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"Section I
Hydraulic and Hydrologic
Appendix
Reelfoot Lake Feasibility Report

TOPIC A~-INTRODUCTION

This section presents climatalogical, hydrologic and hydraulic
data and assumptions applicable to the development of water
resource alternatives for the Reelfoot Lake Drainage Basin.

The technical activities included in this appendix are related
to the development and feasibility of improvements or modifications
to existing features in the vicinity of Reelfoot Lake. The primary
areas of concern were related to flood control, sediment control,
water quality, water supply, fish and wildlife preservation and
enhancement, recreation, regional development and allied purposes.

Investigations related to alternatives which addressed the
above mentioned areas were conducted during the period 1985 to
1988. The results of these investigations were presented in a
report entitled, "Reelfoot  Lake, Tennessee and Kentucky,
Reconnaissance  Report," dated May 1988. A subsequent
investigation, initiated in November 1992, resulted in a report
entitled "Reelfcoot Lake, Tennessee and Kentucky, Reconnaissance
Report" dated November 1993. That investigation :s the foundation
for the present feasibility report. This repou:-t represents an
update of the previous investigations along with additional
features to further meet study objectives.

TOPIC B-REELFOOT LAKE ALTERNATE SPILLWAY

1-01. Description of Drainage Basin

The Reelfoot Lake Drainage Basin covers approximately 240
square miles in northwestern Tennessee, Lake and Obion Counties. A
relatively small portion of the northern end of the lake lies in
Fulton County, KY. The main body of the lake extends southward
from Kentucky and is approximately 4 1/2 miles at its greatest
width. The lake has a mean depth of 5.2 feet, = surface area of
approximately 24.2 square miles, and a volume of approximately
80,300 acre-ft at a normal pool elevation of 282.2 feet National
Geodetic Vertical Datum (NGVD). Reelfoot Lake lies within the
Mississippi Embayment Section of the Gulf Coa:tal Plain. The
Reelfoot Lake Basin is characterized by several physiographic
features including the Mississippi River and floodplain,




Tiptonville Dome, a bluff line which bisects the basin along a
northeast-southwest axis, and the uplands east of the bluffs.

Reelfoot Lake has three major tributaries, Reelfoot Creek,
Indian Creek, and Bayou du Chien (Running Slough); and one major
outlet, Running Reelfoot Bayou. Surface outflow from Reelfoot Lake
is regulated by a low-head spillway with gates (including a radial
arm gate), with the discharge being a function of lake elevation
and tailwater depth. The lowest the lake could be drawn with the
present spillway structure is elevation 276.4 feet NGVD which would
leave a surface area of approximately 8.3 square miles, a volume of
approximately 19,700 acre-ft, and a mean depth of approximately 3.7
feet. Location maps of the Reelfoot Lake area are shown on Plates
1 and 2.

1-02. Climatology

a. Climate. The climate of the area ‘»ay generally be
classified as mild. The National Weather Service records at Union
City and Samburg Wildlife Refuge, Tennessee, reveal that average
monthly temperatures in the area range from 34 degrees Fahrenheit
in January to 78 degrees Fahrenheit in July. The maximum observed
temperature was 105 degrees Fahrenheit and the minimum was minus 19
degrees Fahrenheit.

b. Precipitation. Annual precipitation varies from 28 to 77
inches with a normal over the area of about 51 inches. The
heaviest rainfall generally occurs in the period from March through
May. : '

C. Storms. Selected major storms recorded at the Samburg
Wildlife Refuge, Tennessee, station from the period 1956-1996 are
shown below:

TABLE 1

SELECTED STORMS

MAXIMUM ACCUMULATED RAINFALL (inchas)

Month Year 1-Day 2-Day 3-Day 4-Day 5-Day 6-Day Tlay
May 1957 3.75 5.45 5.50 5.50 8 19 8.24 8.24
Nov 1957 4.40 4.75 4.75 4.75 5.88 8.73 9.08
Jul 1972 5.12 7.52 7.52 7.52 ".52 7.52 7.52
Apr 1973 3.54 4.04 5.18 6.37 6.87 8.01 8.27
May 1973 4.41 4.70 4.71 4.71 4.71 4.81 6.16
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TABLE 1 (con't)

Nov 1973 4.68 5.42 5.58 6.48 7.93 8.56 8.5
Mar 1975 4.68 6.34 6.54 6.68 6.68 6.95 7.09
Dec 1978 4.13 4.94 5.48 5.48 6.72 9.77 10.31
Apr 1979 2.90 4.90 4.90 5.60 5.60 5.60 5.60
Dec 1982 3.20 4.98 5.47 5.47 5 47 5.47 5.47
May 1983 5.00 5.21 5.21 6.96 5.96 6.96 9.5%6
Oct 1984 4.25 4.25 4.25 4.3% 4.44 4.87 5.20
Nov 1988 0.50 1.00 1.00 5.80 £.10 8.20 8.20
Feb 1989 3.80 5.00 8.10 . B.10 5.10 8.10 8.10
Dec 1890 0.70 0.90 3.10 4.40 4.40 4.40 9.10
Jul 1996 0.10 0.10 1.30 3.30 €6.20 6.20 6.20

d. Winds and Growing Season. The prevailing winds are from
the southwest. The growing season has a length of approximately 7
months, from May through November.

1-03. Stream Flow Data

The United States Geological Survey has published records on
Reelfoot Lake near Tiptonville, Tennessee; Running Reelfoot Bayou
near Owl City, Tennessee; North Reelfoot Creek at. State Highway 22
near Clayton, Tennessee; South Reelfoot Creek near Clayton,
Tennessee; and Running Slough near Ledford, Kentucky. Periods of
record for all the above stations, except Reszlfoot Lake near
Tiptonville, Tennessee, are less than 10 years. There are 47 years
of record for Reelfoot Lake stages.

The highest elevation recorded on the Reelfoot Lake Gage was
285.94 feet NGVD on 31 May 1957, and the lowes: was 279.76 feet
NGVD on 20-21 November 1953. The maximum and minimum annual stages
at the Reelfoot Lake gage from 1953 to 1997 are shown in Table 2.

Maximum recorded discharge and stage for Running Reelfoot
Bayou near Owl City, Tennessee, are as follows: 2400 cfs at a
stage (elevation) of 18.25 ft (283.21 NGVD) on 21 Feb 1989.

TABLE 2

MAXIMUM AND MINIMUM OBSERVED ANNUAL STAGES - REELFOOT LAKE

Year Maximum Minimum

1953 283.60 279.76
54 282.57 280.13
55 | 283.03 280.83
56 284 .22 280.84
57 285.94 280.84
58 285.10 . 281.68




TARLE 2 (con't)

59 285.02 281.90
60 282.92 ‘ 281.14
61 282.90 281.30
62 283.54 281.66
63 282.78 280.72
64 283.40 280.86
65 283.44 281.46
66 284 .46 281.44
67 283.36 281.66
68 283.06 281.40
69 283.42 281.14
70 283.30 281.96
71 283.30 282.10
72 283.76 281.86
73 285.56%* 281.56
74 283.55 282.01
75 285.16 282.04
76 283.16 281.56
77 282.75 281.51
78 * * 281.46
79 ' 284.62 281.38
80 282.96 280.76
81 283.06 280.64
82 282.78 281.27
83 284.74 280.79
84 283.74 280.38
85 283.79 279 .81*%%%*
86 283.33 280.82
87 283.06 280.65
88 283.44 * %
89 285.06 * %
S0 284 .28 281.15
91 284.11 281.35
92 283.17 281.70
93 283.69 281.890
94 283.40 281.4¢6
S5 283.28 281.81
96 283.39 . 282.14
97 284.27 281.97
* Highest Recorded for year; no record 27 Apr - 10 May.
* % Record incomplete for maximum stage.

*** Occurred during attempted TWRA drawdown.

Note: Stages in feet NGVD.




1-04. Methodology

During the development of the 1988 and 1993 Reconnaissance
Reports, Hydrologic and Hydraulic models were developed for various
features under investigation. The current updated efforts utilized
these models along with models developed for the additional
features investigated. The following paragraphs present the
methodology, assumptions and design criteria for each feature
investigated.

1-05. Existing Conditions-Reelfoot Lake, Spillway &
Outlet

a. HEC-1 Flood Hydrograph Package. The development of the
lake stage frequency and spillway discharge freguency curves was
accomplished by utilizing the HEC-1 Flood Hydrograph Package. The
drainage area was divided into 113 subareas. A synthetic unit
hydrograph was developed for each subarea. Hypothetical rainfall
was applied to the synthetic unit hydrograph to develop a flood
hydrograph for the subarea. In order to develop composite
hydrographs at all pertinent points, the flood hydrographs were
combined and routed using the modified Puls method of stream flow
routing.

b. Rainfall. Rainfall data from the NWS Technical Papers No.
40 and No. 49 were used in the development of the synthetic storms.
These data were adjusted from partial duration series to annual
series. The rainfall was divided into 2-hour intervals to provide
adequate definition of the runoff hydrographs for individual
subareas. A total duration of ten days was chosen for the hypo-
thetical storms because of the basin's long time of concentration.
The HEC-1 model was executed using the precipitation depth-area
relationship simulation, which interpolates a hydrograph at each
computation point based on a rainfall depth consistent with the
drainage area at that point.

c. Unit Hydrograph Parameters. The study area was divided
into 113 subareas with an average subarea size of 1.65 square
miles. Synthetic unit hydrograph parameters were developed for

each subarea wusing Snyder's Unit hydrograph relationships.

Coefficients required in Snyder's relations wvaried depending on
individual drainage basin characteristics. The criteria used to
select C, and C, values were developed during a previous analysis
of several gaged basins in the Memphis District. A relationship
was developed between C, and weighted stream slop2 and is shown on
Plate 3. Snyder's lag time, t,, was calculated for each subarea
from measured values of L and L. based on weighted stream slope.
Values of C, were found to vary from 0.5 for flat land to 0.65 for




hilly land in the gaged basins. Subareas which contained urban
development were adjusted to reflect the accelerated runoff
associated with urban areas. The percent of urbanization was
obtained by measuring the urban area and then adjusting the unit
hydrograph parameter t, by using the following relation:

Cp

1 + %urban
100

This relation is based on the assumption that maximum urbanization
will result in a 50% reduction in the time to peak of a subarea
hydrograph. A summary of the unit hydrograph parameters is shown
on Plates 4 through 7. The calculated values of t, and selected
values of C, for each subarea were used in the HEC-1 model.

d. Hydrograph Construction for the Lake. A hydrograph for
the lake was input directly into the model by converting point
rainfall to discharge. A partial-to-annual series conversion was
made using partial duration to equivalent annual series conversion
factors given in TP-40. This point rainfall was then adjusted to
the area of the drainage basin using the following equation:

FACTOR = 1-BV*(1- EXP(-.015*AREA))

where FACTOR is the coefficient to adjust point rainfall, BV is the
maximum reduction of point rainfall (from Table 3.4 of the HEC-1
Flood Hydrograph Package Users Manual), and AREA is the drainage
area in square miles. Incremental precipitation was computed and
rearranged to develop the hydrograph. The rainfall depths were
converted to discharge based on a lake area of 23.2 square miles
and this discharge hydrograph was input directly into the model.
Zero losses were assumed for the lake.

e. Spillway Discharge. The existing spillway configuration
for Reelfoot Lake is shown on Plate 8. The following equation for
computing discharge over a weilr was used to «uantify spillway
outflow for various water surface elevations:

Q0 = CLH3?
where
discharge in cfs
discharge coefficient (2.63)
length of weir in feet
head over weir in feet

mEQo

The flow through the radial arm gate was computed separately using
the above equation and then added to the spillway outflow for a
total outflow. When operated the radial arm gate is fully opened
and flow conditions reflect those of a broad crested weir. Stage
(elevation) and discharge frequency curves for the existing
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spillway for various starting pool levels are shown on Plates 9 and
10 respectively. Existing storage relationship is shown on Plate
11.

f. Calibration. Because of the short period of record for
the streamflow stations within the Reelfoot Lake Basin, the HEC-1
model was calibrated by comparing predicted lake stages with
observed lake stages. A period of 41 years (1953-1993) was used in
a frequency analysis of observed maximum annual lake stages. The
observed 1lake elevations versus probability of occurrence are
plotted in the curve shown on Plate 12. Loss rates and the lake
stage-outflow relationship were adjusted to achieve calibration.

The predicted lake elevations show close correlation with the
observed frequency analysis (Plate 12). Initial loss rates varied
from 0 to 1.0 inch and uniform loss rates varied from 0 to 0.1
in/hr.

g. Reelfoot Take Outlet. Outflows from Reelfoot Lake are
conveyed by Running Reelfoot Bayou (RRB). Existing condition
flowlines were developed for RRB utilizing the HEC-2 Watexr Surface
Profile program. Geometric input data was based on surveyed
channel cross sections which were extended into the overbank using
1:24000 gquadrangle maps of the area. Channel and overbank
roughness values were based on visual inspection of the channel and
~ overbank areas. The roughness values selected for RRB ranged from
0.045 to 0.075 for the channel and 0.07 to 0.125 for overbank
areas.

Starting water surface elevations for the flowline
computations were based on hydraulic data developed on the Obion
River for General Design Memorandum Supplement for the West
Tennessee Tributaries Project (July 1983). Flows for the HEC-2
model were based on spillway outflows computed by the HEC-1 model
along with the intervening drainage area runoff between the
spillway and the mouth of RRB. The intervening drainage runcff was
computed using regression equations developed by the USGS for the
West Tennessee area. This method of developing channel discharge
results in the most conservative estimate of discharge downstream
of the lake since the peak discharges computed for the intervening
areas were added to the peak outflows from the spillway. The
backwater model was not calibrated due to insufficient gage data
for RRB.

h. Future Conditions. Changes in land use and urbanization
were determined to be hydrologically insignificant over the project
life. Therefore, future conditions with and without project were
assumed to be identical to existing conditions with and without

project.




1-06. Alternate Spillway Design Criteria

The design of the existing spillway is such that a very narrow
range of acceptable water level management options is available
with the structure. This prevents adjustment of the spillway
operation to offset the slowly increasing flood damages resulting
from the deposition of sediment in the flood storage zone of the
lake. In addition to the design limitations of the structure, the
normal aging process in combination with underseepage has resulted
in differential settlement, cracking and leakage of the structure.
This deterioration is jeopardizing the structure s existing water
level management capability.

a. Previous Studies. The alternate spillway design considered
in the 1988 Reconnaissance Study was to be located east of the
existing structure. This structure was to consist of four 11-foot
by '40-foot drum gates, 8000 feet of outlet channel to connect the
spillway to Running Reelfoot Bayou, and vegetative clearing with
selective cleanout on Running Reelfoot Bayou to the Obion River.
The 1993 Reconnaissance Study consisted of a structure with 8
tainter gates which were 20 feet in width. The existing structure
was to be reinforced and used as an overflow spillway. The
proposed structure was east of the existing structure with
approximately 6000 feet of outlet channel.

b. Current Study. As part of the current update of the
Reelfoot Feasibility Study, the design of the alternate spillway
structure was revised. The revisions included the use of sluice
gates in lieu of the previously recommended drum and tainter gates.
Sluice gates were recommended over tainter gates since they were
more economical and required less maintenance. The new structure
will provide the capability for a program of dynamic water level
fluctuation combined with periodic major drawdowns.

The feasibility level requires an optimization process be
conducted in order to select the location of the alternate spillway
site. Several locations were examined and the selected location of
the structure was in an area west of the existing spillway. This
new location was chosen after a constru-tibility and/or
environmental problem was cited for the area in the previous
reconnaissance reports. Since the recommended structure will
possess the capability to pass similar flows, the existing
structure will be filled in and abandoned as an outlet for Reelfoot
Lake. The final criteria for design of the structure is as
follows:

(1) Maintain normal pool elevation 282 2 NGVD.

(2) Provide seasonal fluctuation capaoilities between
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elevation 284 NGVD and elevation 280 NGVD.

(3) Conduct periodic major drawdown (every 5-10 years) to
elevations ranging from 274.2 NGVD to 278.0 NGVD. Drawdown depths
will be based on TWRA desired surface water area.

(4) Drawdown to occur in a 30 to 45 day period during the
time frame June 1 - July 15, followed by at least 120 days of
drying with refilling to start by 15 November.

(5) Following a drawdown, the lake will be gradually
refilled and held at an elevation of 283.2 NGVD until June 1 of the
following year.

C. Structure size. Three different structural sizes were
examined 1in an effort to optimize. These sizes consisted of
structures with clear openings of 120, 140 and 160 feet. The
individual sluice gate dimension for each bay remained 12 foot tall
by 20 foot wide for each alternative. The recommended plan
consists of the 120-foot structure. Plates 13 and 14 show the
location deemed the most feasible location for the new structure.

1-07. Alternate Spillway Hydraulic Analysis

The previous reconnaissance structure was used for the
preliminary design in an effort to meet the required lake drawdown
and to comply with hydraulic design criteria. This structure
consisted of eight 20-foot vertical 1lift gates, seven 4-foot wide
piers, and two 4-foot wide spillway abutments. Final details of
structural design were conducted by Memphis District Corps of
Engineers Structural Engineering Section. Based on the drawdown
criteria, the discharges are limited to approximately 1,200 cfs,
which is bankfull capacity for Running Reelfoot Bayou. A rating
curve was developed to show a relationship between discharge and
tailwater elevation. This rating curve and the target discharge
are shown on Plate 15. At this discharge, the lake level would be
drawn down to the spillway crest elevation at 274.2 NGVD within 45
days and the tailwater elevation would not exceed bank elevation at
280.0 NGVD.

Additional alternatives of six 20-foot gates and seven 20-foot
gates were then analyzed to optimize the drawdown capability with
the number of gates. As stated earlier, the recommended spillway
was the six gated structure and is shown on Plat:s 16 and 17.

Additional runoff such as base flow or excess rainfall was not
included in the necessary volume to evacuate. Tie results of the
drawdown routings for the 120-foot structure are vhown on Plate 18.




1-08. Spillway Flow Conditions During Drawdown

The new spillway is considered to be a low head spillway with
a net head at normal pool of only 7.8 feet. Due to the small
differential in head, the tailwater conditions will affect lake
releases. Gate opening sequences were established to simulate the
lake drawdown with consideration to downstream conditions. The
number of gates and gate openings were correlated to maintain
bankfull discharges on Running Reelfoot Bayou or approximately
1,200 cfs. Weir and orifice flow conditions, which were affected
by outlet channel depths, were corrected for submergence. The
initial discharges were computed using free orifice and submerged
orifice equations as presented in EM-1110-2-1603 "Hydraulic Design
of Spillways" and EM-1110-2-1605 "Design of Navigation Dams".

Q = CA (2gh) *?

where

discharge in cfs

discharge coefficient

area of gate opening in square feet
available head at the gate in feet
acceleration of gravity in ft/sec/sec

e P a0
oo

Weir flow conditions over the ogee crest spillway were
evaluated by the following relationship:

Q = CLu *¥?

where

discharge in cfs
discharge coefficient
length of weir in feet
head over weir in feet

o e

0o

The submerged weir equation was not used unzil all gates were
out of the water. The gates were kept in the watexr to maintain the
target discharge until the pool elevation equaied the tailwater
elevation, at which time all gates would be lift=d completely out
of the water. At this point the flow is submerged weir flow. The
gate opening sequences and subsequent discharge through six 20-foot
vertical lift gates for the drawdown of Reelfoot Lake can be found
on Plate 19.

The spillway configuration will include sbutments of some

type, and include intermediate piers dependent on the number of
gates/bay. The abutment and number of piers reduces the length of
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the spillway as computed using the equation below from EM 1110-2-
1603:

Le =L - 2 (n Kp + Ka) He

where
Le = effective crest length in feet
L = net length of crest, gross length - width of piers
in feet
n number of piers

Kp pier contraction coefficient
Ka = abutment contraction coefficient
He = total specific energy above the crest in feet

The discharge coefficient of the free orifice condition was
estimated at 0.7. It was derived by using methods described in the
Hydraulic Design Criteria (HDC), Sheet 320-1. Coefficients of
discharge for the submerged orifice flow conditions were computed
by using an equation from the HDC 512-1. The discharge coefficient
of the submerged weir flow was adjusted using a relationship
developed in "Handboock of Hydraulics" by King and Brater.

1-09. Spillway Crest Shape

The shape of the crest was designed based on hydraulic design
criteria in Engineering Manual (EM) 1110-2-1605 'Hydraulic Design
of Navigation Dams". For a net head of less than 20 feet, the
minimum radius connecting the upstream face with the horizontal
portion of the broad-crested weir is 3 feet. According to the
engineering manual, the length of the horizontzl crest from the
upstream face to the beginning of downstream fate is 110 percent
() of the net head on the crest. Since the net head is 7.8 feet,
assuming a crest elevation of 274.2 NGVD, the width of the broad-
crested weir was approximated at 8.5 feet. Additional width was
added to provide sufficient spacing for stoplogs. The total width
of the broad-crested weir was estimated at 19 feet. The downstream
face of the spillway will follow a trajectory governed by X*=40Y.
The variable x 1is measured horizontally to the right - and the
variable y is measured vertically downward from the spillway crest.
This shape was chosen to minimize the negative pressures against
the downstream face of the spillway.

1-10. Stilling Basin
The entire range of gate operations was explored to determine

the length of basin necessary to dissipate enurgy. The final
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stilling basin was sized to control the discharge for the worst
case scenario, which are the gates open to one foot, with a
resulting velocity of 14.9 fps. As the tailwater conditions
increase, this results in a reduction in head, spillway flows, and
velocities. ,

Froude numbers for the discharges for this structure vary from
a value of F=1.5 for the 100 year flow to a maximum of F=5.13 for
the initial gate opening of 1 foot. The energy dissipater was
designed for a Froude number ranging from 2.5 to 4.5 and was
checked for flows with Froude numbers in the range of 1.5 to 2.5.
Further examination revealed the tailwater rating curve is always
higher than the hydraulic jump rating curve (theoretical D2) so the
jump will be forced upstream and drowned out, becoming a submerged
jump.

The USBR STILLING BASIN IV (U. S. Bureau of Reclamation
Engineering Nomograph No. 25) was used, without the chute blocks.
The high tailwater conditions below this structure, in excess of
twice the depth of the jump, will sufficiently drown out the jump
and eliminate the need for floor blocks. The marimum basin length
needed to contain the jump will be 28 feet.

1-11. 1Inlet Channel Design

, While the desired drawdown elevation is 274.2 NGVD, it was
requested to also investigate crest elevations of 273.0 NGVD, 272.0
NGVD and 271.0 NGVD in an effort to optimize the structure using
the smallest spillway possible. This required investigating four
different channels, one for each sill elevation. Upon further
investigation it was determined there was no advantage to lowering
the sill crest elevation, so additional inlet channel alternatives
were not investigated. An approach depth of five feet was
recommended for the inlet channel, so a 140-foot bottom width
channel at an elevation of 269.2 NGVD was added to the HEC-2 model
to check for erosive velocities and the need for »iprap. The model
showed no velocities in excess of 2 fps so riprap would not be
needed in the inlet channel except in the vicinity of the
structure.

1-12. oOutlet Channel Design

An HEC-2 model was prepared for the new channel starting at

mile 17.8 of Running Reelfoot Bayou. A 140-foot bottom width
channel with 3H to 1V side slopes was used to match the 140 feet
total structural width. The water surface elevations at mile
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19.124 (the downstream end of the sill), were used as the tailwater
conditions for the spillway design. Although channel velocities
were minor (less than 2 FPS), turbulent conditions downstream of
the structure required a 100 foot riprap blanket. Plates 20 and 21
show a layout of downstream channel protection.

1-13. Induced Damages

Although the structure's main purpose is to drawdown lake
levels in a specified time period, a hydraulic analysis was
conducted to ensure the proposed structure possessed the capability
to evacuate frequency storm events of the same magnitude as the
existing stoplog structure. With the correct operation, the
structure will not induce damages upstream around the lake or
downstream in Running Reelfoot Bayou over damages presently
experienced. The downstream base condition was established by
developing an elevation versus discharge relationship on Running
Reelfoot Bayou using HEC-2. This relationship determined necessary
gate openings for a given pool level to maintain acceptable
releases by the structure.

As shown on Plate 10, the 500 year storm event on a normal
pool elevation of approximately elevation 282.2 NGVD produced a
discharge of 4900 cfs. The analysis revealed six gates opened 9.0
feet will maintain this discharge. The frequency storms (1.05- to
500-year) were routed through Reelfoot Lake and the proposed 120
foot structure for pool levels ranging from 282 NGVD to 284 NGVD
(reference Plates 9 and 10). The 500 year flood was also selected
as the Inflow Design Flood (IDF). The IDF governs final structural

dimensions and is discussed later in paragraph 1-23.

Topic C-Lake Isom Refuge

1-14. Lake Isom Existing Conditions

The Lake Isom Refuge is located downstrean of the Reelfoot
Lake area as shown on Plates 22 and 23. It is formed by a low area
west of Running Reelfoot Bayou (RRB), an earc-hen dam on the
southern end and excavated material from the enlargement of RRB on
the east. Pertinent existing data i1s shown Table 3.
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Table 3

Lake Isom Existing Pertinent Data

Normal Pool Elevation: 280.0 NGVD
Max Stop Log Elevation: 280.4 NGVD
Outlet Structure Upstream Invert: 274.8 NGVD
Outlet Structure Downstream Invert: 272.4 NGVD
Outlet Structure Weir Length: 5.0 feet
Earthen Spillway Width: 90 feet
Earthen Spillway Elevation: 280.4 NGVD (low point)
Length of Dam: 1225 feet
Dam Elevation: 282.8 NGVD - 284 NGVD
Dam Crown Width: 10 feet
Surface Area at Normal Pool: 1100 acres
Storage at Normal Pool: 2750 ac-ft
An HEC-1 model of the watershed above the Lake Isom Dam
embankment was developed. Frequency rainfall events were applied
to the watershed and then routed through tle 1lake area and
embankment structures. The storage relationship is shown on Plate
24. Results of the routings for the 100 year flood are shown in
Table 4.

