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SUBJECT: Lake Wauwanoka Dam Phase I Inspection Report

This report presents the results of a field inspection and an evaluation of
the Lake Wauwanoka Dam.

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

N e

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

1) Spillway will not pass 50 percent of the Probable Maximum Flood.

2) Overtopping could result in dam failure.

3) Dam fallure significantly increases the hazard to loss of life
downstream.
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PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Lake Wauwanoka Dam
State Located: Migsouri

County Located: Jefferson

Stream: Dry Creek

Date of Inspection: 27 July 1978

The Lake Wauwanoka Dam was visually inspected by engineering personnel of
the office of Horner & Shifrinm, Inc., Consulting Engineers, St. Louis, Missouri.
The purpose of the inspection was to assess the general condition of the dam
with respect to safety and, based upon this inspection and available data, de-

termine if the dam poses a hazard to human life or property.

The following summarizes the findings of the inspection and the results
of certain hydrologic/hydraulic investigations performed under the direction

of the inspection team.

Based on a visual inspection, the present general physical condition of
the dam is considered to be satisfactory; however, the following deficiencies
were noticed during the inspection and are considered to have an adverse

effect on the overall safety and future operation of the dam:

1. The ups*ream face of the dam at the waterline has a grass cover, ex-
cept for a section about 300 feet long near the center of the dam
where stone riprap has been placed to protect it from erosion. A
grass covered slope is not considered adequate to protect the slope

from erosion by wave action or from fluctuations of the water level.

2. A dense cover of vegetation that may contain animal burrows and nu-
merous small trees exist on the downstream face of the dam as well
as the area adjacent to the downstream toe of slope. Tree roots and

animal burrows can provide passageways for seepage that may develop

into a piping condition.
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3. The pipe subdrain, installed to collect seepage and located in the
area adjacent to the downstream toe of slope near the left (looking
downstream) abutment, 1s in poor condition for a portion of its
length. A section of collector pipe is lying exposed on the ground
surface. The pipe is broken with water flowing from the broken end
and ponding on the area in the vicinity of the pipe. Cattails are

present along the route of the pipe in this area.

4. The left bank (dam side) of the spillway at the lake approach chan-
nel and through the control section is protected from erosion by a
grass covered slope. A grass covered slope is not considered ade-

quate to prevent erosion of the bank by high spillway flows.

5. Numerous small trees exist in the spillway exit channel just below
the crest section. The presence of these trees will obstruct the
flow and could cause spillway discharge to overflow the channel and
flood the adjacent embankment and the area adjacent to the downstream
toe of slope. Flooding of the area adjacent to the dam may impair
the stability of the dam.

The crest of the dam was found to be approximately 1.5 feet lower at a
location near the center of the dam than the crest of the dam in the area ad-
jacent to the spillway. As a result of this low top of dam section, the
capacity of the spillway to discharge lake outflow without overtopping the dam
is reduced considerably. According to the criteria set forth in the recomm-
ended guidelines (see text) the minimum spillway design flood for this dam,
which is classified as intermediate in size and of high hazard potential, is
specified to be the Probable Maximum Flood (PMF). PMF is the flood that may
be expected from the most severe combination of critical meteorologic and
hydrologic conditions that are reasonably possible in the region. Results of
a hydrologic/hydraulic analysis indicate that the existing spillway is inade-
quate to pass lake outflow resulting from a storm of PMF magnitude. The
spillway is adequate to pass the lake outflow resulting from the 1 percent
chance (100-year frequency) flood. The existing spjllway is capable of




,

passing lake outflow corresponding to about 27 percent of the PMF. The length
of the downstream damage zone, should failure of the dam occur, is estimated
to be six miles. Within the possible damage zone are five homes and three

improved road bridges.

A review of available data did not disclose that seepage and stability
analyses of the dam were performed. This is considered a deficiency and
should be rectified.

It is recommended that the Owner take the necessary action, without

delay, to correct the safety defects and deficiencies reported herein.

QB Becker .

Albert B, Becker, Jr.
P.E. Missouri E-9168

114
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PHASE T INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

LAKE WAUWANOKA DAM - ID NO. 30080
SECTION 1 - PROJECT INFORMATION
1.1 GENERAL

a. Authority. National Dam Inspectjon Act, Public Law 92-367, dated
8 August 1972,

b. Purpose of Inspection. The purpose of this visual inspection was to

make an assessment of the general condition of the dam with respect to safety
and, based upon available data and this inspection, determine if the dam poses

a hazard to human life or property.

c. Evaluation Criteria. This evaluation was performed in accordance

with the "Phase I" investigation procedures as prescribed in "Recommended
Guidelines for Safety Inspection of Dams,' Appendix D to '"Report of the Chief
of Engineers on the National Program of Dams," dated May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The Wauwanoka Lake Dam 1is an

earthfill type embankment constructed across a narrow valley in the northeast-
ern part of the Ozarks and rising approximately 60 feet above the original
stream bed. Topography adjacent to the valley is rolling to steep. In gen-

eral, the mantle is a stoney, red clay soil overlying limestone bedrock.

Lake level 1s governed by a spillway section cut into bedrock and located
adjacent to the right (looking downstream) abutment. The control section of

the spillway consists of a concrete wall with a gated opening near its center.




Behind the spillway a trench has been excavated in rock to provide an outlet

for the release of lake water when it is necessary to lower the lake below
normal pool. Below the spillway crest the outlet channel consists of a
series of rock falls that leads to the valley floor and the original stream,
Dry Creek. An 8-inch sanitary sewer, that serves the residential development
that surrounds the lake, crosses the spillway channel (the pipe line is en-
cased in the concrete weir section) and runs parallel to the dam. The sewer
is located in the downstream slope just below the dam crest at a depth of

about 4 feet. At a point near the left abutment the sewer line turns eastward

and proceeds for about 0.3 of a mile to a treatment plant. At normal pool
elevation the lake occupies approximately 86 acres. A manually operated slide
gate, located in the concrete weir at the spillway, 1s capable of lowering the
lake about 4 feet below the normal pool level. A plan of the Lake Wauwanoka

Subdivision, showing the dam, is shown on Plate 2.

b. Location. The dam and lake are located on Dry Creek, approximately 2
miles east of Hillsboro, Missouri, in Jefferson County, as shown on the Re-
gional Vicinity Map, Plate 1. The dam is located in Section 1, Township 40
North, Range 4 East, approximately 2 miles southeast of the intersection of

State Highway 21 and State Route A.

c. Size Classification. The size classification, based on the height of

the dam and storage capacity, is categorized as intermediate. (Per Table 1,

Recommended Guidelines for Safety Inspection of Dams.)

d. Hazard Classification. Lake Wauwannka Dam, according to the St.

