
AD-AI05 108 ANDERSON ENZINEERINS INC SPRINGFIELD No F/6 13/"1NATIONAL DAM SAFETY PROGAMN. BOWLING GREEN OAM, (NO0 I02b2) MISS--ETC(U)

DEC 76 J1 N HEALY, S L BRADY DACWI3-78-C-01SA

UNCLASSIFIED 
NL

IIIIIIIII
IIIIIIIIIIIIIINuuur"
onlllonlllEl
on no NON



PD . l - EVEL
MISSISSIPPI - KASKASKIA - ST. LOUIS BASIN

DTIC
BOWLING GREEN DAM ELECTE

PIKE COUNTY, MISSOURI OCT 0 5 1981
MO 10262

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

PREPARED BY: U. S. ARMY ENGINEER DISTRICT, ST. LOUIS

: STATE OF MISSOURI 31

rpubio ftm mI i i i i iii

DECEMSU 1978

81 10 2 222



I II I I II I I ia

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (IWhen Date Enteed)

REPORT CPAGE READ INSTRUCTIONS
DOCUMENTATION EBEFORE COMPLETING FORM

I. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (aid Subtltle) 5. TYPE OF REPORT & PERIOD COVERED
Phase I Dam Inspection Report

_ National Dam Safety Program " Final Report
Bowling Green Reservoir Dam (MO 10262) 6. PERFORMING-ORG. REPORT NUMBER
Pike County, Missouri

7. AUTHOR(a) S. CONTRACT OR GRANT NUMBER(S)

Anderson Engineering, Inc. /./_.

DACW43-78-C-0166
9. PERFORMING ORGANIZATION NAME AND ADDRESS PR , OJECT. TASK

U.S. Army Engineer District, St. Louis AREA & WORK UNIT NUMBERS

Dam Inventory and Inspection Section, LMSED-PD
210 Tucker Blvd., North, St. Louis, Mo. 63101

11. CONTROLLING OFFICE NAME AND ADDRESS , X.AXL.
U.S. Army Engineer District, St. Louis // December 1978
Dam Inventory and Inspection Section, LMSED-PD 1. tNMERO0PAGtr
210 Tucker Blvd., North, St. Louis, Mo. 63101 Approximately 70

14. MONITORING AGENCY NAME & ADDRESS(I diffrnit from Controlling Office) 15. SECURITY CLASS. (of th, report)

IS.. UNCLASSIFIED
DECLASSI FICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for release; distrib tion unlimited.

17. "1STRLIJBTIOM STATEMIEWT (6 the &6*Iraoqfitered In Block 20, if different from Report)

National Dam Safety Program. Bowling

Green Dam, (MO 1b262) -.

18. SUPPLEMENTARY NOTES Mississippi - Kaskaskia - St, Louis
Basin, M Pike County, Missouri.

Phase I Inspection Reports
4,

19. KEY WORDS (Colntnue an reveree side If necesaary and Identify by block number) 4

Dam Safety, Lake, Dam Inspection, Private Dams

This report was prepared under the National Program of Inspection of

Non-Federal Dams. This report assesses the general condition of the dam with
respect to safety, based on available data and on visual inspection, to
determine if the dam poses hazards to human life or property.,..N

DD,,M 103 7m5oo OvOS@soL.Te UNCLASSIFIED
'd/... SECURIT CLSIIAINO HSP G 0rnDe rtrdL At



INSTRUCTIONS FOR PREPARATION OF REPORT DOCUMENTATION PAGE

RESPONSIBILITY. The controlling DuD office will be responsible for completion of the Report Documentation Page, DD Form 1473, in
all technical reports prepared by or for DoD organizations.

CLASSIFICATION Since this Report Documentation Page, DD Form 1473. is used in preparing announcements, bibliographies, and data
banks, it should be unclassified if possible. If a classification is required, identify the classified items on the page by the appropriate
symbol.

CC; -ETION GUIDE

General. Make Blocks 1. 4, 5, 6, 7, 11, 13. 15, and 16 agree with the ( orrespinding information on the report cover. Leave
Blocks 2 and 3 blank.

Block 1. Report Number. Enter the unique alphanumeric, report number shown on the cover.

Block 2. Government Accession No. Leave Blank. This space is for use by the Defense Documentation Center.

Block 3. Recipient's Catalog Number. Leave blank. This space is for the use of the report recipient to assist in future
retrieval o-the-7iocument.

Bl Title and Subtitle. Enter the title in all capital letters exactly as it appears on the publication. Titles should be
unclassified whenever possible. Write out the English equivalent for Greek letters and mathematical symbols in the title (see
"lAbstracting Scientific and Technical Reports of Deferise-spoosored RDT/E, "AD-667 000). If the report has a subtitle, this subtitle
should follow the main title, be separated by a comma or semicolon if appropriate, and be initially capitalized. If a publication has a
title in a foreign language, translate the title into English and follow the English translation with the title in the original language.
Make every effort to simplify the title before publication.

Block 5. Type of Report and Period Covered. Indicate here whether report is interim, final, etc., and, if applicable, inclusive
dates of period covered, such as the life of a contract covered ir a final contractor report.

Block 6. Performing Organization Report Number. Only numbers other than the official report number shown in Block 1, such
as series numbers for in-house reports or a contractor/grantee number assigned by him, will be placed in this space. If no such numbers
are used, leave this space blank.

Block 7. Author(s). Inrclude corresponding information from the report cover. Give the name(s) of the author(s) in conventional
order (for example, John R. Doe or, if author prefers, J. Robert Doe). In addition, list tle affiliation of an author if it differs from that
of the performing organization.

Block 8. Contract or Grant Number(s). For a contractor or grantee report, enter the complete contract or grant number(s) under
which the work-reported was accomplished. Leave blank in in-house reports.

Block 9. Performing Organization Name and Address. For in-house reports enter the name and address, including office symbol,
of . performing activity. For contractor or grantee reports enter the name and address of the contractor or grantee who prepared the
report and identify the appropriate corporate division, school, laboratory, etc., of the author. List city, state, and ZIP Code.

Block 10. Program Element, Project, Task Area, and Work Unit Numbers. Enter here the number code from the applicable
Department of Defense form, such as the DD Form 1498, "Research and Technology Work Unit Summary" or the DD Form 1634.
"Research and Development Planning Summary," which identifies the program element, project, task area, and work unit or equivalent
under which the work was authorized.

Block 11, Controlling Office Name and Address. Enter the full, official name and address, including office symbol, of the
controlling office. (Equates to funding/aponsoring agency. For definition see DoD Directive 5200.20, "Distribution Statements on
Technical Documents..")

Block 12. Report Date. Enter here the day, month, and year or month and year as shown on the cover.

Block 13. Number of Pages. Enter the total number of pages.

Block 14 Monitoring Agency Name and Address (if different from Controlling Office). For use when the controlling or funding
office does not directly administer a project, contract, or grant, but delegates the administrative responsibillty to another organization.

Blocks 15 & ISa. Security Classification of the Report: Declassification/Downgrading Schedule of the Report. Enter in 15

the highest classification of the report. If appropriate, enter in 15a the declassification/downgrading schedule of the report, using the

abbreviations for declassification/downgrading schedules listed in paragraph 4-207 of DoD 5200. I-R.

Block 16 Distribution Statement of the Report. Insert here the applicable distribution statement of the report from DoD

Directive 5200.20, "Distribution Statements on Technical Documents."

Block 17. Distribution Statement (of the abstract entered in Block 20, if different from the distribution statement of the report).

Insert here the applicable distribution statement of the abstract from DoD Directive 5200.20, "Distribution Statements on Technical Doc-

uments.'

Block 18. Supplementary Notes. Enter information not included elsewhere but useful, such as: Prepared in cooperation with

a. nslation of (or by) . . .Presented at conference of . . . To be published in . .

Block 19. Key Words. Select terms or short phrases that identify the principal subjects covered in the report, and are

sufficiently specific and precise to be used as index entries for cataloging, conforming to standard terminology, The DoD "Thesaurus

of Engineering and Scientific Terms" (TEST), AD-672 000, can be helpful.