Table 4

100-Year Existing Conditions

Peak Inflow: 2702 cfs

Peak Outflow (Total): 112 cfs

Peak Outflow Outlet Structure: 17 cfs

Peak Outflow Spillway: 95 cfs

Maximum Pool Elevation: 281.1 NGVD

Storage at Maximum Pool Elevation: 4204 ac-ft

Surface Area at Maximum Pool Elevation: 1225 acres

Free Board at Maximum Pool Elevation: 1.7 feet at low point

1-15. Water Management Plans (WMP)

a. Existing Water Management Plan. The: existing Water
Management Plan at the Lake Isom Refuge is as follows:

Table 5
Period ' Lake Level (MGVD)
Oct 15 - Nov 1 279.0 to 280.5
Nov 1 - Mar 1 280.5
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Table 5 (con't)

Mar 1 - Mar 15 280.5 to 279.0

Mar 15 - Oct 15 279.0

b. Preferred Water Management Plan. Trne U.S. Fish and
Wildlife Service desires a revised water management plan. The

revised plan referred to as the Preferred Water Management Plan
(PWMP) would provide for lake levels as shown in Table 6:

Table 6
Period Lake Levels (NGVD)
Oct 15 - Nov 1 279.0 to 232.0
Nov 1 - Mar 1 282.0
Mar 1 - Mar 15 282.0 to 279.0
Mar 15 - Oct 15 279.0

Also included in the Preferred Water Management Plan is the
capability to draw the lake down to elevation 274.0 NGVD and
pumping capability to raise the lake 3.0 feet in a period of 14 to
21 days.

c. Modifications to Achieve Preferred Watexr Management Plan.
In order to achieve the lake level fluctuations outlined in the
PWMP, it will be necessary to modify the existiirg dam embankment
and spillway and provide additional outlet capau:ity. Due to the
size, purpose, remote location and minimal conseguences associated
with overtopping or dam failure, less stringent criteria than
normally used in the design of impoundment strvactures were used.
The design criteria adopted required the spillway and outlet
structure to have the capability to pass the 10U-year exceedence
frequency event with 2.0 feet of freeboard. The risks associated
with the use of this criteria is considered acceptable due to the
topography of the area and the absence of roads, houses or major
physical improvements, which would be placed in a high degree of
risk, if the dam overtopped or breached. Specifics of inflow
design flood selection are discussed in paragraph 1-28. The
resulting modifications necessary to achieve the PWMP objectives
are shown in the following table and on Plate 25. Resulting
frequency elevations on Lake Isom for both exist:ing and preferred
plans are shown on Plate 26.

Table 7

Preferred Water Management Plan Pertinent Data

Normal Pool Elevation: 282.0 NGVD
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Table 7 (con't)

Max Stop Log Elevation: 282.0 NGVD

Outlet Structure Upstream Invert: 274.0 NGVD
Outlet Structure Weir Length: 15.0 (3 @ 5 feet)
Outlet Structure Length: 77 feet

Earthen Spillway Length 125 feet

Earthen Spillway Elevation: 282.5 NGVD

Dam Embankment Length: 1240 feet

Dam Elevation: 285.0 NGVD

Crown Width: 15 feet

Surface Area at Normal Pool: 1350 acres
Storage "at Normal Pool: 5620 ac-ft

As shown on Plate 27, an outlet structure configuration
similar to the existing structure will be used. Control of lake
levels will be by the addition or removal of stop logs. Routings
indicated that a 30-foot weir length was required to meet drawdown
requirements, however, considering the cost and the fact that a 15-
foot weir length generally meets these requirements, a 15-foot
length of weir was selected for economy. Plates 28 and 29 show the
riprap limits downstream of the stilling basin. Other pertinent
data concerning the PWMP are shown in the following table:

Table 8

100-Year Preferred Management Plan

Peak Inflow: 2702 CFS

Peak Outflow (Total): 166 cfs

Peak Outflow Outlet Structure: 45 cfs

Peak Outflow Spillway: 121 cfs

Maximum Pool Elevation: 282.96 NGVD

Storage at Maximum Pool Elevation: 6996 ac-ft
Surface Area at Maximum Pool Elevation: 1460 acres
Free Board at Maximum Pool Elevation: 2.04 feet NGVD

Drawdown Time Required:

282 - 280 : 12 days

282 - 279 : 36 days

Exit Velocity at Peak Outflow: 6.6 fps
Peak Outflow: 234 cfs

d. Lake Isom Refill. A feature of the preferred water
management plan was to refill the lake from elevation 279.0 to
282.0 in approximately 2 to 3 weeks. This requirement will be
satisfied by the use of 6 groundwater pumps with each pump
possessing a 2750 gallons per minute rate. Hypothetical rainfall
amounts were not included in the refill analysis.
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Topic D-Dredged Circulation Channels

Reelfoot Lake 1is composed of three major Dbasins. The
circulation of flow between these basins has degraded over a period
of time. As part of this study, dredged circulation channels have
been investigated. These channels connect the thr:e major basins to
each other and the proposed alternate spillway. These channels
would provide improved circulation between major pools during
normal and high lake levels and minimize isolation of major pools
in extremely low stages. The proposed location of the dredged
circulation channels is shown on Plate 30. These channels will
have bottom widths of approximately 30 feet with depths of 6 feet
and side slopes of 1 on 4. The bottom widths of these channels
were based on past experience with previously constructed channels
within the Lake. These channels generally had top widths of 75 to
80 feet.

Topic E-Reelfoot Creek Sediment Retention Basin
1-16. Hydrology

The proposed sediment retention basin is shown on Plate 31 and
32. The contributing drainage area of 112.1 square miles for
Reelfoot Creek was determined from U.S.G.S. 7.5 minute topographic
quadrangle maps of the area. The HEC-1 (flood hydrograph package)
model developed during previous analysis was us:d to compute and
route runoff hydrographs for the watershed. Mcdifications were
made to this model to incorporate the sediment :retention basin.
Hypothetical rainfall with durations of 1 to 10 days was obtained
from Technical Papers No. 40 and 49. The hypothetical storms were
applied to synthetic unit hydrographs to produce runoff hydrographs
for each subarea. The runoff hydrographs were then combined and
routed using normal depth channel routing methods to produce
composite hydrographs upstream of the sediment retention basin.
All contributing areas upstream of the retention basin were
combined and routed through the basin and basin outlet using the
modified-puls method of storage routing. The stoirage relationship
for the retention basin was developed from one-foot topographic
maps. The HEC-1 model was used to analyze information necessary to
determine the elevation of the dam crest and corresponding spillway
requirements.

The HEC-1 model was calibrated to the Sarourg, TN U.S.G.S
stream gage using a period of record from 1951 tc 1972. This time
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period was prior to the construction of 10 SCS reservoirs in the
Reelfoot Creek drainage basin and is labeled 1975 conditions for
this report. The existing conditions (1995) HEC-1 model
incorporates the SCS flood retention structures. Design
information for the flood retention structures is shown in Plate 33
and 34. The locations of the SCS retention structires are shown on
Plate 35.

The 1975 Conditions (without SCS structures; HEC-1 model was
changed from a "normal depth" routing model to a Modified Puls
storage volume versus outflow routing model using the results from
the HEC-2 storage models. Initial and uniform loss rates were
adjusted until the frequency flows from HEC-1 were in agreement
with the flows at the Reelfoot Creek near Samburg, TN stream gage.
The best results were obtained using initial and constant loss
rates of 0.5 inch and .05 inches per hour, respectively. A
discharge-frequency curve showing the comparison is shown on Plate
36. The 1995 Existing Conditions (with SCS structures) HEC-1 model
uses the same storage versus elevation relatiornship as the 1975
Conditions. Plates 37 through 41 show the difference between
initial storage and storage after 50 years.

The HEC-1 model was used to check that th= outlets met the
following hydrologic criteria at the end of the :0-year period:

(1) Evacuate the 1.05-year flood within 10 days,
excluding the capacity below the inlet elevation of
the low level outlets.

(2) Pass the 5-year flood without overtopping the
emergency spillway.

(3) Pass the 100-year flood below elevation 305.0 NGVD.

For HEC-1 analysis, the culvert riser elevation was set at
elevation 301.0 NGVD, the estimated sediment pool elevations after
50 years, and no storage or riser orifice flow was included below
this elevation. The combined rating curve for the low level
outlet, primary spillway, and emergency spillway used in HEC-1 is
shown on Plate 42 and 43 for initial conditions and after 50 years.

Final HEC-1. frequency curves, developed in this study for
North and South Reelfoot Creek are shown on Plates 44 to 46 for the
following cases:

1975 Conditions

Existing Conditions (1995)

With Sediment Retention Basin, Iritial Conditions
With Sediment Retention Basin, After 50-year Design
Life

RESE®
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1-17. Hydraulics

The HEC-2 models were constructed using 1995 survey data,
supplemented by 7.5 minute USGS quadrangles for elevations in the
overbank areas. River miles were marked every mile with zero
starting at the retention structure on Reelfort Creek. South
Reelfoot Creek was modeled as a tributary to North Reelfoot Creek,
with mile zero at the confluence with North Re«xlfoot Creek (NRC
mile 1.31). The starting conditions were estatlished using the
slope-area method. Bridges were modeled with the Special Bridge
routine in HEC-2.

Cowan's procedure as outlined in Chow's “Open Channel
Hydraulics,” 1988 was used to determine Manning's n values. The
channel n value was estimated to range from 0.055 to 0.063 for both
North and South Reelfoot Creeks. Overbank n values for both creeks
ranged from about 0.080 for cropland to about 0.105 for wooded
areas.

HEC-2 stage-discharge results were compared to the stage-
discharge data from stream flow gages on North =eelfoot Creek at
State Highway 22 near Clayton, TN and South Re«lfoot Creek near
Clayton, TN for the period 1984 to 1989. Calibration was achieved
by adjusting the n values. This was accomplished using a comparison
of the overbank conditions to photographs with ptblished Manning's
n values in the document: “Guide for Selecting Manning's Roughness
Coefficients for Natural Channels and Flood Plains,” Federal
Highway Administration Report No. FHWA-TS-84-204 April 1984.

The stage records for Reelfoot Lake near Tijpctonville, TN were
checked for backwater influences for the years 1934 to 1989. From
examination of the data is was concluded Reelfoot Creek gage data
were not affected by backwater from the lake durirg their period of
record. Water surface elevation profile plots obtained using HEC-2
are shown on Plates 47 through 52.

1-18. Sediment Analysis

A sedimentation analysis was conducted for the design of a
sediment retention structure for Reelfoot Creek. The design life of
the retention structure is 50 years. The compuier program HEC-6
was used to determine the amount of sediment vo>lume that would
accumulate in the retention basin during this time period by
running a 50-year sediment routing simulation.

As stated earlier, the inlet of the low leve! outlets is tc be
set at the elevation of the sediment pool after 59 years. The low
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level outlets also contain openings for staged releases that can be
closed off as sediment accumulates. A preliminary estimate of the
elevation of the sediment pool after 50 years is needed initially
in order to prepare rating curves for HEC-6. An analysis was
conducted to confirm that elevation 301.0 NGVD was acceptable as an
estimate of the sediment pool elevation after 50 years. This
elevation was used for the inlet elevation of the low level outlets
and for rating curves used in HEC-6 and HEC-1 to check the
performance of the outlets against the hydrologic criteria. Final
HEC-6 results presented below indicate an elevaticn of the sediment
pool after 50 years of 299.2 feet. This is believed to be within
tolerance to confirm that elevation 301.0 was acceptable as the
initial estimate.

a. HEC-6 Model Development. The HEC-2 model was used to
build the HEC-6 model for Reelfoot Creek. The: HEC-6 model was
initially set up as two separate models, one fcr North Reelfoot
Creek (NRC) and one for South Reelfoot Creek (3RC). After the
models were calibrated, they were combined into a single HEC-6
model with NRC as the main stem, SRC as a trirmutary, and local
inflows on NRC at mile 6.79 and on SRC at mile 2.98. Minor
adjustments were made at bridges, where the specisl bridge routines
were replaced with a single cross-section at the upstream face.
The geometry of this cross-section was modifiec¢ for each bridge
until the water surface for all cross-sections was within about 0.5
foot and the velocity for all cross-sections was within 0.5
foot/second of the HEC-2 results. Manning's n values were slightly
adjusted to meet the conditions.

b. Boundary Conditions. At the downstream boundary of the
model, the rating curve at the retention structure outlet works was
used to start the backwater computations. For the SRC model, the
HEC-2 rating curve for SRC mile 0.01 was used. Inflowing sediment
loads were applied at the upstream boundaries of both NRC and SRC
and at the local inflow location to each stream.

c. Inflowing Load Curve. Sediment data at “he gages on North
Reelfoot Creek at Highway 22 and South Reelfoot Creek near Clayton
included five years of record covering water ye:rs 1985 to 1989.
For this time period, all SCS structures upstream were constructed
and online. The rainfall from the same five yez<s was applied to
the 1995 conditions unit hydrograph Jjust downstream of upper
Highway 22 (mile 3.59) in a period of record simulation program
entitled HUXRAIN, and the results were input %o the histogram
generator. HUXRAIN was developed by the Memphis District Corps of
Engineers. For the initial attempt at estimat:ng the inflowing
load, the inflowing load curve from the USGS water investigations
report titled "Water Budget and Estimated Suspended-Sediment Inflow
for Reelfoot Lake, Obion and Lake Counties, Northwestern Tennessee,
May 1984-April 1985" was input in the histogram generator. This
resulted in annual sediment yields much lower th:in those actually
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measured at the gage. Since the period was limited to 5 years, the
inflowing sediment load curve was formed by positioning the curve
within the scatter of the data covering the full five years of
record. The load curve was then adjusted such that the total
average volume of sediment recorded at the gage during the five
year pericd was in agreement (within two percent) with the total
average volume of sediment reported by the histcgram generator at
the same location. Plates 53 and 54 show inflowing sediment loads
developed from the gage data, from Yang's and Ilo’s formulas, and
the curve adopted for use in HEC-6.

d. Gradation of Inflowing IL.oad and Bed. Due to the sparse
nature of the sediment data available for North and South Reelfoot
Creeks, an assumption was made that 80% to 95% of the sediment
being transported was silts and finer, and the rest (5% to 20%)
were sands. These estimates were based on analysis of existing
conditions sediment sample data, observations from the field, and
general sediment characteristics of the region. For lower flows,
a gradation with a higher percentage of silt content was used (95%
silt and 5% sand), and for higher flows, a lower percentage of silt
content was used (80% silt and 20% sand). Bed gradation data for
North Reelfoot Creek was based on a boring sample provided at mile
5.42. Bed gradation data for South Reelfoot Creck was based on a
boring sample at mile 3.38.° The bed grad:ztions used and
interpolated in HEC-6 are shown on Plates 5% and 56 titled
‘Gradation vs. Distance”. The Yang sediment transport function was
used in the model.

e. Hydrology. A unit hydrograph was developed at mile 0.88
(Highway 22) wusing the 5-year frequency discharge hydrograph
computed with the 1975 conditions HEC-1 model. A period of record
rainfall database was developed for the years 1951 to 1972 and
applied to the unit hydrograph at node 332 in the HUXRAIN program
to optimize API coefficients in HUXRAIN. A comp:rison was made of
frequency flows from HUXRAIN to the Reelfoot CreeX near Samburg, TN
stream flow gage data for the same time period (1v51 to 1972). The
comparison plot is shown on Plate 57.

A 50-year period of record rainfall database was prepared for
1944 to 1993. This database was used to simulate the 50-year
future sediment routing hydrology and was zpplied to unit
hydrographs at selected nodes with the HUXRAIN program.

The sediment-weighted histogram generator program was used to
put the synthetic hydrology data in the proper format for HEC-6.

f. Channel Maintenance Dredging. Dredging trecords were used
in HEC-6 in order to determine annual maintenance requirements for
Reelfoot Creek in the vicinity of State Highway 22 (to maintain
bridge conveyance) and for North Reelfoot Creek 214 South Reelfoot
Creek in the fringe areas of the retention basi backwater area.
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This dredged volume computed by HEC-6 was remov:d from the model
although the dredged material will probably be spread out within
the sediment basin and remain in the system.

g._Sediment Routing Results. Sediment retention performance
for 50 years was evaluated for three alternative locations to
achieve the plan formulation optimization requirem=znts. The largest
basin, Alternative 1, was determined to provide the optimal
sediment trap efficiency and was used for finalization of spillway
and outlet designs. From HEC-6 results, the elevation of the
sediment pool in the basin at the end of 50 years was estimated to
be elevation 301.0. This elevation is based on a low level outlets
consisting of six 72-inch culverts, a primary spillway with width
of 135 feet and crest elevation at 302.2 NGVD and an emergency
spillway with width of 800 feet and crest elevation at 303.9 NGVD.

‘ Plate 58 entitled "50-Year Sediment Routing Xesults" shows the
50 year sediment routing results (sediment volune inflow/outflow
values and trapping efficiency). The value for tomal volume trapped
is the sum of the difference of sand and silt iuflow and outflow
values plus the dredging result. The results indicate a 56%
trapping efficiency for silts, 100% trapping efficiency for sands,
a total volume trapped within the stream system ol 3,064 acre-feet,
and a total volume trapped below NRC river mile 1.31 of 1,740 acre-
feet. The elevation-volume curve for the seidiment retention
structure extending up to river mile 1.31, vyields a sediment
elevation of 299.2 NGVD, confirming that the selection of initial
estimate for the sediment pool elevation at the end of 50-years of
301.0 is acceptable. Dredging quantities were obtained from the
HEC-6 output file and summed. The total dredgiag volume of 288
acre-feet over 50 years represents about 9% of the total volume
trapped by the structure. Annual dredging requirements translate to
5.8 acre-feet per year in the channels.

Plates 59 and 60 show the change in average bed elevation for
North and South Reelfoot Creeks between existing conditions and
after 50 years. The bed elevations are adjusted to reflect the
channel maintenance dredging required to maintain existing channel
bed elevations between NRC river mile 0.89 to 5.42 and between SRC
river mile 0.01 to 3.38. Also, the average bed elevations shown
for NRC river mile 0.00 to 0.89 do not reflect the sediment
deposition elevations 1in the overbanks with'n the sediment
retention basin. They only represent the main chuianel elevation at
a flow of 200 cfs.

1-19. Sediment Basin Spillway Analysis
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a. Low Level Outlet Design. The elevation of the low level

outlet inlet structure is set at the elevation of the sediment
pool after 50 years (el. 301.0, NGVD). A sketch of the structure
is shown on Plate 61. The low level outlet was designed to
evacuate the 1-year exceedance flood in less than 10 days
excluding the capacity of the outlets below the e#levation of the
50-year sediment pocl. Final design of stilling basins for the
low level outlets was accomplished using the Waterway Experiment
Station CORPSLIB program H2261 entitled "Stillirg Basin Design
for Conduit Outlet Works".

Table 9

Low Level Qutlet Pertinent Data

Conduit diameter ; 6.0 ft
Conduit invert slope 0.01 ft/ft
Design discharge (Q.,, for one pipe) 468 cfs
Outlet portal invert elevation 287.8 ft NGVD
% of d, to intersect the tailwater surface 85%
elevation(from EM-1603)

Tailwater surface elevation 292.6 ft NGVD
Conduit roughness height 0.0000048 ft
Water temperature 60 degress Fahrenheit

. The design discharge represents the culvert flow through one
plpe given a head on the retention structure for the water surface
elevation of the 500-yr flood, equal to 305.5 NGV This discharge
was determined using the program entitled CULVERW which was
developed by the St. Louils District Corps of Encineers. CULVERW
develops a headwater rating curve for both fr=e and submerged
conditions. Tailwater elevations were determined using the HEC-RAS
program developed by the Hydrologic Engineering Center.

The conduit’s roughness height was detertiined through an
iterative procedure using Plate C-4 of EM-1110-Z-1602, "Hydraulic
Design of Reservoir Outlet Works". The Reynolds number was
computed using the hydraulic radius (4RV/v) for free surface flow
instead of the pipe diameter (VD/v) for pressure flow, since the
conduit is not flowing full. With the roughness height determined,
CORPSLIB program H2261 was re-run and the output was used to
compute the Reynolds number again.

The low-level spillway inlet was set at the elevation of the
estimated submerged sediment pool. The low level inlet design
provides for staged releases which results in maximum detention of
the most frequent events while allowing full capacity for less
frequent events. . The staged inlet ensures that the basin is
evacuated to the lowest possible level between evants and provides
a means to raise the intake level as the sedimer" pool fills. No
permanent pool will be maintained by this inle* structure. The
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detention time of the 1-year exceedence frequercy event is less
than 10 days. Based on the drawdown criteria and spillway capacity
requirements, the conduits and inlet structures were accordingly
sized. The resulting conduit outlet required 6-72 inch conduits,
2 conduits located at 3 positions along the dam. Each pair of
conduits would share a 20 feet by 11 feet rectangular inlet with 5-
36 inch openings to provide staged outflow and a common stilling
basin.

b. Low ILevel Outlet Stilling Basin. The CORPSLIB program
H2261 and guidance provided in EM 1110-2-1602, Hydraulic Design of
Reservoir Outlet Works was used for stilling bas:in design.

Riprap design for the downstream end of the stilling basin was
based on the velocity of flow over the end sill computed by H2261
to be 6.7 feet per second. A tailwater elevation of 293.9 NGVD was -
established using the HEC-RAS program for a 3(C ft. trapezoidal

channel. The constructed channel will transition from the
structure and taper to natural ground approximately 1000 feet from
the structure. Final design will be conducted during Pre-

Engineering and Design (PED) phase after more detailed surveys are
available.

The riprap table adapted from the Corps «f Engineers LMVD
Report on Standardization of Riprap Gradations. November 1981,
revised March 1989, was used as a guide for riprap sizing. A final
riprap gradation of R650 was selected due to the anticipated scour
downstream of the structure. Channel side slope protection is
provided to a minimum distance of 10d, downstream of the stilling
basin, or 80 feet, according to EM-1110-2-1602. Qutlet channel
riprap protection details and dimensions are shown on Plate 62 and
63.

c. Primary Spillway Desian. The crest of the primary
spillway is set at the peak elevaticon of the 1.05-year frequency
flood at the end of 50 years (elevation 302.2 NGVD). The primary
spillway is sized to prevent floods of magnitude less than a 5-year
frequency event from overtopping the emergency spillway. Using a
primary spillway final width of 135 feet and an emergency spillway
crest elevation of 303.9 NGVD, results in a peak elevation of the
5-year flood of elevation 303.2 NGVD initially and elevation 304.0
NGVD after 50 years. This is accepted as meeting the primary
spillway hydrologic criteria. Final design data is shown in Table
10.

Table 10

Primaryv Spillway Pertinent Data

Spillway design flood, 500-year return period 3,200 cfs
Spillway crest elevation 302.2 NGVD
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Table 10 {con't)

Maximum reservoir pool elevation 305.5 NGVD
Max. pool elev.-crest elev., He 3.3 £t NGVD
Design ratio, He/Hd 1.33
Design head, Hd 2.5 ft
Crest elevation minus approach channel invert, 1.2 ft
P = 302.2 - 301.0 (at the end of 50-yr life)
P/Hd = 1.2 / 2.5 0.48
Tailwater elevation, 500-year HEC-RAS results 293.0 NGVD
Spillway piers none
Spillway upstream face slope Verwical, OH:1V
Spillway downstream face slope 1H:1V
Spillway net width (gross width less piers) 135 ft

d Primary Spillway Effective Length. The primary spillway

will have an ogee crest. Discharge over the spillway is limited by
the basic weir equation shown below and presented in EM 1110-2-
1603, "Hydraulic Design of Spillways".

QO = C Le (He)'?®

where

rate of discharge, cfs

= coefficient of discharge

effective length of crest, ft

total specific energy above crest., ft

]

Q
c
Le =
He =
All spillways include abutments of some type, and many include
intermediate piers. The primary spillway will not have piers but

the effect of the abutments must be accounted for by modifying the
crest length using the following equation:

Le = L - 2 {(n Kp + Ka) He

where
Le = effective crest length in feet
L = net length of crest, gross length - width of piers
in feet '
n = number of piers
Kp = pier contraction coefficient
Ka = abutment contraction coefficient

He = total specific energy above the crest in feet

The resulting effective length was approximately 135 foot. The
CORPSLIB program H1107 was used to compute a discharge rating curve
for an elliptical shaped spillway crest. The rating curve is shown
on Plate 64.

e. Primary Spiliway Crest Shape. The compiete shape of the
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lower nappe, which is also the spillway crest sur’ace,. is described
by separating it into two gquadrants upstream an:! downstream from
the high point (apex) of the lower nappe. The equation for the
downstream quadrant as expressed in EM 1110-2-1603 is shown below:

X* = K H@** Y

where :
X = horizontal coordinate, positive to the right, feet
n = variable, usually set equal to 1.85
K = variable dependent upon P/H4
Hd= design head
P = depth of spillway approach channel below the spillway
crest
Y = vertical coordinate positive downward, feet

The equation of the upstream elliptical shape as presented EM
1110-2-1603 is as follows:

xX?/a? + (B-Y)*/B* =1

where

= horizontal coordinate, origin at crest axis,

positive to the right, feet

= one-half horizontal axis of ellips«:, feet

= one-half vertical axis of ellipse, feet

= vertical coordinate, origin at crest axis, positive
downward, feet

X
!

Upper nappe profiles are included in program H1108 output.
The final design was checked for cavitation potential using the
relationship He/Hd=1.33 and found to be insignificant. The final
crest shape is shown on Plate 65.

f. Primary Spillway Stilling Basin.

As presented in EM 1110-2-1603 , well stakilized hydraulic
jumps form when the Froude number is between 4.5 and 9.0. Stilling
basin apron length was determined using equation 7-1, in EM 1110-2-
1603 as listed below:

L, = K 4 F.*°
where
= stilling basin length, ft
stilling basin length coeffi-ient from Table
7-1, EM 1110-2-1603
depth of flow entering stilling basin, ft
Froude number for flow enter.ag stilling basin
1.4 for stilling basin with a vertical,
stepped, or sloping end sill and one or two
rows of baffles.

[

= A
1

nou
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This resulted in a stilling basin of 20 feet with baffle
blocks and an end sill. A drawing of the final structure and
stilling basin is shown on Plate 66 and 67.

Riprap design for the downstream end of the stilling basin was

based on the velocity of flow above the end sill. The tailwater
elevation of 293.9 NGVD was established using the HEC-RAS program
for a 145 ft. trapezoidal channel. The constructed channel will

transition from the structure and taper tc natural ground
approximately 1300 feet from the structure. Final design also will
be conducted during Pre-Engineering and Design (PED) phase after
more detailed surveys are available.

The riprap table adapted from the Corps of Engineers LMVD
Report on Standardization of Riprap Gradationg, November 1981,
revised March 1989, was used as a guide for riprap sizing. A final
riprap gradation of R650 was selected due to the anticipated scour
downstream of the structure. Channel side slope protection is
provided to a minimum distance of 10d, downstream of the stilling
basin, or 80 feet, according to EM-1110-2-1602. Outlet channel
riprap protection details and dimensions are shown in Plates 68 and
69.

g.__ Emerxgency Spillway Design. The emergency spillway width
and crest elevation were determined such that the peak elevation of
the 100-year flood does not exceed elevation 305.0 NGVD. Using a
spillway width of 800 feet and a crest elevaticn of 303.9 NGVD,
pool elevation results shown on Table 11 indicate that the peak
elevation of the 100-year flood is el. 304.8 NGVD initially and el.
305.0 NGVD after 50 vyears. This 1is accepted as meeting the
emergency spillway hydrologic criteria. With th:s configuration,
three feet of freeboard is added to the elevation of the 100-year
pool elevation to set the top of the dam at elevation 308.0.

