw ratoa shoxn in thin roport are corrcnt for all lealm flsw-
ing on tha tcrth 81dy of thn pwmp beuno roads 7Tho figuroo roported carlior
on pregrees ropord Sl wera later found ¢9 oznlud» & pertion of tho flow
rhich was by-paseing tho caesuring voir throush ean watreca branch. This ty-
sacg gtrozn has now boan diverted o that it too flcis «ver tho uwsire 1)
result 4o that all rmviouoly reporisd flow ratea havo beon edjvzted to ko
axmmts chom herodn.

Ce [liasn 21 Drilliny awd Grouding :"J.cn;; thia ban

A caricea of cczentdng hol~a s drilled en nppmri*n:,"?" 1C-£ao%
ctars alcnt the convor lina of the Dan for o distanes of 75 £te f1va Yo
weet bluff, Ald holao woro drilled 9 an averags dooth of 30 £4, to rzswo
cemloete peastration of the bruksn for.mt,*'ﬂ. Aftor 15 holes wero drillad
oul eeoanting ipo eealed futs ther, ool ecmint woo dntruduccd untid the
forzation rafuced ciditicael cz-::anz 6d 15 1bs precswo, Coand wWo van eo
follcna (hales 14atod 4n goquones vt €9 waob)e

Sheet 21, Appendix B
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* Report 2 Progowre Growbting at lLouling urecen, Llo.

C. Fhase 2 contin.od

Eole luxber Pags cf Cenont (1 cu. ft.)
v/
65
200
98
192
S04

832
1691% Total

Daily recorda of leakage shovwod that ecusidorable reduction in flow
was accozplishoed by this work., Tho cament pumped into thoso holes resultad
in & reduction of 494 in tho original leakage. Flcw rate over the measuring
woir was 152,000 GiD at tho completion of thia phazo. thocs 2 oporation s
roequired ¢ wcaks for coapletion.

N e =N O =W

D. Fheso 31 Drilling and Grouting along the Road

The sccond sorleos of caranting holes were drilled on 10 foot
contors along tho weat edge of the road which leads to the top of the wost
bluff. Eight holes were drilled: nuzbers 10 thru 17, end cemcniing pipo
posled into each. All holes wore drillad to a depth of 26 to 20 feat to
assure comploto penotration of the broken formation. After tho holes woro
drilled, and comenting pipe socaled inte thsm, neoat comont was introduced into
the formetione. Tho porosity of the rock encountesred in this arca was Jo
great that it was not possibls to build up adequats presguroa without cun-
suning much lerger quantitics of ccment., lMeavy mixtures, bentonito, and
lost circulation ratarial wiere f no value. Coment uito wag as followst
{holea listod in sequonco atarting olosest to the dom)s

]

Hole lumbor Lage of Cemont

10 1107

12 376

12 355

13 200

1 382

15 1 Sheet 22, Appendix B
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Repar?d (2 Frocouso Gaiouling abl J&onliiy Croany Ude

To%al seduciioa in leckreoy £1ow foan [losd 3 wed coadl in eotnaricea
t3 the ensunt of ecnont coanouwmed. Wl gamesd porrcd Aate tioed helio razulizd
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Pi{ke Count y, Misasouri

The Bewling Green Munilcipal Roscrvoir was visited on the 25th of
April, 1963, at the request of Mr. Donald S{ssons Water Superintendent,
City of Bowling Green, Other personnel invalved {n the fnvestigation {n-
cluded Mzr. Heckman, Layne and Westoern; Mayor Willard Middleton, Mr.
Bankhead and Dr. Wllcox of the City bublic Works and the custodian of
the lake site. In 1959 approximately 300,000 zallon per day water loss
had been reduced almost 507% by grout holes completed by Layne and Westetn.
Grouting was done to some extent on the castern ahutment and extensively
on the west agbutment. Grout holes extended from the western edge of the
dam westward onto the rock abutment and were spaced on 10 foot centers.
Grouting was done at 15 pounds pressure. However, Iin the early part of
April 1963, active water loss was noted in the western abutnent where
one or more openings were drainin, approximately 200,000 gallons a day
out of the reservolr which 1s almosl equal to the amount used by the city
for municipal purposrs. The water loss as observed {n the present {n-
vestigation was occurring alonp tne water l{une, approximately 790 feet in
elevation, which {s 10 fect above the Burlinyton-Haunibal contact. This
is the approximate level of water loss that has been noted in previous
years.