Block 20; Abstract. The abstract should be a brief (.,?ot to exceed 200 words) factual summary of the most significant informs-
tion cont-in-dinthe report. If possible, the abstract of a classified report should be unclassified and the abstract to an unclassified
report should consist of publicly- releasable information. If the report contains a significant bibliography or literature survey, mention

it here. For information on preparing abstracts see "Abstracting Scientific and Technical Reports of Defense-Sponsored RDT&E,"

AD-667 000.
0 U.S.G.P.O. 1980-665-141,'1299

-. v -.-. Pf__ __ __



DEPARTNII NT OF THE ARMY
I ST. LOUIS DISTh 'T, CORPS C ENGiNEERS

210 NC',TH 12TH. STREET
ST. LCUI',. MISSOURI 63101

I * SElmt? *il~
I 

'0

SUBJECT: Bowl ing Green Dam, MIO 11) No. 10202

I
This report presents the results of field inspection and

I evaluation of the Bowling Green Dam. It was prepared under

the National Program of Inspection of Non-Federal Dams.I
I

I SUBMITTED BY: {r vi - '9 FE 1970Chief , EinnIT 'uelr-' Division Date

I
j APPROVED BY: _______________ 12 FER Wei~

Colonel, CE,hiTi ct Engineer Date

Acc 'sion For

NTIS GRA&I
DTIC TAB X
Unnnnounced

J d';t i t' i c t i o n ._

D ibUt r on/

AVailability Codes

- Avail and/or

D-Ft Spocialr i

__

I-- I :.I7-* I I



I

I BOWLIN(; (RI'N DAM

I PIKE COUNTY, MISSOURI

MISSOURI INVENTORY NO. 10262

I

IPHASE I INSPECTION REPORT
NATIONAL 1)AM SAFE'Y PROGRAM1

1 Prepared By

Anderson Enginecring, Inc., Springfield, MissouriIHanson Engineers, Inc., Springfield, Illinois

I

Fo r

The Governor of Missouri

December, 1978

I.

ii __________________________________ii______ I



i'

PII.ASI: I REPORT
NATIONAL )AM SAFiTY PROGRAM

Name of Dam: Bowl ing 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 engineers from Anderson Engineering, Inc. of Spring-
field, Missouri and Hanson Engineers, Inc. of Springfield,
Illinois. 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 were furnished by
the Department of the Army, Office of the Chief of Engineers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations,
and private engineers. Based on these guidelines, this dam
has been classified by the St. Louis District Corps of
Engineers as an intermediate size dam with a i downstream
hazard potential. Their estimate of the damage zone extends
10 miles downstream of the dam. Within the damage zone are
one house, eight farm complexes, one railroad bridge, one
state highway bridge, and three improved road bridges.

Our inspection and evaluation indicates that the com-
bined spillways do not meet the criteria set 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 severe combination of critical meteorologic
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 PMF. The spillway will pass a 100-year
frequency flood without overtopping. The 100-year frequency
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 erosion,
seepage, and brush and tree growth were noted and should be

I
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I corrected by the owner. Scep~ige analyses comparable to the
requirements of the "Recommended Gu idel ines for Safety
Inspection of Dams" were niot av'ailable, which is another
d (eficiency that should be corrected. A detailed report
describing the dam and these deficiencies is attached.

Johiyl Healy, P.E.

Han oiEngineers, Inc.

Stven L. B ay,.
Anderson Engineering, Tc.
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j SECTION I - PRO.JICT INFORMAT ION

1. I GE'NE:RAL

A. Author i t :

The Nat i onal Dam I nspect ion Act, Pub 1 ic Law 92-367,
authorized the Secretary of the Army, through the Corps
of l'ingineers, to initiate a program of safety inspection
of dams throughout the United States. pursuant to the above,
the St. Louis listrict, Corps of Engincers, I)istrict Engi-
neer directed that a safety inspection be made of Bowling
G;reen Darn in Pike County, Mlissouri,

B. Purpose of Inspection:

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

C. Evaluation Criteria:

Criteria used to evaluate the (am were furnished by the
Iepartment of the Army, Office of the Chief of Engineers,
"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:

Bowling Green Dam is an earth fill structure approxi-
mately 73 ft high and 660 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 ft south of the east abutment. The water supply
intake structure contains a valve which can be used for
partial drawdown of the lake (to elevation 780.0). Two
additional valves are located upstream of the intake tower
for supplementary drawdown (intakes at elevations 760.0 and
739.5). Sheet 3 of Appendix A shows details of the intake
tower, valves, and a transverse section of the embankment.

B. Location:

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

. i i , l I- I



Sheet , 2 miles east of Bowling (;reen (N, 1/1 Sect ion 29
Twp. 5 3N, R2 IV -lat i tude 39 °  20. 0'; longi tude 91 9.2').
Sheet I of Append. ix A shows the genc ral vi icii it y of the dam
and a plan of the immediate area of the dam and lake.

C . Size Classification:

K i th an embankment height of 7.- ft and a maximum
storage capacity of approximately 1091 acre-ft, the dam is
in the intermediate size category.

). Lazard Classification:

The St l ouis District, Corps of , ineers has classi-
fied this lam as a high hazard dam. Their estimate of the
damage zone extends 10 miles downst ream of the dam. Within
the damage zone are one house, eight farm complexes, one
state highway bridge , one ra il road hr i d ge , and three imp roved
road bridges.

E . - ,wne rsh :

The dam is owned by the City of Bowl ing Green, Missouri.

F. Purpose of Dam:

The purpose of the dam is to supply water to the city
o f Bowling (;reen, although some flood prevention is also
provided.

G. Desig n and Construction llistory:

The dam was designed by Hlaskins, Riddle and Sharp Con-
sulting Engineers of Kansas City, Missouri, constructed by
L. W. Riney Construction Company of Hlannibal, Missouri, and
completed in 1954. Plans for const ruction are available
(obtained from George Butler ('j Associates of Kansas City,

M i ssour i ) and have been used to pre re this report. There
has been a significant problem concernin, seepage through
the west abutment since the dam was built. V.xtensive pres-
sure grouting of the west alutment was dorie in 1959, and
some grouting of the east abutment w, s also done. It is
reported that the grouting operat io;i reduced the amount of
seepage from about 300,00()0 gallons )er day to about 90,000
ga Ilons per day. However, in April 1903, it was reported
that the leakage was 200,000 gpd. A lean concrete fill was
subsequently placed at the west abutment-dam contact (up-
stream) in ai further attempt to reduce seepage. Recent
measurements indicated the seepage to be between 30,000 and
70,000 gpd.

-2
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11. Normal Operat ng Procedure:

Normal outflow from the lake is carried by a 12 in.f cast-iron pipe for water supply, whereas a concrete chute
spillway would come into operatiou 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, appurtenant works, and
reservoir are presented in the following paragraphs. Sheet
2 of Appendix A is a plan of the embankment 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 Sheet 5 are sections of the spillway.

A. Drainage Area:

The drainage area for this dam, as obtained from the
Bowling Green, Missouri 1S minute quadrangle sheet, is equal
to approximately 900 acres.

B. Elevations (Feet 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
(See 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 Date of Inspection: Measured 790.3.

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

(7) Streambed at Centerline of 1am: Plans for Construction
728.

(8) Maximum Tailwater: Unknown.

C. Discharge at Dam Site:

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

-3
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I
(2) Estimated Discharge Capacity at Top of D)am (El. 801.0):

2525 cfs.

1). Reservoir Surface Areas:

(I) At SpilIway Crest: Plans for Construction 45 acres.

(2) At Top of Dam: 54 acres.

E. Storage Capacities:

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

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

F. Reservoir Lengths:

(1) :\t Spil lway Crest (lEst imated from Plans for
Construction): 3550 ft.

(2) At Top of Dam (Estimated from Plans for Construction):

4150 ft.

G. 1)am:

(1) Type: Rolled earth.

L(2) Length at Crest: 660 ft.

(3) Height: 73 ft.

(4) Top Width: 16 ft (measured).

(5) Side Slopes: 2.51I:IV. (Lower portion of downstream
face is 311:lV.).

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

(7) Cutoff: Apparently none.

(8) Antiseep Collars: Three concrete collars are provided
around the water supply pipe upstream of the centerline
of the dam.

It. Spillway:

(1) Location: 400 ft south of the east abutment of the
dam.

(2) Type: Concrete chute (40 ft crest length).

-4
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SECTION 2 - ENG;NIRI NG DATA

'. I GENERAL:

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 seepage, embankment stability, and spillway
adequacy, test results on embankment material (Atterberg
limits, grain size, shear strength, compaction curve), and
reports on the leakage through the west abutment and sub-
sequent grouting operation (Sheets 11 through 32, Appendix
B). 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 DEiSIGN:

A. Surveys:

The locations and elevations of two temporary bench-
marks are shown on Sheet 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 same elevation as indicated on
the plans for construction (795.0).

1B. Geology and Subsurface Materials:

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
Limestone 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 ft to 100 ft in
this area. In many areas, 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-lannibal formation is reported to be
at elevation 780 in the area of the dam.

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 are generally brown and
yellow clays (with some gravel) over a green shale (bed-

r rock). The maximum penetration of the borings was to
approximately elevation 677.

1S



A prel iminary geology report prepared by the Mi ssouri
Geological Survey is presented on Sheets 4 through 10 of
Appendix B.

C. Foundation and Embankment Design:

No foundation or embankment 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.1E. Although' seepage analyses were apparently performed, they were not
available. A brief summary of the results of the embankment
design calculations and recommendations for embankment
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 system was provided. Only three anti-
seep collars are provided around the water supply pipe, and
these are located well upstream of the centerline of the
dam. The transverse section 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 downstream toe of the dam should be
periodically inspected for seepage 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 downstream and upstream of the dam. The
only apparent zoning of the embankment can be seen 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 l.511:lV toward the toe of the
dam. "Selected materials, rolled in layers" are shown
upstream of this line. No construction inspection test
results have been obtained.

D. Hydrology and Hydraulics:

Some hydrologic and hydraulic design data have been
provided, and the Plans for Construction also contain some
hydrologic design data; these data are contained on Sheet 1
of Appendix A. Based on these data, a field check of spill-
way dimensions and embankment elevations, and a check of the
drainage area on the U.S.G.S. quad sheet, a hydrologic
analysis using U.S. Army Corps of Engineers guidelines was
performed and appears in Appendix C, Sheets 1 to 6. It was

-0- )
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concluded that the spillway wi I [ 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 Sheets 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 S00,000 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 year. Inspection indicates
that maintenance of the dam (mowing the grass and brush
removal) is done periodically.