Table 11

Emergency Spillway Pertinent Data

Spillway design flood, 500-year return period 4,800 cfs

Spillway crest elevation ;03.9 NGVD
Maximum reservoir elevation 305.5 NGVD
Max. pool elev. - crest elev., He 1.6 ft
Design ration, He/Hd 1.33
Design head, Hd 1.2 ft
Crest elevation minus apprcoach channel invert, 2.9 ft

P = 303.9 - 301.0 (at the end of 50-yr life)

P/HA = 2.9 / 1.2 2.42
Tailwater elevation, 500-year HEC-RAS results 1192 .2 NGVD
Spillway piers None
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Table 11 (con't)

Spillway upstream face slope 4H:1V
Spillway downstream face slope ‘ 4H:1V
h. Emergency Spillway Effective Length. The proposed

emergency spillway will be a trapezoidal, broad-crested weir with
the overflow capacity computed by the basic weir equation:

Q = C Le (He)'?®

where
Q = rate of discharge, cfs
C = coefficient of discharge
Le = effective length of crest, ft
He = total specific energy above crest, ft

The emergency spillway will not have piers but the effect of the
abutments must be accounted for by modifying the “rest length using
the following equation:

e =L - 2 (n Kp + Ka) He

where
Le = effective crest length in feet
L = net length of crest, gross length - width of piers
‘ in feet '
n = number of piers
Kp = pier contraction coefficient
Ka = abutment contraction coefficient
He = total specific energy above the crest in feet

Using a coefficient of discharge (C = 3.0)., a net length of
800 feet was determined to meet the required design criteria. The
discharge coefficient is based on comparison to flow over approach
roadways as described in HEC-RAS River Analysis System Hydraulic
Reference Manual, July 1995, page 5-19.

i. Emergency Spillway Stilling Basin. The design of the
stilling basin floor elevation required several iterations.
Initial estimates were determined from evaluation of the energy
difference between the maximum reservoir level and the assumed
apron elevation. After the final Dbasin floor elevation was
determined, the stilling basin width, baffle block design, and end
sill design were determined.

A percentage of the sequent depth (0.85 d, from EM 1603 ) was
compared to the available tailwater elevation for the assumed
stilling basin apron elevation in order that the most optimum
energy dissipation performance would occur for flows relatively
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more frequent than the spillway design flood (500-year return
period) as presented in paragraph 7-5b of EM 1110-2-1603.

Satisfactory hydraulic jumps form when the Froude number is
between 4.5 and 9, when using stilling basins with end sill and a
tailwater which produces 85% of the theoretical d, as presented in
EM 1110-2-1603.

The length of the stilling basin was computed using the
following eguation as presented in EM 1110-2-16G3:

L, = Kd F*°

where
L, = stilling basin length, ft
K = stilling basin length coefficient f.om Table 7-1, EM
1110-2-1603
d, = depth of flow entering stilling basin, ft
F, = Froude number for flow entering stilling basin
K = 1.7 for stilling basin with a vertical, stepped, or

sloping end sill only

The Froude number for the flow entering the basin is 9.9. The
USBR recommends not using baffle blocks when th¢ entering Froude
number is greater than 5.8. Baffle blocks were nct used because of
the lower frequency of use expected for the emergency spillway ands
the large width (800 ft).

Without baffles and end sill, it is recommended to pave the
apron for a distance of 44d, to 5d, (p. 5-7, EM 1110-2-1602). Since
baffle blocks will not be used, but an end sill will be needed, the
final length of 20 feet was chosen. A plan and profile view of the
emergency spillway and stilling basin is shown cn Plate 70.

A defined exit channel will not be excavated for the
emergency spillway but a 2 foot berm will be conscructed to aid in
training flow departing the stilling basin.

A HEC-RAS model was used to determine the tailwater
conditions. Using the riprap table adapted from the Corps of
Engineers LMVD Report on Standardization of Riprap Gradations,
November 1981, revised March 1989, a minimum riprap designation of
R-25 was selected (see attached table) for pre-formed scour hole
protection. Exit channel side slope protection 1is not required
because of the low velocity in the exit channel.

Although this velocity is less than the average velocity
shown for R-25 class riprap (5.3 ft/s), rock out.et protection is
recommended due to potential turbulence at the end of the basin and
to protect the basin from scour experienced at regulating
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structures within the Memphis District COE.

1-20. Wave-Wash Protection and Freeboard

No wave-wash protection was provided for the dry sediment
retention basin. Reelfoot Creek discharge records indicated that
this is an ephemeral stream with periods of no flow during part of
the year. Any wind induced erosion would be repaired during annual
maintenance activities. A minimum free board of three feet was
added to the 1 percent annual chance of exceedance pool elevation
to obtain the top of dam elevation. The resulting top of dam
elevation was 308.0 NGVD. Since the 100-year surcharge pool
elevations will not be within 3 feet of the maximum pool level for
a substantial period of time, 36 hours or more, the minimum
freeboard of three feet was considered adequate. The top of dam
elevation provided 2.5 feet of freeboard above the 500-year flood
pool.

1-21. Operation and Maintenance

Operation of the sediment retention basin will consist of
placing stoplogs at the low level inlet structures as the sediment
pool fills with deposited material. Maintenance will be reguired
to ensure adequate performance of outlet facilities, to repair wind
and flow induced erosion of the embankment, to repair erosion
downstream of the emergency spillway outlet, to provide sufficient
channel capacity in the upper reaches of the basin and through the
basin, and to reshape deposited material in the vicinity of bridges
and roadways. '

a. Channel maintenance and reshaping deposited material.

The estimated annual volume of sediments reguiring removal

from channels is shown in Table 12. Annual channel maintenance and

projected overbank deposition will require acquisition of permanent

right-of-way 300 feet left and right of the existing channel top
banks.
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Table 12

Estimated Maintenance

1. Channel Maintenance

Reach ' Annual Volume

Reelfoot Creek 5060 C.Y.
Dam to Hwy 22 (Mi. 0.0 - 1.31)

Reelfoot /North Reelfoot Creek 2588 C.Y.
Above Hwy 22 (Mi. 1.31 - 4.365)
South Reelfoot Creek 956 C.Y.

Above confluence with N. Reelfoot Creek
(Mi. 0.01 - 2.98)

2. Reshaping Deposited Material

Reach Annual Volume
Above Hwy 22%* 25,000 C.Y.
Below Hwy 22 5,000 C.Y.

*Assumes ownership of all lands below el. 305.1 NGVD.

b. Structural Maintenance. Repair of the area below the
emergency spillway caused by erosion may require :eplacement of the
original riprap protection twice during the 50-year design life.

The embankment could also require reforming the upstream dam face
to the original grade due to wind and flow indu.ed erosion. This
maintenance item is anticipated to be minor.

Maintenance of the outlet facilities wil! require annual
removal of debris from the inlets and periodic repair of the
structures and outlets if necessary. The debris removal is
expected to be minor. Estimated repair of the low level and
principal spillway outlets could consist of repairing or replacing
the riprap protection once during the 50 year de=ign life.
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Topic F-Shelby Lake and Waterfowl Management
Areas

Waterfowl Management Areas are proposed to he constructed in
the area east of Running Reelfoot Bayou and south of Highway No.
22. The conceptual design was developed by the project sponsor, the
Tennessee Wildlife Resource Agency. Reelfoot Lake will be the
source of water to Shelby lake and the surrounding waterfowl areas.
The water will be conveyed by gravity flow through two 24 inch
conduits under Highway 22 to the area. The structure is shown on
Plate 71.

These waterfowl areas will consist of a series of terraces
along 1 to 1.5 foot contours, up to the 285 NGVD elevation contour.
The terraces would have 25 to 35 foot bottom widtas, a height of 2
to 3 feet and a 12 foot crown. Borrow areas would be adjacent and
on both sides of the terraces. The area inside the terraces would
be either reforested or planted in crops and seasonally flooded.
Water sources for the seasonal flood will accompl:shed by wells and
gravity flow from the Reelfoot Lake. Water level management would
be achieved by simple water control structures located in the
terraces. These structures would consist of culverts with stop log
risers. Plate 72 shows the locations of the proposed management
areas. Effects of the terraces on overbank :low from Running
Reelfoot Bayou will be minor, with potential flcuding only in the
area of the proposed new spillway structure outli=t channel.

Topic G-Inflow Design Floods (IDF)

1-22. General

The purpose of this section is to present the rationale and
analysis for the development of the Inflow Design Flood for the
impoundment structures within the Reelfoot Project area.
Impoundment structures include the Reelfoot Lake Outlet Structure
(spillway), Reelfoot Creek Sediment Retention Basin, and the Lake
Isom Embankment and Outlet. The IDF for each s.ructure has been
approved by Mississippi Valley Division and is included in this
report only for informative purposes.

1-23. Inflow (Spillway) Design Flood Cri'eria
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ER-1110-8-2(FR), “Inflow Design Flood For Dams and Reservoirs”,
dated March 1991 states that it is the Corps of Engineers policy
that dams designed, constructed, or operated by the Corps will not
create a threat of loss of life or inordinate property damage.
Although the subject structures are r.ot traditional
dams/reservoirs, the ER defines a dam as a barrier, usually built
across a stream, that obstructs, directs, retards, or stores water.
The selection of Inflow Design Floods (IDF)s and the design of
dam/structure elements necessary to meet safety requirements will
conform to one of four Corps of Engineers safety standards.

a. Corps of Engineexrs Safetvy Standards.

Standard No. 1: Standard No. 1 applies to the design of dams
capable of placing human life at risk or causirg a catastrophe,
should they fail. Dam height with approp.ciate freeboard,
spillways, regulating outlets, and structural designs will be such
that the dams will safely pass an IDF computed from probable
maximum precipitation (PMP) occurring over the watershed above the
dam site.

Standard No. 2: Standard No. 2 applies principally to the
design of run-of-river hydroelectric power or navigation dams,
diversion dams, and similar structures where relatively small
differentials between headwater and tailwater elevations prevail
during major floods. While no unique IDF needs to be established,
the structure should be able to safely pass major floods, typical
of the region, without excessive structural damage and remain

operable. Project design will be based on upstream impact,
sediment, dredging, life cycle cost, operation, and other
considerations.

Standard No. 3: Standard No. 3 applies to dams where an
analysis clearly demonstrates that failure could be tolerated at
some flood magnitude. The recommended plan shciald be for a dam
which meets or exceeds a base safety standard. The base safety
standard will be met when a dam failure relailed to hydraulic
capacity will result in no measurable increase in population at
risk and negligible increase in property damage:r over that which
would have occurred if the dam had not failed. Determination of
the IDF that identifies the base safety standard will require
definition of the relationship between flood flows and adverse
impacts (population at risk and property damages) with and without
dam failure for a range of floods up to the Probable Maximum Flood
(PMF) . Appropriate freeboard will be included for all evaluations.
Selection of a base condition predicated on the 1isk to life from
dam failure will require supporting information t» demonstrate the
increment of population that would actually be threatened. The
evaluation should distinguish between populatioi downstream of a
dam and the population that would likely be in a life threatening
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situation given the extent of prefailure flocding, evacuation
opportunities, and other factors that might affsct the occupancy
of the incrementally inundated area at the time tha failure occurs.
The occurrence of overtopping floods must be rela:iively infrequent
to make Standard No. 3 acceptable. One-half of the PMF is the
minimum acceptable IDF for Standard No. 3 dams.

Standard No. 4: Standard No. 4 is applicaklie to many small
recreational type lakes and farm ponds generally containing twenty
acre-feet or less of storage. IDF's for small projects
corresponding to Standard No. 4 are usually based on rainfall-
runoff probability analyses and may represent events of fairly
frequent occurrence. In such cases it is often preferable to keep
freeboard allowances comparatively small, in order to assure that
the volume of water impounded will never be large enough to create
a major flood wave if the dam is overtopped anrd fails. In some
instance adaption of Standard No. 4 may be mandeatory in spite of
the owner's desire for a higher dam to reduce the frequency of
damage to the structure due to overtopping flooc:.

b. Dam Classification. Dams or structures are classified in
accordance with size and hazard potential in order to determine the
appropriate design flood. The classification for size based on the
height of the dam and/or. its storage capacity-is outlined below in
Table 13 and is based on data presented in Ccrps of Engineers
guidance entitled “Recommended Guidelines for Safaty Inspection of

Dams.”

TABLE 13

SIZE CLASSIFICATION

Category Storage (Ac-Ft.) Height (Ft.)
Small <1000 and >50 <40 and >25
Intermediate >1000 and <50,000 >40 and <100
Large >50,000 >100

As presented in the referenced document, the height of the dam
is determined with respect to maximum storage potential measured
from the natural bed of the stream or watercourse at the downstream
toe of the barrier, or if it is not across a stresm or watercourse,
the height from the lowest elevation of the outzide limit of the
barrier to the maximum water storage eluovation. Size
classification may be determined by either storage or height,
whichever gives the larger size classification.

c. Base Safety Standard. The selection o: the IDF is also
based on consideration of the upstream impact ci imposed ponding
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and downstream consequences of dam failure whic1 determines the
base safety standard. For impoundment structures, the downstream
consequences latter consideration typically dictates the dam safety
requirements and determines the proper IDF. Downstream impacts
were addressed using Bureau of Reclamation guidance in “Training
Aids for Dam Safety (TADS), Module: Evaluaticn of Hydrologic
adequacy,” dated 1990. Table 14 classifies downstream hazard
potential.

TABLE 14

HAZARD POTENTIAL CLASSIFICATION

Category | Loss of Life Econor..c Loss

Low None expected (No Minimal (Undeveloped
permanent structures for to occasional struc-
human habitation ture »r agriculture)

Significant Few (No urban develop- Appreciable (Notable
ments and no more than agriculture, industry
a small number of inhabi- or structures)

table structures)

High More than a few Excessive (Extensive
commuility, industry or
agricialture)

Table 15 presents information from “Recommencied Guidelines for
Safety Inspection of Dams” and was used as guildance in determining

an Inflow Design Floods. The discharge capacity and/or storage
capacity should be capable of safely handling the recommended
inflow design flood for the size and lLazard potential

classifications of the dams presented in Table I3 and Table 14.

Table 15
HYDROLOGIC EVALUATION GUIDELINEZ

Recommended Spillway Desian Floods

Hazard Size Inflow Design Flood

Low Small 50 to 100-yr Frequency
Intermediate 100-yr to 1/2 PMF
Large 1/2 PMF o PMF

(a2
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Table 15 (con't)

Significant Small 100-yr to 1/2 PMF
Intermediate 1/2 PMF o PMF
Large PMF

High Small 1/2 PMF ‘o0 PMF
Intermediate PMF
Large PMF

1-24. PMF AND FREQUENCY FLOOD DEVELOPMENT

Hypothetical storms were developed for the range of frequency
events (1.01-500 year) using the frequency-duration data published
in the National Weather Service Technical Paper No. 40. The PMF
was developed due to the uncertainty related to hazard standards
clasgification for the subject sites. “robable Maximum
Precipitation (PMP) estimates, necessary to deve.op the PMF, were
obtained from Hydrometeorlogical Report (HMR) Wo. 51, Probable
Maximum Precipitation, United States East of the 105th Meridian,
dated June 1978 and published by the U. 8. Weather Bureau. The PMP
rainfall estimate was wused to compute the PMF. Critical
arrangement of the rainfall values for the PMF vas in accordance
with the NWS publication Hydrometeorological Repot: No. 52 entitled
“Application of Probable Maximum Precipitation Estimates-United
States East of the 105th Meridian,” dated August 1982. The
arrangement was applied using the Hydrologic Engineering Center's
computer program, HMR52, dated March 1984. HMR52 was also used to
adjust precipitation based on drainage area size and to adjust the
orientation of the storm over the basin. Runoff hydrographs for
the range of frequency floods and PMF at each structure in the
Reelfoot Lake Project and downstream on Running Reelfoot Bayou
drainage basin were computed using the HEC-1 model with Snyder's
unit hydrograph method.

1-25. Reelfoot Lake Alternate Spillway Feature

Although neither the feasibility study nor the structure is
authorized for flood control purposes, the propos«¢d gated structure
will possess the capability to better control rel=ases downstream.

The existing uncontrolled spillway will be abandoned after
alternate spillway construction is complete. 3oth structures'
releases are restricted and controlled by tailwa:er downstream on
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Running Reelfoot Bayou which is critical in determining the dam
base safety standard and inflow design flood. During normal gate
operations, the lake elevation will fluctuate between elevations
282.0 NGVD and 283.0 NGVD. Assuming that normal gate releases will
be restricted to bankfull conditions on Running Reelfoot results
in an outlet channel water surface elevation of approximately

elevation 280.0. Should a major storm event »nccur in Running
Reelfoot Bayou with similar structure releases, the differential
head would be less than 2.0 feet. On occasion locals have

witnessed flows from Running Reelfoot Bayou backing into Reelfoot
Lake signifying the small differential in heads experienced at the
structure.

Since the area downstream of the existiang and proposed
spillways 1is primarily agricultural and rural, a structural
(embankment) failure would result in damage, .f any occurred,

primarily to agricultural 1land or country roads. Field
reconnaissance and aerial photography inspection indicates several
dwellings east of the proposed structure. The houses are not

downstream of the proposed structure and during the occurrence of
a major flood, the dwellings would already experience flooding from
Running Reelfoot Bayou. Using size and hazard potential
classification presented in Tables 14 and 15, the alternate
spillway is a large size (80,300 acre-feet), low hazard potential

structure based on the downstream undeveloped area. As stated
earlier the existing and proposed structure discharges are
restricted by tailwater on Running Reelfoot Bayou. Considerations

of downstream population at risk and the small differentials
between headwater and tailwater elevations ac the structure
resulted in hazard evaluation conforming to eithsr Standard No. 2
or Standard No. 3.

To substantiate selection of a hazard standard, an analysis
was made using guidance from "Training Aids for Dsm Safety, Module:
Evaluation of Hydrologic Adequacy" (TADS), t» determine any
incremental increase in water surface elevations. A 500-year event
was analyzed initially and considered to be the maximum frequency
storm of interest since it determined maximum gate openings
necessary to reproduce or maintain existing lake releases. In
accordance with standard flood control studies, rhe 1.01-500 year
events were developed for economic and hydraulic =valuations needed
for completion of the entire Reelfoot Lake Feasibility Study.
During the occurrence of major frequency storms, the proposed
structure must maintain identical discharges as the proposed
abandoned existing spillway structure for the respective
hypothetical storm to avoid project -induced damages on Reelfoot
Lake and downstream on Running Reelfoot Bayou. 7Tae 500-year event
was routed through the proposed structure and to :lownstream areas,
with the assumption that the proposed structure remains in place
as described in TADS. The same flood was analyzed and routed
through the structure assuming the embankment fails. Dam break
information is presented in the following table:
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"Table 16

DAM BREACH DATA

Total Length of Embankment 800 Ft.
Embankment Height 10 Ft.
Width of Breach 400 Ft.
Side Slopes ' 1V on 1H
Breach Start Elevation 285.0 NGVD
Breach Bottom Elevation (Nat. Grd.) 281.0 NGVD

The incremental increase in downstream water surface elevation
between the with-failure and without-failure conditions was
determined and the potential damage was quantified. This procedure
was then conducted for a larger flood, the One-Half PMF. Computed
results also reflect dam break conditions on the sediment retention
basin on Reelfoot Creek. Computed water surface elevations do not
reflect attenuation through Lake Isom. ER 1110-8-2 (FR) has the
One-Half PMF design minimum for Standard NO. 3, but also states the
base safety standard will be met when a dam failure related to
hydraulic capacity will result in no measurable increase in
population at risk and negligible increase in property damages over
that which would have occurred if the dam had nc: failed. Should
the 500-year flood or the One-Half PMF occur on the Reelfoot Lake
drainage area and downstream on Running Reelfoot Bayou the entire
area would be inundated. Under these conditicas, outflows are
restricted by tailwater which would reduce gravity flow from the
lake. The computed One-Half PMF elevation downstream was
approximately elevation 288.0 NGVD which equates to the computed
lake level. It should also be noted that at elevation 288.0 NGVD,
the lake has additional outlets not included in the analysis, which
provide relief and would decrease the lake elevations.

Based on incremental water surface increase analysis, a dam failure
related to hydraulic capacity will result in no measurable increase
in population at risk and a negligible increase in property damages
over that which would have occurred if the dam had not failed. Due
to the incremental increase in water surface elevations being
larger under the S00 year event conditions, it was selected rather
than the One-Half PMF. Also, small differentials between headwater
and tailwater elevations will exist at the structure during events
in the Reelfoot Lake and Running Reelfoot Bayou drainage basins as
stated for Corps of Engineers Standard No. 2. Corps of Engineers
Standard No. 2 applies principally to the desig~ of run-of-river
hydroelectric power of navigation dams, diversion 3dams, and similar
structures with relatively small differentials in headwater and
tailwater elevations. The standard states no ur:que IDF needs to
be established but the structure should be able: to safely pass
major floods (i.e., 500 year event) typical of tl =2 region, without
excessive structural damage and remain operable
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1-26. Lake Isom Feature

Based on the proposed project storage capacity, the structure
is classified as an intermediate size dam. The hazard potential is
identical to the proposed Reelfoot Lake alternate spillway
structure resulting in a 1low hazard potential due to the
unpopulated area downstream. During major =vents, a small
differential between Lake Isom pool levels and downstream tailwater
would exist which conforms to Corps of Engineers Standard No. 2.
Should an event occur in the magnitude of a 500-vear event or the
One-Half PMF, Running Reelfoot Bayou floodplain w>uld be inundated
and incremental increases in water surface elevrations due to a
structural failure would be at a minimal. It is also assumed that
a dam (embankment) failure of an impoundment structure of this
storage capacity would not result in a distinct hazard due to the
unpopulated area downstream.

1-27. Sediment Retention Basin Feature

In selecting a hazard classification for a dam, the
classification is based on failure consequences 1esulting from the
failure condition that will result in the greatest hazard potential
for loss of life and property damage. A comparison of the storage
capacity of 1105 acre-feet and a dam height of 13 feet results in
an intermediate size classification based on design guidance
presented in Table 14. The low hazard potential classification was
determined and is based on the sediment basin discharging directly
into Reelfoot Lake. The inflow design floods for a low hazard/
intermediate size structure range from the 100-ysar flood to One-
Half the Probable Maximum Flood (PMF).

A worst case scenario was assumed and an incremental water
surface elevation increase analysis was initiated for the 500 year
event and One-Half the PMF for the Reelfoot Creek basin and
downstream on Reelfoot Lake to support the hazard classification.
Information describing the necessary hydrolcgyic analysis 1is
outlined in the design reference entitled “Trairing Aids for Dam
Safety (TADS), Module: Evaluation of Hydrologic Adequacy.” As
outlined in TADS and Corps Safety Standard No. 3, the analysis was
required to evaluate the incremental increase in consequences
resulting from a failure in order to identify the flood level above
which the consequences of failure become accep.able. In other
words, the floodflow condition above which the incremental increase
due to failure is no longer considered to present an unacceptable
threat to downstream life and property. The selection of the
appropriate IDF for a dam is the result of this bazard evaluation.
Differences between pre-dam break and post-dam break were computed
on Reelfoot Lake for incremental increases 1n water surface

39




elevation determinations. The dam break was si-ulated using the
HEC-1 computer program. Dimensions for the dam break on the
Sediment Retention Basin are shown in Table 17.

Table 17

DAM BREACH DATA

Total Length of Embankment ~,- 13600 Ft.
Width of Breach 1000 Ft.
Side Slopes 1V on 1H
Breach Start Elevation 308.2 NGVD
Breach Bottom Elevation (Nat. Grd) 298.7 NGVD

The 500-year event was routed through the proposed structure
and to downstream areas, with the assumption that the proposed
structure remains in place as described in TADS. The same flood
was re-analyzed and routed through the structure assuming the
embankment fails. Both pre-dam break and post-dam break conditions
were analyzed for the 500-year flood and One-Half the PMF.
Comparisons under both conditions made downstream on Reelfoot Lake
at the existing spillway structure revealed no measurable
difference because of attenuation due to the vas! surface area of
the lake. The incremental increase in Reelfoot Lake water surface
elevations due to the dam break was determined tc be approximately
0.1 foot for both conditions. Criteria for Standard No. 3 applies
to dams which impound water upstream from populated areas which
would be susceptible to hazardous conditions should a dam fail.
This shows the results of a dam break would no* cause a further
threat to life or property over pre-failure condi:ions so selection
of the IDF was based on a lesser flood (500-year =vent) instead of
the one-half PMF. Also, since the sediment retention basin will
discharge directly into Reelfoot Lake, the probability for placing
life or property at risk below the sediment retention basin would

be relatively low or non-existent. TADS also states dambreak
routings may be terminated at a point where damage caused by
routing flood flows appears limited (i.e., a large downstream

storage area).

1-28. Summary

It is the Corps of Engineers policy, as statzd in ER 1110-8-2
(FR), that dams designed, constructed, or operated by the Corps
will ‘not create a threat of loss or life or invrdinate property
damage. The structures for the Reelfoot 1Iake Project are
categorized as low hazard dams; meaning failure w1ill result in no
adverse impacts downstream. ER-1110-8-2 (FR) was used as guidance
for determining base safety standards for eacu structure, and
incremental increases in water surface elevations were analyzed to
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ensure population(s) downstream are not at risk should a failure
occur. ‘

Aerial photography and field reconnaissance reveals the
downstream areas for the Reelfoot Lake and Lake Isom structures are
largely unpopulated and resulting consequences of failure would not
be catastrophic. Damages will be primarily i«slated to county
roads and bridges. The magnitude of the selectecd IDF will produce
downstream tailwater conditions which greatly rediice outflows from
each structure should a failure occur. Also, the presence of
sufficient tailwater creates a small differential between lake
elevations and Running Reelfoot Bayou flood elevations. This tends
to make Corps of Engineers Standard No. 2 applicable. It is felt
the selection of the 500-year event as the IDF is appropriate since
no unique IDF needs to be established under thig standard.