Louis District, Corps of Engineers, has a high hazard potential, meaning that
if the dam should fail, there may be loss of 1life, serious damage to homes,
extensive agricultural, industrial and commercial facilities, important public
utilities, main highways, or railroads. The estimated flood damage zone,
should failure of the dam occur, as determined by the St. Louis District,

extends six miles downstream of the dam. Within the possible damage zone are

five homes and three improved road bridges.




e. Ownership. The lake and dam are owned by Lake Wauwanoka, Inc., a
corporation comprised of approximately 100 members who are property owners at
Lake Wauwanoka. The remaining property owners, about 290 in number, are not
members of the corporation. The current chairman of the corporation, Mr. John
F. Buehler, resides at Lake Wauwanoka and the address is Route 5, Box 199,
Hillsboro, Missouri, 63050.

f. Purpose of Dam. The dam impounds water for recreational use by the

surrounding residential property owners.

g. Design and Construction History. The dam was constructed sometime

during the early 1940's. Based on the report by Brucker & Thacker on the in-
vestigations of subsurface conditions (see Charts 2-1 thru 2-9), the builder
of the dam was a Mr. Schielly from Kansas City, Missouri. Mr. Schielly's

present location and status are unknown.

In 1967 the firm of Brucker & Thacker, Consulting Engineers, Brentwood,
Missouri, was retained to investigate the cause of lake water leaking through
the dam and to make recommendations for sealing the dam to prevent the loss of
water. At that time, the lake was estimated to be losing water at a rate of
about 5 million gallons per day (3,500+ gpm). According to the Owner's rep-
resentative, earlier attempts to seal the leak by pressure grouting the sus-
pected permeable areas with asphalt were unsuccessful. Subsequently, under
the direction of Brucker & Thacker, a grouting program was undertaken and the
loss of water from the lake was virtually halted. At present, measurement of

lake seepage appears to be on the order of 4 gpm.

According to the Owner's representative, a sanitary sewer system serving
the homes that surround the lake was designed by Mr. John C. Pritchard, now
deceased, and installed about 1953. The Owner's representative reports that
there have been no serious maintenance problems associated with the sewer

system since its construction approximately 25 years ago.




In 1976, the Owner improved the spillway by constructing a new concrete

welr section across the channel. A slide gate was installed in the weir for

the purpose of partially dewatering the lake.

In 1976, the Owner installed a subdrain system to collect and drain seep-
age that appeared in the vicinity of the left (looking downstream) abutment.
The owner has also installed an aeration system in the lake for the purpose of
controlling aquatic vegetation, and at least one pond for the purpose of pre-
venting silt from washing into the lake. At present there is also a program
underway to place stone riprap across the upstream face of the dam in order to

prevent erosion.

h. Normal Operational Procedure. The lake level is unregulated.

1.3 PERTINENT DATA

a. Drainage Area. The area tributary to the lake, with the exception of

the residential property surrounding the lake and the eastern suburbs of the
City of Hillsboro, is undeveloped with a portion covered by timber and the re-
mainder used for agricultural purposes. The watershed above the dam amounts

to approximately 1,320 acres. The watershed area is outlined on Plate 1.

b. Discharge at Damsite.

(1) Estimated known maximum flood at damsite ... 300 cfs(l)

(2) Spillway capacity ... 2,000 cfs

¢. Elevation (ft. above MSL). The top of the concrete weir at the cen-

ter of the gate, located at the spillway control section, was assumed to be
elevation 612, the basis for this assumption being the elevation for the lake

surface shown on the 1960 DeSoto, Missouri, Quadrangle Map, 7.5 minute series.

(1) Discharge value over the spillway computed for water surface at elevation
613.5, the high lake level since completion of new weir in 1976 as reported
by a representative of the Owner 1living adjacent to the lake.




(1) Top of dam ... 616.6 (min.)
(2) Normal pool (spillway crest) ... 612.0
(3) Streambed at centerline of dam ... 557+

(4) Maximum tailwater ... Unknown

d. Reservoir.
(1) Length at normal pool (elevatton 612.0) ... 5,100 ft.
{2) Length at maximum pool (elevation 616.6) ... 5,400 ft.

e. Storage.
(1) Normal pool ... 2,370 ac.ft.

(2) Top of dam (incremental) ... 430 ac.ft.

f. Reservoir Surface.

(1) Top of dam ... 99 acres
(2) Normal pool ... 86 acres

g. Dam.
(1) Type ... Earthfill, clay core(l)
(2) Length ... 1,045 ft.
(3) Height ... 60 ft.
(4) Top width ... 14 ft.
(5) Side slopes

a. Upstream ... lv on 3h

b. Downstream ... lv on 2h
(6) Cutoff ... Clay core(l)
(7) Slope protection

a. Upstream ... Grass, riprap (at center)

b. Downstream ... Grass

h. Spillway.
(1) Type ... Concrete, unregulated

(2) Length of weir ... 53 ft.

; — o P e Prosm— —— ] g S L] [ ] L] ] _—— —

(1) According to quotation appearing in report by Brucker & Thacker, Consulting
Engineers.




(3)
%)
(5)
(6)

(D
(2)
(3)
(4)
(5

Crest elevation ... 612.0
Approach channel ... Lake
Control section ... Rock cut

Exit channel ... Rock falls

Gate for Lake Drawdown.

Type ... Slide, stainless steel
Operation ... Manual

Size ... 24-inch wide by 30-inch high
Invert elevation ... 608.0+

Location ... Spillway weir, 20 ft. from left end of weir




SECTION 2 - ENGINEERING DATA

2.1 DESIGN

With the exception of the profile and cross sections of the dam as indi-
cated in paragraph 2.2, no engineering data relating to the design of the dam,
the hydrology of the watershed, or the hydraulics of the spillway are known to

exist.

2.2 CONSTRUCTION

The dam was constructed sometime during the early 1940's. According to
drawings provided by the Owner, a profile, showing the dam crest and the
original ground line and cross sections of the embankment, at selected inte-
rvals of about 100 feet on centers, were developed by the designer for use in
constructing the dam. A review of these drawings indicated the planned top
width to be 14 feet, the upstream slope ratio to be lv on 3h, the downstream
slope ratio to be 1lv on 2h, and the maximum height of dam at the centerline of
the structure to be about 60 feet. Fill quantities were also indicated on the
sections. Elevations were based on an arbitrary datum and not related to

U.5.6.S. datum.

2.3 OPERATION

The lake level is governed by overflow of an uncontrolled concrete weir
type spillway. A representative of the Owner reported that a fence crossing
the spillway control section, to prevent fish from being washed from the lake,
was removed several years ago after experiencing a flood that nearly over-
topped the dam because debris accumulated on the fence restricting spillway

discharge and creating backwater that raised the lake level.
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Since removal of the fence across the spillway the maximum known loading

on the dam, according to a resident 1living adjacent to the lake, was a storm

that produced a rise of about 18 inches above normal pool level.