2.5 EVALUATION:

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

Seepage 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 record.

-7
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SECTION 3 - VISIIAL INSPECTION

3.1 GENIRAL:

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

Louis Williams - Anderson Engineering (Instrument Man)
Steve Brady - Anderson Engineering (Civil Engineer)
Dave Daniels - Hanson Engineers (Geotechnical & Hydraulics

Eng ineer)
Dan Kerns - Hanson Engineers (Geotechnical Engineer)

3.2 DAM:

The dam is an earth fill embankment constructed from
borrow material obtained from the valley both upstream and
downstream of the damn. 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 appears to be in
good condition. Considerable seepage was noted at the west
abutment. Some erosion (small gullies, 8 in. to 12 in. deep)
and small tree and brush growth was present at the dam and
west abutment contact as a result of this seepage. A small
slide (20 ft to 30 ft in areal extent) was evident above the

3 pumping station which is located at the toe of the dam near
the west end. This slide did not appear to be active.

It appeared that the seepage was generally exiting
through the abutment, not at the abutment-dam contact. Theflow in a ditch immediately north of the pumping station wasestimated to be about 40,000 gallons per (lay. 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 reed growth and some erosion was noted at the
contact between the dam and the east abutment. Although
some seepage has been reported at the east abutment, and the
presence of reeds indicates that the area has been wet, no
seepage was observed at the time the inspection was made.

The horizontal alignment of the dam appeared 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. It should be noted, however, that the
elevations along the top of the dam which were obtained in

-8-
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the field were as much as 41.0 ft lower than as indicated on
the Plans for Construction (see Section 1.3.1B of this report).
All other elevations obtained in tihe field agreed fairly
well with those indicated on the Plans for Construction.

No instrumentation (monuments, piezometers, etc.) was
observed.

A. Spillway:

The concrete chute spillway was generally in good
condition. There was a 1 in. wide joint separation 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 Ill: IV.

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.

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

3.4 EVALUATION:

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

-9
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T'o reduce ent rance rcs t r i c t i ons, t rees a long the sides
o f t hc sp1)ill wayN a pp ro ach c ha n ne I s houlId he r emoved . It i s
believed that thc road leading lo the spill way crest rcstrictsIthe passage of low flows only, and does not constrict the
entrance dUring periods of h ighi flows. The cracks in the
spillway wall and the void below the left spillway drainI pipe should be filled and scaled.



SECTION 4 OPERATI ONAL PROCEDURES

4.1 PROCEDURES:
i

Information furnished by personnel at the Bowling Green
water treatment plant indicates that about 500,000 gallons
of water per day are drawn from the reservoir for water
supply. This rate of usage is expected 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 EFFECT:

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

4.S EVALUATION:

Tree and brush growth should be removed from the dam on
a yearly basis. Although not serious now, erosional areas
at abutment-dam contacts will need some repair in the future.

IAL
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SE!CTION 5 IY I I (:/IIYL)ROIO(; 1 C

5.1 EVALUATION OF IEATURES:

A. )esign and Experience l)ata:

Some of the LIls ign data used by the flaskins, Riddle and
Sharp Consulting lInuineers to design this dam have been
obtained. Some hydrologic data as shown in the Plans for
Construction are presented on Sheet I 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 t.S.G.S. quad sheet (Bowling Green,
Missouri quad sheet), a hydrologic analysis was performed
using U.S. Army Corps of Engineers guidelines and appears in
Appendix C, Sheets I 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 east 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 reasonably possible in the
region. The recommended guidelines from the Department of
the Army, Office of the Chief of Engineers, require that
this structure (intermediate size with 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 peak outflow of 9990 cfs (see Sheet 6
of Appendix C). The structure will pass a 100-year fre-
quency flood without overtopping.

12 -
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SECIION 0 - STRUCTURAL STABILITY

I EVAILUATION 01: SIRUCTURAL STABII1TY:

A. Visual Observations:

Although the seepage through the west abutment is
detrimental in terms of water loss from the lake, we do not
believe that this condition adversely affects the structural
stability at this time. However, if left unchecked, the
erosion at abutment-dam contact areas could cause some
localized stability problems and possibly com)lete failure
in the future. The seepage should be periodically checked
for both quantity and turbidity. An increase 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 engineer experienced in the design
and construction of dams.

B. Design and Construction Data:

Stability analyses were performed by laskins, Riddle
and Sharp Consulting Engineers, and recommendations were
made regarding side slopes and berm widths and elevations.
Our site inspection indicates that the side slopes and berm
widths and elevations were as shown on the plans. Seepage
analyses comparable to requirements 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
SO0,000 gallons per day. This usage, combined with the
seepage and evaporation, results in a reservoir water level
fluctuation of up to 15 ft during the year. 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 were attempts to reduce or eliminate the seepage
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 east abutment) in 1959. This
operation succeeded in reducing the quantity of seepage from
300,000 gallons per day to about 90,000 gallons per (lay.
Later, the seepage was reported to be between 150,000 gpd

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

Subsequent attempts to stop the seepage were made by
placing fresh concrete at the upstream face of the west
abutment-dam contact in an area of suspected seepage en-
trance. This operation was successful to some degree. The
present water superintendent indicated that the seepage 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.

LE. Seismic Stability:

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

I
I
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~~S'C'I ION 7, A.SSl.SSMLNIf/IIi)]AL MLASURES

7. 1 I)AM .ASSI;SSMHN':

A. (;enera I

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

B. Safety:

The embankment itself is generally in good condition.
The minor items which have been noted previously--such as
brush and tree growth, and erosion--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 seepage should be monitored closely in the
future, and records should be maintained. If the quantity
or turbidity of the seepage water should significantly
increase, then an immediate study of the problem and remedial
measures should be initiated under the guidance of a profes-
sional engineer experienced in the design and construction
of dams.

'The dam will be overtopped by flows in excess of 45
percent of the Probable Maximum Flood. Overtopping of an
earthen embankment could cause serious erosion and could
possibly lead to failure of the structure.

C. Adequacy of Information:

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

D. Urgency:

The remedial measures recomiiiended in paragraph 7.3
should be accomplished in the near future. If the minor
deficiencies listed in paragraph B are not corrected and if
good maintenance is not provided, the embankment condition

15 -
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Will cont inue to deter iorate and po ss i b 1 V COul I d become
serious. Priori t y should he given to i ncreas i ing the capa -
city of the spillway so that it is able to pass the PMF.

E. Necessity for Phase I1:

Based on the result of the Phase I inspection, no Phase

11 inspection is recommended.

1. Seismic Stability:

The structure is located in seismic zone 1, which is
historically the least active zone in terms of occurrence
and magnitude of earthquakes. The seismic loading prescribed
for -one 1 is generally not critical for a well-constructed
earth dam of this size.

7.2 FURTIE:R INVES I ;ATIONS:

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

7.35 REMIEDIAL INl'ASURLS:

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

(1) Remove the existing tree and brush g rowt h on the up-
stream face of the dam, at the abutment -dam contacts,
and at the rock toe 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 fill
the void at the left drain pipe just below the spillway
crest.

(3) Correct the minor erosion activity at the embankment-
abutment contacts on the downstream side of the Lam.
Study and repair the small slide area above the pumping
station and channelize the seepage water around the

16
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I
1 pump inig stat ion. Period i cal Iy check the p lunge pool

for increased eros ion toward the spi I lway, and take
remed ia I measures if the sp i Ilway is threatened by

I undermining.

(4) The seepage water from thc west abutment should be
closely monitored for increased quantity or turbidity.
AAny 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.

5) Check the downstream slope of the embankment periodi-
cally for seepage and stability problems, especially
around the location of the water supply pipe at the
downstream toe of the dam. If wet areas or seepage
flows from the embankment are observed, or if sloughing
is noted, then the dam should be inspected and the
situation evaluated.

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

7) Spillway size and/or height of dam should be increased
to pass the PMF. 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.

- 17 -
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GLOLOOICAL REPI'RT O RLS1,I,60,1 IOR 1PY.11N LIO S , ISsOI

by

James i1. Wiliim3f Ueologist

Missouri Geological Survey and Water Resources

April 16, 1953

Abstract:

The study of rock formations at the four proposed reservoir sites

indicates that Buckner IHollow Site and Site A arc favorable. Surface

features indicate more valley alluviwui, silt, sand, anid gravel would

have to be excavated at Site A to key the dni in a solid rock forma-

tion, the Hlannibal shale. Consequently, Buckner Hollow alpears to be

the best gcologic location for a dam and reservoir. Site 1) is wutfavor-

able bccaure of rock formattons that would underlie the dari. Peno Creek

is not recoamicndcd due to danger o zcepage at both the dam site and up-

stream.