Consequences of a failure at the Reelfoot: Creek sediment
retention basin also would not present a hazard o human life due
Lo the storage available downstream on Reelfoot iiake. Routing of
the dam break flood wave under the 500 year even!. and the One-Half
PMF resulted in no measurable increase in water surface elevations
at the existing spillway on Reelfoot Lake which is a reflection of
the vast storage area. The structure also will not maintain a
permanent pocl which decreases the probability of having a failure
occur presenting a hazard downstream. Selecti:n of a 500-year
event as the IDF was based on the low hazard potential, small
incremental increase in water surface elevations and absence of a
traditional permanent pool.
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POOL EL.

282.00

281.75

281.50

281.25

281.00

280.75

280.50

280.25

280.00

280-274.2

274.20

STEP

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16

17

REEELFOOT LAKE, TN AND KY
POOL DRAWDOWN TABLE

VERTICAL GATE OPENING IN FEET

12

12

12

12

12

12

12

12

12

12

Q (cfs)
298
526
813
914
1046
1106
1212
1 1294
1 1269
1 1194
1 1262
2 1205
2 1237
4 1212
12 1212
12 *
0 0

* See Drawdown Curve for discharges and tailwater elevations.

TW EL.
273.0
275.86
277.4
278.2
279.0
279.4
279.9
280.3
280.2
279.8
280.2
279.9
2801
279.9
279.9

*

0.0




oz~ X
JLVId

3OS 0L 1ON

NWv13d dvy - JdiN
AVM TGS 31VNYILTY
MVl 1003133y

M3IA NV 1d

004

00

NOILD3108d 30L/0N3

SSINMOKL .95
dvy-dy 0Soy

SSINNOHL .9
dvy-dYy 059y

Sir dvid-ay

aN3931

NOILO310Md ON3
«3. 3dAL QHVONVLS

NOILOIL08d ¥NvEHIAD /

«Ow 3dAL QUVONYIS




12-1
1LV1d

305 01 1on
IVL3A dvy - diy
AVMTIAS 3LVNY3LTV
INVI 10047133y

M3IA 371404d

NOILJ310¥d 301/0N3

SSINNOML .9¢
NOHLJ3104d MOLLO8 % 34075
dvi-dy 0C9Y

SSINMOML W92
NOILO310dd 34015
Y- 009y

SHNTY dvi-d

aN3931

NONONINGN NN N NN NN

ﬁ

TN

IRTQUNY
é.! OE:'A'A..!

ST

A

N
N,

N
IR

N

8>

S
2

</«/

ﬁ\%\ e
13
O

7
437

IN'Y
og.u

ﬁ
D

NN
G\

ROILO3108d ON3 /

w3 3dAL QUYONVLS

N Om@m@w

////

, /,/ N

// /// ,// y\i,

/

/OMOM 7@%«

N //\/\/

SN

RO Omomom/ /omomowxomomom

ooonoo
»&&o

0000000

4
4

m“..a.....a,.
L4 Y v L4

)
". . V. g . - 9.
" .

, .Q.Q....Q

” 'h q.. Cv.w . e

4
4

4
4

q
4

.hO@ON N‘m@ i D

NOILJI3108d MNVBNIAD /oo

«Ou 3dAL QNYONVLS




= L0 IMO:‘..NNBL'IZGI'I"D e
' 3 s Su

a[iaucydy], “

. 37WANOLAIL
T visirg

w55
i 33334

Crmz
wa

18)
maang,

puog sa3sg
ER" N =




NOIIVEOISTE MOST $4v1
XHONINAY % FISSHNNAL ‘BAVI LOOJITFIY




14-0V 39VHO0LS

00021 00011 00001 0006 0008 000. 0009 000¢ 0007V 000¢

0002

pool

0

I

ot

JAYND FOVHOLS
INOSI ANV
anlis ALIGISY3d IMV1 L0043

yi2

§.¢

9.¢

Lig

8L¢

6.2

08¢

182

[4°14

£8¢

¥82

g8e

98¢

NOILYAT 3

AADN -

PLATE 1-24




SRR ] ads T P 1) e
vt | Loeaurys v3]  royaang] . 99-wwg o uedotand SNOLLOHES 55080 © 5
A NOLLVHOLSSY WOSI %1 E
f— el e T XMOAINEY ¥ @USSHNNHL ‘IHVT LOOTHEY 3
DT s r SENND 10 S0 o e
¥ s o) I - weecr LIS UTNIOKD AN S DD o st sad

8-8 NOI1123S

(IN3WANYENT 00+ 1 = 3713048d 95+2)

SIXU AUMT11dS ONOY 3711404d

[g]
~
r
oo
(o)
L
(&)
o N
~ (&)
s
(=)
Iy P
W <
| B>
<
a3
A
Z
Z
0o+ 25+€ 20+€ 05+2 00+2 aG+ 1 00+ 1 25+0 20+0
{ 1 | 1 1 1 1 L 1
v-v NOILD3S
PS+8 © NO11D3S INIWANGEN3I
=
EbLoa
! U 75 282) 100d MO3Y3LVA XU
€ £
P N FARRE
QuoH T3AVHO e
H1NOS H1dON
173
0s ov oc @2 a1 2 ei- oz- ot -

GLe g

282 —

NO119A373

682

062 -

GLE
Q

28 -

ND1LVA373

682 -

26 L




NY1d GIuu343ud - 282 13 —8— 08¢ B E R

NOILYAT13 100d ONILYEVLS

SHVIA 001 ¥3d FJONIHINID0 40 AON3NOAAA
000l 0ol 0! i 1’0

AONINOIYA "SA NOIWLVAITI

JuNLVY3d INOSI IMV
N | ACGNLS ALMIGISYAL IMV1 10047133

08z

8¢

[AT4

€8¢

AADN - NOLLVAZTE 3NV

PLATE I-26




FENIONULE LATLAO
NOLLVHOLSIR NOSI ¥AVT
KIDAINTH ¥ TASSANNIL ‘HAVI LOOLTITH

£-0F =, 3IWIS

NYTd 31IS
e
0°8:z *13 ~
@ HEZAL
( - =]
<
x
_— T — —
HOLZAL | B
1 —— ov—— — —
m
= n
- o
£ S
(=4
L
—p 0rz8z "3 051 HE2AL

<.

u'.—'lwm xnl
P T

)numrl
ooy

=)

0-.1 =% 335

JHNLINYLS 13711LN0

>8
9 9 w
<{ {
I 0 .M ¥ /||||||||||||||||||||:||:|||||||||||||||||.||||:amwml ||||||||||
- 3 1 -~
i 1R -
N | o1z 1R -~
_ _ = ~ - 3d07S INIMANYENI
H , _ T~
¥ =~ ~
_ L1g] s e =T
068213 0s8e 13
o8 D95 O 081
N
/ 052
-8 095 D8 -8
T E e 1 3
_
_ 3 3
“ 2015vy mmmixo.wi/
_ R IR Rl I b ?
_ N |
Q@ T -
'dAL O 204 S €
_ 3
_ ~N ~
| % 4
— IIIIIIIIIIIIIIIIIIIII TJ -1
I &

&8




801 ALVUd

INIS OL 10N
Mv1i3d dvy - dio . 7
JINL0NY1LS NWOSH 3MvT TR ETT I TV 1 Rp—
Piv1 1004133y M3IIA NV 14 spewe
- A
- - SINT dvy-dY wa
aN3937
@@ IO TTOTO
NOILOIL0¥d ON3 " L ) "
w3. 3dAL OBYONVIS N Vo
r w NOILI310¥d uo>|\ mm ..w N s o3
............................... mI:“r.t.......l.|.|.1.l.l.l.l.m.y.,ﬂ.r.t..l-l.li. S R L
;0 . .
T\(/.O._Ml m NOILDL08d ozul\ auvo /

1 AN

- < ..
7 //. N .
1 AN
f NN
./// NN .
)
NOILI3108d ANVEN3AO /

«Ox 3dAL CUYONYILS




oC1 HLV1d

IWIS 01 LON
NVL3IA 4avy - diY
JENLONYLS WOSIH Ixv1 NOIILO¥d 3OL/ONI -

MY 100471339 >> m _ > m l_ _ .n* O W,_ ﬂ_ NOUD3IO MOTTOB 3 ST

dvd-dN 059 S

SSIHOHL ¥ T
NOILD310¥8d 34075 .
Y-y 0Ly
S1ireY dvy-diy m mmz V
aN3937
£34 o 0%
o £z >
@» W/ NNV, 7\
) /Q>\ /é«\ ,,0<\ /év\ Q %.M/ .“w.&w/.h.‘. >

zé«\/\ I/Vv\>\ /¢\>\ /g>\ /4<\>\ /é<\>\ /e\ \

..im....ﬁ :
K\O q.ai.. gﬁ! Aw» Y
s

?.ﬁ qw&..ow . 0&0«. ,-u 74 x\ OOON@ AR
3. 0L O ' R N \ \ KA ‘..‘ - q... o
w\ O AN ,/ NN \ \/X\A\/ Dwe T
e2lex0ke 05 03 omomom R A

NOLLDIL0¥G MNVEYIAD II\

«Ow 3dAL CHYONYLS




e ~XE5
A re Deve Oropad 11 A%
o J B _;J,s‘& x)

o

-
L

i‘-_mt;&«‘:u Prget. 1‘%?

sty L
Nl
~

f»ﬁ'~'r*~-|

N

OT DRAWN TO SCALE

TO=TCTER T
: F l’ " R4
k4 i
,._:-’:—-x v \1 d

N ffnge BEE PLATEI-30 i

5 A
Qe W
xﬁi

SR

REELFOOT LAKE, TENNESSEE & KENTUCKY

CIRCULATION CHANNEL EXCAVATION

U. S. ARMY CORPS OF ENGINEERS
MEMPHIS DISTRICT




SPE !

_E'ij OMUTS “HHN LD

B PV i

i
wayy » =

- 1pdey; ;
sHaIOL) r‘ -
T Tway -

s

let

/
%

sf[Aucydy,

. 3TNANOLGH

Ppuog saysy
XY SR \;.

rd

Wepjepy £ -
noN F -

i
'




=
s ol B

6 TMIIGEPRNAOGI 008800 S

NISVE NOLINZLEYN INTWIEIS
XHONINTH % TASSANNAL ‘DIVT LOOITATA

330SINNAL ‘SHI/BN
SHEENIONS 40 Sdi00




o;o.Eszum_ I JO | 133u§ _ 661 ‘61 AoW

Apmis Awigisoa
AN P NL 07 3004199y

DUl TSJUDINSUOD  [SIM

01=,1 A
A000°1=.1 Z1.40H

3028
0'10¢ 13 10 EE.OSG Ut /m
(07062 "13 10 WBAul) SWAAND  Z/-7
N8NNQ 19A87 Mo joordA|
0069
Gie ,001 .GEl
Al .008 VA 0821 | .0091 “ .00€1 =009 |
N RELTS Zl 1enno L onno
18AD7 MmO 10ADT] MOT) 18A07 MO}
—062
——l | —e T} — Al | s
Komjdg Kowiig _
Aomjjidg Aouabiawy \ —00€
W/ — zZ'zog 13 0°'10¢ 13 100d udwIpag t?om\ -
ecoc 3 [ — 1\l _ _ _ __ __ _ - e
0'G0f 13 pool4 ;soo_n\ -

(/ 0'80¢ 13 wog jo aoT\ /) — ot

AVQ 40 30v4 AV3IYLISAN 40 F1140¥d
JINLONGLS NOIINGLFY INFWIAIS IMVI 10047133

N
e




SHVIA AIHANNH Y3d JON3IUNDDO0 40 ADNINDAUA

0’000t 0°001L 00l o'l L0
- 0001
X
T \Y
ol et e - 00001
SNOILIANOD G461 ‘S0°0 ‘S'0=N1°L-03H V ALNIGVYE0Ud Q3103dXT —=XH——
1IN 3ON3IAIEINOD G670 - X% - - LIAN 3ONIAIEINOD G070 = % - -
000001

NOILLYHAITYD AONIND3IYL L-03H
9dNAINVYS HVIN 334D LO047133Y
AANLS ALITIFISY  DIVT LOO4T33Y

{s32) 3DHVHOSIA




000ce

0000¢

0008}

(‘34-2108) BWIN[OA anlenWND

0009l ooovl 000cZL 0000} 0008 0009

000y

000¢

AN

SuoBIPUOD [enIu]|
UOEAd|] "SA DWINJOA dAlRINWNYD
FHNLONY™LS NOILNILIY LNJINIAIS INVYT LOO04133H

L8¢

68¢

L6¢

£6¢

g6¢

LBC

- 66¢

t0¢

(4) uoneasig




00081}

0009}

ooorl

("3j-a10B) 2WIN[OA dAlBINWIND

0ooct 00001 0008 0009 000y

000

N

*

SIBaA 06 191V
UOIJBAD|T "SA 3WNJO/ dAlRINWND

FUNLONYLS NOLLNILIY LNIJWIAIS 3NV L0043

[40}%

£0¢

- ¥0¢

G0¢

90¢

L0€

80¢

60¢

-0le

(1) uoneas|y




gooct

00001

("1-e108) AWINJOA BAlRINLWIND

0008 0009 oooy

000¢

[
[
——8 8 O

Boms 22" HFSE

*

Bl

L€'l UOIIDAG SSOI) 0} UOHEAI|T "SA BWN|O/ AlB[NWNY
FANLONYLS NOILNILIY LNIINIAIS IMVY1 LO004133y

I~
o]
(4]

(2]
<«
N

—
o
N

€6¢

- G6C

VA T4

66¢

L0¢

- ¢0¢

q0¢

L0¢€

60¢

(33) uoneaa)g




000ge

000ce

000le

0oo0c

00061

ooosli

(s30) mojno

00041
0008t
000st
ooovL
oooct
0ooci
000LL
goool
0006
0008
0004
0008
0009

000V

go0¢

000¢c

0001

1 000¢

000¢

000¥

e :

| e

000s

SRSV SO S OOO©

000L

0008

0006

cooolL

Co0LL

oooct

Ll
\

0ooct

suolipuo [entuj
molanQ "sa abelolg
JANLONYLS NOILNIL3Y LNIINIAIS IMVY1 L004133Y

ocoovt

(14-0B) swnjoA aAleInWIND




(s30) molino

N N N - -_ - Y -t - — - - -—
[ — o «© (o] ~l! (2] [8)] +a w N - o © (0] ~J [e2] (9] H w N -
o fon ] o (] (] (] o (o] (@] (o] o (o] o o QO o o (=] o o o o
o (] (=] O o o [en] (] (o] O o o o o Q o (@] (o] o o [} [ae]
o [w] (] (] o (] o o (o] o Q o (en] [ o o o o [ew] o o o o
\\P :
/
F 3
/
/
&
7
4
#
7
prd
—
., 4
\\ ——
A -
]
Lo—"
I*\A.
SIBOA 0 oYy

molnQ ‘sa abelioyg
FANLONAULS NOILNILIY INIJWIAIS IMVY1.L0047133H

0001l

000¢

000¢

—t 000¥

0009

0009

0004

0008

1 0006

00001

00otLL

(14-2€) awn|oA sAlejNWNY




5/18/97

REELFOOT LAKE SEDIMENT RETENTION STRUCTURE

Pool Elevation vs. Qutflow

Initial Conditions
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REELFOOT LAKE SEDIMENT RETENTION STRUCTURE

Pool Elevation vs. Qutflow

After 50 Years

306

! 4
\\R
N
AN
N

(13) uoneas|z jood

000L1L
0050}
00001
0056
00086
0058
0008
00S.
000.
0059
0009
00sS
000S
00sy
000¥
00G¢e
000¢
00%¢
000¢
0051
0001

005

Outflow (cfs)




000tz

0002z

0oole

00002

00061}

0008l

(s30) moino

000}
00091
000S1
000¥1L
0ooct
ooocl
oootL
00001
0006
0008
0o0L
0008
000g

000¥

000¢
000c

0001

!
T
{
i

- 0001

10002

- 000¢

R
i 8§
\\

000y

000s

0009

- 0002

0008

0006

00001

000LL

0ooct

oooet

suonipuoy [eniu]
MoINQ 'sA abeioyg
JANLONYLS NOILNILIY ININIQIS TNV 10047133y

ooovi

(¥-2e) swnjop sanenWNY




(s39) mopino

N N 8 prey o 3 > o N » o ry > © o ~ o) o S w XY -
o [an) (e ] O o () Q o @] (=] Q (@] (@] o (@] () (] Q (=] (@) () (@)
(& o (w) Q (o) O (@] [en] Q (e} (@] o (o) O o () [ew) (@] Q (@] (] [w]
o (e) (e} o o (o] Q o o (] o (o] O (o] o O o Q o o (@] (o] (@)
_ \\\\kw 0
- = - 0001
¥
/
* —
/- + 0002
4
- 000¢
Pl —_
_ I S / 1
— — \\\\muwl- —-——1 000¥
Y R A —
A T 00
\nw\Mw\\\ 5 1 0009
\
) : N — R B |
- 000
— =] - B R
- S ) e Mo S S N R
- S T 0008
]
- 0006
00001
-
SIBOA 06 JonY

MoINQ "sA abeioyg
JANLONYLS NOILNILIY INIWIQIS TNy 1004733y

(1-oe) awnjop sAneINWNG




5/18/97

REELFOOT LAKE SEDIMENT RETENTION STRUCTURE

Pool Elevation vs. Qutflow

Initial Conditions
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Pool Elevation vs. Qutflow

After 50 Years
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Reelfoot Lake Feasibility Study

Sediment Retention Structure
50-Year Sediment Routing Results

May 19, 1997

HEC-6 Filename H6T16.DAT
Sediment inflow
foutflow for main stem
Reelfoot Creek outlet
silt inflow (ac ft) 4,455

outflow (ac ft) 1,969
trap efficiency (%) 56
sand inflow (ac ft) 291

outflow (ac ft) 1

trap efficiency (%) 100
Dredging
totals (cu yd) 464,935
totals (ac ft) 288
annual (cu yd) 9,300
annual (ac ft) 5.8
NRC range (RM) 1.31-4.365
SRC range (RM) .01-2.98
Totals
total trapped (ac ft) 3,064
total trapped below section
1.31 (ac ft) 1,740
elevation of 50-year 299.9

sediment pool (ft)
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SECTION 2 - STRUCTURAL, ELECTRICAL & MECHANICAL

PART A - STRUCTURAL DESIGN DEVELOPEMENT

2-A-01. STRUCTURAL.

This section presents the basic criteria, assumptions, methods of analysis, and results of
the computations for the preliminary design of the structures identified in the Reelfoot Lake
Project feasibility study. Sufficient engineering and design was performed to enable refinement of
the project features, prepare the baseline cost estimate, develop a design and construction
schedule to allow detailed design to begin immediately following receipt of preconstruction
engineering and design (PED) funds. The Hydraulics and Hydrology Branch identified the
following structural items:

1) Reelfoot Lake Alternate Spillway
a) Spillway
b) Highway Bridge
2) Reelfoot Creek Sediment Retention Basin
a) Primary Spillway
b) Low Level Spillway
3) Lake Isom Outlet Structure
4) Shelby Lake Inlet

Functional requirements were defined in the Reelfoot Lake Tennessee & Kentucky,
Reconnaissance Report, November 1993. With this information structural configurations were
developed for each item. The dimensions for the majority of structures were based on historical
data of similarly sized structures and preliminary design calculations. The following unit weights,
lateral coefficients, load factors and material properties were used:

Material

Concrete: 150.0 pef
, 4000.0 psi

Reinforcement: 60.0 ksi

Earth - Saturated 125.0 pef

Water: 62.5 pcf

Steel: 36.0 ksi




Load Factors

Dead Load: 1.4
Live Load: 1.7
Hydraulic Factor: 1.3

Soil Condition

At Rest, Level 0.5
Earthquake
Seismic Zone 3

2-A-02. DESIGN CRITERIA.

The structural design criteria are, where applicable, based on appropriate U.S. Army
Corps of Engineers design manuals. Where locations, site conditions, types of structures, owner’s
operational requirements, and safety dictate more stringent requirements, other design criteria
from appropriate state or federal agencies were selected. All criteria are currently accepted
throughout the engineering community and constitute sound engineering practice. The criteria to
be used are contained herein and may be modified as needed to complete final designs.

a) EM 1110-2-1603, Hydraulic Design of Spillways

b) EM 1110-2-2000, Standard Practice for Concrete for Civil Works Structures, Change 1

¢) EM 1110-2-2102, Waterstops and Other Preformed Joint Materials for Civil Works

Structures

d) EM 1110-2-2104, Strength Design for Reinforced - Concrete Hydraulic Structures

e) EM 1110-2-2105, Design of Hydraulic Steel Structures, Change 1

f) EM 1110-2-2400, Structural Design of Spillways & Outlet Works

g) EM 1110-2-2502, Retaining and Flood Walls

h) EM 1110-2-2902, Conduits, Culverts and Pipes CH 1-3

2-A-2




i) ER 1110-2-1806, Earthquake Design & Evaluation of Civil Works Projects
j) ER 1110-2-8157, Responsibility for Hydraulic Steel Structures

k) TM-5-809-1, Structural Design Criteria for Loads

1) ACI Building Code 318

m) AISC Manual of Steel Construction ASD, 9" Edition

n) Standard Building Code

2-A-03. REELFOOT LAKE ALTERNATE SPILLWAY

The Reelfoot Lake alternate spillway is located approximately 1200 feet west of the existing
structure. The gate sill is 5°-3” above the inlet channel bottom elevation creating a normal
operating head on the structure of 15°-3” with a maximum head of 17°-3". The normal gate-
operating head is 9’-0” with 2 maximum head of 12 ft. The proposed structure has six 20°-0”
wide roller gates. The gates will be purchased from a manufacture of this type equipment. The
Big Lake Area Arkansas— Ditch-81 control structure was used to develop the preliminary design
and subsequent quantity estimates for the Reelfoot Lake alternate spillway. The Ditch 81
structure has tainter gates rather than roller gates and was designed for a maximum head of ‘
22°-0” approximately 5°-0” higher than required for the proposed project. The Ditch-81 control
structure has performed well for over 20 years. This structure has also experienced extreme
loadings. In December 1994 the structure was operated improperly causing the rising waters to
flank the structure. The proposed Reelfoot spillway structural element sizes are equivalent to the
Ditch 81. See Section 3, Geology and Soils, of this report for the various load cases analyzed to
verify the overall stability of the structure. The proposed site layout and new structure are shown
on drawings II-A-01 thru II-A-06.

The existing spillway is essentially a box culvert with gates on the upstream side. The original
structure was built in 1930 and consisted of 20-10°-0"W x 7’-3"H barrels with a 4’-0” wide fish
ladder on the west end. Two additional 19°-6” wide barrels were added providing a total of 22
barrels. The structure will be abandoned in place with provision to permanently close the
hydraulic portion of the structure. This will be done by filling all barrels with a flowable grout and
providing a 160°-0” wide embankment on the downstream side of the structure. The unusually
wide embankment is being provided because it is a convenient and necessary location to put
excess excavation material. The existing spillway is shown on drawings 11-A-07 thru II-A-12.

A new highway bridge will be required to cross the proposed channel. The State of Tennessee

was contacted to determine the requirements for the new bridge. The bridge was designed
according to their requirements. The proposed bridge is shown in drawings [I-A-13 thru [I-A-15.

2-A-3




During review of the spillway structure several items were noted as areas of potential savings that
may be gained during the final design. The first items were the inlet and outlet walls. The walls
are tapered on the backside. It has been documented that it can be less expensive to provide more
concrete with vertical faces than to use less concrete and taper the walls. The last item that was
noted was that the stilling basin retaining walls are independent of the main slab. This required a
large footing projecting back into the fill. It may be more cost-effective to tie the walls into the
stilling basin slab forming a U-shaped channel. These items will be investigated further in the final
design.

2-A-04. REELFOOT CREEK SEDIMENT RETENTION BASIN

The Reelfoot Creek Sediment Retention Basin has a total of five structures in a 17,000~
foot embankment. This included an 800-ft. wide earthen emergency spillway that did not require
any work by the Structural, Mechanical & Electrical section. The other four structures include a
primary spillway (see Drawings II-A-16 thru II-A-18) and three low-level spillways (see drawing
II-A-19).

The primary spillway walls were sized using an equivalent fluid pressure of 94pcf and a
factor of safety of 2.21. The stilling basin slabs were sized using the wall thickness plus six inches
to account for the additional cover required for this type slab. The inlet slab used the same
thickness required for the walls, because it will not be subjected to same type of abrasion as the
stilling basin slab. The weir portion of the structure size was determined by hydraulic and
constructabilty requirements.

The low-level spillway is shown on drawing 1I-A-19. This spillway has two distinct parts.
The intake structure and the stilling basin. The intake structure was sized assuming up-lift would
be the controlling loading. Additional concrete was distributed evenly over the structure to
counter act uplift. The sediment retention basin is designed such that the inlet structure will
become inundated and fill from the top. Although the inlet structure has five 2°-0” diameter holes
in one side, uplift was determine with no interior water and exterior water to the top of the walls
(el. 301.0). Sediment will be filled in to an elevation of 301.0 at the end of the project’s life.
Therefore, the inlet structure’s wall reinforcing was designed using an equivalent fluid pressure of
94pef with a factor of safety of 2.21. The stilling basin (outlet structure) walls were sized using
the same equivalent fluid pressure and factor of safety. The slab for the stilling basin was sized
using the wall thickness plus four inches to account for additional cover requirements. Concrete
pipe meeting ASTM C76 Class IV was use for estimating purposes. The pipe has an overburden
of approximately eleven feet at the crown of the embankment.

2-A-05. LAKE ISOM OUTLET STRUCTURE.

The Lake Isom outlet structure is shown on drawing I1-A-20. The proposed Lake Isom

2-A-4




outlet is a replacement for an existing structure. The existing structure is a 5’-0"W by 10°-0"H
box culvert with wooden 4-by-4 stoplogs on the inlet side. The existing structure has twelve-inch
walls and slabs. Lake Isom is a dry lake normally. This project will provide well water in order to
maintain lake levels in the future. The proposed structure was designed using an equivalent fluid
pressure of 94pcf and a factor of safety of 2.21. The size of the structure was checked against
standard State Highway box culverts. It is proposed to use aluminum stoplogs in the new
structure to allow for manual placement. ‘

7-A-06. WATERFOWL MANAGEMENT UNITS / SHELBY LAKE.