In 1967 the firm of Brucker & Thacker, Consulting Engineers, investigated
the source of a leak that was occurring at a point near the center of the dam.
Three test holes (TH-1, TH-2 and TH-3) were drilled along the downstream toe
of slope and a fourth hole (TH-4) was drilled at the crest near the center of
the dam for the purpose of determining subsurface conditions. The locations
of these test holes are shown in plan on Plate 3 and the boring logs are shown
on Plate 5. Geophysical investigations using electrical resistivity were also
performed to aid in evaluating the subsurface conditions in order to detect
the source of the leak. The geophysical investigations were performed by Dr.
Richard D. Rechtein, Geophysical Consultant, Rolla, Missouri, for Brucker &
Thacker. A profile of the dam showing the location of the resistivity test
points and Test Holes 1, 2, and 3 1s shown on Plate 4. A subsurface profile
based on an interpretation of the resistivity tests correlated with the test
borings is shown on Plate 8. Based on these subsurface conditions, it was
concluded that a highly permeable material (gravel) existed in the vicinity of
Test Point G-4, or about 350 feet north of the spillway. A plan for sealing
the area of the dam where the zone of permeable material was detected was pre-
pared by Brucker & Thacker and, shortly thereafter (about September of 1967),
a program of pressure grouting the area was carried out. The plan location of
grout holes and quantities of grout injected into these holes is shown on
Plates 6 and 7, respectively. A report prepared by Brucker & Thacker concern-
ing their investigations and conclusions is included on Charts 2-1 through
2-9. A report (letter) by Dr. Rechtein covering the initial geophysical
investigations performed under his direction is presented on Charts 2-10
through 2-12. A follow-up geophysical investigation, reference Charts 2-13
and 2-14, was also performed by Dr. Rechtein during October of 1967 after
completion of the grouting program. A subsurface profile on the upstream side
of the dam and an electrical resistivity depth profile based on this study are
presented on Plate 9. This investigation indicated that, in the locations

tested along the upstream face of the dam, there were no regions of signifi-

cant seepage.




2.4 EVALUATION }

a. Availability. Engineering data for assessing the design of the dam

and spillway were not available.

b. Adequacy. No design data available. Seepage and stability analyses
comparable to the requirements of the ''Recommended Guidelines for Safety In-

spection of Dams" were not available, which is considered a deficiency. These

ey Gy SEE N W e

seepage and stability analyses should be performed for appropriate loading

conditions and made a matter of record.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the dam and spillway was made by
Horner & Shifrin engineering personnel on 27 July 1978. Also inspected was
the area downstream from the dam including the various road stream crossings
between the dam and Joachim Creek. Photographs of the dam and spillway, taken
at the time of the inspection, are included on Pages A-1 through A-4 of the
Appendix.

b. Dam. The visible portions of the upstream and downstream slopes (see
Photos 1 and 2) of the dam appeared to be in satisfactory condition, although
numerous small trees and dense vegetation were present on the downstream face
as well as the area adjacent to the dam. Riprap, consisting of crushed lime-
stone rock about 2- to 3-inches in size, serves to protect the upstream face
of the dam above and below the normal waterline across a section of the dam
near the center. The remainder of the upstream face above the waterline is
grass covered. No slides, sloughing, or cracking of the embankment was no-
ticed. No holes or animal burrows were noticed in the dam slope or elsewhere.
However, due to the dense vegetation covering the downstream face, it could

not be concluded that none exist.

A broken subdrain pipe (see Photo 3), located in the area adjacent to the
downstream toe of slope near the left abutment, was allowing seepage water to
escape and pond (see Photo 5) in the vicinity of the break. The ground in the
area along the route of the subdrain was noticeably soft and wet with cattails
(see Photo 6) growing in several locations. It could not be determined if all
of the flow escaping the broken pipe was recollected by the subdrain. At the
outlet end of the collector pipe (see Photo 4) the flow was measured to be

about 4 gpm,

10
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The ground surface in the area adjacent to the downstream toe of slope at
a point about 350 feet north of the spillway was covered with asphalt over an
area totaling approximately 400 square feet. This asphalt is believed to be
part of the bituminous materfal used for grouting during June and July of
1967, when an attempt was made to prevent loss of water from the lake by

sealing the permeable zone in this vicinity of the dam with asphalt.

Three sanitary sewer manholes, one at each end and one near the center of
the dam, are present on the downstream face just below the dam crest. Heavy
concrete slabs without access 1lids cover the manholes and prevented inspection

of the interior.

The elevation of the dam crest, as determined by survey, was found to be
approximately 1.5 feet lower across the central area of the dam than the top
of dam in the area adjacent to the spillway. A plot of the 1967 Brucker &
Thacker survey data also indicated the top of the dam to be 1.5 feet lower at
a location near the center than the top of the dam in the area near the spill-
way. Due to the fact that the two surveys (1967 and 1978) were made using
different elevation datum, exact correlation of the top of dam levels, in
order to determine interim settlement, could not be made. A profile of the
dam crest centerline extending through the spillway section, based on survey

data obtained during the ingpection, is shown on Plate 9.

c. Spillway. The concrete spillway weir (see Photo 7) and stainless
steel slide gate appeared to be in good condition. No deterioration of the
concrete due to weathering or damage from ice was noticed. At the time of the
inspection, the lake level was about 0.1 foot above the weir at the gate loca-
tion. The flow passing the weir was concentrated in a trench cut in the rock
(l1imestone) floor of the control section. The trench was found to be approx-
imately 6 feet wide, 4 feet deep, and 120 feet long at the control section.

The gate at the concrete weir is located in lime with the trench. Through the
control section, the right bank is in rock cut while the left bank, dam, (see
Photo 7) consists of earthfill with a turf cover. The exit channel immediately

below the control section consists of a series of rock falls with numerous

'-———'--'-ll----——-—--.--_._._ﬁ




small trees (see Photo 8) growing In several locations. A profile of the
spillway channel from the weir to a point downstream of the control section is

shown on Plate 9.

d. Downstream Channel. The downstream channel is unimproved. Dry Creek

joins Little Creek about 2 miles below the dam and Little Creek joins Joachim

Creek about 6 miles below the dam. i

e. Reservoir. The area surrounding the lake is nearly entirely occupied
by homes and other improvements. Concrete walls serve to protect the shore

iine at many locations. A beach for swimming is located at the upstream end

of the lake. An aeration system for controlling aquatic growth, consisting of
four small electrically operated compressors with plastic tubing air lines
that distribute air to various areas of the lake, is located about the lake.

A small pond, located just upstream of a cove on the north side of the lake,

serves to prevent siltation of this arm of the lake. According to a repre-

e Y e

sentative of the Owner, there is no appreciable sediment within the lake at

the present time.

3.2 EVALUATION

The deficiencies observed during this inspection are not consldered sig-

nificant to warrant immediate remedial action.




SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The spillway is uncontrolled. The water surface level is governed by
rainfall runoff, evaporation, seepage, and the capacity of the uncontrolled

spillway.