Description of rock formatiuna at the reservoir areasl

The illustrated geological columnar section (Plate I-A) diagrim.s the

rock formations of the reservoir areas. This colui-n pre.;ents the expect-

ed sequence of rocks that would be encountered if a well e're drilled in

the SW NW N,' sec. 29, T. 53 N., it. 2 W. at the Buckner Hollow spillway

site. As these different rocka arc laterally persistent, this same se-

quence can be seen by walking from the headwaters of [luckner IHo.low, wherc

the Durlington lLi:cstone cropi out, to the mouth of Buckner ]Hollo , which

is in Maquoketa shale.

Sheet 4, Appendix B



Thiese rock formations are des'ribed beginning with the oldest, the

Maquoketa shaie. It is exposed near the mouth of Buckncr Hollow in the

NL: SW' S.' s.c. 17, T. 53 N., R. 2 W. It is a nassive, greenish-blue

and blue shale. There are thin blue-gray limestone layer5 in the shale.

The shale is easily affcctcd by weathering and it is usually mantled with

a thick cover of soil and ve-etation. Fresh exposures under the influ-

ence of weathering "flow" Pnd slide like mud. The upper contact of the

Maquoketa shale uith the Dowling Green dolomite is at 670 feet elevation.

Therefore, the Maquoketa does not affect any of the reservoir sites. The

overlylug Bowling Green dolomite woul affect dam construction at Site B.

The Boling Green is a yellow-gray and blue-gray, fine-grained dolo-

mite. It is massive and evenly bedded. Mhen undercut by street-s, it

breaks off in large rectangular blocks which slunmp into the stream. The

formation is approximately 20 feet thick. If a dan were built at Site B,

it thou.ld be keyed in the Bowling Green. The Louisiana formation, Uhich

overlies the Bowling Green, would be an insecure foundation. For this

reason Site D is not rcco:.zended.

The Louisiana is a thin-bedded, brittle, yellow-gray, fine-grained

limebtone and dolomite. It is non-resistant to wcatherin, and its surface

exposures are usually mantled. The Louisiana is approxImately 10 feet

thick. Its contact with the overlying Hannibal, approximately 700 feet

elevation, is marked by a two-foot thick sandy shale zone that is satu-

rated with water. Site B is not recownended because of danger of water

seepage at this contact zone, and because of the weakly-resistant Louisiana

formation.

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

Shect 5, Appendix B
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small blocky pieces. Thie l1anniibal 1.i much more rcnintat to woatherint,

than the ?Mquokota, and it docz n t "flow like2 rind whien water soaked.

Tho lnnnibal in from 80 to 90 feet thick. The silt content and the con-

solidation of the Hannibal make it. -uitable as a foudation for the dam

at Buckner Hollow or at Site A. ILU Imperreabillty to water will reduce

wacr seepage from the reservoir at either location. The Hannibal could

be used as the dam foundation at Peno Crock were it not for the unfavor-

able characteristics of the overlying Burlinr.ton limestone in this area.

The topmost formationo the Hurlingtonp is a light-gray, coarse-grained,

anid massive limestone. In rany areas, it contains caves, sinkholes, springs,

joints, and other features that would cause water secpage. This is true in

the Peno Creek area. Therc are solution features, cavcs ,nd springs, in

Buckncr Hollow, but they are above 800 feet elevation. There are ho fca-

tures below 800 feet in the lovcr I-ar.ington lin,cstonQ or associated with

the Burlington-Hanriibal contact that 'ouid indicite solution and possible

water scepagc.

Buckner Hollow:

The diagramed profile and geologic cross-section of the Buckner Hollow

don site /Plate I-B) illustrates the rock formations and their relation to

the dam.

It is reconiiended that there bo 'hreo coi-e-drill I)-lCs at the Buckner

Follow dan site. Two should be made on the alluvium whe'e the key will be,

one near each abutmuent. The third one should be upstrea., 600 feet north

of the dam sitc. One of the holes at the darn site should be cored through

the valley alluvitun, the lowe'r Hannibal shale, the Loui3iania, aod into the

Shcct 6, Appendix B
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Dowling Grecn. If conditiont. are found to be natistactory in this core,

the other three need go only to t):. top of the Louisina.

Site At

Site A is a favorable dam site and reservoir location. The dam would

be keyed in the Hannibal shale, as reco;!uncnded at the Luclizncr I'ollov Site.

Since Site A is geologically sinilar to the Ui ckaer lollow Site, the re-

lationship of the rock formations to the dan and roscrvoir is similar.

The greater thickness of mantle at the dais site would require more cx-

cavation and would necessitate four core-drill holes on the vallc. alluviLt-.

No should be near the abutxients of the key and one evenly spaced betwcen

then. rae fourth one should be 600 feet upstrcar.i. The ccater hole at the

key should -be cored into the Bowling Green d.lonite. If this is a satis-

factory core, the other three need go only to Lhe top of tie Louisiana.

Site B:

11is location is not recommended for a d.-i site. A reservoir hcre

would have a water-permeablo zone, the Louisi.na-Hannibal contact, near the

base of the dam. The Hannibal, if precent at all, is not thick ernough to be

a dam foundation here, ax;d the underlying Louisiana would be a vcry insecure

foundation. The dam could be keyed ip the [owlin,- Green, but that would re-

quire excavation of tho Louisiana formation.

Peno Creek:

Pono Creek is an unfavorable reservoir and dam site duo to the danger

of seepage in the Burlington liprestone. there ar several caves and springs
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that would be submerged with a remilting loss of water. Sinkholes in

the upland indicate a network of sabsurface drainagc. Joints ill the

Durlington limestone indicate water passqgcways that would cause water

ieepage if submerged. A dam at the Peno Creek Sitc would be keyed in

the Hannibal shale. The Burlington-11annibal contact .ould be approxi-

mately 30 feet above the base of the dwi. The Joints and fractures of

the Burlington would cause construction difficulties for the upper part

of the dam.

Ixcavation and Core Fillg

It may be possible to remove the upper few feet of the Hannibal shale

for the trench at the dam site with scoops and other heavy machinery with-

out blasting. Blasting should be avoided if possible, as it might produce

unvanted cracks and fissures. The Hannibal shale will probably be usuit-

able as a core filler. Its tendency to break into blocks and chunks, rather

than fine particles, ;ould hinder compactioa even with heavy machinery.

The clay soils from the ridges ab. vo the Burlington limestone would be more

suitable.

Concrete Aggregate and Riprapi

The Burlington limestone would be suitable as concrete aggregate and

rirrap. There are several small potential quarry 3ites in the SWI Stl4 NJ),

sec. lo, T. 53 N., It. 2 W., near a large spring at 800 feet elevation, and

in the 51P4 NE), SVU sec. 29, T. 53 11., R. 2 W., near Open Mouth Ca-.e and

11hree Rooms Cave. Ilia floor of the qtuarry shoild not be below the 830 foot

elevation because of the underlying Dlurlington-Ilannibal contact. The po-

Sheet 8, Appendix B
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tential quarry site could be jamplcd by chippin, small piece. of rock

from unweathereJ portions of the limestone expostires.

Gravel Depositsi

There are several gravel deposits alon, NoUx Crock that extend fron

SLI ,Nd N:.k -ec. I , T. 53 N., R. 2 W. dovistrcan to Vera. They will supply

the need for 5,000 to 6,OO0 cubic yards. Thcse deposits will avcrage from

301' to 40" sand. Approximately 86, to I0% of tile material is from 6 to 8

inches in diameter. The rest of the material, 40.' to 5O", varics from

one-half inch to two inches in dianetcr. The sal:l is predominately quartz

and the larger material is chert.

S urna ry

The Buckner Hollow Site and Site A arc favorable geological locations

for a dam and reservoir. Buckner hollow is the more suitable duc to a

greater thickness of mantle at Site A. The incrcascd mantle thickness at

Site A would require excavation and core-drilling.

Site B is not recosneuded because of possible secplac and an unsuitable

dam foundation. Pcno Creek is unfavorable due to possible water scepage in

the Burlington linestone and construction difficulties at the dam sit-.

Nearby sources of core fill, concrete agr'eatc, riprap, and gravel

deposits are available for use at the Buckner hollow Site or Site A. The

Duckner Ihollow Site i3 closer to the concrete ag,,,rogate and riprap sources.

A geological map of the Duckner Ifollow Site%, Site A, and Site B accom-

panies this report (Plate I-C).
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C-.-- reepar-a appearl-d fl::-t t 1 thc 1 aiutn-::rt Lacauae of thIe

th - Q '.~i~ n.oarl, vctical. fa~x C~ a l c cc az.:L;

%;-c ias 1bcatcd acacont to the lv~t at:.=zt. at the- d~arn s; t aznd la th 3

patof the ri3j- a'utan !:;z. I~ lanlkatcd viti cLaf ovruzre wil atL

th>:-I- i-a~t~~ n thez a:)utinea. T.haaei-or, the 3eepa-e aid

~ zti-2th :ecervo~ar reaclie-- th-e:o :aigiir cee-ias.

{)Thc .r-ri tia e left abutr.ent !-zratzd ;ai-h abovc te

2t2. ci1 at ;Ie r, a -4 I

2.j~~~~~~~z~ a "I~ I.tm: n Lar e~':' nz za. t -.1z.;,

th:~- 5--'-r hir.. .nlz= r.~. t 2-. Qt rdi hez~

aJ:ccnt t Le i.