The Waterfowl Management Units and Shelby Lake will be supplied water through the
structure shown in drawing II-A-21. This structure consists of two 2°-0” diameter steel pipes that
will be jacked under State Highway 21. The pipes will have concrete head walls and a base slab.
Two off-the-shelf manual canal gates with a maximum head of 7°-0” will be required on the up-
stream end. Drawing II-A-21 assumes that a 250-ft. long ditch with a 10-ft. bottom width will be
excavated out to the lake. The need for the downstream headwall should be evaluated during
final design.
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APPENDIX B

SECTION 2, Part B:
ELECTRICAL







APPENDIX B
SECTION II
FEASIBILITY STUDY

REELFOOT LAKE ALTERNATIVE SPILLWAY
PART B - ELECTRICAL
2-B-01 GENERAL

The electrieal design for the proposed Reelfoot Lake Alternative Spillway will include
constructing electrical prirr;ary and secondary services to the structure. The new electrical
primary service will include placement of at least one power pole to support a bank of three 25
kVA transformers, overhead conductors, cut-out fuses, lighting arrestors and grounding. The
electrical secondary service will include the installation of a weatherhead, conduit, conductors,
metering enclosure and lockable disconnect switch mounted to the new power pole, underground
conduit and conductors run to a new power panelboard mounted on the structure and individual
conduits and conductors to each of the six electrical gate operators. The center two gates shall
have the option to be controlled in manual and/or automatic modes. Each of the other gates shall
be controlled manually with electrical push buttons for raise or lower of each hoist gate. There
shall be adjustable limit switches and torque limit switches for each hoist operator. Each hoist

control compartment shall have one 120 volt AC heater to prevent condensation of moisture.

The design of the various sub-systems will be based on the use of equipment and materials

that are available as standard products of the electrical industry. In the selection of materials and




equipment, special consideration will be given to ease of operation, reliability and ease of
maintenance. The Standards of the National Electrical Manufactures Association (NEMA), the
Institute of Electrical and Electronics Engineers (IEEE) and the American Standards Institute
(ANSI) will be used aé guides in the selection of guides in the selection of motors, panelboard,
breakers, breaker boxes, conduit, conductors and other materials. The design of circuits, conduit
systems and the grounding system will conform to the National Electrical Code, the National

Electrical Safety Code and Corps of Engineers Guide specifications.

2-B-02 POWE-I; SOURCE.

All commercial electrical power for the gated structure will be supplied by the Gibson
Electric Membership Corporation with headquarters in Trenton, Tennessee. The electrical power
needed shall be 125 ampere service at 480 volts AC, three (3) phase for 6-10 horsepower motors
and 1-3kVA single phase transformer. The operéting costs will depend on the amount of usage

and shall be paid by local interest.

O
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APPENDIX B
SECTION II
FEASIBILITY REPORT
REELFOOT LAKE SPILLWAY DESIGN

PART C - MECHANICAL

2-C-01 GENERAL

The proposed Reelfoot Lake Control Structure will consist of six bays, and a 40 foot high
by 129.5 foot wide reinforced concrete structure . Each bay will have a 12 foot high by 20 foot
wide roller gate located on the inlet side of the structure. There will be two 27 foot high by 38
foot wide curved wing walls located on the inlet side of the structure and two 19 foot high by

48.5 foot wide curved wing walls located on the outlet side of the control structure.

2-C-02 ROLLER GATES

The roller gates (six total) will be installed at the entrance of each of the inlet bays. Each
roller gate will be 12'-0" high and 20'-0" wide and will be raised by a tandem, electric motor
operated gate hoist unit. The roller gates must be capable of withstanding a minimum 25 foot
seating head and a minimum 15 foot unseating head. The seating/unseating heads are measured
from the water surface to the middle of the gate when the gate is in the closed position. The gate
will be manufactured by using horizontal hot-rolled steel channels or wide flanged beams spaced
equally so that each channel/beam carries its portion of the hydraulic load. Vertical spacers
between the horizontal channel/beams will be of the same size as the channel/beam. These

horizontal and vertical members will be arranged in a box configuration with a face plate welded
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to the members.

The gate will operate on steel rails located in the roller slots in the side of the gate
opening. There will be two rails in each roller slot and the roller slqts will be fabricated steel
plates and/or channels. The rollers will be machined cast iron with a side flange and a self-
lubricating bronze bearing. The rollers will be adjustable and bolted on to the side of the gate
slide to aid in alignment and seating. There will be a minimum of two rollers per slide.

Seating of the gate will be accomplished, on the upstream side, by rubber seals mating
against machined corrosion resistant steel contact surfaces. The side seals will be hollow “J”
bulb seals and the bottom seal will be a flat rubber section. The bottom seal will be flat to
prevent the accumulation of silt and debris around the bottom of the gate which could adversely
affect the gate’s operation. The gate will rest on an adjustable bottom sill which will have a
machined corrosion resistant contact surface. The adjustable bottom sill shall be grouted in place
after alignment and proper seating between contact faces has been checked. The gate and rails
will be painted with a coal tar epoxy paint to prevent corrosion. There will be two stainless steel
gate stems per gate with bronze bushings in the stem guides for raising and lowering the gate.

The gate will be raised and lowered by an electric motor operated gate hoist with torque
limit switches to prevent an overload on the gate and gate stem. The force required to prevent to

lift the gate is calculated from the following formula:

F=62.4APf+W+w

Where:
F= lifting force required

A=area of gate opening in square feet
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P=effective head of water in feet

f=coefficient of friction

W=weight of gate slide

w=weight of stem
The area of the gate opening is 240 square feet and effective head as measured from the water
surface to the middle of the closed gate is 17 feet, based on the 100 year record high water
elevation of 286.10 when the gate is in the closed position. The coefficient of friction is 0.2, the
weight of the gate and stem is approximately 37,000 1bs. The lifting force required is

approximately 56,000 1bs.
2-C-03 MOTORIZED GATE OPERATOR

Each of the tandem gate lifts shall be driven by a motorized gate operator mounted on one
of the tandem gate lifts and as shown on the contract drawings. The electric motorized gate
operator shall be similar to a Type EIM Series 5000 motorized control operator as manufactured
by EIM Corporation or a L120 motorized "Limitorque” control operator as manufactured by the
Limitorque Corporation Inc., or an approved equal. Each unit shall be furnished with integral
controls and weatherproof push-button station. Each éontrol package shall be delivered
completely wired, assembled and ready for installation and shall include, but not limited to, a
mechanically interlocked reversing controller having a continuous current rating not less than
required by the motor manufacturer, a space heater, a 120-volt control transformer, overload
relays, a sufficient number of contacts to operate the motor and auxiliaries (indicating lights,

etc.). one spare normally open contact, one spare normally closed contact. and sufficient terminal
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strips to make all necessary wiring connections. The terminal strip for the input supply lines
shall be capable of accepting copper conductors up to AWG 10. The push-button stations shall
be mounted on the side of each hoist unit. Each push-button station shall consist of three
pushbuttons: "OPEN", "STOP", and "CLOSE.", and two indicating lights, red and green. The
push-button stations shall be enclosed in a weatheri)roof NEMA 6 enclosure. The controls shall
conform to NEMA ICS and UL 508 standards.

The electric motor for each hoist unit shall have a minimum 80 ft-Ibs starting torque
rating with a 30 minute duty cycle, 1800 r.p.m. operating speed, be suitable for operation on 480-
volts A.C., three phase, 60-Hz power supply, have sufficient horsepower to operate the hoist unit
through the full gate travel in both directions without exceeding the full-load ampere rating and
conform to applicable requirements of NEMA Publication MG1. All bearings shall be anti-
friction type. Each rﬁotorized gate operator, including motor, shall be enclosed in weatherproof
type enclosures conforming to NEMA 6 specifications. Reduction gearing shall consist of
generated helical gears of heat treated steel. Worms shall be of hardened alloy steel with threads
ground and polished. The worm gear shall be one piece of chilled nickel bronze accurately cut.
All reduction gearing shall run in grease lubricant. All gears shall be carried on heavy-duty ball
or roller bearings adequate for all torque and thrust loads imposed by operation of the gate at the
specified conditions. Suitable seals shall be provided at all points as required to retain the grease.
Rubber for seals shall meet the applicable requirements of ASTM D 2000 for "Grade R 625."
Each motorized gate operator shall be of such design as to permit manual operation of the unit in
event of power failure or as necessary during servicing. A handwheel for each hoist unit shall be
provided and an arrow with the word "open" shall be cast on the rim of the wheel, indicating the

direction of opening. Effort required to operate the hoist manually with the gate in motion shall
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not exceed 40 pounds at the wheel rim. The motor operator shall include a built-in clutch
mechanism so that the handwheel will not rotate during motor operation nor shall the motor turn
during manual operation. A dial-type gate position indicator shall be located on each of the
motor operators to show gate position during both hand and motor operation. Each indicator
shall be graduated to show "full open" when the bottom of the gate is in the fully raised position
at elevation shown on the drawings. Each of the indicators shall be housed in water tight
enclosures. The internal arrangement of each hoist unit and of each gate stem shall be such that
all moving parts run in grease lubricant with adequate grease fittings provided to lubricate the
gate stems and stem nuts. Each lift nut shall be a one piece bronze nut and shall meet the

applicable requirements of ASTM B 584.
2-C-04 LIMIT SWITCHES

During closing and opening travel of each gate, the gate and gate stems shall be protected
against overload by a torque responsive mechanical switch. There shall also be provided geared
limit switches for stopping the gates at both the fully closed and the fully open positions. The
torque switches shall be operative during the entire travel of the gates to protect the stems and
gates against possible damage in the event an obstruction is met. The torque switches shall
function without auxiliary relays or other devices and shall be field adjustable to ensure (1)
stopping the lowering operation of the gates should the stem load, for any reason, become
compressive to a degree greater than the normal seating requirements and (2) stopping the raising
operation should a 100% overload develop and the stem tension becomes greater than the normal

unseating requirements. The position limit switch shall be adjustable and of the intermediate
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gear type, governed by rotation of the motor driving mechanism. Internal motor control wiring
for 120-volts A.C., single-phase, 60 Hz operation and motor wiring for the 480-volts A.C., 3-
phase, 60 Hz power. The unit shall be provided with suitable terminal blocks in the limit switch
compartment, and terminal blocks shall be clearly marked in a suitable manner to facilitate
external control and power connections. All internal wiring shall not be smaller than No. 12
AWG stranded copper conductor with not less than 3/64-inch thick "Neoprene" or approved
insulation. The center two gates will operate automatically in fully open and closed positions to

maintain the pool elevation between 282.0 to 284.0 with approximately tenth of a foot increment.
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= o i e | g =]
B CoOS rmqumey o3l s e{oag 998G vout vencived TYOINVHOIW - NVId AVATOdS ]
I 1 et L) Py RPN § T BP0 S | |=
g g ,| um\zm”‘)‘:}‘"‘l‘:ﬁ‘;:’: AVATIdS FALLYNYELTV TAVT LOOJ13Td E O fH
ey vl 1 s e - reiin-s anw : AMONINIY % TASSHNNEL ‘AXVT LOOLTHTY T 1°
: — S]] e o i Zoma s, SR
) 5% 2 — o R T e s o050 s T 0 R — e I GR
9-62!
O-0¢ B-65
) 001 [O-H 591
$9-£ 9-9
R %
| ps)
& i
Q~ ‘,. 1 _____ .
\
S
3 \ 2
% ]
e}
.......... g
> ,
i L)
$ « ? T
_ |8 B IS S . y
‘. & %
N %
] ] %
i 1 3
e mE
=
s ||| P W
5 NI ) o
S % T >
ol | K ~ h
i N U
s S =
e Q 3y “
wgwl E |
S i
be il o a
Q il b
3 Y b=
2z il ?
8 Bt < -
S (U1
& S = &
3 ——— g e [ - S I X M
N @ % > (o]
-3 a oy o
" t o
> = ;
oy
E 5 % w
i 2 8 ;
2
A 5 Z
¢ : 3
E} .
&
W
b FLOW S 5 2
R & ~
| N
STOP LOG LIFTING FRAME -
e .
%
=) =2
5 g
8
®
[
|
!
2 z ST
™ Wi
m
@ U5}
I W ]
o i
! o (=)
=z
F- === = 5 )
b | L}I_J o — } ]
L) | w o] |
N = = i !
______ E 3 I
F-4 5 ? ] ' [ N
T [+ | k]
f { = '
(7] l
\ zP 0. e o~~~ U . - -
b -
e e T e =1 —--II]C——— == {
g z o
5 5 S 4
P ! ] |
S _l v ! e}
[*4 ] L .
3 8 3 ; : o -,‘,-
N ry g W Ql:
B o R[4 g o
E
w = . |
n = © -
N V2] J < wn
= . N =
i a
M
===t —1{ ! — / 1
{ N -
W —
i
M z
\ =
-
[72)
o
m

NEW TANDEM HOIST UNI




\ 2 40 ¢ ’

(0.034 8) LINN LSIOH W3GNVL

izia

z-0-11 .
ONIAVIA
z S0-b = LM 3WIS
m L0-4 = L% JWIS AVMTHAS a3ilvo
B : TIYM ¥ NiISvd 131n0
& |gf
5 B g
545 I
& m m WNLINYLS NISYE 131LN0 —
5 m .0-.0% .0-.0¢ <092 13 . 9-.6¢ 0-.0¢
3 \\I
S ,— e e e e e o T T T e T T ) -
= m 5 | 5°652 13 ANIE
LEw dvadid .2 ce B A 2 v.vv. 9.9’ S
m m m -4 . v . T A A 2T B AVM TGS
m . m r ) - Gd..v. 9.g . -V.y . v. gv v..y v TN AR les e e e — uln‘llllllma —
2 ouomwma qm@%% cdnﬁd&wu% ) &@moqchmoo R TR - 0°59z 13
m m m m WOAW%D W%Dh \%) \d%ﬁ%. 2% %3 m, ’ \\lmm#@w 13 N dVddid Dw>mx\|/'0”0 &>
g 5G9 0% ?@m
E | T IS, o 1 SRR,
N v . . . o , N
S & 38 T3NNVHD 137110 LTI SR R - o ato N 1000 WM LI IR A g a0 S
a3 | T T T 089 T3 N T~—a38 1anNNvHY 13N |
i | LNIOP NOISNVdX3 Tt Tt e Tt T . \
. S A T TR TIVA ONIM TONOD
| LNIOP "dX3 Ob/X =,A e ¥w TS vy v
n Z STk 13
‘ m 3ivid 1y T VM 40 3AS 14
< 7 . 1VIX||
% oy . E 1071
' \ TIVA NI ONOD \\“\\w : 9014015 404 “N V8’40l 0082 13
522 ~ | 30109 ¥371104
s s 31v9 4370 ) !
i sovee /1 T T T T T T T T T T T T T T T~ #D_Euw 0z X % N _ -
az : . . [eQ” 7 —
] % '8¢ 7 I\ N d _ ~¢ 78 13 003 TVREON - \ 301 33A9
8 , 30vy¥9 NId ONOA3S B3A3T 40 304 ~ - “\.\. 1078 |} P
, Py v8e 13 TIVR 7401 ~ . m\m oodm.WMv L - T~
.ﬂ_...ﬂ. ¢ ~ . 301N 431104 3Lvo—] _\ _ —A— Yb¥8Z 13 1INNVHD dOL
# e el
Hiel . NM0YD|[33A3] .0-.12 -
g mwm ! TIVM ONIM |_.__H|«\H|“n.||l.||._l
N w L0-.08 0062 13 T1VA 0L
§ LB E | i
Lk (0,034 21 | " %/ .
Polls NILS SSINIVLS .Z4E /
IR EEL _ ~H NOILISOd 3¥01S
H iy | NI $907dO1S
: I :
i | vo
_wlm i N 2o 0-.9 TIVY ONVH
TFY | i 000t "3 _ l/ obX8 M
| i 31v1d 30L B vd oz<x|\\\\\\|\\\\\|\\! A/\%/;Vl SONMY ¥3QQVY ONY 1IVY¥ ONVH
L (. ™~
i | LR RRE]
g ) WY041v1d ONILYYIdO ‘
_ INVHS L¥OJINS ONV TIVHONOW
! 1SIOH NOL-€

(0,034 ¢ dvI

Q30VIBHL /M IA0D 55\/

frn—s

12151310 smduiayy !




SECTION 3:







SECTION III - GEOLOGY AND SOILS

3-01 General

The purpose of this section is to present the results of the geotechnical design for the
Reelfoot Lake feasibility report. This project consists of a large geographical area with
several proposed features to improve the environmental aspects of the study area
including restoration of fish and wildlife habitat to recent historic levels. The Reelfoot
Lake area is located in northwest Tennessee and southwest Kentucky and comprises an
area of approximately 240 square miles. The basin includes portions of Lake and Obion
Counties in Tennessee and part of Fulton County in Kentucky. See Plate III-1 for a
location map. The proposed plan for the Reelfoot Lake project consists of five general
areas of improvement. These five areas are as follows: an alternate spillway for the main
lake, improvements at Lake Isom, new construction of a sediment retention basin,
excavation of circulation channels connecting the three distinguishable basins of the main
lake and improvements at Shelby Lake. The locations of these features are shown on the
general vicinity map, Plate III-1, except for the layout of the circulation channels. A
layout of the circulation channels can be found on Plate III-70.

Each of the proposed Reelfoot Lake improvement items consists of multiple
features. This report will address the geotechnical design and considerations of these
main features. The alternate spillway will consist of construction of a new spillway, inlet
and outlet channels, embankments, closure of the existing spillway, and a new bridge.
The sediment retention basin will consist of construction of an embankment, three large
drainage culverts, a primary spillway and an emergency spillway. The Lake Isom project
will consist of an embankment enlargement including the earthen emergency spillway
and replacement of the existing control structure. The Shelby Lake area will consist of a
lake enlargement, construction of waterfow] management units around the lake, and
mechanical means of providing water to each of the sites. The circulation channels will
consist of removing sediments to a specified elevation around the main lake. These
channels will especially aid in ability to move around the lake during lake drawdowns.
Corps of Engineers design criteria and standards were used for the geotechnical design
presented in this feasibility study.

3-02 Geology

The Reelfoot Lake watershed is located within the Mississippi Embayment section
of the Gulf Coastal Plain. The Reelfoot Lake area is characterized by several
physiographic features — the lake itself; the Mississippi River alluvial floodplain;
Tiptonville Dome, an elliptical-shaped rise extending from Proctor City, Tennessee,
south to Tiptonville, Tennessee; a bluff line east of the lake that crosses the watershed
along a northeast-southwest axis; and uplands east of the bluff.

The western half of the study area is situated on the alluvial floodplain and the
eastern half is situated on loess covered uplands. The alluvium consists of point-bar,




natural levee, back-swamp and abandoned channel deposits. The deposits are composed
of 10-50 feet of silts and clays which are underlain by 40-150 feet of sands and gravels.
The alluvium lies on the Tertiary which is the Jackson Formation. The silty loess uplands
are underlain by the Continental gravel deposits.

The project area is located within the Seismic Risk Zone 3 and is in the immediate
vicinity of the epicenter of the New Madrid earthquakes of 1811-12. The most severe
earthquake during this period had an estimated body-wave magnitude of My = 7.5 or a
‘Modified Mercalli Intensity of XI-XII. During these earthquakes, Reelfoot Lake, as we
know it today was formed. A north-northwestern striking fault near Reelfoot Lake
vertically displaces post-Paleozoic sediments a minimum of about 53 meters.

3-03 Subsurface Investigation

The level of the subsurface investigation performed for this report was selected in an
attempt to provide an accurate yet cost efficient characterization of the subsurface. The
investigation consisted of obtaining new data to supplement previous boring information
taken for the November 1993 Reelfoot Lake Reconnaissance Report and existing historic
data. The historic data came from past projects within the study area and consisted of
seepage studies along the Mississippi River system and Lake No. 9 Pumping Station
project located near the Mississippi River Levee northwest of Reelfoot Lake. None of
the historic boring information is presented in this report. The previous recon subsurface
investigation consisted of eight borings taken throughout the main lake (1986 and 1993).
Six of these borings were taken on the lake from a raft mounted, portable drilling rig.
The other two borings were taken on land within 150 feet of the shoreline with a truck-
mounted drilling rig. Eleven additional borings (1995 and 1997) were taken for this
study using a truck-mounted drill rig or hand auger as follows: five borings were taken
for the alternate spillway and inlet and outlet channels, two borings at Shelby Lake, one
boring at Lake Isom, and three borings at the sediment retention basin. All nineteen
borings presented in this report were made with an auger, split-spoon sampler and/or 3-
inch and 5-inch thin walled Shelby tubes. The boring locations for each boring are
shown on Plate I1I-2 with the boring logs presented as Plates ITI-4 through I1I-26. The
standard boring legend is presented as Plate ITI-3. The general stratification of the
Reelfoot area indicated by the borings is a varying overburden layer of 25 to 45 feet in
thickness consisting of silts and clays intermixed with sandy strata underlain by fine to
medium sands.

3-04 Laboratory Testing Laboratory testing of the boring samples

was performed by the Waterways Experiment Station (WES) and the Memphis District
laboratories. Unconsolidated-undrained (Q), consolidated-drained (S) shear tests, and
consolidation (C) tests were performed by WES. Classification, natural moisture
contents, natural densities, and Atterberg limits were performed on representative
samples by both laboratories. The Memphis District Laboratory performed unconfined
compression tests and mechanical analyses on course-grained samples. WES test results
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for this project are located at the end of the Plates in Appendix III-A. The specific strata
where WES tests were conducted are also shown on the boring logs.

3-05 Soils and Foundation Analysis

a. General. The boring logs along with the corresponding test results were
examined to determine appropriate soil stratification and shear strength parameters for
the major features of the foundation design. Once stratifications and shear strength
values were assigned, a variety of foundation analyses were performed as applicable to
determine liquefaction potential, channel slope stability, structural excavation slope
stability, structural sliding and overturning stability, bearing capacity, settlement, uplift
analyses, and dewatering requirements.

b. Design Shear Strengths. (1). Clays. The selection of the design values for the Q
and R conditions was based on consistencies indicated by the boring logs, natural
densities, moisture contents, Atterberg limits, unconfined compression tests and Q
triaxial tests. Design values for the S condition were based on S (direct shear) tests by
WES and the Plasticity Index (PI) verses ¢’ relationship developed for LMVD and
contained in WES Technical Report No. 31-6-4, June 1962.

(2). Silts. The design shear strengths for silts were selected conservatively using
consistencies indicated by the boring logs, natural moisture contents, past experience
with similar soils, and values suggested in DIVR 1110-1-400, Section 5, Part 4, Item 1,
dated March 1973. Design values of =20°, ¢=300 psf were selected for the Q and R
conditions. Design values of $=28°, ¢=0 psf were chosen for the S case strengths.

(3). Sands. Design values for the coarse grained soils were selected based on past
experience with similar soils, suggested values in the above DIVR, and correlation’s
between standard penetration tests (N-values) and the angle of internal friction (¢).
Cohesive values were taken as zero for all loading conditions.

3-06 Stability Analyses.

a. Slope Stability. Slope stability analyses were performed to determine the required
slopes for the features of this project including embankment slopes, excavation slopes,
cofferdam slopes, and inlet and outlet slopes. Slope stability analyses were conducted in
accordance with guidelines and criteria presented in DIVR 1110-1-400, Section 5, Part 4,
Item 1, dated March 1973, for Type A projects. Long term stability analyses for the
alternate spillway outlet channel below station 20+00 used Type B criteria or a factor of
safety greater than 1.0. All other stability analyses were performed for the following
loading cases with respective minimum allowable factors of safety for Type A projects:

‘d




Loading Case Minimum Factor of Safety
After Construction (AC) 1.30
Long — Term (LT) 1.25
Sudden Drawdown (SD) 1.20
Partial Pool (PP) 1.30

Stability analyses for the appropriate loading conditions were performed using the micro
computer software package GEOSLOPE which is available through the GEOCOMP
Corporation. The program’s capability to analyze both circular and non circular shaped
failure surfaces was used in the analysis of all slopes. The analysis of circular failure
surfaces was performed using the Modified Bishop Method of Slices. For non-circular
failure surfaces or wedge failures, the Janbu Method of Generalized Slices was utilized.
Manual computations of the controlling case were also performed as a check to the
program. A legend for the slope stability analyses is presented as Plate III-3.

b. Structural Stability Analyses. (1). (Sliding). Sliding stability analyses were
performed for the major features of the proposed project, including the alternate spillway
and spillway retaining walls, sediment retention basin primary spillway retaining walls,
and the Lake Isom replacement control structure. All analyses were performed in
accordance with the procedures presented in ETL 1110-2-256 and EM 1110-2-2502.
These analyses were performed to ensure the stability against sliding at the base of the
structure or through any soil layer below the base. The Limit Equilibrium Method was
utilized for determining the factor of safety against sliding. The Rankine method for
determining forces on the structures was used in the analyses. Program CSLIDE from
the WES library was also used for some of the analyses and as a check of the safety
factors. A minimum factor of safety of 1.50 was used for normal loading conditions and
1.33 for unusual loading conditions. Since the project is located within Seismic Risk
Zone 3, stability of each structure was analyzed for earthquake induced loading. A
horizontal acceleration coefficient of 0.15 g was used to determine the lateral earthquake
forces acting on the structure. The vertical earthquake acceleration was neglected.
Criteria were based on guidance presented in ER 1110-2-1806. The minimum allowable
factor of safety for sliding for earthquake loading was 1.10.

(2). Overturning Analyses. Overturning stability analyses were performed for the
major features of the Reelfoot Lake Project. These analyses were conducted to ensure
the location of the resultant force occurred within the middle third of the base for the after
construction (AC) loading condition and the middle half of the base for the sudden
drawdown (SD) loading condition. The method of analysis used for overturning along —~
with the required minimum resultant locations are presented in EM 1110-2-2502. The  _ :
active soil and water pressures were applied to the structure using at rest earth pressure




coefficients for the driving side forces. The resisting side forces varied from zero
(ignoring passive resistance) to a maximum conservative force calculated using up to the
active earth pressure coefficient . An additional force to balance the horizontal loading
conditions was also included in the overturning analyses. Overturning analyses were also
performed for earthquake loading to determine the resultant location with seismic forces
applied. A horizontal acceleration coefficient of 0.15 g was used to determine the lateral
earthquake forces. Guidance presented in EM 1110-2-2502 required only that the
resultant force be located within the base for earthquake conditions.