4.2 MAINTENANCE OF DAM AND SPILLWAY

According to the Owner's representative, the grass on the dam crest and
the upstream face of the dam is mowad frequently throughout the growing sea-
son. Riprap, consisting of 2- to 3- inch size limestone, is periodically
being placed across the upstream face of the dam and, to date, about 30 per-
cent of the dam has been covered. Vegetation on the downstream slope and the
area adjacent to the toe of dam is sprayed yearly to control weed growth. The
entire downstream area was cleared of trees and brush in 1976. The Owner's
representative reported that the dam has been seeded with K-31 Fescue grass on

several occasions and that the grass covered areas are fertilized once a year.

The subdrain system located near the left abutment was installed in 1976
in an attempt to drain and dry out the swampy areas below the north end of the
dam. Further, the Owner's representative reported that when the lake was
lowered about 3.5 feet in 1977, the rate of flow as measured at the outlet end

of the subdrain pipe was reduced from approximately 3.6 gpm to 1.5 gpm.

A new concrete weir, including a gate to partially dewater the lake, was
installed across the spillway in 1976 replacing a deteriorated concrete and

masonry Structure.
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An inspection of the dam was made by the Soil Conservation Service (SCS)
in 1974, This inspection indicated the existence of many minor deficiencies.
These deficiencles, along with recommendations for remedial work to resolve
these problems, are presented in their letter of 12 April 1974 and are in-

cluded herein as reference Charts 4-1 through 4-3.

4.3 MAINTENANCE OF OUTLET OPERATING FACILITIES

No spillway control facilities exist at this dam, with the exception of
the 24~inch wide by 30-inch high slide gate located at the spillway weir and
used to partially dewater the lake. Since this gate 1s fabricated of stain-

less steel, little maintenance is required.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The inspection did not reveal the existence of a dam failure warning

system.

4.5 EVALUATION

Based on the general condition of the dam and spillway, as well as the
interest and concern shown by the Owner's representative in charge of dam
maintenance, it is evident that the dam and appurtenant structures are, for
the most part, well maintained. It is recommended, however, that the grass
and vegetation on the downstream slope be cut periodically during the growing

season.

14
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Design data is not available.

b. Experience Data. The drainage area and lake surface area were meas-

ured from the USGS DeSoto, Missouri, Quadrangle Map. The proportions and
dimensions of the spillway and dam were determined by surveys made during the

inspection.

¢. Visual Observations.

(1) The concrete welr spillway crest and the excavated rock outlet chan-
nel and rock falls are in good conditfon. Numerous small trees exist in some

areas of the exit channel.

(2) A 2-foot wide by 3-foot high stainless steel slide gate in the con-
crete welr section and an excavated trench, 6+ feet wide by 4+ feet high,
through the rock outlet channel section are provided to partially dewater (to
elevation 608.0+) the lake.

(3) The spillway and outlet channel are located in the right abutment of
the dam. Spillway releases within the capacity of the spillway section will

not endanger the integrity of the dam.

d. Overtopping Potential. The spillway section is not adequate to pass

the probable maximum flood or the 1/2 probable maximum flood, but will pass
the 1 percent chance (100-year frequency) flood without overtnpping the dam.

The results of a dam overtopping analysis are as follows:




Max imum Duration of
Q - Peak Depth of Flow Overtopping
Outflow Max. Lake Water Over Dam of Dam
Ratio of PMF (cfs) Surface Elevation (Elev. 616.6) (Hours)
0.27 2,000 616.6 0 0
0.50 6, 500 618.5 1.9 2.9
1.0 17,300 620.3 3.7 5.9
100-Year Flood 1,540 615.9 0 0

The flow safely passing the spillway just prior to overtopplng amounts to
about 2,000 cfs, which 1s the outflow corresponding to about 27 percent of the
probable maximum flood inflow and exceeds the outflow from the 1 percent

chance (100-year frequency) flood.

Procedures and data for determining the probable maximum flood, the 100~
year frequency flood, and the discharge rating curve for flow over the spill-
way and the dam crest are presented on Pages B-1 and B-2 of the Appendix. A
listing of the HEC-1DB input data is shown on Pages B-3 through B-5 of the
Appendix.

16
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations which adversely affect the

structural stability of the dam are discussed in Section 3, paragraph 3.1b.

b. Design and Construction Data. No design and construction data relat-

ing to the structural stability of the dam are known to exist.

c. Operating Records. No appurtenant structures or facilities requiring

operation exist at this dam. The Owner has monitored seepage (flow rate meas-
ured at outlet of subdrain pipe) since installation of the collector pipe in
1976, and has also determined the relative elevations of the dam and spillway
crests by survey. Measured seepage as indicated was found to be on the order
of 3.6 gpm with the lake at normal pool level, and the dam crest was deter-
mined to be lower at the center than at the south (spillway) or north ends.

Both determinations were verified at the time of the visual inspection.

d. Post Construction Changes. With the exceptions of the grouting done

in 1967 under the direction of Brucker & Thacker, Consulting Engineers, the
sanitary sewer installed in the downstream slope just below the crest and par-
alleling the dam, and the subdrain installed in the area below the dam near
the left abutment, no post construction changes were made which could affect

the structural stability of the dam, according to the Owner's representative.

e. Seismic Stability. Since the dam is located within a Zone II seismic
probability area, an earthquake of the magnitude predicted is not expected to
produce a hazardous condition to the dam, provided that static stability con-

ditions are satisfactory and conventional safety margins exist.

17




SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. A hydraulic analysis indicated the spillway to be capable of
passing lake outflow of about 2,000 cfs without the level of the lake exceed-
ing the low point in the dam. A hydrologic analysis of the lake watershed
area, as discussed in Section 5, indicated that for storm runoff of probable
maximum flood magnitude the lake outflow would be on the order of 17,300 cfs,
and for the 1 percent chance (100-year frequency) flood the lake outflow would
be approximately 1,540 cfs.

No stability or seepage analyses of the dam, nor hydraulic analyses of

the spillway, are known to exist.

b. Adequacy of Information. Due to the lack of sufficient detail engi-

neering design and construction data, the assessments reported herein were
based largely on external conditions as determined during the visual inspec-
tion. The data and reports prepared by Brucker & Thacker, Consulting Engi-
neers, and by Dr. Rechtien, Geophysical Consultant, were used in evaluating
the condition of the dam with regard to seepage. Those recommendations with
regard to the hydrology of the watershed and the capacity of the spillway were
based on a hydraulic/hydrologic study. Seepage and stability analyses cowmpar-
able to the requirements of the "Recommended Guidelines for Safety Inspection

of Dams" were not available, which is considered a deficiency.
c. Urgency. The items concerning the safety of the dam noted in para-
graph 7.la and the remedial measures recommended in paragraph 7.2 should be

accomplished in the near future.

d. Necessity for Phase II. Basged on the results of the Phase I inspec-

tion, a Phase IT investigation is not recommended.

18
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e. Selsmi. Stability. Since the dam is located within a Zone I1 seismic

probability area, aa earthquake of the magnitude predicted is not expected to
produce a hazardous ccndition to the dam, provided that static stability con-

ditions are satisfactory and conventional safety margins exist.