(J £hpirAt-'-- r 'ad a the rigT!: 4 L-7 hiI<±b fd

.rvc~a .3",d,! i:; ba '-ii~ y :nztructl~n :).L a --

flattctod r~-%3 i Pazo u-3 and r.). 1yzj. f r 3n- the road-rmy,
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iftL - e-a-c iAIyapi)ears to CtC vJCwth! ri!;izi, re~ivolzr

W- tme. JOrzne C1i..a :,!~It OVer t'ICee~:~e suriacos ar.di la

t~'e !3eepng e c~a~cla 13 ;nr-bably taking place. a.2Li Cia 8e-a ge 13 :i;

to OTcease furth~er ':itli tin~e and eventuaiy

L' ti~ie s.ienage diaes ;=* dacrease or iLicreazes, I boiieve a grut

cuztaii ho1:* -'EKUicd a-ad pum~ped into place L-i both abutmnts

~2~u cL~j Ia ii: txon 1 ~dornan~iC:a tie seepage a2pears

z- a-ic decr,.a.d 5.)l vt ith r1ise 01 thle -cr' ir level, w-hich-.

.:cat2.3 t it1 'tiTh5l:,:-)u n~ t toizhe observe the

citi~ ~ci-- s ~c~e itli any action.

3 Z - -~ C t.- V&I Q
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March 26, 1959

Honorable E~dward V. Long
Lioutonant Gove rnir of Miostourl
Missaouri State Cnpitol
Jefferson City, Mioauuri

Dear Governor Long;

:-:1close'1 in a coply of iny letter to Mr. b3ell rogardtng lcakaL'a
at the Dowling Groon rooervoir. I f.-cl that thits Icaltago can ba3 Stopped
and will continue to give the problern my perGOnnal attention.

Aleo en-clo3ed are copiers of tho ;-o'.vlln!1 Grocii an-d Stiex awid-
ranglaB, I. C. 15, To pographic M~iof Nllisruri- R. 1. ?Z, Goolto
tho Doln--rcLl c and R~. 1. 21, Nith -Abshiouri'n Oil
Ponsfbiliti~n 1ntp.'ovu. Via geolo-y of Via D-owl~n Green area ha'o boon
of intoect to goologists and tadui~try for many yearLe because of tho lizoo-
stone and shale dipocita, the groundwator problorms, and beocausa of tho
great variety of P-)rniatloris which crop out. Should you wtah aiditlonal
copies of any of those publicationa. pleano do not heattato to call on mc.

I very much nnjo;'-.d the trip to Bowling Green and hope the
proposed ealution will rcolvc tbo loakaige problai-.

Ycry truly youru,.

Thomias R. IBoveridgo

TPJ:VJState Geolo,(ist

Enclosurco
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March 26. 1959

Mr. Olin N. Bell
Bowling Green, Missouri

Dear Mr. Bell:

Thia lett.r is to confirm my statements tmade yesterday during

our vL'it to the Dowling Green reservoir, located in Duckner Hollow.

I feel quitc certain that the lealkge at the weet end of the dam is

through the broun bede of the Burlington limc stone. These brown beds ie

on the olive-colored Hannibal rhales which form the floor and all but the

upper 10 to 15 feet of the reservoir. The brovn bcdn of the Burlington tend
to be fracturcd and to contain cavities caused 1y the colution cf the !imeotone.

These fractures and solution cavitieo arc, in my opinion, the cources ci

leakage.

The h1awnbal-Burlington contact may he accn in the south oidc of the

draw west of the pumlihouoo and it io quitc evident that the bro,.n beds are

below the present surface level of the roaarvoir.

My recommendations for scaling the loakago are a follows:

(1) Hand excavate along the junction of the dam and tho bluff along

th3 downstream slope of the darn to rMal- cer'ain that there is no leakagc
whore the dam abuts the bluff. It to my understanding from ou convcr-]iatLon

that the dam was not keyed into th,3 bluff--thug there may bo lIt-ako at the

contact of the darn with the brown beds In the bluff.

(Z) Drill the brown bodo from the elevation of the top of the dam

down one foot Into the H-Innibal shale and pioasure grout the drill holes.

Drilling shouli start at the bluff where it intersects the axis of the dam and

continue north and west barely into the draw 'west of the purriphouso. Stnze

there Is no evidence of lealage in the draw, drilling need not extend very far

up the draw.
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Mr. Clin zr ol2. Marclx Z6,

(3) Altornate for (2). Clein of! tho brown b~do .3tartln- zt Ch-Z .Io%
totrcam stdo of tht dam and follovtng arouind tho point barely' tato the- draw.
The scalping rho-dc1 inculude at loa.-t a foot o theo I-i-tib-n1 c~l 3uch :jzalp-
ing may rovcal the cource or 4ourcon of 1ekeIn th3 brown bcd~i andI tiioce
leaks could be Vatcbed on an Individual baclv bZ pMrcarc grouting.

Solutton (2) is the moro Ideal ono, whorear~ (3) to probably cheaper.
vo: w aarood yzo3tarday, the ticlaction, of Vt aitcrnmt, should volit with tho

CtV CouincU, but I %v1Il be glad to comfor %vtth thc.-a Ghild you wbh. 11l1o,
ahculd any furthar quostiowm ariso, pleaao do not ho,)itata to call on r~r.It
does appeoar th..t your -probl-im to ono %v7hth cwt bo 3olvod. and I w~ll bo most
Intoresmtae'I n the progroDs asid otiocome.

ViLth pci-uoav.il rely-lrdn,

Thomaii it. Bevorteig
st-to Goolorlust

TRrD;VJ

cc: Lt. Governor Lona
Mayor 1Willard Middlatori
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Mr. Olin Bell, Chairman ro I

Board of Public Worke
City Ha IL
Bowling Green, Migoouri Re: Freiauoure Crouting

Dowlizlg Green Dam
Dear M-. Bell:

In renpcn.ve to our roqucnt, the Layno- ,uorn Compny, who havc J':nt
compIctod prcosurc groutinj nctivitan on the Dowling G,-.n water rupply
dam, hav, forwardod th.'ir i'cport No. 2 entitled "F'ina Conatructlon Peport'
relative to thic grouting work. In .ccor¢|ance with thcir rugec:on, n copy
is being forwarded to the Miooouri Geological ,urvcy to the attention of
Mr. Tom Y3evoridgc, Director, and a copy is attached hereto.

K +[ Wc arc cnclosing a letter '-lth two copies pertaining to the neccolty for
bavinZ this repair work done, and alho are enclosing our utatement for
serviccs perforamed during this work.

Naturally, we would have prefcrrcd to aec the grouting activity roult\J In a bottUc-tiSht abuttment; hwover, we are pleaed that tho lcakago has
*l been reduced at much as It has and also that apparently all leakage which

could be presumod to affect atructural charactoriotico of the dam iteolf
apparently have boon otopped. We have gone over thc cntiro job, including
the report tranD:.nittcd hercwith, with our soil mcchanics consultant, who
Iv pleased with the result of the grouting work and i'j of the opinion that no
further gro ,ting i indic.ted at thin lime. In light of iLe oubstanlakl reductions
which havo been mado and nore paticularly the fdct that such circuitous abutt-
mont Leakage as continucs0 they do not appear to be of any concern as far
ar. the dam itecLf gloon.

U thore is anythii further which you or your board n.'ed cZ us in this
matter, plcaso let us know.

(Youra v ry truly,

I!Ag1 JN,,Q" , DgLF') Ca SI-AP P

I TGf :dN

Fnc. Shect 18, Appendix B
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1.7;:UUM MlOTUNfO A' imljI! (,Ft; Ma2 I 5 '.

FDIA.L CIANM TI/ t TZ Cl'c

pmRye ITho p~poz a or m.hiL rt S-q to oiwatLAzm tho uor!. r-srfo=l J1.

.0rx COI.T~m

gzrit-jIMn qo'=ticw m ct forthi In thuo ocr1GLnmI cutlmtoa Tho rexa4to
of th~is vor m-a ma follm-a a

(1.) 0,1 t~j1 et:±Urd to m~ avrj-o dc)th of '10 ft. into Vo1-'o~cn rock £ru-atlon eijcrnt to t~za w~st crd cf ',.o d.i
(2) Ar~o--j.rta2, 1-00 ft. of 2~1 ca--nin pi~o scalnd into

1~ dzm. On= Flmrccn Ly in~ £Y-czi d:IU h~ole to ::L -c

5=i IziO a~ cf oc,=ihw ViUrcW~i 21. Injooticzn bcaej into

()L~zLa-a tbarcue~i tho r-nb blvif rcdL-ed fro-i 300bOOO calor.3prday at tha ctw~t~ of the Vrlaot to i4bat 90ODO ji1aln p~r &V a
ZVs)t (at, a 63,q rcdutim).