Since the grouting done by Layne and Weatern had not completely halted
the water loss, and from the present appeavance of this loss in April, it
appears that water is moving around the vrout curtailn toward the interior
of the abutment and then reappearing on the downstream <fde. Water is not

] seeping through the grout curtain which had been completed by Layne-

' Western. Therefore, {f the grout curtain had lLecn extended further {uto the
abutment toward the west the water loss might have been stopped. This
would have been an additional expense which the city d{d not wi{sh to under-
take. On the basis of cost and present water loss conditions it was
decilded that the line of present water loss alony the western edpe of the
dam be cleaned by bulldozers or s¢imilar cquipment, and a cement apron be
poured over this area of loss. ‘lhe apron would reach from about 5 fecet
below the present water line which would bhe approuximately S feet above the
Burlington-llannibal contact, and extend upward above the watcer line to

; approximately 10 feet above the :one of water Joss. It was noted that

i this apron of cement should be p ured on a compacted cushion of coarse
graded, approximately 2 inch diaweter, crushed rock. This rock should
contain no fine material since {!s purpose is to ald in free drainage of

i subsurface water underneath the concrete. In addition, perforated rein-

forcement pipes would be driven vertically into the ground and would act as

a stabilizing Iinflucence plus an afd in drainfug accumuiated waters from

underneath the concrete apron. "The concrete apron, which would average

approximately 8 inches thick, will be refinforced by wire mesh.
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A considerable amount of fluoresceln dye was poured into the water
loss holes, but the dye did not reappear during the time of i{nvestigation
on the downstream side. Water was tlowing at the rate of 150,000 gallons
per day In the downstream area of the dam frow the western abutment, but
apparently this water nust pond within the broken rock of the western
abutment and does not reappear downstrecam fmmediately after disappearance
in the water loss holes alonp the margin of the lake near the dam and
abutment. It {s not helieved that water loss vccurs further upstream in the
lake area {nasmuch as the original Investigation indicated that the
Burlington-llannibal contact here, as {t does reglonally, develops a perched
water table. Numerous springs occur at or above the Burlington-Hannibal
contact which reflect the ponding of the Hannlbal held ground waters that
appear when this contact {s cut by present drainage channels. Therefore,
this groundwater within the basal Burlington limestone would aid in recharge
of the reservolir.

May 1, 1963 ~

/ ! y '., [
>/\,\/',«"»'(‘( (Vé [/{Z »(.;L ({/{,/(1.2 Pz
James H, Williams
lngineering Geologist

(
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ENGINEERING GLOLOATC RITORT OH CITY LAKE SITI
Pilke County, No.

LOCATION: €Wk, Soc. 20, T. 53 ., R. 2 Y., Bowling Greon Quadranale.

GLOLAGIC SITTLNG:
Retorts on tihe qeolcaric s2lting have been cormpletod on previous cxaminationa,
Theso aro attached for review 1f denfreri.

}.CO T HEATIONS

The leak, althouah soriously affecting roserveir atorage, is not a hazardous
condition to the dam structurae. There is no indication from a acologic aspnct
that the dam is being weakened by tho leakage. Ao dcescribed praviously, tha lnak-
age $o consldered to bo water movoment through the lower portion of the Burlinqton
Lirestona. It moves through tha abutmont on tho west (left) aide of the dam. It
do>s not movae through the earthen dam or at tha contact of tho dam an? abutment,
The examination on 17 July 1976, showed no evidenca of any tvpo of astructural weak-
necs of the dan. As could bo remerbered from previous axaminations there {s no ap-
parcnt incrcase in leakage. Pather as mentioned by My, llaley during the oxamination,
leakagu gradually deminishas as water level reduces.