7.2 REMEDIAL MEASURES

a. Recommendations. The following actions are recommended:

(1) Based upon criteria set forth in the recommended guidelines, alter-~
ations to the design of the dam should be made in order to pass lake outflow
resulting from a storm of probable maximum flood magnitude. It is recommended,
in any event, that the low area located near the center of the dam be raised

so that it does not govern spillway capacity.

(2) Obtain the necessary soil data and perform stability and seepage
analyses in order to determine the structural stability of the dam for all
operational conditions. Seepage and stability analyses should be performed by

a professional engineer experlenced in the design and construction of dams.

b. O & M Maintenance and Procedures. The following O & M maintenance

and procedures are recommended:

(1) Provide slope protection across the remaining portions of the up-
stream face of the dam above and below the normal waterline in order to pre-
vent erosion by wave action or fluctuation in lake level. 1If stone riprap is
to be used, it is recommended that the smaller (2- to 3-inch size) stonc be
covered with a layer of larger size stone in order to insure stability of the

smaller size course.

(2) Remove the small trees and dense vegetation from the downstream face

and the area adjacent to the dam. The existing turf cover should be restored

19
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if destroyed or missing. Maintain the turf cover on the slope and below the
dam at a height that will not hinder inspection or harbor burrowing animals.
Voids created by burrowing animals and tree roots can provide pathways for

seepage and the possibility of piping.

(3) Restore the pipe subdrain located in the area adjacent to and below
the left abutment in order to prevent loss of water from the collector pipe
and subsequent softening of the ground in the vicinity of the pipe. Wet, soft
ground can impair the stability of the dam. The collector pipe should be in-

stalled such that it is not subject to damage by maintenance equipment.

(4) Provide some form of slope protection at the left bank of the spill-
way in the area adjacent to the dam. Lake outflow corresponding to the recom-
mended spillway design flood or lesser floods could severely erode this grass

covered bank.

(5) Remove the trees from the spillway exit channel section in order to
allow flow to reach the downstream channel unrestricted. Restricting spillway
discharge can result in flooding of the area adjacent to the downstream toe of

dam and conditions detrimental to the stability of the embankment.

(6) A detailed inspection of the dam should be instituted on a regular
basis by an engineer experienced in the design and construction of earthfill
type dams. It is also recommended, for future reference, that records be kept

of all inspections and remedial measures.
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(braft copy of report prepared by Brucker & Thacker, Consulting Engineers,
about August 1967. Copy re-typed by Horner & Shifrin in order to improve
legibility. Final report unavailable at this time.)

Investigation of Subsurface Conditions

LAKE WAUWANOKA
HILLSBORO, MISSOURI

Lake Wauwanoka approximately one and one-half miles east of
Hillsboro in Jefferson County, Missouri, was built in the early
1940's. When full, the lake has an area of approximately 92 acres
and a watershed of approximately 1350 acres giving a watershed to
lake ratio of approximately 14-1/2:1. The dam was built across a
branch of Dry Creek by Mr. Schielly of Kansas City, Missouri,
who was referred to in older correspondence as 'the engineer who
laid out the original project at our lake.'" Most of the information
concerning the preliminary planning, construction details and plans
has been furnished by older residents at Lake Wauwanoka.

This office was retained by Lake Wauwanoka, Inc., to investi-
gate the source of leakage beneath the dam at Lake Wauwanoka and to
make recommendations for corrective work. Verbal discussions held
with various lot owners and others associated with Lake Wauwanoka
at various meetings indicated a divergence of views as to the
original construction and a of XXXXXXXXXXX written records.
The earliest information of a written nature was a letter X of
June 1952 written by Mr. Dierkes, a member of the board of
directors of Lake Wauwanoka, of which the following is a partial
quote outlining the beginnings of the dam construction as counted
by Mr. Dierkes from information he was able gather at that time.

"When the dam was built, the contractor cleared all earth
and gravel from the site to solid limestone even to the extent
that the surface was swept clean with brooms. However, on the

south side about 250 feet from the spillway they encountered a

Chart 2-1




of sandstone of brownish color about 3 feet deep and 40 to 50 feet
in length which he XXX stated was removed and a facing of rock and
concrete was placed on both sides. The key and core of the dam
were then built of good, clean clay and the dam completed having
a 3 to 1 slope on the water side and a 2 to 1 XX slope on the lower
side. Since the leak is in evidence in that portion of the structure
he feels that possibly a leak may have developed through this
point.”

The only other written information and records that could
be obtained were a cross section along the centerline of the
dam which was furnished by Barney Schubel and several logs
furnished by Walter Freuler covering generalized logs of some of
the holes which were pumped with asphalt during the period of
June 12, 1967 through July 26,

Investigative Program

Because of lack of information with regard to investigative
work construction and remedial work down the dam this office
recommended that topography be prepared of the dam area before
investigative work was started so as to have some base map on
which to plot and evaluate information. This work was completed
in the vicinity of the dam.

Core Drilling

Four test holes were drilled with a truck-mounted continuous
flight auger rig compable of coring rock. The first three test
holes were drilled on the downstream face of the dam at the
locations shown on Figure 1. These test holes were drilled
beneath the ground surface until approximately 30 feet of good

rock had been encountered. In addition, a fourth test hole was

Chart 2-2




drilled along the centerline of the dam through the core and

extended a total depth of approximately 110 to 118 feet. This

test hole was drilled in an area XXX through which previous
information had indicated a likelihood of water entering the dam

and also to get information on the core of the dam itself. Although
these test holes were widely scattered, they were to serve as
controls for geophysical work which was also planned. Logs of

the test holes showing the nature and thicknesses of the various
rock types encountered and the percent of core recovery are shown

on Figure __ . In addition, photographs of the cores are shown
on Figures 3-1 through 3-4.

3. Geophysical Investigation

Geophysical work using electrical resistivity was performed
along the downstream face of the dam XX in a line with the three
test holes previously drilled. Vertical profiles were run at
12 locations along the downstream face of the dam. These locations
are numbered G-1 through G-12 and were carried where possible to
depths of 60 feet. 1In addition, two horizontal resistivity profiles
were taken along the base of the dam at intervals of 5 feet. The
depths of these horilzontal profiles were 15 and 20 feet respectively.
These profiles were employed to determine any horizontal discontinuity
of the rock structure at these depths. In general, the rock to the
north of the leak in the dam consisted of relatively sound bedrock
XXXXX consisting of several uniform layers of limestone overlain
by approximately 12 feet of overburden. Similar information and
rock structures were found on the south edge of the dam between
geophysical stations G-1 through G-3. However, between G-3 and
the leak the type of data obtained was very eratic suggesting

a highly permeable material probably gravel. The interpretation

S i A § TP g (e
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from the geophysical data is shown on Figure . Additional

geophysical inveastigative work was attempted approximately halfway
up of the downstream face of the dam but the presence of asphalt
completed prevented any readings based upon electrical resistivity.
Because of the riprap on the upstream face of the dam, no electrical
resistivity work was attempted in this area nor on top of the dam
XXX since the depths were becoming increasingly large.