(3). Bearing Capacity. Bearing capacity computations were based on principles and
methods presented in EM 1110-1-1905. Bearing capacity was determined by Hansen’s
Equation, which is a modification of the general bearing capacity equation to account for
effects of embedment, overburden pressure, foundation shape, and inclination of loading.
Earthquake loading using a horizontal acceleration coefficient of 0.15 g was considered a
viable case. Analyses included determining a factor of safety by dividing the ultimate
bearing capacity of the foundation soil by the soil pressure determined from the net
vertical load and the eccentricity loading on each structure. The eccentric loading was
determined by summing unbalanced forces on the structure. A minimum allowable
factor of safety of 3.0 is required for normal loading conditions, 2.0 for unusual loading
conditions and 1.0 for earthquake loading as presented in EM 1110-1-1905 and EM
1110-2-2502. : |

(4). Settlement. Since the alternate spillway and retaining walls will be founded on
sand and compacted clay gravel, settlement was considered negligible and no analyses
were performed. However, settlement was a concern for most of the other features of the
project. These features include the sediment retention basin embankment, culverts and
spillways to be constructed in the embankment and settlement of shore line structures
around Reelfoot Lake during a reservoir drawdown. Settlement analyses were conducted
to estimate the magnitude of settlement. These estimates were based on consolidation
test data taken for this project, empirical relationships developed for clay strata, and
experience from previous projects.

(5). Seepage and Pressure Relief Analysis. A seepage and pressure relief analysis was
performed for the alternate spillway outlet channel. The computations were based on
principles and methods as presented in Technical Memorandum No. 3-424, Investigation
of Underseepage and Its Control — Lower Mississippi River Levees.

3-07 Alternate Spillway

a. Introduction. The proposed alternate spillway consists of a six bay reinforced
concrete spillway. Each of the six bays is 20 feet in width and contain vertical roller
gates 12 feet in height. The structure will control Reelfoot Lake levels by adjusting the
gate height and controlling the amount of water flowing through the structure. The
current normal lake pool is elevation 282.2 feet NGVD. The new structure will fluctuate
water levels annually between elevations 284 and 280 feet NGVD. The spillway will

also have capability to draw the lake level down to elevation 274.2 feet NGVD or the top -




of the spillway weir. The proposed alternate spillway location is shown on Plates 111-27
and 111-28 and will be located approximately 1000 feet west of the existing spillway. The
structure was moved from the proposed location 1500 feet east of the existing spillway as
recommended in the November 1993 Reelfoot Lake Reconnaissance Report. This new
location allowed for a straight bridge and highway alignment for the new spillway inlet
channel instead of a curved bridge alignment as would have been the case in the 1993
report location. Five borings were taken along the proposed inlet and outlet channels
with one of the five borings taken at the new structure location. Tertiary Boring 2-RLST-
95 was taken at the spillway site and was used for most of the foundation design for the
replacement structure. The boring locations are shown on Plate ITI-27 with the boring
logs presented on Plates III-4 through III-10.

The alternate spillway design included both seismic risk and foundation analyses to
determine if the proposed site would be suitable to support the structure. After evaluating
the results of these analyses, it was determined that a foundation on grade would not meet
present design criteria for a stable structure. A settlement analysis was conducted for the
replacement spillway structure on grade or at El. 264.0 and resulted in an estimated
excessive settlement of around 6 inches as shown on Plate I1I-32. Several options were
then considered for the foundation of the spillway including a pile foundation under the
structure, ground modifications to improve existing conditions, and excavation of the
weaker material located below the structure. Based on costs and construction
considerations, removal of this weaker material beneath the structure was selected as the
best alternative. This included excavation of the existing soil to El. 242 and backfilling
with a compacted clay gravel to the foundation grade. The structural backfill plan for the
alternate spillway is presented on Plate ITI-31. Plates III-43 through I1I-45 andPlate III-
47 show the proposed plan and elevation views of the spillway.

Two additional borings are proposed at the alternate spillway site since the structure was
moved 100 feet closer to Reelfoot Lake from the site assumed when Boring 2-RLST-95
was taken. The proposed structure location was moved to the site presented in this report
because of existing utility considerations and alignment of the inlet channel. (See Plate
111-27 for location.) These borings will also verify soil conditions assumed for the
analyses in this report and provide additional information before finalizing plans and
specifications. A minimum of four piezometers will be installed at least six months
before construction begins to monitor ground water conditions and fluctuations. This
information will aid the contractor in determining a dewatering plan required for the
excavation of the site and in selecting parameters for the design of the relief well system
required downstream of the spillway structure.

b. Seismic Risk Study. An analysis of the proposed site of the new spillway was
undertaken to determine the annual risk factor (Ry) for an earthquake to cause liquefaction
of the underlying foundation sands. Based on the logs and standard penetration tests
results from Boring 2-RLST-95, the most susceptible sand layers occurred immediately
below the topstratum clays between elevations 249 and 245. This factor coupled with
other concerns regarding the structural stability of the spillway (settlement and bearing),
resulted in over-excavation of the foundation to El. 242 and replacing the material with
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compacted clay gravel. The next layers of sand that are most susceptible to liquefaction
occur at depths between 69 and 79 feet. A risk analyses was performed to determine the
cost effectiveness of abating the liquefaction potential in these layers as presented on
Plates 11I-33 and III-34. The analysis resulted in an existing condition risk factor of
0.005360. Assuming the sand layer between 69 and 79 feet was densified to a relative
density of 80%, then the risk factor (R,) would be reduced to 0.001641. Ground
densification at this depth would be most cost effective by using vibroflotation
techniques. The cost effectiveness for densifying the foundation sands was determined
by comparing the present worth value of the annual damages eliminated by densifying
the foundation sands to the cost of densifying the foundation sands. The damages from
liquefaction were estimated by assuming that the structural damage was equal to the
initial cost of the structure minus salvage value or approximately 3.5 million dollars. The
benefit to cost ratio to perform ground densification in the deeper sand layer was 0.44.
Therefore, densification of the deep sand layers is not an economic solution to mitigate
seismic risk due to liquifaction.

c. Excavation and Cofferdam Stability Analysis. The structural excavation will be
protected from flood stages at the site by an earthen cofferdam. The cofferdam will
consist of a semi-compacted embankment with side slopes of 1V:2.5H minimum, a
minimum crown width of 15 feet and a crown elevation of 288 feet NGVD. This crown
elevation is based on the 100-year flood plus an additional 2 feet to provide adequate
freeboard and account for settlement. A minimum 15-foot berm will also be required
between the cofferdam and structural excavation. The excavation slopes will begin at
natural ground (El. 281 feet NGVD) and extend to elevation 242 feet NGVD on a
minimum slope of 1V:2.5H. The deep excavation will allow removal of the non-suitable
material and replacement with compacted clay gravel.

Stability analyses were conducted for the combined cofferdam and excavation together
with the above slopes. The results of the stability analyses are presented on Plate ITI-35.
Boring 2-RLST-95 was used for the stratification and shear strengths in the analyses.
The analyses conservatively assumed that a dewatering system was in place and
maintaining the ground water three feet below the excavation bottom. A steady seepage
water profile was assumed for the upper strata and a water profile as shown on Plate I1I-
35 was assumed for the deeper clay strata. A 100-year flood event was assumed against
the cofferdam for all analyses. The minimum factor of safety was 1.20 at elevation 255
feet NGVD with a 1.24 at the clay/sand aquifer interface at elevation 249 feet NGVD. A
manual check is presented on Plate III-35 of the analysis at elevation 249 feet NGVD
with the Geoslope computer printout results shown on Plate III-36. The long term
stability analysis resulted in a factor of safety of 1.17. Both minimum factors of safety
are slightlv below the required minimums for permanent Type A slopes. However, since
the excavation will be open for only a short period of time or approximately two months
from elevation 242 to 265 feet NGVD, the factors of safety are considered satisfactory.
Also for this reason, S-strengths were not considered a necessary loading case and were
not utilized in the analyses. Full uplift seepage forces (el. 286 feet NGVD) were also
applied under each of the layers between elevations 264 and 273.5 feet NGVD as shown
in the table on Plate H1-35.




d. Dewatering. A dewatering analysis was performed to determine the required
number and layout of wells for the dewatering cost estimate for the deeper aquifer (below
el. 249 feet NGVD). Dewatering requirements were based on procedures and guidelines
presented in TM 5-818-5. The dewatering system was designed to lower the water table
to elevation 239.0 feet NGVD which is 3 feet below the bottom of the deepest
excavation. It was assumed that Reelfoot Lake would act as the line source of seepage
for the ground water. The lake is located approximately 450 feet from the centerline of
the excavation. The analyses was performed assuming a headwater elevation of 286 feet
NGVD which is the 100-year flood for the Reelfoot Lake area and assuming artestan
flow conditions would prevail. The Tertiary deposits were assumed to be located at
elevation 180 feet NGVD based on Boring 1-RLUT-93 and the assumptions shown on
the analysis presented as Plate III-37. An average horizontal permeability around 1100 x
10 cm/sec was selected based on the Dy grain size of the foundation sands taken from
boring samples in the area. The analysis as presented on Plate I1I-37 indicates that a
dewatering system consisting of seventeen 12-inch-diameter fully penetrating deep wells
is required for the 100-year flood. The estimated dewatering well locations are also
shown on Plate I1I-37.

Dewatering will also be required in the shallow aquifer from elevations 264 to 273.5 feet
NGVD. The silty material will require either a vacuum wellpoint system or cutoff wall
(ex. - bentonite slurry trench) to effectively seal the water from entering the excavation.
For the preliminary estimate it was assumed that approximately 400 wellpoints twenty
feet in length will be required along with one large pump rated at least 1000 gallons per
minute and one standby pump of the same size, The dewatering analysis presented in this
report is for cost estimating purposes only since the actual dewatering system will be
Contractor designed, installed, and operated. As stated above, additional data will be
obtained at the proposed spillway site that will aid in the design and operation of a
dewatering system.

e. Seepage and Relief Analysis. An analysis was performed on the outlet channel
downstream of the stilling basin to determine if relief measures would be required for the
outlet channel. Borings 1-RLSU-95, 2-RLST-95 and 3-RLU-95 were used for the
analyses. The results are presented on Plate TII-38 and indicate that the outlet channel is
susceptible to excessive uplift pressures under the clay layer between elevations 249 and

1265.5 feet NGVD. A relief system will be required on both sides of the outlet channel
along the stilling basin and downstream riprap protection below the alternate spillway.
Preliminary analyses indicates approximately twelve 8-inch diameter relief wells
approximately 85 feet in length will be required.

f. Inlet Channel Stability. The inlet channel for the alternate spillway consists of a
proposed 1200 foot long, 140 foot bottom width channel with an inlet invert elevation of
269 feet NGVD. A new highway bridge will be constructed where the inlet channel
crosses the existing highway embankment as an integral part of the alternate spillway
replacement project. The Tennessee Department of Transportation will design and
construct this bridge facility. Borings 1-RLBU-95 and 2-RLST-95 were used to analyze




the inlet channel for stability utilizing Type A design criteria. See Plates I1I-27 and I11-28
for the inlet and outlet channel layout and location of the borings. A 1V:3H slope is
required to meet design criteria for the inlet channel. Since there will be no excavated
material placed north of the highway, the controlling analyses for the upper reach
included stratification from Boring 1-RLSU-95 and a section through the proposed new
bridge site embankment. The analysis is presented on Plate I1I-39 with the computer
printout from GEOSLOPE for the controlling case on Plate III-40. The sudden
drawdown (SD) case resulted in the lowest factor of safety using conservative water
limits and a wedge type failure through the clay layer at elevation 260 feet NGVD. A
shear strength of =0, c=400 psf was used for the failure layer. Both Borings 1-RLSU-
95 and 2-RLST-95 were analyzed with a 40-foot berm and 20 foot high excavated
material embankment for fill placed between the highway and alternative spillway site.
A slope of 1V:3H is required from the analyses using Boring 1-RLSU-95 with the SD
case controlling with a factor of safety of 1.18. Analyses with Boring 2-RLST-95
resulted in a slope of 1V:2.5H meeting criteria using an outlet channel grade of elevation
265.5 feet NGVD. The lower channel grade was conservatively used so that it would
apply to both upstream and downstream conditions. As shown on Plate III-41, the long-
term stability analysis controlled for this reach with a factor of safety of 1.23.

g. Qutlet Channel Stability. The outlet channel consists of a 4000-foot long channel
with a 140-foot bottom width at the structure that transitions to a 30-foot bottom width
400 feet from where the channel enters into existing Running Reelfoot Bayou. Borings
2-RLST-95, 3-RLU-95, 4-RLU-95, and 5-RLU-95 were analyzed to determine the
minimum required slopes to meet both Type A criteria (from the proposed spillway to
station 20+00) and Type B criteria (station 20+00 to the confluence with Running
Reelfoot Bayou). See Plate I1I-27 for the boring locations and proposed channel layout.
The analyses using Boring 2-RLST-95 is presented as Plate I1I-41 and discussed in the
paragraph above resulting in a minimum slope of 1V:2.5H. Boring 3-RLU-95 was also
analyzed using Type A criteria resulting in a minimum slope of 1V:2.75H with the long
term (LT) stability analysis being the controlling case (FS=1.31). The AC and SD cases
resulted in higher factors of safety greater than 2.0. Since the LT case controlled, a plate
representing the analyses with Boring 3-RLU-95 is not presented in this report. Borings
4-RLU-95 and 5-RLU-95 along with pertinent survey information were analyzed using
Type B criteria. The analysis with Boring 4-RLU-95 was the controlling case and is
presented as a typical analysis on Plate I11-42. A 40-foot berm, 20 foot maximum
excavated material embankment (EME), channel grade of elevation 265.3 feet NGVD,
and EME slopes of 1V:2H were used in the analyses. The AC case controlled with a
factor of safety of 1.24. The analyses with Boring 5-RLU-95 resulted in a minimum
channel slope of 1V:2H with a LT factor of safety of 1.05 and an AC factor of safety of
1.38.

h. Construction Considerations and Recommendations for Inlet and Outlet Channel
Slopes. A 1V:3H channel slope and excavated material embankment slope with a
minimum 40 foot berm is recommended for the inlet channel and outlet channel to station
20+00. This slope is recommended because of stability analyses presented in this report
and maintenance considerations, aesthetics, and input from the local sponsors (TWRA).




The inlet channel excavation will proceed from within the top bank slope intersections
with no clearing beyond these limits. Either a platform embankment for equipment to
operate from will be constructed in the channel limits to accommodate the channel cut or
a dredge from the lake side or both will be required to complete the excavation. The
recommended slope for the outlet channel below station 20+00 to the confluence with
Reelfoot Running Bayou is a 1V:2.5H. The EME embankment can be placed to a
maximum height of 20 feet above natural ground with a 40-foot berm (no higher than
elevation 300.5 feet NGVD). However, feedback from the local sponsor (TWRA)
indicates that a 1V:3H slope would be more favorable with the EME material placed over
a larger area to minimize the EME height. Possible additional right-of-way and slightly
higher excavation costs most likely would be required to accommodate this request.

i. Riprap Protection. Riprap protection will be required to protect the outlet channel
downstream of the alternate spillway. The protection will extend 200 linear feet along
the outlet channel beginning at the end of the concrete stilling basin. The first 100 linear
feet will be protected with a 36-inch thick R650 riprap blanket from top bank to top bank.
The next 100 linear feet will be protected with a 24-inch thick R650 riprap blanket along
both side slopes, extending 20 feet from the toe into the outlet channel. Standard end, toe
and overbank protection details will be incorporated into the riprap design. The riprap
will be placed on 6-inches of bedding material and will be constructed in the dry.

3-08 Alternate Spillway Structural Stability

a. General. The alternate or replacement spillway was analyzed for structural
stability. Plates IT1-43 through ITI-45 show plan and elevation (section) views for the
proposed spillway. Six loading cases were assumed applicable for the structure to insure
structural stability for the life of the structure. These loading cases are presented on Plate
111-46 along with the results of the overturning, sliding and bearing stability analyses.
Two typical loading cases were chosen as examples to present assumptions, loading
diagrams, determination of horizontal and vertical forces including uplift pressures if
applicable and the actual analyses to determine the factors of safety. Loading Case 3 or
high normal pool with earthquake forces and Loading Case 4 or unusual loading (100
year flow line) were selected for presentation in this report as Plates ITI-47 through III-50.

b. Overturning Analyses. Overturning stability analyses were performed for the
alternate spillway for the six cases as stated above and presented on Plate I1I-44. Both
balanced and unbalanced horizontal forces were used to determine the location of the
resultant force, although the balanced force method is recommended by the design
manual. A lateral at-rest earth pressure coefficient of K,=0.5 was selected based on an
average value of $=30° for a horizontal backfill (combination of riprap and impervious
backfill as shown on Plate 11I-31). Results of the analyses indicate a resultant force
location within the allowed structural base to meet the minimum requirements for all
cases analyzed as shown on Plate 111-46 and as presented for cases 3 and 4 on Plates IlI-
48 and 111-50.
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C. Sliding Stability Analyses. Sliding stability analyses were performed for the
alternate spillway for the six cases presented on Plate I11-46 with the calculated factor of
safety shown in the next to last column. A lateral at-rest earth pressure coefficient of
K,=0.5 was also selected based on an average value of $=30° as stated above. Passive
resistance of the concrete stilling basin was conservatively ignored. After determining
the forces on the structure for each of the loading cases, an overturning analysis was
computed to determine the resultant tangential (parallel) and normal forces on the
spillway. Unbalanced horizontal forces were used in the overturning analyses. The
factors of safety were calculated by dividing the normal force times the phi angle of the
foundation material by the tangential resultant (driving) force. A shear strength of ¢=33°
was used for the structural backfill and based on conservative shear strengths for
compacted clay gravel. The results of the analyses indicate that sliding stability for the
alternate spillway is adequate for all loading cases. Although Case 3U is less than the
minimum required for earthquake loading (FS>1.1), the analysis is considered safe
because of the conservative assumptions of not utilizing the passive resistance of the
stilling basin slab and ignoring the soil resistance at each end of the spillway structure.
Both cases 3 and 4 are presented on Plates 111-49 and III-50.

d. Bearing Capacity. Using the resultant forces from the sliding analyses, bearing
capacity analyses were then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. The six cases analyzed are shown on
Plate III-46 with the results shown in the last column. All six cases analyzed resulted in
favorable factors of safety for bearing capacity failure. Cases 3 and 4 are presented in
detail on Plates III-49 and III-50.

e. Settlement. Since the alternate spillway will be placed on compacted clay gravel
fill underlain by a dense sand, settlement of the spillway was considered negligible and
no other additional analyses were performed. However, approximately 8 feet of fill will
be placed around the structure and blanket filled to the highway north of the structure.
This fill will include the permanent access roads to the structure and also serve as an
embankment to withhold Reelfoot Lake floodwaters during significant flood events.
Typical settlement analyses of Borings 1-RLU-95 and 2-RLST-95 indicate that the fill
will settle in the range of 1.0 feet. Most of this settlement will take place in the first six
months after fill placement. The permanent access roads shall be overbuilt to
accommodate this settlement

3-09 Alternate Spillway Inlet and Outlet Wingwalls

a. General. The proposed inlet and outlet wingwalls for the alternate spillway will
consist of four separate conventional reinforced concrete walls constructed on a 30 foot
radius curvature as shown on the plan view on Plate I11-44. Each of the four wingwall
sections will consist of individual monoliths with a base footing that extends from the
center of the curve through the wall stem on a 22.5 degrees angle. The wingwalls will be
founded on the clay gravel backfill supporting the spillway structure site. The clay gravel
backfill is required to meet current foundation design criteria. The compacted clay gravel




will be placed from elevations 242 to the bottom of the wingwall footings similar to the
section shown on Plate I1I-31. Six loading cases were considered for the design of the
inlet wingwalls as shown on Plate I1I-51 and four loading cases were considered for the
outlet wingwalls as shown on Plate I1I-54. Due to the geometry of the individual
monolith sections, standard two dimensional analyses would not accurately represent
actual loading on the structure as soil and wall weight, uplift pressures, internal and
external forces varied. Therefore, a three dimensional analysis was performed for the
appropriate loading conditions to insure stability of the wingwalls. These analyses are
considered conservative in that the monolithic sections analyzed utilized minimum
resisting forces with full backfill loading and the fact that the individual wall monoliths
as shown in this report will most likely be constructed as one unit.

b. Inlet Wingwall Stability. The inlet wingwalls were analyzed for the loading cases
presented on Plate I1I-51. Overturning, sliding and bearing analyses were performed for
each case (Cases A-F) with the results and factors of safety presented in the Summary
Table on Plate I1I-51. All cases analyzed exceeded the minimum required by the design
manuals for a stable wingwall. Case A or normal lake level in the backfill with a four
foot drawdown is presented in detail on Plates I1I-51 through III-53. Since the heel for
the wingwall base footing only extends across the front of the base as shown on the plan
view on Plate III-51, the center portion of the wall has different loading as opposed to the
sides as represented by the force loading diagrams. The three dimensional analyses for
each case analyzed assumed balanced horizontal forces for overturning and unbalanced
horizontal forces for both sliding and bearing. A lateral at-rest earth pressure coefficient
of K¢=0.5 (sand backfill with $=30°) was selected for determining both the driving and
resisting horizontal forces for the analyses. Cases C through E represent loading
conditions if the structure was completely built and subjected to normal ground water
conditions because the bridge and inlet channel were not constructed or operational for
uncontrollable reasons since another agency is designing and constructing the bridge.

¢. Outlet Wingwall Stability. The outlet wingwalls were also analyzed for the loading
cases as shown on Plate III-54. Overturning, sliding and bearing analyses were
performed for each case and the results are presented in the Summary Table on Plate IIT-
54. Case A is presented in detail with the force diagrams presented on Plate I1I-54 and
the analyses presented on Plates I11-54 and 11I-55. The results and factors of safety for all
cases analyzed exceeded the minimum required by the Corps. The same assumptions
used for the inlet wingwall analyses were used for the outlet wingwall. An average
ground water elevation of elevation 276 feet NGVD was utilized in the backfill with a
minimum tailwater elevation of 263.5 below the outlet channel.

3-10 Settlement During Drawdown of Reelfoot Lake Levels

a. General. The Tennessee Wildlife Resources Agency (TWRA) proposes to
periodically drawdown Reelfoot Lake from normal pools between elevations 280 and 284
feet NGVD to a minimum pool elevation of 274 2 feet NGVD. As stated in the 1993
Recon Report, the lake bottom temporarily exposed during drawdown will experience




settlement due to evaporation and the temporary increase in effective stress. The amount
of settlement is dependent on the following:

(1). Soil stratigraphy

(2). Evaporation rate during the drawdown period
(3). Water contents of soils

(4). Liquid and plastic limits of the soils

(5). Depth to the water

(6). Specific gravity of the soils

(7). Unit weight of the soils

(8). Compression index for the soils

(9). Recompression index for the soils

b. Settlement Analyses. Borings 1-RLUT-93 and 1-RU-86 through 7-RU-86 were
analyzed at different drawdown limits to estimate settlement due to the temporary
increase in effective stress from lowering the lake levels. The boring logs are presented
on Plates I1I-18 through I1I-26. The table below summarizes the estimated settlement for
a full lake drawdown from elevation 282.2 to elevation 274.2 feet NGVD for each of the
borings. Data from nine consolidation tests performed for selected strata were used in the
analyses. The results of the consolidation tests are presented in Appendix III-A, Plates
A-72 through A-140. :

Settlement Summary — Eight Foot Drawdown
(El. 282.2 to 274.2 in inches)

Boring Existing Condition  Raising Ground Surface to Elevation 282.2
1-RLUT-93 1.97 NA
1-RU-86 5.04 10.67
2-RU-86 0.78 1.33
3-RU-86 1.39 1.99
4-RU-86 0.07 0.07
5-RU-86 0.28 0.46
6-RU-86 0.98 1.57
7-RU-86 2.03 NA

NA — Not applicable since the ground surface from borings exceeds El. 282.2.

b. Estimated Settlement. (1). Lake Bottom. As the table above indicates,
approximately 2-inches of settlement will be expected for a full lake drawdown. The
analyses indicate (except for Boring 1-RU-86) that the temporary effective stress will be
less than the existing preconsolidation stress. When the effective stress is decreased by
refilling Reelfoot Lake to normal pool elevations, the rebound for all practical purposes
will be equal to the amount of temporary settlement. Therefore, the net settlement of the




exposed lake bottom during a drawdown is controlled almost entirely by evaporation.
For a full eight foot drawdown, the average amount of net settlement was estimated to be
3.5-inches for the exposed lake bottom. For subsequent drawdowns, the increase in net
settlement will be minimum (less than 10 percent).

(2). Shore Structures. Borings 1-RLUT-93 and 7-RU-86 are in areas considered to
representative of conditions where houses and similar structures are located. Maximum
projected settlement for a full drawdown is estimated to be approximately 2 inches for
structures within 1000 feet from the shoreline. Again, the ground surface will rebound to
its original elevation when the lake level rises back to normal operating pool elevations.
Damage to structures will be limited to buildings and houses with rigid masonry walls
and concrete floor slabs. The damage will consist mainly of cracking . Wood structures
are more flexible in nature resulting in only minor damage predicted during lake
drawdowns.

(3). Conclusion. Although the alternate spillway will have capability of a maximum
drawdown to elevation 274 feet NGVD, TWRA has recently stated that the lake’s surface
area should remain above a minimum 5000 acres. Projected surface lake areas for
different drawdown pools indicate that a 278 elevation would reduce the surface area of
the lake to approximately 5000 surface acres. A full drawdown to elevation 274 feet
NGVD would further reduce the lake level to less than 2000 surface acres. If the 5000
surface acre minimum is adopted, then elevation 278 would be the minimum accepted
pool drawdown elevation. The lake was drawn down to approximate elevation 278 feet
NGVD in May-July 1985. Cracking of some brick structures and asphalt roads occurred
during the drawdown period. Since the lake level has previously been drawn to elevation
278 feet NGVD, future drawdowns would limit consolidation of the lake bottom to
mainly organic material and the estimated settlement of shore structures would be in the
range of 1 inch.