DEFTAIL 0!' rkrzl

Th-c toaa4 holca 'voro dri3Xod in th-i M buff at th', rem toCOc~mim the charact:,rjs~t± of tIa undrJyin3 roch; fmr-zatlono Thomo
14o34a rozo 2.ogod as fo11cras

POl. Ember' Iocation Dzpth bullcm Chm mz-ator of Lott,, of
of 1inl3 Hlum lcz.i IRoah L1:cnl, ZCnW

2 5.01 Bo.orf TI1ltuf 202-41" 20aA0-00brA

2 Lc=. of ro.fluff jf.,j l a'e.'7 I -

rV 'It-of UsIduff 31-4*1 LUj-naombro,, 170-4"I

Frm en cz= iviatim of Ux, fczn=Uin loZ:, r.-2l core . cad
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.- i -ck %:d rlL- VI, ... -.. r,. - - cz4

'= n- Cn-o .L-uc cdr.lLrJ; fIl%:UA i -.- t it;jf Cr. G-.-., 1 03 e.. I.In-

&.CM riJ--err~ c'.i Co.-r-o of I ".o 3":?h ;:,~ t

dui"Vo toa tho1 v~U- " r:.t: VIJ in~ t~a ( ItcO~t,
n~o !tcxno (if rxtir 1n- in t hv licK~2 r,:i:n OComc:va vewr: r3 &;Pc~ rwU
11xzwztro 17--.1 3t(2 t2lj zf:1tlo vatcrJnt~ fall to U~o Qt.c
LD tbe.' oaU-- & Of " I-a:4 PhtZ-C 'J rIX- I r- fcre cc.:-jpctimsi

From thia ifon~si Who fdorrLr.,: ~eu i~r~ czvru 'h

1:. o )l'ak~imjr; . Lt ?hrou~i Ulu !.Ul 01 tio 01-M~z2f

3. 'Th.o zoI- ka '~a Ir .,) tl1 , 2r-yc.-- c.L^

~,A c:b ' ;~l.ix't',w ] j -i :'.n J.2r

C .1li. n r.o-

cc'-'.l ci'! C.,- r.lizl 12,r.r -71'U.~y t r ~ t ~C

~wd p.c'fcctzd by C-) U. .r ZC cc~~~ Mroi;'~t of cx;i.:-

cv.'n-ky. IVLz C.-'iv (XJ .z 1- eii Ofr cvd''1z C ty ,;v 0' -- 11 On a~ t:'--,
=:d~au rc.v.1o L''iuilys tVxnt '~i t:'-,rdqi-c Inv.1io. drlJllln
pneucu~ri ~~t a crlos af I~l~il#n '.ho z..Ui jaE I
t: tniA1 int r)atohl ou~v ill z1 ccvrfj1Ut Mn bvri oicr

t~~so 'U.:;~ v;-z11 caad Vizi c::Vint fi c.1 Its~~ 71A..: rdz'
Cdarefar Odixctay C tx iiant C.A U±oVL' o. of AnJ
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lcpor't' u2 Fre.,ux'e G1'ou'i4g at Ikral-liS Or-,n91b

ce~ent viuch ovmi be counicckl3, jtw~faf~d for a Gicn aitu:Lticn.

To Ir1lert ths grouting~ prcram cuu?.itio4 abo-'o, throa, Oaditona3
cporatima~l ph.sa We=e ad to thi origiml btt &fi1i'v 1.

I1c-p 2 Inoiled a uorins of 3.0-fcot q-ct c,3r.cntce h~loo atseirt
at tho oastzrn end or the V.5motor--o proec~i in'or 1~.1t) mt ond or tiic 4a2
mad ccntinuing "stmWrd a~bout Z5 ft. to the bluff* ThPOO vecz' holea I t.irouch Os

Phait .3 includcd a ocrito of 1&-loct e-pcod ?hclco startinij atth
UiLAf =~d extendrg ccruz.-qe.tq r- dieatrrao of a3) f t. clhrig tha upo ro-d.
Thoa wm holon 10 thy.*"Zh 11.

!'haso'I LncL1-tiol a cfZZ--ic:3 c! clc---Inr llwloo dr'ill 34 'xte '-l coat

m~r3 lo~at-d bct-nmn holoo 1 ~~b10.

Flai cm i-*~

ThrmC13.t tl-c oti cpcLi&-'U'on; Cally !-cr .-r.;It ef 6,13
tc-l egqrP !'lci vs' r.:.o I avr a VC-C-n~ch rwziz inWC.22cd. boic-s t!l, d.ze

i-ariodle applictio1. of I rs' Orrn 4yo waert. rA2d t:) tLo dri.1lrZ
±'lid.d, L-A tha vair pwnd ehrk.!cd to doto r3 if tuny of Ui t cllb Lr:
ed fraoi tha dr U-iolo to tio 1oil}s. Ltrjo p1P-c(d In 1w-o u7 ao~d rcoL.-rmb-
able t~r3n colar in tho pur4 bolcr.

Flcw P.steve

Tho fl.zv r84aa ch=~ in thin~ roiport aro corrv'-ft for all lczI:m f±lw-
Ine on th3 Ncrth sida of Uzi' pm~p hcupw roz. Tho fiCurco roportao'. carijor
cn prrrm roport 01 mwr later fovr4 to aclud' a myeticn of tho florg
rhich vira by-.rasaing thzi =czarlg vmfr tlirowh an Wtrzcrzn b--h. Thin t-
pece voa= has now bom dtvwrtad co that It tooo flr.c7 evwr th3, u-Ir. n,:)
rvoult La t~at &ll reviouay raor~sd1 I41mi ra~tea iuivo boon r-dJvotrd to tz
a~mta csin horoin.

A e:Drlc- a ccacnt&irF hol."3-i:; drilled1 an 'i~ ylt
eotitr3 a1c-.. tho ccntor linio ot Uzi rn fo a dit-tmco of 75 ft. f:z~ tVtO
t-at bluff* All hol~s wore drz1.Td to an cvcrao d~hof 3-0 ft, to A'r:xo
ccplcta pcntration of th, tbr~,km foirzitL-,n. Aft,.r tl-- 1Dco T.ra drilli4
C -nl e--mtinvj ripo eAalod it: t:~-'n ) c, 7-nt rai itro),uccd witil tic.1
ferration r tuso c. 'itivael C-nnt at 15 1bo Tuzou-o, Ca..zat = rano ts

fofl=. (holes liotod in scrprznco ",)'t t,3 it)i
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Recport 02 irozioWu Groitinig at 6uiI~ rezi, Leo.

C. Phave 2 coftnod

Hole Number Pag 13 f Ccrsont (I cu. ft.)

5 65

1 200

6 98

7 192

a8CX

2 832
69if liotaW

Daily rocordo of lekago shoviod thait ccusidorablo roduicti in flowa
was accompli~hod by this~ work. Tho coiient pumped Into thioau holos rcoult:)d
in a reduction of 0%A in tho oi.Ginal leakaGo. Flcvi rato o-v'.r the rmanuring
weir was 152 000 GkD at the completion of this phaeo. M~aco 2 uporatiori ui
required ~asfrooiapio tion.

D. Fhaso 3s DrIllinfl and GrvutInLg along Vic Road

The second sorion of ccne:ntdn_, holos vero drillccl on 10 foot
coitora along the roa1t edge of the roadt which 3ends to tho top of' th- iWost

IIbluff. Eight holco were drilledt nuz-.hcra 10 thru 17, rand cc-rcn~ing pipe
scaled into each. All holes rore dUriflld to a depth of 26 to '0O feeit to
assue comploto ponotration of thc broken roZ-lratton. After the o 01,J vozv
drilled, and coennting pipe scalod into them, noat ceont wan introdluced J-ito
the fornation. The porosity of ilia roch circunteied in thiis area Was~ lo
Creat that it vaa not poasible to build up adoquato pressuroa without con-
aumirlg much 2.rrger qwkntities of ccuwnt. )!ea,, miixres, bontoniW~, and
I ot circulation ratcxial were ~f no valtia. Coment u:no was as follovat
(holes listed in seoquenco starting closest to tUhe dam)a

Pole N:mbor Loge of Cemont

10 1107

3. 376

12 5

13 200

14 ~ 382

16 7 Shcet 22, Appendix B~
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Rcpcut C2 irU artw W3utAi". c .Jz;; a!.~ ir'p 1o.

Totil c.xI n 1c':i'i-p II.V:; fMr' JJZ. : 3 'T C7-il2 .
to t %* ern3wnt of c-iont c~i-!nc'i. 1.1 t '>yd io tolz :1

Ia roduction of1~' in Uhn or1n-.,!L "M%ij. 1hw- 2 cpamn.: m-.rd
%-csfe: co_-plti-i

Tbrm final. ph'aco j. Uio o-,,.nZ o aLion involrcd tx.i'o

holao rat; to urthicr ccm.3 off that rno of roc% itrnwdit.-I u; tor1,ing tV.o
d=to ft~rtior Incuro aZianzt pocci:bl-i d"ir In Ux c aZ'a Thozo h*-ico -.Oro

c-.nidz-=A to L~o tfLU~nV in thm o%-ty apacca in tUz cutain fL1, !JJ.lla
rcra ctrillcd to a depth of 26 to ;) ft. to a~tre = pptoao of UA
bmlkei fczrtLw*i 'Ifter the hiol-oz 7= drIlled aznI cmcntin pip2 ce.'11v4 ito
thcn', rnzat co..nt ras in-romIucA it,) Utoo fmrr.tion un+:i1 -f-azal at pod
prcszuro. Coxnt uco vas oaI fofl (hoatea in ordor wowt ta vast)t

nole wanr ~ 'ofo Crznt

1s0/

19 1/2

20 J3

1 G C9

22

lelmco,, I'h1c 4 opcratow io 'quircd 3. mck for cmpc.c Lm.