Leakage Beneath the Dam

Since our initial observation of the dam on July 31, 1967,
it appears that the rate of loss of water has been roughly constant.
It has been estimated to be on the nature of 5 to 5 million gallons
a day although to our knowledge no actual measurements of the rate
have made. A minor amount of sluffing of the embankment has
occurred on the downstream source of the dam adjacent to the
leak, exposing thin layers of sand and gravel in the embankment
at this point. The diameter of the hole is approximately 12 to
15 feet. Water appears to be rising vertically through the gravel
which is in a quick condition and frequently the force of the
water is sufficient to break the surface of the pool. The gravel
at the points of water escape is at a constant state of agitation
and asphalt can be observed escaping in the stream which flows
away from the dam. At all times of our observation, the water
is relatively clean indicating little or no loss of soil and
thus implying that the water is being XX filtered through gravel
fracture or porous limestone and not causing or allowing any loss

of soil.
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Investigation

The investigative work performed under supervision of this
office consisted primarily of core drilling and geophysical work.

Three test holes were drilled along the downstream slope of
the dam. The locations of these test holes are shown on Figure 1.
Test Holes 1 and 3 were carried approximately 30 feet into solid i
rock where core recovery was good to excellent. These cores
indicated that there was little likelihood of loss of water at
either of these two points. Test Hole 2 was drilled immediately
south of the leak in the downstream slope of the dam. Rock

was encountered at approximately 20 feet below the surface and

the cores show a high degree of fractured limestone.

A fourth test hole was drilled from the crest of the dam.
This test hole was drilled in an area where considerable holes
had been previously drilled and into which asphalt had been
pumped. The purpose of drilling this hole was to verify the
nacture and consistency of the material in the dam and core and
also to check to see whether or not the asphalt grouting had
been effective {n this arca as well as to check for similarity
in rock conditions. The rock cores encountered in this test
hole were comparable to those In Test Hole 2 which consisted
of fractured limestone. Some asphalt was also encountered of
a relatively minor nature as shown on the logs.

The following of avenues of corrective work were explored
standpipe over the leak.

STANDPIPE OVER THE LEAK

This idea was initially suggested when information
available to us indicated that rock was probably 8 to 11

feet beneath the ground surface where the leak 1s occurring and
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{ because we had heard that higher leakage from this point

had always been fairly well concentrated in a small area.

[P

The use of the standpipe over the leak had been
suggested in conjunction with pressure grouting of the
voids through which the water was percolating. This
idea sound from an engineering standpoint appeared to
have too many difficulties associated with it. These
consisted of the following. Test Hole 2 indicated that
rock good sound rock was approximately 23 feet below the

surface below this point. One of the contractors

who previously worked in this area indicated the large

boulders the size of half a cubic yard or more had been
pushed into the area where the leak is occurring
and had sunk out of site due to the "quick" condition.
As a result, excavation down to the rock would have been
far in excess of what had originally been anticipated
and the possibility of sinking a casson-type structure
into the gravel which is in a "quick" condition indicated
the likelihood of poor or no success due to the presence
of large boulders on top of the rock on which the casson
structure might easily become hung and a good seal
between the casson and the rock being prevented.
A MEMBRANE OVER THE LAKE BOTTOM:

Although this was never seriously considered by this
office due to the relatively high cost, approximately

$1.00 per square yard for material alone, this possibility

was rejected on two accounts: (1) information available
indicated that during the excavation for the lake the soil

cover which was originally thin in its natural condition had

been removed down to gravel or shattered rock.




PRESSURE GROUTING:

Although the pressure grouting was part of the original
idea in conjunction with the standpipe, the primary purpose
of the standpipe was to prevent the escape of the water
and also to slow the water down sufficiently so that grouting

could be more easily undertaken.
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26 August, 1967

TO: Brucker & Thacker
1045 S, Brentwood Bivd,
Richmond helghts (7, Mo,

FROM: Dr, Rlchard D, Rechtlien
Geophysical Consultant
4 Crestview Ave,
Roilla, Missouri

SUBJECT: Report of the Geophysical investigation of the Lake
Wauwanoka Dam, Hlllsboro, Missourl

INVESTIGATION OBJECTIVE:

The purpose of the Investigation was to determine the condltion of
the subsurtace material underiying the Lake Wauwanoka Dam In an effort
to detect the polint, or points, of water leakage beneath the dam,

FIELD INVESTIGATION:

The electrical reslistivity method was emploved to investigate the
subsurface, Fleld work was conducted on the 21, 22 and 25th of August,
1967,

Vortical profile data was taken at twelve locations ajong the base
of the dam, These locatlons are shown In Flgure |, Where possible, data
was taken to depths of L0 feet,

Two horizontal resistivity proflies were taken atong the base of
the dam at Intervals of 5 feet, The depths of Investigation were {5 and
20 teet respectively, These profliles were taken to determine any
horlzontal discontinulity In the rock structure at these depths,

RESULTS:

The results of this Investigation are summarized In Figure |, This
figure Is a diract overlay of the dam proflie figure supplied by G, Brucker,
The actual resistivity data Is not presented as it would be quite
meaningless to the untrained eye, This data, however, |s avallable upon
request,

The resistivity data was correlated with core data taken In three
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arl!lt holos, The locatlion of theso hoios aro also shown In the flgure,

The reslistivity data taken at test polnts G=-7 through G- 2 was
unlform and correiation of the substrata from ons test nolnt to another
was relatively stralghtforward, The data taken in thls raglon showed
a3 sequence of level, unlform |ayars of |Imostone overlaln by 12 feet
of overburden, The electrical reslstivity data of G-7 through G-I
Indlcated that the Iimestone layers In thls reglon were sllightly mora
weathared than In the viclnlty of G-12 and consequentiy had a slightly
higher pormeablilty than normal, The electrical resistivity of the
overburden was [ndicative of a compacted clay with soma sand and gravol,

The data from G-! and G-2 and the shaliow data from G-3 correlated
well wlth the core data and with the geophysical data from G-7 through
G-12, The 12 foot depth intertace, however, was not detected at test
polnts G-2 through G-6, Bedrock was detected at G-2 and G-3 at a
depth of 13,5 teat reiative to ground level at these polnts,

The measurements taken at test polints G<5 and G-6 were restricted
to depths of 35 and 25 feet respectively due to requirements of electrode
separation and the proximity of the water outflow at the base of the dam,
The data taken at these test polnts and the data from G-4 and the deeper
data from G-3 showed qulite dlfferent results than from the other test
points and dld not correlate with the other geophysical data, In
reference to.the figure, the data from G-5 and G-6 and from the horlzontal
protliing showed a discontinuity In the shallow lImestone layers and
bedrock was found at a depth of 30 and 20 feet respecti{vely, The
bedrock here was overiain by two distingulishable lavers of a well
compacted clay-type materlal,