3-11 Sediment Retention Basin

a. General. The proposed sediment retention basin will be located at the confluence
of where Reelfoot Creek flows from the uplands into the Reelfoot Lake area northeast of
the existing spillway site as shown on the general vicinity map on Plate III-1. The
sediment retention basin will consist of an earthen embankment approximately 11,000
feet in length with a minimum 20 foot crown width and 1V:4H side slopes. The 1V:4H
side slopes were chosen to insure adequate slope stability and provide reasonable slopes
for maintenance purposes. An aerial view of the proposed embankment along with the
pertinent data is presented as Plate I11-57. Five separate control features will be
constructed into the embankment to contro! discharge water into Reelfoot Lake after rain
events: three low level outlet drainage structures, a primary spillway and an emergency
spillway. Due to inability to obtain rights of entry, only three borings were taken at this
proposed project site as shown on Plate 111-57 (Borings 1-SBU-97, 2-SBU-97 and 3-
SBU-97). Boring 1-SBU-97 was taken in reasonable proximity of the proposed Low
Level Outlet Structure No. 2 location. The other two borings were not drilled at or near
~ the other proposed drainage sites because of limited accessibility and denial of right of




entry. Therefore, the majority of the design for the sediment retention basin presented in
this report is based on limited subsurface information. At least five additional borings
will be required to check assumed soil conditions and design parameters at both spillway
sites and at Low Level Outlet Structure sites No. 1 and No. 3. Sufficient borrow pit
borings will also be taken to determine suitability of material when the pit layout has
been determined upstream of the proposed embankment. After obtaining the additional
subsurface data, additional analyses (if necessary) will be completed before development
of plans and specifications prior to construction.

b. Embankment Settlement. The embankment will be constructed of semi-
compacted clay material obtained from borrow pits located within the basin area. Based
on natural ground elevations and an embankment crown elevation of 308 feet NGVD,
most of the embankment fill will range in height from 10 to 21 feet. Settlement analyses
were performed using stratification from each of the three borings taken for this project.
The analyses resulted in an estimated range of settlement varying from 8-inches to 2 feet
depending on fill height and whether C. or C values were used in the analyses. A typical
embankment section representing a maximum fill of 21 feet is shown on Plate III-58
along with results from settlement analyses using stratification from Boring 1-SBU-97.
The estimated settlement was 15 inches. The maximum height of fill will occur through
the reach at the proposed primary and emergency spillway locations. Additional borings
will be taken at the spillway sites and at the other proposed outlet structure sites to
estimate settlement and time required for settlement completion. The proposed
construction sequence will be to construct the primary and emergency spillway
embankments as the first order of work to pre load the sites. Based on assumed
conditions using Boring 1-SBU-97, pre loading the embankment site for approximately 6
months will result in around 95% completion of the estimated settlement. The next item
of work will be construction of the three low level outlet structures and outlet channels.
Once the culverts are operational, the contractor can proceed with the construction of the
project ..

c. Low Level Qutlet Structures. (1). General. Each of the three low level outlet
structures consist of two six foot diameter concrete pipes that extend through the
embankment with inlet and outlet structures as shown on Plate II[-59. These structures
will drain storm water impeded by the embankment for all events with headwaters less
than elevation 302.2 feet NGVD or the crest elevation of the primary spillway. The inlet
consists of a box culvert with five two foot diameter holes placed on the side of the box
culvert with the top open (11 feet by 20 feet at elevation 301 feet NGVD) as shown on
Plate I11-39. As the basin fills with sediment, then the next adjacent hole will provide
drainage into the box culvert. Eventually the culvert sides (11 feet in height) will be
completely filled with sediment with all flow entering through the top of the culvert
unless the sediment is periodically removed from around the culvert walls and inlet basin.
The outlet structure consists of a preformed concrete stilling basin structure (top of slab
elevation of 286.8 feet NGVD) with energy dissipaters and concrete walls as shown on
Plate 11I-39. The outlet channel will have a bottom grade of elevation of 289 feet NGVD
and extend approximately 1000 feet downstream from each structure with a 30 foot
bottom width channel. Minimum slopes of 1V:3H will be required for the outlet channel




slopes. Eighty linear feet of 36-inch R650 riprap will be required downstream of the
stilling basin structure from top bank to top bank. An additional 40 feet of 24-inch R200
riprap will be placed downstream of the R650 on both slopes and extend 20 feet into the
channel. The riprap will be placed on 6-inches of bedding gravel and be placed in the
dry.

(2). Settlement of Culvert Pipes. Natural ground at the proposed low level structure
sites vary from elevations 290 to 298 feet NGVD. This will result in a varying
embankment fill between 10 to 18 feet for the culverts. Settlement analyses were
performed using stratification from borings 1-SBU-97 and 2-SBU-97. The results for the
site at Low Level Structure No. 2 are presented on Plate ITI-60 using the data from
Boring 1-SBU-97. Based on the projected settlement, the two concrete pipes will be
constructed from the inlet to the center of the embankment with an invert elevation of
290 feet NGVD and sloped from the center of the embankment to elevation of 288.8 feet
NGVD at the stilling basin invert. This will allow for positive flow in the pipes after
foundation settlement has occurred. Additional borings will be taken at the two other
culvert sites (No. 1 and No. 3) to estimate the magnitude of settlement for each site. If
excessive settlement is predicted at these sites, then pre loading the sites may be required
since the invert elevations have been established for the hydraulic assumptions for the
sediment retention embankment performance.

(3). Construction Considerations. Each low level outlet structure will require excavation
to a minimum elevation of 285.5 feet NGVD for the stilling basin slab. Natural ground
varies at the proposed sites between elevations 290 — 298 feet NGVD. Borings 1-SBU-
97 indicates excavation into a soft wet clay material with a water table reading of
elevation 282 feet NGVD at the time the boring was taken. Dewatering will not be
required for construction, but undercutting the foundation grade and constructing a grout
pad may be necessary to meet compaction requirements for placement of material under
and around the concrete pipes. Compaction to 95 % standard density will be required for
the clay material in the immediate vicinity of the concrete pipes. Unwatering of the site
will also be required to control bleeding of water from the excavation slopes. A
minimum excavation slope of 1V:2.5H will be required for all excavations. No under
drainage system will be necessary for the low level outlet structure stilling basins due to
the depth of overburden material above the sand aquifer. Since these culverts are being
constructed below natural ground, the tendency will be for the structures to accumulate
silt at lower flows. A substantially large sump area at elevation 291 feet shall be
excavated with the material used as fill in construction of the sediment retention
embankment.

d. Primary Spillway. (1). General. The proposed primary spillway will be located
on the northern end of the sediment retention basin embankment as shown on Plate III-
57. The spillway will consist of a reinforced concrete structure of 135 feet in width and a
crest elevation of 302.2 feet NGVD as shown on Plates 111-61 through 111-64. The
primary spillway will operate initially on a 2-year frequency that will increase to a 1.05-
year frequency afier the basin has been in operation for 50 years. The spillway is
designed as a U frame type structure with a 1 V:1H downstream slope with a crest and
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stilling basin design as shown in plan, section, elevation and isometric views on Plate III-
62. Since the massive concrete structure will be withholding only 8 feet of hydrostatic
pressure, no overturning, sliding, and bearing capacity analyses were performed for the
structure. However, settlement of the structure and embankment is a concern and will
need to be held within tolerable design limits when the structure is constructed. Four
reinforced concrete walls (two upstream and two downstream) will be attached to the U
frame structure as shown on the plates to retain the flatter embankment slopes and
channel the water into the stilling basin and outlet channel during periods of flow. These
proposed walls are identical in nature with similar loading conditions between the
upstream and downstream walls. The outlet channel consists of a 145 foot bottom width
channel initially that necks down to an 80 foot bottom width channel 400 feet
downstream of the stilling basin and to a 20 foot bottom width channel at 800 feet
downstream of the structure. The 20 foot bottom width channel extends to a total length
of 1350 feet downstream of the stilling basin.

(2). Settlement. The average fill height of the proposed embankment at the spillway
locations varies between 15 and 21 feet from natural ground resulting in an estimated
settlement range of 15 to 20 inches. To compensate for this settlement, the embankment
for the primary spillway and emergency spillway will be constructed as the first item of
work for the sediment retention basin project. Both spillway sites will be surcharged
with earth fill to elevation 308 feet NGVD. The fill shall extend from 300 feet south of
the primary spillway to 300 feet north of the emergency spillway. After settlement has
subsided or approximately 6 months in time, the embankment will be excavated to the
required foundation grade for construction of the spillways as shown on the plates. The
embankment fill material when placed will be compacted to 95 % standard density from
natural ground to a foot above the required foundation grades. The excavated material
used for surcharging the site shall be placed either upstream or downstream of the
spillway structures into the embankment.

(3). Primary Spillway Retaining Walls. The proposed retaining wall (four separate
walls) for the primary spillway is shown in plan, isomeiric, section and elevation views
on Plate I1I-63. Stability analyses were performed for overturning, sliding and bearing
capacity for the applicable loading cases as presented on Plate I1I-64. The factors of
safety are also presented in the summary table. The results of the analyses indicate
adequate factors of safety meeting minimum Corps design criteria for earthen retaining
walls. Although the base footing dimensions and wall loading decreases from one end of
the wall to the other, a two dimensional analysis was performed at the wall centroid
(including soil weight) for each of the cases analyzed since the wall will be constructed
as one monolithic structure. The detailed analyses for Case 1 or the after construction
case without earthquake is presented on Plate 111-65.

(4). Riprap Protection. Riprap will be required to protect the outlet channel downstream
of the primary spillway. The riprap coverage will begin at the stilling basin and extend
100 feet along the outlet channel. The first 65 linear feet of riprap protection will consist
of a 36-inch thick R650 blanket placed from top bank to top bank. The next 35 linear
feet of protection will consist of a 24-inch thick R650 blanket placed along both side







slopes, extending 20 feet from the toe into the channel. Standard end, overbank and toe
protection details will be incorporated into the design. The riprap will be placed on 6-
inches of bedding gravel and will be constructed in the dry.

e. Emergency Spillway. (1). General. The proposed emergency spillway structure
will be located 100 feet north of the primary spillway as shown on Plate III-57. The
structure will consist of an 800-foot wide opening in the embankment with a crest
elevation 0f 303.9 feet NGVD. The structure will be recessed into the embankment with
1V:4H side slopes to eliminate the need for walls and insure that the flow remains within
the structure limits. The downstream spillway slope will be the same as the sediment
retention embankment or IV:4H. A plan and profile view of the structure is presented on
Plate III-66. The emergency spillway will operate initially on a 10-year frequency that
will reduce to a 5-year frequency after 50 years as the basin fills with sediment. Fifty
linear feet of 24-inch riprap will extend downstream of the structure to reduce the
velocities and prevent scour adjacent to the embankment. There will not be a defined or
improved outlet ditch below the limits of the riprap protection as the flow will spread
across natural ground into the Reefoot Lake Basin. The structure will consist of 8-inch
thick interlocking concrete blocks or equivalent placed on filter fabric. The block system
will be capable of withstanding a maximum velocity of 27 fps for the duration of a
project flood event.

(2). Design of the Emergency Spillway. As stated above in paragraph 3.11d(2), the site
area will be surcharged with the earthen embankment material for at least 6 months. The
embankment surcharge will consist of approximately four feet of fill placed to elevation
308 feet NGVD. All embankment material placed between natural ground to one foot
above the crown elevation of the spillway structure will be compacted to 95% standard
density and consist of a clay material.

(3). Riprap Protection . Riprap will be required to protect the outlet channel downstream
of the emergency spillway. The riprap coverage will begin at the end limits of the
interlocking concrete blocks and extend 75 feet along the outlet channel defined by
earthen berms along both sides of the channel to contain the basin flow as shown on Plate
I11-66. The top of the berms will be elevation 294 feet NGVD to contain a predicted
maximum water surface elevation 292.6 feet NGVD in the outlet channel. The first 50
linear feet of riprap protection will consist of a 36-inch thick R650 blanket placed from
top bank to top bank. The next 25 linear feet of protection will consist of a 24-inch thick
R650 blanket placed along both side slopes, extending 20 feet from the toe into the
channel. Standard end, overbank and toe protection details will be incorporated into the
design. The riprap will be placed on 6-inches of bedding gravel and will be constructed
in the dry.

3-12 Lake Isom Refuge

a. General The southern extreme and existing Lake Isom embankment are located
approximately 3 miles south of the existing spillway as shown on the vicinity map on







Plate III-1. Lake Isom consists of an earthen embankment approximately 1400 feet in
length with a crown elevation of 283 feet NGVD. Included in this embankment are a 10
foot wide concrete control structure with wood stop logs and a 150 foot wide spillway at
elevation 280.5 feet NGVD as shown in aerial view on Plate I1I-67. The proposed plan
of improvement is to increase the water level management capabilities in the refuge
including the ability to draw the water surface level to elevation 274 feet NGVD and to
raise the lake level to a maximum elevation of 282 feet NGVD. To accommodate these
proposed features, the embankment will require enlargement to a height of elevation 285
feet NGVD, the spillway to elevation 282.5 feet NGVD and the control structure will
need replacing.

b.Embankment. The proposed embankment will consist of a downstream earthen
enlargement with 1V:3H side slopes and 15 foot crown width as shown on Section A-A
on Plate III-68. The enlargement material will consist of a semi-compacted clay material
from the proposed borrow pit location as shown on Plate III-67. The borrow pit will be
non uniform in shape with a maximum cut of four feet below natural ground. A
connector ditch to the existing ditch east of the pit location will be included with the
project. The proposed spillway will require earthen fill to elevation 282.5 feet NGVD
with a gradual slope as shown on Section B-B on Plate III-68. A compacted gravel road
of 6 inches in thickness will be constructed along the top of the embankment. The road
foundation will also be compacted to two feet below the gravel road to 95 % standard
density.

c. Replacement Qutlet Structure. The proposed replacement outlet control structure is
presented in plan and sectional view on Plate 111-69. The structure will consist of a two
bay (each bay 7.5 feet in width) reinforced concrete gravity structure with wood stop logs
for controlling the lake levels. Overturning, sliding and bearing capacity analyses were
performed for the structure with the results presented on Plate 111-69. Boring 1-LIT-95
was taken at the existing structure site and the proposed site of the replacement structure
and was used for stratification and shear strengths in the analyses. A clay foundation
assuming conservative Q and S strengths was chosen for the analyses. A hydrostatic
water pressure of elevation 282.5 feet NGVD or the spillway crest elevation was used for
the driving force to cause movement. As shown by the results on Plate II1-69, the
structure exceeds the minimum required factors of safety and resultant force locations for
a safe structure. The excavation slopes will be a minimum 1V:2.5H for both removal of
the old structure and replacement of the new structure. A small earthen cofferdam
constructed to elevation 283 will be required upstream of the replacement structure. The
cofferdam will require a 5 foot minimum width and 1V:2.5H side slopes. A riprap
stilling basin will be design downstream of the structure to dissipate the energy during
flow and prevent scouring of the outlet ditch.

d. Riprap Protection. Riprap will be required to protect the outlet channel downstream of
the replacement structure. The riprap coverage will begin at the stilling basin and extend
75 feet along the outlet channel. The first 50 linear feet of riprap protection will consist
of a 36-inch thick R630 blanket placed from top bank to top bank. The next 25 linear
feet of protection will consist of'a 24-inch thick R630 blanket placed along both side




slopes, extending 20 feet from the toe into the channel. Standard end, overbank and toe
protection details will be incorporated into the design. The riprap will be placed on 6-
inches of bedding gravel and will be constructed in the dry.

3-13 Excavation of Circulation Channels

Excavated circulation channels are proposed for connecting the three major basins of
Reelfoot Lake. The majority of the proposed channels will be through the areas of land
that separate Blue, Buck and Upper Blue Basin. Plate I1I-70 shows the proposed
circulation channel layout. Maximum channel cut will be approximately 3 feet. A
channel bottom width of 30 feet with 1V:4H side slopes and a target channel bottom
grade of 276 feet NGVD is proposed. Removal of an additional couple of feet of
material below the channel grade is recommended as the soft and wet excavated material
will tend to slide back into the excavation. The excavated material will be placed or
spread along the proposed channel layout. Excavation will most likely be accomplished
using an amphibious hydraulic excavator or mechanical dredge.

3-14 Shelby Lake

Shelby Lake and the proposed waterfowl management units are located just south of
Reelfoot Lake as shown on the vicinity map of Plate I1I-1. This feature of the project
involves removal of sediment from existing Shelby Lake and construction of six
waterfowl management unit areas as shown on the aerial photo on Plate ITII-70. Two
hand auger borings were taken at approximate locations as shown on Plate III-72. The
boring logs are presented as Plates I1I-16 and 11I-17. The proposed maximum depth of
cut in Shelby Lake is around six feet. Minimum side slopes of 1V:3H will be required
for the excavation. The water fowl units will be constructed by building levee type
embankments of three to four feet in height with a proposed 18 foot crown width and
1V:4H side slopes. The material will come from within the units or from the excavated
material from Shelby Lake. Drying of the material may be required since a proposed
gravel road will be located on top of the embankments and compaction of the fill will be
necessary for the road foundation. Water will be diverted from Reelfoot Lake using two
24-inch diameter pipes at the location as shown on Plates 11[-71 and I1I-72. Each culvert
will have an outlet sluice gate for controlling the flow. The pipes will be jacked under
the highway embankment.
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UNIFIED SOIL CLASSIFICATION

MAJOR DIVISION | TYPE [LETTER | 2TH TYPICAL NAMES
388 |, 2: . SES | oW [~ GRAVEL, Well graded, gravel-sond mixture, little or no fines
S fo |vegpesS|liyes [ GP i GRAVEL, Poorly groded, gravel- sand mixture,little or no fines
8 f§; % 582 [CRAVELTGM [T SILTY GRAVEL, gravel-sond-silt mixtures
¥ 25 |°33BE:fke oo 774 CLAYEY GRAVEL I-sand- cloy mixtures
z 3 22:_. g,”ml / , gravel-s ay mixture
s g2 . gi ; &’knﬁ'ow SwW |~ SAND, Wellgraded, grovelly sonds
wEy 22 39 2 [nofines) SpP SAND, Poorly graded, gravelly sonds
 S58 |Se328, [T [ SM SILTY SAND, sand - silt mixtures
§ =% | 3¥Bf:lperon|T5C CLAYEY SAND, sand - clay mixtures
a o5 A IS SILT 8 very fine sand,silty or clayey fine sond or clayey silt wlth slight plasticity
g 3= (Liquid CcL LE AN CLAY ; Sandy Clay; Silty Clay; of iow to medium plasticity
2o 229 Lt <SR[l ORGANIC SILTS, ond organic silty clays of low plasticity
;3 2 :;:3; aiys® | MH SILT, fine SfJndy or silty soll w‘iih hlgh’p.losticity
= i, Liquid CH ‘A FAT CLAY, inorganic clay of high plasticity
€€ bt >2015H__ V%] ORGANIC CLAYS, of medium to high plasticity, organic silts
HIGH ORGANIC SOIL | Pt PEAT, and other highy organic soil
wOooD wD | wOooD
MIXED SAMPLE VM PP Variable mixed silts, clays and sonds
NO SAMPLE

NOTE. Soils possessing characieristics of two groups are designated by combinations of group symbols.

DESCRIPTIVE SYMBOL

0 20 40

COLOR MODIFICATIONS
COLOR SYMBOL CONSISTENCY FOR COHESIVE SOILS MODIFICAT ION SYMBOL
Ton T COHESION IN LBS/SQ.FT. FROM Troe =
Yellow v CONSISTENCY | ;NeONFINED COMPRESSION TEST | SYMEOL Fine A
Rrodck Bﬁ( Very Soft <250 vSo g;oi;";" g
Gray Gr Soft 250-500 So oncrelions [
Light Groy Kr M 9921009 M Rootlets f
Brown B—] ey STTT 2000- 4000 St Shale Teamnts o
Light Brown 18¢ Hord 24000 H - Sandsione fragmen sds
Dork Brown dBr 60 Shetl frogments sIf
Brownish-Gray beGr ﬁ : ; i : : [ i : Organic matter O
Grayish-Brown orBe ) e o N A 1ol tay strato -lenses CS
Greenish- Groy onGr z +-4 { + 'IY_‘,'H t + | Silt strofa-ienses SIS
Groyish - Green ngn > 40 _‘1_4__J - \(\’Q’ \:'ZS_,___ ggrr:gysirom-lenses gs
Green n ¢ QM
Blue B 5 1 NDZOS TR Grovelly g
Blue- Green BIGn had A .:OH' 1 Boulders B
White Wh 2 20 SIS S Slickensides ST
ottied Mot 2 TV Wood W
U UL Oxidized Ox
L | S T Soturated sat
a O 1 ! 1 ! Lumps of cloy Clp
60 80 100 Lomingted Im

¢ LL-uquo LiMIT
- PLASTICITY CHART

For clessification of fine grained soils

SAMPLER 8 SIDE SYMBOLS

JAR SAMPLE

77 STANDARD_PENETRATION TEST. {140 Ib. hammer
194 dropped 30"). Volues to right are resulting blows/mches.

UNDISTURBED THIN WALL SHELBY TUBE
CHANNEL GRADE
WATER LOCATION AT TIME INDICATED

do §

TEST RESULTS

WATER % - Naturol waler content expressed as percentoge of dry welght.

LIQUID LIMIT 8 PLASTIC LIMIT - Woter content expressed os
percenioge of ¢ry weight for described stotes.

COH 8 TORVANE ~ Cohesive volues in Ibs./sq f1. os delermined by

unconfined compression ond torvone tests, respectively.

DRY WT. - Dry weight in Ibs./cubic ft.

SAND % - Sand content expressed os percentoge of dry weight.

Do SIZE - Groin diomater in millimeter for which 10 % of the soil is finer
ond 90°% coorser.

WES TEST - Denotes type 8 locotion of tests. Testresulls cre ovoiloble for
inspection in U.S. Army Engineer Districl. Types ore ¢s follows:

C— Locotion of consolidation lest

S - Locotion of consolidated - drained direct sheor lest

R - Location of consolidated-urdroined trictiol compression test
Q - Location of unconsalidated- undrained tricsiol compression test
T - Locotion of somple subject fo combinotion of obove fests

GENERAL NOTES:

While the borings ore representative of subsurface conditions
ot their respective locotions ond for their respective verficol reaches,
local variotions chorocteristic of subsurfoce moterials of the region
cre onticipated ond, if encountered, such variotions will not be
considered as differing materiolly within purview of the contract
clouse entitied, "Ditfering Site Conditions ™.

Ground - woter elevotions shown on boring fogs represent ground-
water surfoces encountered in such borings on the doles shown.
Absence of woter surfoce doto on certoin borings Indicotes that no
ground-water doto are ovalloble from the borings but does not
necessarily mean that ground-water will not be encountered ot the
locotions or within the verticol reaches of such borings.

Consistency of cohesive soils shown on the boring logs is bosed
on drilier's log ond visua! exomination ondis approximate, excep!
within those verticol reaches of the borings where sheor sirengths
{rom unconfined compression tests are shown.

STANDARD
BORING LEGEND

CEPARTMENT OF THE ARMY
MEMPHIS NISTRICT CORPR] OF FUGINFFERS




BORING LOG
BORING 2-RLST-95

PROJECT: REELFOOT LAKE - ALTERNATIVE SPILLWAY

LOCATION:
LATITUDE: 36 21'04" N LONGITUDE: 89 24'31%" W
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS (DATE) 7 - 9 AUGUST 1995
DEPTH TO WATER WAS 6.0 FEET ON 7 AUGUST 1995 GROUND ELEVATION: 280.96
ELEVATION SOl SYMBOLS - .
WATER | Liquid | Plastic | COH |{Torvane | Dry Wt. | Sand | D 10 | WES
DEPTH | anio mibits Teen oAta | 008 DESCRIPTION % | Limt | Uimt | (psfl | (s | (pefl | % | SIZE |TEST
.—0 S T L
280 CH Br, St
L Br, M 29 65 20
i & 18 ‘ox, sis 27 40 20 | 524 | 840 | 90.9
1 B B
10
270 Ao
+ ML Gr, S, sat
L AL B o T
i [THITHE ML | (Pushover Sample) . . .
L / | cn |6r..S, ES..sat 45 55 20 | 452 | 520 | 75.9
: 1 Gr, SIS, wd
2604 20 / : Gr, Wd 47 84 23 | 759 | 840 | 73.7
1 / M er _ 36 58 | 21 | 800 85.7 cas
o Ten 36 47 21 |1079 | 800 | 85.6
. G 45 49 21 | 392 | s00 | 76.2
- Mo er 54 66 22 | 760 | 680 | 68.2
- CH | 6r, wd 38 45 22 | 680 83.9 ces
250 el SO 38 45 22 669 | s40 | 82.3
r EEITmsss 1 ew Gr, SIS .
N SH Gr, sat
- . 5" Tube Refused) .
I SP | Gr, F, sat
L 40 Gr, M, sat 0.220
240
i Gr, M, sat
Ls0 Gr, M, sat 0.218
230
""" 1676 Gr, M, sat
-—60 ..... . :
s M 29/6 :
2201 N BLATA
] N (R FY1 Gr, M, sat
B G PR Niee
2109 OO IR/

PLATE ITI-5




BORING LOG
BORING 2-RLST-95

PROJECT: REELFOOT LAKE - ALTERNATIVE SPILLWAY

LOCATION:
LATITUDE: 36 21'04" N LONGITUDE: 89 24'31" W
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS (DATE) 7 - 9 AUGUST 1995
DEPTH TO WATER WAS 6.0 FEET ON 7 AUGUST 1995 GROUND ELEVATION: 280.96
ELEVATION SOIL SYMBOLS WATER | Liquid | Piesti CoH | T Dry Wt

DEPTH | JSAMPLER SYMEOLS | |USCS pescrpTion | WATER | (R | Pt e | Gpeh | tpeh) | % | Size |TesT

._80 nqz;g Gr, M, sat 0.190
207 SR R

[ [

50 SR (L or, M, sat
190 coiil aess

'_100 []37/6 Gr, F, sat, Lignite 0.133
180 i e

1 LLlllpeose Gr, M - F, sat 0.190
170_‘110 REED 29/6 r sa

I sl 376

1 - ps0/6 Gr, M, sat 0.228
1604 1% DIlliP36/6 .

- Do AVe

‘_130 D?I./é Gr, F, sat 0.164
1504 ...