1. Ica~r~ rIt~to~iby OiT-lanA gnt)utinsr a].o7' thi di. r~r, vciy

fro 200,p00O G' to 12s,000 0:PD),

2. Lcn1.xjo rcli 'Aca by a rj lan ; Vho 1bil. mov cni by, ntx
mrizi~to kiolca Um &imtdtxc1 ~ ciii'dt g ;340 lyo rI' co~nt catr.cd a

19 = ~d=Uccn (1c.,C.- irfl3y rcducQ'I to 52,00) GP'1).

3. r=.=ir.3t~oa qf tun dx-rtr2cm £nco of thi (Lea inl1tc-tcz Ut to
3ix'Iw '=iLo~i had bcn. flmlun-- from '", fec of tho dm Mv bavoi c~z iulc: G%='.ep.d
cuzp13V'ly or rudv:d, 0 a vrl m,,111 qvvitityp vhio uu 1:i' tt 0.1 tho
bluff fro 5o rt. i::t or tho pvm' hLoo an xq) tho caziy-mam~ ot4.U f1ovina.
altkhoi'h at a rcluczl rcatz*

It c=n ba V~x~ .3t# vthUi 3c.ctx;a hic L'v-z--a-cc~
(;rnral3ij rcdbcod aoTon: Via cnt~r dc~wjtrc:i vi~.do" tatoz , v4,icb ILIA bean
obcrvod flc~irt f&!;: lQ . fm-z9 of tico dan 1, LLCx.; 1rZo3y u1*.ij.kod or
rc&=d to a cuffiralcntly rcznll r.,altzl
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f. Repor L oil the Wa icr Loss atL t (.11 V of Ihowl log Green Reservoir,

Pike Couniy M8.901i,1our

Tile Inw g Green Munic pal, hL2Servoir wais v I! Ited on t le 25th~ of
April, 19()3 ,at '.he requeC' C IOf Mr . Dona id S WasosteIr Superintendent
City of 5owtIing Green. Other jP1'1- urutel inva~i 'cd in tile I IIV's Ligation ill-
cluded Mr. Hleckman, Layne and We-st, crn; tL-yor Nil lard Middleton, Mr.
Bankhea d and Dr . 14LIlcox o f ihie Ci t v Pubi I i c c ks iind thte cus tod Ian o f
the lake site. In 1959 ipp;:oximately 300,000 allon per day water loss
had been reducedl almost 507,. byv grout hol109 completed by Layne and Western.
Grou ting was done to sonic extent oin the eastern abutmnent: anid extensively
on the west abutment. Grout ho] es extended fioir. the western edge of thle
dam westward onto thle rock abuinient And were spaced on 10 foot ceniers.
Grout ing was done at 15 pounds pressure. However, in the early part of
April 1963, active water luss was; noted In the western abutment where
one or more openings we2re drainin,, approximat.ely 200,000 gallons a day
out of the reservoir which is almost- equal to the Amount. used by thle city
for municipal purposps . Tho ae loss as observed in the lpresont in-
vest igation was occur; ing along, tne water line, approxi:rai-e 1y 790 feet in
elevation, which is 10 feet above the Burl ington-lannihal contact. This
is the Approximate level of water loss that has been noted in previous
years.

Since the grouting done by Laiyne and Wcsttorn had not completelIy hal ted
the water loss, and fromi the l1-resr'ni appearance. of this lost, in April , It
appears that water is movin,, iroii-d the ;vrout curia in towaZrd the interior
of thle a bu mtr and then re.a jppoat I og oni the dousI ea de. Wa te r is not
seeping tlroughi the grout curt aIin which had !been compl eLed by Lii ne -
Wes tern. Therefore, if the jrout curtain hadi bto;; extended further into the
abut-,entL toward thle west the watt r loss ighIhave been stopped. I'hlis
would have been an addtional expense which the city did not wish to under-
ta k e. On the basis of cost and present water loss conditions it was
decided that thle line of presentk water loss aIn;thle western edge0 of th10
darn be cleaned by bulldozers or 'finilar equipnent, and a cemnent apron be
poured over this area of loss. I he apron would rechl from about 5 feet
be low the present water l ine w-.hich would bo iippr .xinx;tel y 5 feet ibove the
Burl ington-Ilannibal contact, and extend upwal d above the water line to
approxirn.-tely 10 feet above the ;-one of wattor loss. It was noted that
this apron of cemient should be p ured on a comnpac ted cushion of coarse
graded, approximately 2 inch diameter, crushed rock. This rock should
contain no fine material since is purpose is to aid in free drainage of

subsurface water underneath the concrete. In addition, perforateud rein-
forcement pipes woul~d be driven vertically int.o the ground and would act. as
a stabil izing; influonct2 plus an i;id in diainfig nICCUeMUIa ted waters fromi

underneath the concrete apron. "he concrete, apron, which wouild average
ap~proximately 8 inches thick, will be reinforced by wire mnesh.

Sheet 29, Appendix B



2.

A considerabIe amount of fluoiesce In c y was poured into the water

loss holes, but the dye did not reaippear during the time of investigation

on the downstream side. Water was flowing at the rate of 150,000 gallons

per day in the downstream area of the dam frow the wes tern abutment, but

apparently this water must pond within the broken rock of the western

abutment and does not reappear downstream inr.P(dinLtely after disappearance

in the water loss holes alonp the margin of the lake near the dam and

iabutment. It is not believed that water loss occurs further upstream in the

lake area inasmuch as the original investigation indicated that the

Burlington-lHannibal contact here, as it does regionally, dovelops a perched

water table. Numerous springs occur at or above the Burlington-H1annibal

contact which reflect the ponding of the Hannibal held ground waters that

appear when this contact is cut by present drainnge channels. Therefore,

this groundwater within the basal Burlington limestone would aid in recharge

of the reservoir.

May 1, 1963

.Ta:' es IH. Williams
l;ngineering Geologist

e1
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]1Z1NFPINGC. IXO)TC RPT01T 0:1 CTTY LAKE SITI;

Pike County, 110.

1,C)PMU1: W , So~c. 20, r. 5,3 N. , R. 2 W. , r..041inq Greon flvvr.-nrle.

1cArLs Ohi theL q'2-olc.~ic t;- Ltlnyj lizvo hcef co,-.pltud on previoun cxri;ifl.2ti0113.
Teoazo altachcd for review if denii.6

Tiho leak, althiouoh soriounly affecting rosi~r,.or ntoro'3o, in not a haeird!oun
condition to theo dam structure. There in no indic,-tton from a cyoolcvgic anpict
that the darn ia being weakened by tho 1eakncjo. Ao 'ecribed previotiqly, tho leAk-
n-vje Jo connidered to bo water rivurrnt throuqh the lower portion off the TBurlin-lLon
Llru-atono. It moven through the abutment on tho west (left) nitdr of the. dart. It
dc--s not move through tho earthen dam or at the contact of thu dam andI abutment.
The examination on 17 July 1976, nhrAwod no evidnncn of nny typo of structural weak-
neo of tho dan. An could be re'cr'bered from previous exarinationq7 there in no ap-
parent increase In 1C13gO. rnthor as mentionod by V'r. Valey durinql the examination,
leakago gradually deiinishos as water level reducns.

The (vraiunl reduction in ]eaknage mr w.atnr level rrducnes in cora-on in tii!i ?se(tting.
Thie volumknu of water being lost d'.,-cronsos a io he had 1.3 le--nnend. Alno Uirj volLLmO
of water in the surroundinq bedrock in lencs duec to cessation of rainfall.

At tempts to repal r thiq! leoknlate ore dl ti rul I ThePrlIn!u -

not bro) * n hy uniform vertical anf(] horizontal fracturos. Path'-r the openitinr ;iro'random, Croutinq is ono r.' ithn'l that ii usedc to atto-nt to snl thoaaf op'2ninqj. If
the drilling efforts arc fortunate, thn grout injectoed into the drill holes will
find a bedrock opening in which water In moving. Honwever, iworo corrn occurrrjn-nn
Lirt thit such holce or at lujant nortiona of these holc-i ere mnlr nrmd during the arout-
Ing operation. since the helon do not intorconnect, it is difficult to r;iea1 all

* of them.

Plann to excavate thn nrot of the nresent lemkage and backfill with ccrient is
*the bent nlternative in thin ty!-e of a nituiation. II', oponior; the( nrca -.vro the

presenjt lea~in occurring, -t rnio direct nct:r'n to tho w.,to~r lon,) c.))oninTe shouldI be ohitijined . Thin offe-rs thto onp)ortunity topaerrcn lr~tyinto at lf-?t on

of the holes caucing leakage from the lmke. It is suqqeite 1 that tho nrout placed
be mostly a nand-cernunt mixture rather than includingl cxcns:3ive wonr. of o~oIaqgtjregiitt. Bncausa the cement will he free falling, there will he, anro#-.Anln of
tho cement from theo qritvol at lVasit in thr! bocglnninq of thn effort to sv'al thli area.
Thin ncqrcgqatior. off ccr-wnt fryi the qrival could cakvio Len:,orar-j I';c'ie TinqItemporary blockaque may 1mava tim nan,) ream1 f-a n ,rrvloli- , in seAlinq timr

tarea with qramvel anil c] ~w. fn1 %,-ill tnnr ornrily rehicc thft lehtic.bt ,o-e.r an
OAtnnflled rk. riod, the r-il 141 de-teriorat-i.
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There to no quarvntC0 thalt thin SuIVrII-tod z'wthoi Will bn totAlly nUCCUFMF~tl.
*it does havo t-hc favoratb1oi n,;pr'ct thnt a~t lopint one know,,n openinql cain Yo sealed.