The data at 5-4 was taken to » denth cf 34 teet, The data here
was very erratic and was Indicative of a clay-type materlal down to
a depth of |5 feet and underialin by gravel, #edrock for thls test
pcint was not clearly discernible, but Indlications ware that |t may be
located between 33-35 feat In depth,

The deeper data from G-3 complimonted that from G-4, Indicating the
oresence of a gravel at depths betwsen 2! and 34 feot, below whlich
1+ appeared that solld rock agaln exlsted,

CONCLUS 10N

in view of the electrical reslistivity and core data, a subsurface
condition summarized by Flgure | |s concluded, These data strongly
suggest the presence of a highly permeable material, probably gravel,

In the viclnity ot test polnt G-4, |t |Is most probable that the deposit
Is the remains of the old creek bed, The extent of thls depos!t In

a direction paraliel to the dam does not probably exceed a dlstance of
45 teet and Is most probably ..-* dosper than a depth of 35 feet relative
to ground levei at G-4,

The resistivity measurements at G-4 showed the hlighest permeablilty
of all measurements In the area, Also, the avaliable data from holes
previously driiled Indicated thet most of the asphalt was injected Into
the dam at a considerable distance north of G-4, which could possibly
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explain lts tallyre to plug the lesk,

This data, of course, represents the sub-structure at the tos of
the dam, As to the course of tha gravel deposit beneath the dam one
k cannot conclude trom this daste,

\

Rhand 5 feen bier

) Richard 0. Rechtlen ;
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TO: Brucker & Thacker
Consulting Enginecers
1045 S, Brentwood hHlvd,
Richmond Eeights 17, Missouri

FPOM: Dr. Richard D, Recntien
Geoohysical Consul%ant
U Crestvied Ave,
Rolla, Missouri 65401

S UBJECT: REPORT OF GLOPHYSICAL “TUDIE: O
LAKE “AUVANOKA DAY, HILLSHORO

INVESTIGATION OBJECTIVE:

After sealing of the leak in the Lak2
Septenmber, additional geophysical studies
upstream face of the dam, which had been &
investigation, The purpoae of tho sresent
horizontal discontinuity in the rock struc

3

dam,

FIZLD INVESTIGATION:

resistivity methel was
ubhsurface, F‘nlﬂ COYK WA

2, waich was aﬁrroxlﬁa:elv cons
your survey. ine interval hetioon

reliative %o vour drawinre,
O

in turn would indicate a possible avenue of

18 correspending to the ircn staxe su=waved at anprav

19 October 1967

UTHD UPSTREA!N SIDE OF
HISSOURI

“auwanaka D=zm In late
were requested on the
ccessible in the previous
tudy was to detect any
ure underlying the upstream
of high Derwﬂabx‘lt/ which

r leakane beneath the

2

uad to

Cata was taren %o dapthe of 73
acints GlS and 524, whnere the denths
feet respectively., The 5 foot re-tn
satisfactory determination of holrrck enn“iviens,
ALEULTS:

“he results of this investiratirn ars surrarizeld In Figures 1 and 2,
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igure 1 is a direct overlcowr of the dam =rnfile *
by G, brucker. This figure oresents the prafile of
rock skructure as interpreted “rom the 4ata,

The ov**bu“dcn—bed*ock internace o d
10 feet at station GZ8 cn the north ond of ¢
in elevaticn to approximatel 20 ¢
again detected at 20 feet in énnt
southward, Between staticn G115
a depth of 20 feet was indicated
line), however: the data was st
t2 reach a definite cenclusins

At a depth cf 24 feet, ‘or
resistivity variation was detocze?
reck layver underlving the dam alon~
nrofiles were terminated at thin ol
from test points GlS awd G2

layers was obtaine

survey. The no*i:ontn
variations and indi
electrical proverti

Figure 2 shows
resistivity of the
eilectrical res
perneabilitv a
higher anparent ele
compared to that at
with depth.

The low point
and moisture con

<
-
whe und:

Tace and cecreased
Hodeese wasg

e
w
=
Foe
<

8]
[
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Y]
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1

T ) H
towever, this variatioe » - o di
tie shalliew rocx lavers at thesze peints as shewn In Fidura 1, where a
! has = the hirch stive *ock ~1vnrs.

lower resistive soil ! o hi
There is no indication here ta:t a kicher
persists in this area at depths greate

CONCLUSIONS:

Both Figures 1 an? 2 indicate the nrosense of the old strean
chann2l in the vicinity of test ponint 115, Houawver *he total variation
in electrical resistivits across the 4em faze doaos ant indicate *he
oresence of a pessible avenue ¢f leaka-e, The un‘e-lvinrs ro=bs on

£ avs 1o e oin much bettes canditian

the upstrean sidz of the dam anm»
|4

than these oun tnhe tack aide,
The results of this inva-tisatian I~ not shew ane re~ions of
sirnificant seesara, -

, . 3
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Richard T, Pazihtien
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UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
1021 North Kirkwood Hoad, Kirkwood, Wlasourl #3120

Aoril 12, 1974

Mr, Ceorge Kristof
3852 Virginia
St. Louis, Missouri

Dear Mr, Kristof:

Tollowing is my report of recommended solutions tn the problems I sur-
veved with vou on April 9th concerning the lake Wauwanoka develooment
area,

The present dam shows some wave action damave on the uopper side, 1If
the water line 13 to be maintained at its present level I would suggest
some additional rock rip-rapping which should extend approximatelyv one
(1) foot above your permanent water line, Tnere is some wave action
damare along the shore line, however, this 15 not showins evidence of
creating a serious nroblem at this time, It would he beneficlal to
rip-rap these areas or bulld a rock retainine wall like some of the
other land owners have done to vrotect the shore line, There 15 some
minor damage on the back side of the dam that needs reseedins where
motor blkes have been using the area as a path, Pathways on the back
side should be prohibited vecause they tend to k111 the grass and with
the bare soil exposed the water would concentrate in that area and a
serious erosion problem could occur, These areas need to be torn up
and reseeded as soon as possible before some erosion does start,

The brush on the back side of the dam should be eliminated, Where you
have sprayved, it appears like the brush is dead, You may want to try
burning the dead debris that is present and reseed the back of the
dam with K31 fescue - about 100 1bs, You may not get much germination
at this time of the year by bdroadcasting it in the heavy mulch cover
that vou have, I would recommend broadcasting more seed during the
months of January and February to try to improve the stand of grass.
You can also spris some crown vetch on the bhack side, If you do not
jesire to sprig the entire area at one time you can start a small
mitch and then use this as a source for future sprigs,

There la some seepase evident on the back tow of the fill, however,

it doesn*t appear to be serious at this time, If vou desire this could
be intercepted and dried up with an underepround prrforated pipe laid
along the back side of your dam. This woull also tend to dry un the
proposed location of road alone the back side of the dam, Il a road

13 installed back there I think some tyne of :dralnage pipe is needed

to vermit a solld base for a rowthed, The emervency snillwav i bullt
on solld rock and does not appear to be creatinrs much damace, I would
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Mr. fleorge Kristof Fage 2

caution you to be aware of any erosion activiiy alonis the banks of the
svillway and if some should occur then this needs to be rip-rapped with
heavy rock to protect the banks from cavins off,