The o¢raldual roduction in leakage as watar level reduces {n cormon in tidu setting.
The volume of water being lost doecreasas as the head {3 lessened. Also tha volunmo
of water in the surrounding bedrock {s lnes duec to ccasation of rainfall.

Attempts tn reopalr this leakauve are diffdcul*.  The Nurlingion Lirestone e
not broken by uniform vertical and liorizontal fractures. Pather the openinns are
random, Crouting ic ono rathod that {5 usad to attennt to seal thoas opaningus., 1€
the drilling offorts arc fortunate, the grout injected into the drill holes will
find a beodrock opening in which water is moving. However, woro couron accurrences
ore that such holea or at lesast nortions of these holes are misard during tke arout-
ing operation. Since the holos do not intorconnect, it ls difficult to gsal all
of themn.

lanc to eoxcavate tha area of thao praesent leakage and backfill with cement is
thio bast alternativa in thir tynn of a situation. By oponing the arca winre the
present lenkaqge is occurring, o moin Airect aceens to the watnr long oneninaga should
be ohtained,  This offera tha onportunity to rlaca cerent directly into at least ona
of the holes causing leakage from tho lake. It is sujqestel that the arout placed
be rostly a sand-cemant mixture rather than including excassive arounts of aravel
aqgeregatt., dacausce tho cement will ba freo falling, there will be gerreqgation of
tho cemnt from the gravel at least in thn baainning of tha nffort Lo r~al this area.
Thin recqgrogation of cenent from tho gravel could cauae temvorary blocvaan.,  Thia
temporary blockage may have tha gsama reanl+a aag nroviang arrarnts in sealing the
area wit)i gravel and clay, Noth «ill temorarily reduce the laakaae, but aver an
astanled noriod, the cral vill detoriorate.
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There ig no quarantee that this suacastad mthodl will be totally nuccosasful,
. It does have the favorablo aspect that at leant one known opening can ho secaled.
1 There may bo only one imsortant opening and the pluqqing of this hole could haolp !
irmensoly. Whila it {2 unlilaly there ia only one point of water lone, it {o
urged that tha attormt tn «cal he rade.  The fndicationa are that 1t «will at least .

; have mederate suceess at a relatively reduod ennt,
)
g
Dr. J. UHadley Williama, Chiof
Appliod Enaineering & Urban Goology
Minnouri Geoloqgical Survey
July 25, 1975
cc: Jack laley
Water Supertindent
City utilities
Bowling Graen, Mo. 63334
Iverett Baker
MR lacon Pegional Office
P. O. Rox 489
Macon, Mo. 63552
|
\
i
'
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HYDRAULTCS AND HYDROLOGIC DATA
Design Data: From Contract Drawings and Field Mcasurements.
Lxperience bata: Hydraulic Design computation from Chas. A.

HasKins was used to compute spillway rating curve, clevation-
surface arca-storage rcelationahip, watershed arca, ectc.

We obtained some information from Mr. Jack Haley who is the
water superintendent of Bowling Green. According to Mr. Haley,
the maximum depth above the spillway crest (elev. 795.0) has
been 3 to 4 ft in 1972 and 1973, Normally, the spillway operates
only during the spring runoff. A restriction at the entrance
of the spillway approach channel, causcd by a roadway that passes
through the dam and some big trces, was analyzed. The cross sec-
tions taken by surveying the area indicate that this restriction
will reduce the discharge capability of the spillway, mainly dur-
ing low flows. Nevertheless, we recommend that those trees should
be cut and the approach channel entrance maintained clear.

Visual Inspection: At the time of inspection, the pool elevation
was 790.32, about 4.68 ft below normal pool (clev. 795.0).