There m~ay bo only one Importzlnt opening and the plurlqinq of this- hole could help
jr:nonsoly. Ufliilo it i~t 'nli!-nly thorce in only oneC pnint of wiito-r Ion', It ic
uryqcd that thr3 ntto"mt tn -il I),- r"vfn. 7Iv Irn -tlonn ar . t~hat it will at least

Dr. J. 11ndley llilliami, Chiol'
)ppliod LnTnin(cerinr7 r, tlrb~i Gology
11innouiri rcoloqjical Survny
July 25, 1975

cc: Jack~ Haley
Water Supertindcnt
City Ut-ilitiori
Sowlinq Green, ?So. 63334

1verett Blaker
N- 'Ucon I'ogional Office
P. . . Pox 489
Macon, Mo. 63552
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I
HYDIRALIS(S ANID IIYDROLO(;IC DATA

LOcsig'n Data: From ontract 1)r;iwings and Fiield Measurements.

_x e ri Cn-e Data: a lydrau I i c Des i gn computation from (has. A
Ilas ins was used to compute spi 1 Iway rat ing curve, elevation-
sur face area- storage rel at i onahi p , watershed area, etc.

We obtained some information from Mr. Jack lialey 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, caused by a roadway that passes
through the dam and some big trees, 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 (elev. 795.0).

Overtopping Potential: Flood routings were performed to determine
thc overtopping potential. Since the dam is of intermediate size
with a high hazard rating, a spillway design storm of 100 percent
Probable Maximum Flood was prescribed by the guidelines. 'he
PtF is defined as the flood discharge that may be expected from
the most severe combination of critical meteorologic and hydrolo-
gic conditions that are reasonably possible in the region. The
watershed drainage and the reservoir surface areas were obtained
from the hydraulic computation and checked by planimetering the
U.S.G.S. 15 min. Bowling Greem, Mo.-Ill. quadrangel map. The
storage volume was also obtained from the hydraulic computation.

A S min. interval unit-graph was developed for the water-
shed which resulted in a peak 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
c.f.s. Rainfall distribution for the 24 hour storm was according
to LM 1110-2-1411.

Considering all factors, the combination of dam, spillway
and storage is not sufficient to pass the IPMF 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 PMIF was routed through the spillway.
The resultant maximum pool elevation 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.

Sheet 2, Appendix C
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OV;RLP INGANAIYS I FOR BOWLING G;REEN

I NPUT A10LFRs

1. Unit ilydrograph -C SUS mens ion less - FHood llydrol"rapli
Pac kag U i FC -1 ; Oali Sa fety Version
ILas lisCd .
Hlydrauilic Inputs Arec As Follows:

a. Twentv-fonr Hour IRainfallI of 25 Inches

For 200 Square Miles, - All Season Envelope

b. ~ ~ -c =riacAe 900 Acres; = 1 .40 Sq.les

C. Travel Tillie Of RunJoff 0. 33 Ilirs. Lag Time 0. 2 lirs .

Ul. SoilI Conserva tion Sc rv ice Runo ff C;urve No. .80 (ANIC I I I

e. Proportion of Drainage Basin DImpervious 0.05

2. Spillways

a . Primar11y Spillway: Concrete Weir Trapezoidal Section

(Crest Flev. 795.0) Length = 40 ft. Side Slope 1:1 C =3.1

b . Liemrgency Spil 1 way :None

Length F Ft.; Side Slopes -- ,C = --

C. Darn1 Overflow

Length 645 Ft.; Side Slopes Vert ;C = 3.0

Note: Spillway Rating Curve Computed by Hanson Engineers.
data Provided to Computer on Y4 and Y5 Cards.

SUMMARY 01: DAM SAFETIY ANALYSIS

1. Unit Iydrograph

ja. peak - 2789 c.f.s.

b. -Time to Peak IS Min.

2. Flood Routinigs Were ComIputed b~y the Modi fied Puls Method

a. Peak Inf low (see Shieet 6 )

50'0 PINF 6,151 c.f.s. ;100%0 IIMF 12,302 c.f.s.

Sheet 3 Appendix C



'A.a xinitul Re.servoi r ElIeva tion

5 02' P,%l 80 1 . 41 10 020 IF 803. 24

c . I Io rt i o j o f * I M1: I ha t W ilIl Reach Top of Dam

45 T op of Dalni Elev. 801.0 1:t.

3. Computer fIput and Out put D~ata Sheets 5 and 6

ShI ppni
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!', G GREEN DAM (PMF)

L00f) HYDROGRAPH PACKAGE 'HEC-.f
DgM SAFETY VERSION JULY 1973t

;-AST MODIFICATION 3 AUG 78

A OVERiF-'PI 4, ANALYSIS FOR BOWLING GREE14 DAM i#4
A CO L [)E 16S Ll NAME PIKE STATE ID #10262 OWNE 1Tf' OF

A Ho N S [ NE 1 N EER S I NC ,A SAFE T Y INSPECTION #3 *0 773

4 B 300 5 0 0
5 BI 5

, J 1 3- 1

JI1 0.2 0 3 0.4 0.5 0 6 0 ,

kK, IHLO@ NYDRr, GR Pt H , ,;, 0 T T , OQ

FP 0 102 120 1 30
12 T 1-

W2 0 334 0 20
14 X 0 - 2

15 K 1 2
16 KI RESERVOIR ROUTINE BY MODIFIED PULS AT BOWLING GREEN DAM

Y I
18 YI I

I y4 7 5 796 797 793 95 00 I 0

20 Y5 0 127 368 693 1091 1560 2(196 336:
21 $S 0 1410 1638 1902 2179
22 SE 725 795 800 805 810
23 s$ 795
24 SD 301 3 0 1.5 645
25 x 99

S/
I



14 DAM (14
'2 2 L~4F * t ~ LIt GPEE N

C, cl

800 803
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E(CWLING GREEN DAM (PMF)

PEAK FLOW AND TORPCE ( END OF PER IOD 5UI .MARY FOP MULTIPLE P. N--AT 1O
FLOlS ]N CUBIC FEET PEP SEC,'IND C(UBIC MErE FR- PEP

14REA I N$ C-4UARE ,ILE,,\SQUE K]L01ETERS

R 14T I S AF L r - L. FLC.,

:F w 7 ri STATION PEH PL,- N .,0Ti [ 1 TT 1C PF p
C; 20 0 30 C.4i C, 5

H"'c , OC iPAFH AT 1 I .40 1 2460. 3691 4921 1
6J 3 6 6 7 1 C44 50 )' 1 35 34 a, 1 .4 1 7 1'

UTE E T0 2 1 4, 1 8 j 0 1 173 ?
( 6 3 22. 34 3 , 66 )( 5 05 2 ,

SU MMARY OF DAM SAFETY A N SL' SI S

PLAN I ............ INITIAL VALUE SPILLWAY CPEST

ELEVATION 795.00 79? 5 00
STORAGE 1410. 1410
OUTFLOW 0. 0

RATIO MAXIMUM MAXI MUM MAXIMUM MAXIMUM DURAT
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER

PMF W, S. ELEV OVER DAM AC-FT CFS HOUR

O. 20 798 24 0 00 1558 789 0 0
0 30 799.51 0 00 1616. 1330 0 0
0.40 800 58 0. 00 1669. 1873 0 0
0 50 801 41 0 41 1712. 2913 (1 5
0 60 B0 1 92 0 92 1740 4440 0 9
0. 70 802 35 1 35 1762. 6008 1 "
o. 80 802 61 1 69 1 780 44C 1 6
I 00 80I3 24 2 24 180C[9 990 2 9

/

- - . . . .. , .. .



'ILTIPLE P p" TI10 ECONOMC COMPUD" AT I O4

C (U IC ME -  '; E , HD

uR~kE t,.I LO

,b 4. C! L , 70 U c 0 1 00

452 1 3 7 (81 8t.11 '_ l-41 12?02

-4 0 5 C 1- 4 3 q4 )6E 348 35

. 4 s 40 C008C" 7440 0

Ct 5 1 "1 5 72 1 70 12 P 2!0 67 ( 232 87

MN SAFETY - ' I

3PILL ' 'WT TOP OF [DM
7!5 ' 801 (to

1412 1691

0 2525-

MAXI MUM DLIRATION TIKE OF TI ME OF

OUTFLOW OVER TOP MAX OUTFLOW FAILURE

CFS HOURS HOURS HOURS

80 00 16,17 0 00

13 30 0 00 16 17 0 00

18 3 0 00 16 .1 7 0 g0

'4 0 5l 16 I8 0i 00

.4 4 2 16.00 0 00
2 92 0 00

1 ,7 15.92 0 00

..,. 2 9 2 15 83 0 0
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