A concrete box could be installed in the solllwav to nermit you to regu-
late the flow of water and for this 1 would request our ensineer to pro-
vide a design for vou, T would not recommen! anv blasting in that

area because this could vossibly cause a flasure in the rock and open

uc another crack that would permii ailitionil ceepase from the pond,

4 small pond could b constructed in the viilliev btelow Liw present lake
and this could be used as a rearin:, poni or “ish vroiuctior. 1 would
recomrenl that all of the area beliow btiw lake Y arod for recreation
tvoe of activity. 0 permanent honer snould e eonstructel in the flood
pialn below the dam because of the posaible loszs of 1ife 17 the dam
should fail,

The road surrounding the lake is located 1derally to serve as a diversion
around the lake to intercept the hillside water and to help reduce sil-
tation to the lake, The road ditch on Lhv upper side of the road needs
to be cleaned out and maintained so it will act as a diversion. The
road ditch needs to have positive dralnase so it doesn't hold water that
would saturate your roadbed and which, In turn, would break the road up
by creating soft road conditions,

The miin areas to watch from this road are the culverts under the rnad
and where they empty into the natural drainase ditches on the lower
side of the road. These could become active but at the present time
thev are on rock and do not appear to be real active, A rock dam could
be built across these small drainasge ditches to slow the water down and
to collect silt, This rock dam should be about three (3) feet high,

It can be placed in the dltch with the base atout four (4) foot wide
and tapering at the top to approximately two (2) feet in width, The
center of the rock dam needs to be lower than the two ends to permit
the water to go over the rock and not around Lhe end of the dam, These
could be placed reriodically throurthout all of the drainare ditches
that +vou have,

Tne soringy, alons Hiillsboro Creeck coul! nrobably Y eleired out to in=-
crease 1ts flow althoush it isn't assurei tie Tlow will b irncreased by
cleaning 1t out but it does show evilence of tnne 511t tnildise up

arous 1 the point where the apring Is tryire te serr ont and 1t 1s forcling
some water out In a different 1ncation 30 {t »1v e nonsible that LIF

some 0f this silt is cleaned out the syprine mav flow Leavier,

There 1s another scenic svring on uv the creek about 4 nile that has a
rock wall around it that could be cleanel out ardl retmilt which would
serve as a nice scenic development area, a bird sanctuary, and a plenic
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area established there If the people in the develor«ent oo destred,

1 observed a pfitzer in the south slde of Lae otrole Lhat 1o guite old
and has lost its lower 1imbs, 1L mav b estethle Lo resove (L and re-
vlant with a new one to maintain the Ywaunty of the avea, 3-ome of the
pine trees at the entrance way show sore f'roct 1oiwe, I “he huds

are dead, that tip of the branch will vob coatiru Lo rrow, althonsh af-
ter a bit of time the other limbs will rrecabiv T101 aroemd L, 1 do not

think that the trees will die from the lirat {roct damase, They are
retting to be a larie size and are blockines the view as you enter the
lake development, Dome interest was shows in removime these and plant-
ing some more of smaller size. If this 1s done ] would recommend the
trees be planted in a wider smacing so when they do mature vou will not
be confronted with the same oroblem azain,

There has been a new pond constructed on the northeast fork which is
across vour provertv line, This pond 1s servine as a silt basin for
vou and 1t 1s a good practice to build these on draws above your estab-
lishment although this pond has no »ire in it to handle the excess
drainage it is receiving and the spillway mav tend to wash out, If this
happens he will need to repair the spillwav or he may wish to install a
pipe. Overall your drainage into the lake is of an excellent nature,

It i1s predominantly woodland with a good leaf mulch cover and underbrush
that 1s protectingz the land and is not producins mich silt, as is evi-
dent by loocking in the coves and the other drainarse ditches roing into
the lake, There is a small area on the ton of the ridee as you enter
the lake that is seeded in rood fescue, There 15 not an excessive
amount of erosion and 1 would not anticinate anv as lons as the land

1s ured as it is at rresent,

The timber that vou propose to cut wlll nrobatly result in some damare
because of the necessity to bulld a lorrine trail to the area, 1 would
recommend that all the disturbed area bhe immedfately seeded with perennial
rve and K31 fescue to vrovide a aquick cnver 4o hrlo reduce anv siltation
ol the area,

The major stream comine from the west into tiee iave does not show much
activitv cutting from the banks, There i1s some minor eroslon in the
curves of this creek, these need to be witched ant 1€ they continue to

e active then these curves should = rio-rauiv ! with heavy rock, There
was one point In the curve where the creck water wis jumoln~ out of its
bank at Tlood time and is runnin~ down the dirt road creaiing quite a
scour problem, The low spot in the crerk on thw east bank should be
f1lled up to eliminate the water jumping out of itz bank at that location,

I1f 1 can be of any further assistance to vou please feel free to call,

Sincerely,

S

R{chard L, McMillen~y7 -
Nistrict Conservatitnist Chart 4-3
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HYDROLOGIC COMPUTATIONS

1. The HEC~1 Dam Safety Version (July 1978) program was used to develop
inflow and outflow hydrographs and dam overtopping analyses, with hydrologic

inputs as follows:

a. Probable maximum precipitation (200 sq. mile, 24-hour value equals
25.7 inches) from Hydrometeorological Report No. 33. One hundred year fre-
quency (one square mile precipitation, 24-hour value equals 7.22 inches) from

U.S. Weather Bureau Technical Paper No. 40.

b. Drainage area = 2.06 square miles

= 1,320 acres

¢. SCS parameters
Lag time = 0.25 hours
Soil type CN = 91

2. The spillway section consists of a broad-crested, approximately U-

shaped concrete and rock section for which conventional weir formulas do not

apply.

Spillway release rates were determined as follows:

(1) Spillway crest section properties (area, a and top width, t)

were computed for various depths, d.

(2) 1t was assumed that flow leaving the spillway crest would occur
at critical depth. Flow at critical depth (Q.) was computed as
Qe = (a3 g)o'5 for the various depth, d.
t

Corresponding velocities (v.) and velocity heads (H,.) were

determined using conventional formulas.




(3) Static lake levels corresponding to the various Qc values passing
‘ over the spillway were computed as critical depths plus critical
velocity head (d. + H,.), and the relationship between lake level
and spilllway discharge was thus obtained. The procedure neglects
the minor insignificant friction losses across the length of the

spillway.

3. The profile of the dam crest is irregular and flow over the dam crest

cannot be determined by conventional weir formulas. Flow quantities overtop-
ping the dam crest were computed as described in the preceding paragraph and
corresponding flow over the dam and spillway for given elevations were added
to obtain the combined outflow rating curve for the dam and spillway. This
rating curve is shown on Plate 10. The inflow and outflow hydrographs for the

PMF are shown on Plate 11.
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