Overtopping Potential: Flood routings were performed to determine
tne overtopping potential. Since the dam is of intermediate sizc
with a high hazard rating, a spillway design storm of 100 percent
Probable Maximum Flood was prescribed by the guidelines. The

PyE is defined as the flood discharge that may be expected from
the most scvere combination of critical meteorologic and hydrolo-
gic conditions that are rcasonably possible in the region. The
watershed drainage and the reservoir surface areas were obtained
from the hydraulic computation and checked by planimetering the
U.5.6.8. 15 min. Bowling Greem, Mo.-111. quadrangel map. The
storage volume was also obtained from the hydraulic computation.

A 5 min. interval unit-graph was developed for the water-
shed which resulted in a pecak inflow of 2789 c.f.s. and a time
to peak of 15 min. Application of the probable maximum rainfall,
minus losses, resulted in a flood hydrograph peak inflow of 12,302
¢.f.s. Rainfall distribution for the 24 hour storm was according
to EM 1110-2-1411.

Considering all factors, the combination of dam, spillway
and storage is not sufficient to pass the PMF without overtopping
the embankment., The crest elevation of 801.0 ft would be over-
topped by 2.24 ft at flood pool elevation 803.24 ft.

Fifty percent of the PMF was routed through the spillway.
The resultant maximum pool clevation was 801.41 ft, which is
(0.41 ft above the crest. ‘The portion of the PMF that will just
reach the top of dam is about 45 percent, which is greater than
the 100 year flood event. For additional information, see the
"Summary of Dam Analyses" on Sheets 3 and 4.

Shect 2, Appendix C




r-

-
OVERTOPPING ANALYSTY FOR BOWLING GRLEN
INPUT PARAMETERS
1. Unit Hydrograph - SUS Dimensiontess - Flood Hydropraph
Package (HEC-1); bam Safcty Version ,
Was Used.
Hydraulic Inputs Are As lollows:
a. Twenty-four Hour Rainfall of 25  Inches
For 200 Sguare Miles - All Scason Lnvclope
b. Drainage Arca =900 Acres;= 1.40  Sq. Miles
c. Travel Time of Runoff 0.33 firs.; Lag Time 0.2 lirs.
d. Soil Conscrvation Service Runoff Curve No. 80 (AMC I11)
. Proportion of Drailnage Basin lmpervious 0.05
2. Spillways
a. Primavy Spillway: Concrete Weir Trapezoidal Section
(Crest Elev. 795.0) Length = 40 ft. Side Slope 1:1 C = 3.1
b. Emergency Spillway :  None
Length -- TFt.; Side Slopes -- 3 €= --
C. Dam Overflow
Length 645 It.; Side Slopes Vert ; C = 3,0
Notc: Spillway Rating Curve Computed by Hanson Engineers.
gata Provided to Computer on Y4 and Y5 Cards.
SUMMARY Ol DAM SAFLETY ANALYSIS
1. Unit Hydrograph
a. Peak - 2789 c.f.s.
b. Time to Peak 15 Min. 1
2. Flood Routings Were Computed by the Modified Puls Method
a. Pcak Inflow (scc Sheet 6)
50% PMF 0,151 c¢.f.s.; 100% PME 12,302 ¢.f.s.
Sheet 3 Appendix ¢ é )
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b. slaximum Reservoir Elevation
50% PME 801.41 100% M 803,24

C. Portion of PMF That Will Reach Top of Dam
45 %; Top of bam Elev. 801.0 Ft,.

Computer Input and Output Data Sheets 5 and

Sheet 4 Appendix C
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BOMLING GREEN DaM (PHF)

PEAK FLOW AND
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SYQRARGE (END QF PERIQD) ZUMMARY FOR MULTIPLE P AN-RATIO
FLOMS TH CUBIC FEET PER SECOND (CURIC METERS PEW

REER IR ZQUARE MILES (SUURKRE KILUMETERSZ)
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