..—140 “"i ._GN Gr,s,sat ......................
140

r s

PLATE III-6




BORING LOG
BORING 2-RLST-95

PROJECT: REELFOOT LAKE - ALTERNATIVE SPILLWAY

LOCATION:
LATITUDE: 36 21'04" N LONGITUDE: 89 24'31" W
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS |(DATE) 7 - S AUGUST 1995
DEPTH TO WATER WAS 6.0 FEETON 7 AUGUST 1995 GROUND ELEVATION: 280.96
ELEVATION SOIL SYMBOLS A i OR | Tor D .
DEPTH | pSAMFLER SYMBOLS, |USCs DESCRPTION MR Ui | et | ot | et | et | *%° | 828 | TESY
30150 72/6 sp | Gr, M, sat 0.165
160 LT Gr, M, sat 0.187
120 e
'_170 """ Sand & Gravel
110
180
100
150
90
}200
80
Fa10
70 4
1*—220
60 4

LT N oL ot sl oo =




BORING LOG
BORING 3-RLU-95

PROJECT: REELFOOT LAKE - ALTERNATIVE SPILLWAY

LOCATION:
LATITUDE: 36 20'57.5" N LONGITUDE: 89 24'30" W
DRILLED (BY) MEMPHIS DISTRICT {(METHOD) AUG, 5" TUBE, SS (DATE) 23 AUGUST 1995
DEPTH TO WATER WAS 3.3 FEETON 23 AUGUST 1995 GROUND ELEVATION: 280.46
ELEVATION SOIL SYMBOLS .. .
WATER | Liquid | Plast COH {Torvane [Dry Wt. |[Sand | D 10 | WES
DEPTH | b e b Teeronaa | 5¢° DESCRIPTION % | Lt | Urie | (sl | lpsfl | (el | % | SIZE |TEST
280_—0 73 ....CH Br'S'M .......................
l w |
¥ = /z: Gr, M 28 | 41 | 18
i //“ Gr (Pushover) 38 68 21 | 451 | 1060 | 81.5
L L s
7 o Tér 27 39 20 |1039| 1540 | 96.3
270410 //— A
L J M. | Gr, CS, SS 3
1
iy M Gr, €S, SS 43
L
] d......1 Gr, €5..8S ... 19
o cL | 6r, SIS 37 | 40 | 23 | 599 | 400 | 86.4
260——20 7 .._..CH G'..'s‘.s'.ss"..t ............... 54
I /: gr, SIS, SS 36 59 | 24 |1274| 560 | 86.9
[ . - S AP
7/ el 1 6r st 40 45 20 | 719 | 480 | 83.1
" g NSRS DU USSP O UURRRORRP
L 30 Cees “1sp |er, £, sis ' 0.081
250+ Y - ... L
L EEE 55 }252 Gr, M, sat 0.286
| Piii) 1976
1 N ;glg Gr, M, sat
P L /
24040 o 3178
-L R ;'9/;2 Gr, M, sat
+ sl 3676
i 10/6 6r, G, sat 0.171
s
220 60
|
210470

PIATF TTT-8




LATITUDE: 36 20'49.1"
‘DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG,
DEPTH TO WATER WAS 5.0 FEETON 22 AUGUST 1995

N

BORING LOG

BORING 4-RLU-95

_ PROJECT: REELFOOT LAKE - ALTERNATIVE SPILLWAY
LOCATION:

LONGITUDE: 89 24'23.7"
5" TUBE, SS

W

(DATE) 22 AUGUST 1995
GROUND ELEVATION: 280.48

ELEVATION SOIL SYMBOLS — -
WATER | Liquid { Plastic | COH | Torvane | Dry Wt. |Sand | D 10 | WES
DEPTH | Ap e SRS A V58 DESCRIPTION % | Limit | Limit | (psf) | (psB | (pefi | % | SIZE |TEST
280—'—0 .CH B.r’M .............................
- Br, M 27 52 16
> 7/ D iy 30 » |8 | 760 | 946
i L R .
27010 B
| :l Gr, SS 33
] Gr 30
o | er, sis @ | 72 | 2 |619| 780 | 75.0
Gr 47 71 21 624 660 76.4
R o 3 . 26 1006 | aso | #3.6
SMFGr, CS
130 SPj.6r, Fosat
250 | oH
Gr, SS, M 59
g
" Gr, F, CS, sat
240 40
B T 0,221
o le e 0248
230 -7 30
22060
‘21070

PLATE ITI-9




LATITUDE: 36 20'40.3" N

DEPTH TO WATER WAS 4.3

BORING LOG
BORING 5-RLU-95

PROJECT: REELFOOT LAKE - ALTERNATIVE SPILLWAY
LOCATION:

LONGITUDE: 89 24'17.9" W
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS

FEET ON 17 AUGUST 1995

(DATE) 15, 17
GROUND ELEVATION: 280.59

+ 21 AUG 95

ELEVATION SOIL SYMBOLS . .
WATER | Liquid | Plastic | COH | Torvane | Dry Wt. { Sand | D 10 | WES
DEPTH | por LER SYMEOLSA | V508 DESCRIPTION % | Limit | Limit | (psf) | (psf | pcf | % | SIZE |TEST
——0 L
280 ci | eraor, M
e lerece, ss,u | 28
I ML | Br, cs 30
e e
270410 A
i sM | er
16, ss, M
CH | gp 50 77 | 25 |492 | 800 | 71.5
260 20 Gr 45 91 27 | 726 | 1100 | 76.8
] or, sls, ss 3% | so | 25 |1337| 1100 | 88.0
R w | | s |ees| soo | 85.0
- e
250 ] (Pushover) . ... ... ... .
I sP Gr, F, sat 0.073
Br, F, sat 0.144
24040
i Br, F, sat
L
) Br, F, sat
230 - >0
}
2204 60
t
210470

DIATE TTT-7T0N




BORING LOG
BORING 1-SBU-97

PROJECT: REELFOOT LAKE - SEDIMENT RETENTION BASIN

LOCATION:
LATITUDE: 36 26'31.4" N LONGITUDE: 89 18'48.2" W STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS (DATE) 3-4 SEPT 1997
DEPTH TO WATER WAS 16.0 FEET ON 3 SEPTEMBER 1997 GROUND ELEVATION: 297.7
ELEVATION SOIL SYMBOLS WATER | Liquid | Plastic | coH | T Dry Wt
oEpTi | SAMPLERSYMBOLS [ USCS DESCRIPTION 0 | i | e [ oot | tpen | ot | %7 | 328 |TEST
~0 —MLBr .................................
= Br 29
3 :] Gr,CS 30
290 -
Gr,CS,0 39
10 :I
o T s | | 22 Isoo | o | 766
T / g Gr 3% | 37 | 19 |18 | 380 | 89.1
1 =
280 i /‘ or 22 | 3 | 19
T20 %“‘ or 31| 39 | 19 |sm| mo |92.2
] / j Br&Gr ' 3% | 42 | 21 |6s4| 760 | 88.5
I 7\ N N
7 _! e | Braee ST 37 | 67 | 22 |ss7 | 80 | 8.6
270 ¢ 4 S O ST PP TOP
L ERERHH S SMOLBe
30 B ML | BraGr,Ox 26
y)4/6 6r 28
4 576
] ]12/ é Gr,G 2
2607 66 f ST 2
PO RSO /
40 frrece 17 sP | 6r,M,G,CS
..... 1676 Gr,M,G,CS
NI e 177
RN 1A Gr M 0.160
- coiii 2076
2501 R B
150 Ziiiiﬂg;g Gr,fF 0.998
{ 2576
260
160
2304
170

PLATE III-11
MEMPHIS DISTRICT - USACE

T



BORING LOG
BORING 2-SBU-97

PROJECT: REELFOOT LAKE - SEDIMENT RETENTION BASIN

LOCATION:

LATITUDE: 36 26'16.1" N LONGITUDE: 89 18'44.1" W STATION:

DRILLED {BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS (DATE) 10-11 SEPT 1997
DEPTH TO WATER WAS 7.4 FEETON 11 SEPTEMBER 1997 GROUND ELEVATION: 293.49

ELEVATION SOIL SYMBOLS ' - .
WATER | Liquid | Plastic | COH | Torvane { Dry Wt. { Sand | D 10 | WES
DEPTH | pmiHFLER SYMBOLS o\ | U5C8 DESCRIPTION % | Limit | Limit | {psf) | (psf) | (pcf) | % | SIZE |TEST
-—0 O L T T
| 7/ =] cL | Br,M
290 /Z Br, M 19 | 43 | 18
5 Br,0X 22 49 18 |2162 | MAX. | 102.4
> | u
- B Br,0x 25 29 18 676 900 99.1
T 77 N
1{ , 7 ch | or,ox 33 7% 19 1870 | MAX. | 89.1
280 =
/ Gr 31 69 20 | 966 | 1640 | 93.3
r & Ao
1 7 o1 er 28 | 37 | 21 |91 | 800 | 97.1
e %z ‘ Br&Gr, Ox 28 | 40 | 19 [1178| 1100 | 96.6
1 /- o
270 1 ‘ ML Br 30
/_ B AR TR . . o |roes | 1020 | 1007
4 S
----- - SP | Br,F
T30 s !]‘5’52 Br.F to M 0.171
1 R I -71 )
260 - B
----- e Br M 0.179
Trllieess
..... 30/6
I RREE PO .
40 SRER! £ v
i ... 29/6
250 _.- -----
:‘::: 10/6 Br,M
..... 17/6
| vl 2376
| M Z!]12/6 Gr,s,G,CS
-50 12/6
l 1776
240 1.
60
230
i
170

PLATE ITII-12

MEMPHIS DISTRICT - USACE

1



BORING LOG
BORING 3-SBU-97

PROJECT: REELFOOT LAKE - SEDIMENT RETENTION BASIN

LOCATION:
LATITUDE: 36 25'58.8" N LONGITUDE: 89 18'18.3" W STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5% TUBE, SS (DATE) 8-10 SEPT 1997
DEPTH TO WATER WAS 14.6 FEET ON 9 SEPTEMBER 1997 GROUND ELEVATION: 308.3
ELEVATION SOIL SYMBOLS ATE Liquid R HiT ]
DePTH | ,SAMPLER SYMBOLS  |USCS DESCRIPTION WATER | ol | Flomi | oot | oo™ | et | %% | 8¢ |eST
1..-o - _—ML Br .................................
/E S R P ” 33 ’
/ o] Br,Ox . 27 40 20 [ 1096 | 1220 | 98.0
[ ML | Br 28
300 1 Br
Lo 1 T B
] bl er 29 | 4 19 |1606| 700 | 95.6
- : T N
-, ] 8r,CS 29
290
120 o Br,CS 30
Br 30
= —...C.L...‘..B.r-. ................................. 30 34 23 974 860 94.5
i = Gr 30 48 | 22 l1233) 860 | 4.2
Gr 28 46 19 | 846 | 660 | 96.9
280 - o N OO
L3 ML | BriGr N
j Gr 28
] Gr 30
270 - A or 36
}40
i or 36
B R B o
1176
1476
2604 I | OO
12/6 CH | 6r,H,sIS 2%
+s0 2076
3176
12/6 Gr,sIs 32
! 22/6
1 32/6
2507 12/6 Gr,sIs 25
rl
+60 20/6
2876
260
L 7o

PLATE III-13
MEMPHIS DISTRICT - USACE




BORING LOG
BORING 1-LIT-95

PROJECT: REELFOOT LAKE - LAKE ISOM
LOCATION: 12 FEET SOUTH OF CL LEVEE & 64 FEET WEST OF BM LI-GPS-1-95

LATITUDE: 36 17'07.7" N LONGITUDE: 89 25'09.5" W
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS (DATE) 24 & 28 AUG 1995
DEPTH TO WATER WAS 10.5 FEET ON 24 AUGUST 1995 GROUND ELEVATION: 282.4
ELEVATION SOIL SYMBOLS - .
WATER | Liquid | Plastic | COH | Torvane | Dry Wt. [ Sand | D 10 | WES
DEPTH Aﬁﬁ?&fg?ggf&% uscs DESCRIPTION % Limit Limit (psf} {psfl (pef} % SIZE | TEST
-.—0 D R T
B Ct | 8r, M
280
)8 = Br, M 19 43 16
i //“ Br, S5, cc 25 49 18 | 1481 | 1480 | 100.4
L / /_—J _CHB,- ................................. 31 &0 21 1537 1680 93.0
10w
i = u Br, O 39 80 25 |1072| 1500 | 83.4
270
I /= Br & Gr, OX 41 74 26 | 774 | 1320 | 82.0
| :7 — __..‘.C.L.A. A.G.I;..Ad.x. ........................... 33 37 19 500 90.7 CQS
i Br'& Gr, Ox 34 36 26 | 497 | 600 | 90.2
120 Gr, SIS 33 38 18 | 425 | 820 | 90.6
260 A
I ) CH | er, SIS 43 63 17 | 773 | 960 | 80.4
L 7 ; Ta e sig 35 36 »s | 725 | 520 | 90.
- / Gr, SIS 25 39 26 | 779 | 660 | 88.6
2504 f 5 Ao 51 ¢ 2 | 540 218 cas
s / ‘ e S 5 | 61 | 27 |8rs | €00 | 78.1
| ] Gr, SIS 51 61 19 | 753 | 560 | 70.9
!
I M Gr, SIS 40 56 26 {900 | 760 | 81.4
40 L
| , Gr, SIS 50 64 20 | 696 | 600 | 72.1
240 |
i ;] 6r, sis 47 69 18 | 725 | 580 | 73.8
: o I T
L | SP Gr, F, SIS, CS
-,_50 _ﬁCLGr’SlS .......................... 34 35 22 633 86.9
504+ A L
2 I SP | gr, M, sat : 0.209
+
It Ta e s e 55
+eo
220 - —|.......] Gr (Tube Refused) 38 62 18
+ ML | Gr 34
o O
. T le s s 3
2104 A lees 38

PIATF TTT-14




BORING LOG
BORING 1-LIT-95

PROJECT: REELFOOT LAKE - LAKE ISOM

LOCATION: 12 FEET SOUTH OF CL LEVEE & 64 FEET WEST OF BM LI-GPS-1-95

LATITUDE: 36 17'07.7" N LONGITUDE: 89 25'09.5"
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE,
DEPTH TO WATER WAS 10.5 FEET ON 24 AUGUST 1995

W
SS

(DATE) 24 & 28 AUG 1995
GROUND ELEVATION: 282.4

ELEVATION SOIL SYMBOLS -y
SAMPLER SYMBOLS |uscs DESCRIPTION WA,,Z ER Lﬂ;};’f
DEPTH | AND FIELD TEST DATA

Plastic
Limit

COH
{psf)

Torvane
{psf)

Dry Wt.
{pcf)

Sand | D 10 | WES
% | SIZE |TEST

16/6

36 | e 38
e cH | Gr, SIS, So

180 3/6

200 1 14/6
i ke sp | Gr, F, CS

03676 o,

1876 Gr, sat
11/6

I 12/6

190 4

] 29/6
i 3076 SP Gr, F, sat
100 i) 346

L0 S SN

NN (377 Gr, F, sat
1 Liiiapdlie
F1100 il 36/6

170 Jeeeen

1 //// 28/6 | % |or, s 38
: 22/6
F120 25/6 '

160

1130
150 4

140

140 4

0.130

DIATE TTT-15




BORING LOG
BORING 1-SLG-97

PROJECT: REELFOOT LAKE - SHELBY LAKE

LOCATION:
LATITUDE: 36 20'36.6" N LONGITUDE: 89 23'37.0" W STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) HAND AUGER (DATE) 16 SEPTEMBER 1997
DEPTH TO WATERWAS 1.0 FEETON 16 SEPTEMBER 1997 GROUND ELEVATION: 278.08
ELEVATION SOIL SYMBOLS WATER | Liquid | Plasti COH IT Dy Wt. | S
o e e e e e el e e e R
.‘.—-0 > __...CH .Br'M ..............................
Gr, M s2 | 92 | 26
Gr. M 39 | 81 | 25
y, e 38
270 = e |ers0 wo | 49 | 23
T™e 7 = th | Gr M 6 | 74 | 25
/Zt Gr,M 42
Gr,M A
260 +
+20
250 -
+30
260 +
+40
2304
+50
2204
160
2104
L70

PLATE III-16
MFAMPHIS DISTRICT - USACE




BORING LOG
BORING 2-SLG-97

PROJECT: REELFOOT LAKE - SHELBY LAKE

LOCATION:
LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD} HAND AUGER {DATE) 16 SEPTEMBER 1997

DEPTH TO WATER WAS 2.1 FEETON 17 SEPTEMBER 1997 GROUND ELEVATION: 279.36

ELEVATION SOl SYMBOLS - .
WATER | Liquid | Plastic | COH |Torvane | Dry Wt. | Sand | D 10 | WES

DEPTH | amp R S B S A | U5C° DESCRIPTION % | Lmit | Uit | (psf) | (psf | (pefl | % | SIizE |TEST
,.0 D B
] CH Br
L w_|
_ = Gr M 51
J Gr,M 32 67 20
] Gr,M 55
. Gr M 49

2791 40 GroM 5, | 8 | 24
| Gr,M 43
J Gr,M 40

260 T-20
.F'

250 4,
1

260 44

230 150

220 o

210 44

PLATE III-17
MEMPHIS NISTRINT . 1ISACE




BORING LOG
BORING 1-RLUT-93

PROJECT: REELFOOT LAKE
LOCATION: SEE LOCATION MAP FOR BORING LOCATION

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHQOD) AUG, 5" TUBE, SS (DATE) 27-28 APRIL 1993
DEPTH TO WATER WAS 5.3 FEETON 27 APRIL 1993 GROUND ELEVATION: 287.0
ELEVATION SOIL SYMBOLS WATER | Liauid 1 Practic | cort 17 Dre e s ,
oePri] SAMPLERSYMEOLS | |uscs DESCRITION 0P|l | e | o [T P | 242 | Y
:-0 / - .—CLBr’M .............................
] /8 Br, M 28 | 32 | 2
. > /54 B TR 5o 2 s |37 | 1040 | 71.0
280 - 7///~ B B i 2% 3 10
I 7 A
L1o /7 en 1er 28 | .54 22 | 510 | Max. | 93.7
! 7 I
: ML | Gr 33
270 1 B
[, o R I R -
i SM | Gr 70
260-:
. T g ‘0
Tan Tewsis y
250 i ] SR 54 77 28 | 694 | 1840 | 70.4
- LSPoer, 40 & e 1652 760 | 80.7
—. CH
PO SR (L7 B BLL Be, SIS 0.139
4 Br, F
I Br, F, CS
20
50 Br, F 0.274
230 -:
Feo [rriiBie oo
S
220 1 DI
L, L N 76 G, f 0.119

LAKE ELEVATION WAS 282.7 ON 27 APRIL 1993.
PLATE III-18

MFEMPHIS DISTRICT - USACF  _.
T




BORING LOG
BORING 1-RLUT-93

PROJECT: REELFOOT LAKE
LOCATION: SEE LOCATION MAP FOR BORING LOCATION

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS {DATE} 27-28 APRIL 1993
DEPTH TO WATER WAS 5.3 FEETON 27 APRIL 1993 GROUND ELEVATION: 287.0
ELEVATION SOIL SYMBOLS “Twnten] Lieid | Plastic | COH | Torvane | Dry We. | Sa
DEPTH A?\IADMFT’!EES ?gg'agﬁA uscs DESCRIPTION % Limit L?:'\tlltc {psf} 7;\:)8 (;cf)t 392" 2,%8 ¥¥5Essr’
rno o i o 273
r Lol 386
210{ Ll
bo [l | @ |
R IV
200 S
Foo o [rinpsye or, F 0.149
..... 21/6
190 SEES
Froo | EE o
180 { RS
.'_110 “/‘J Z;;g ——-¢<.C.L--. .éé ................................ 35 43 21
L 50/6
ol
:-120
160 —:
130
150 4
Liso

LAKE ELEVATION WAS 282.7 ON 27 APRIL 1993.

PLATE ITII-19
MFMPHIS DISTRICT - USACF




BORING LOG
o BORING 1-RU-86

PROJECT: REELFOOT LAKE
LOCATION: SEE LOCATION MAP FOR BORING LOCATION

LATITUDE: ~ LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) 3" TUBE (DATE) 24 JUNE 1986
DEPTH TO WATER WAS FEET ON GROUND ELEVATION: 278.4
ELEVATION SOIL SYMBOLS WATER | Liquid | Plasti COH |T 7
pepTit| SAMPLER SYMBOLS | |USCS DESCRIPTION WER | Liauid | Flastic | S0t | Tooeir e |57 | Siz€ |esT
J—U ] — ..'C.li.. ..G»'..v’..b ............................. 203 155 44
HEEEEEES e Bre 0 216 153 41
Tl B KRt e 0
P sp | Gr, F
3 // ] T = e | = 0.18]
270 /
k1o /P ch | or 65 | 95 | 28 |3n 61.2
il / 0 Gr 100 | 104 | 26 c
260 4 %
:—20 ::::: _SP...Gr’#'CS ....................... 0-11
250
30
260
40
230
Fso
220+
+eo
A~ 1
210
L70

LAKE ELEVATION WAS 282.3 FEET ON 24 JUNE 1986.
PLATE III-20

MATTR AL I1ES PN ST ENE LN L E T oN.Wal ol
1




BORING LOG
BORING 2-RU-86

PROJECT: REELFOOT LAKE
LOCATION: SEE BORING LOCATION MAP FOR BORING LOCATION

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) 3" TUBE (DATE) 25 JUNE 1986
DEPTH TO WATER WAS FEET ON GROUND ELEVATION: 279.3
ELEVATION SOIL SYMBOLS WATER | Liquid | Plastic | COH | T Dry We. |Sand | D 1

DEPTH | pSAMPLER SYMBOLS . [V5C° DESCRIPTION WER | Hauid | Rlestic | €08 | Tonen ™ | ivct | 5 | Size |TesT

o //J e 75

//3 Gr 43 82 25
i | er 39 61 20 c

270

- 10 / or, rt, Wd 45 61 21 | 127 77.4

i Gr, Decayed wood 38 68 20 o
2604 0
250 55
2604 .0
2304 ¢,
220
210{70

LAKE ELEVATION WAS 282.3 FEET ON 25 JUNE 1986.
PLATE III-21




PROJECT: REELFOOT LAKE

LOCATION: SEE BORING LOCATION MAP FOR BORING LOCATION

BORING LOG

BORING 3-RU-86

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) 3" TUBE (DATE) 25-26 JUNE 1986
DEPTH TO WATER WAS FEET ON GROUND ELEVATION: 279.8
ELEVATION SOIL SYMBOLS - .
WATER | Liquid | Pl COH [T Dry Wt. | S,
oepTH | SAMRLER SYMECLS uscs DESCRPTION 0 | (Tl | G | T | e %8| 3422 YR
.—0 .............................................
| oA OL 80 39 | 80 | 2 |77 81.9
] LEH LB, 0
] ML | Gr, CS 32
270 1-10 / _J i Gr,SIS .......................... 33 3 20 461 89.3
77/ R R
/ /j CH | Gr 51 58 | 21 c
£ CL Gr ................................. 34 37 23 471 90.4
250 130
240 +40
230 450
220 -+ 60
210 +L790

LAKE ELEVATION WAS 282.3 FEET ON 25 JUNE 1986.

MEMPHIS DISTRICT - USACE

PLATE I1I-22




BORING LOG
BORING 4-RU-86

PROJECT: REELFOOT LAKE
LOCATION: SEE BORING LOCATION MAP FOR BORING LOCATION

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) 3" TUBE (DATE) 30 JUNE 1986
DEPTH TO WATER WAS FEET ON GROUND ELEVATION: 280.2
ELEVATION SOIL SYMBOLS WATER | Liquid | Plastic | COH |T Dry Wt. [ Sand | D 10 | WES
DEPTH | pory it ER S MBS uscs DESCRIPTION o | Uie | Uit | oot | oo | o | % | Size Tesr
280_(_0 ; :E —SM .Gr'cs ...........................
i B B R -
T s - o3 o | 1022 "y
270110 SM | Gr 28
260 20
250 T30
240 40
230 - 50
220 {60
L 70

LAKE ELEVATION WAS 282.2 FEET ON 30 JUNE 1986.
PLATE III-23

BALE BTN LL O ﬁll\l"'nlﬁ'f EELE o 0. W3




BORING LOG
BORING 5-RU-86

PROJECT: REELFOOT LAKE
LOCATION: SEE BORING LOCATION MAP FOR BORING LOCATION

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) 3" TUBE (DATE) 1 JULY 1986
DEPTH TO WATER WAS FEET ON GROUND ELEVATION: 280.1
ELEVATION SOIL SYMBOLS WATER | Liquid ; COH |T ne | Dey Wt
pepTi | SAMPLER SYMBOLS  [uscs DESCRIPTION | e Tl | o | e | e | %" | S8 |veST
600 g e B I S
+ 73 CH or 31 58 22 1167 90.4
i A N L N UURTUOUTRUUPPO 29 21 18 11188 93.9
b IS — ML | gr 36 34 24 - c
5 ® o F
270 110 :::::-] Br & Gr, F 0.16
|
260 120
250 130
240 140
230 450
220 160
L7o

LAKE ELEVATION WAS 282.1 FEET ON 1 JULY 1986.
PLATE III-24

MEMPHIS D|§TRICT - USACE




BORING LOG
BORING 6-RU-86

PROJECT: REELFOOT LAKE

LOCATION: SEE BORING LOCATION MAP FOR BORING LOCATION

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT {(METHOD) 3" TUBE (DATE) 1 JULY 1986
DEPTH TO WATER WAS FEET ON GROUND ELEVATION: 278.6
ELEVATION SOIL SYMBOLS WATER | Liauid | Plastic | COH | Torvane { Dry wt. | Sand | D 10 | wES
DEPTH AEJADAAFTELLES ?gs“’T'Bg,‘g?A uscs DESCRIPTION % Lg-zilt L?riiltc {psf) ‘(’ps?)ne a;cf) 32 SIZE *\r,\és"r
-0 N O O R RRRETEE
1 2 ] 0L | BK 37 44 20 | 256 84.8
// e |or
} 77 N N
7 or 38 59 24 435 81.4
Gr 37 51 22 ¢
270 /
10 /] cH | 6r 44 92 27 | 1169 77.3
/ Gr 52 88 27 | 819 71.4
Gr 47 70 24 ¢
260
Fe0
250 4
30
260 -
F40
230
50
2204
1e0
210 -
L 70

LAKE ELEVATION WAS 282.1 FEET ON 1 JULY 1986.

MEMPHIS DISTRICT - USACE

PLATE III-25




PROJECT: REELFOOT LAKE
LOCATION: SEE BORING LOCATION MAP FOR BORING LOCATION

BORING LOG
BORING 7-RU-86

LATITUDE: LONGITUDE: STATION:
DRILLED (BY) MEMPHIS DISTRICT (METHOD) AUG, 5" TUBE, SS (DATE) 8 JULY 1986
DEPTH TO WATER WAS 6.4 FEETON 8 JULY 1986 GROUND ELEVATION: 288.5
ELEVATION SOIL SYMBOLS .. .
WATER | Liquid | Plastic | COH | T Dry Wt. |Sand | D 10 | WES
DEpTH | LSAMPLER SYMBOLS  [uSCS DESCRIPTION R i e Rl B R e R
-.—0 T (R
cL |s8r, s, 6, M 23
{ Jon lerae, w0 % |3 18
A Br, Ox 25 64 18 | 2791 98.5
280 CH | Br & Gr, Ox, SL 30 76 20 |1202 90.9
- 10 Gr 31 73 20 c
L i Br&Gr, Ox ... 31 61 20 11815 94.2 | 5
1 ML
R Br, S, CS ...
I SM Br 75
1 T cn | e, sis, s
270 Br, CS
{20 ML | 6r, CS
L Gr, § 20
" Gr, S 24
260
L3o M | er, s
I Gr, S
.4’ __‘..S.M..y ..G.r ................................. 77 0.004
250 I T T PR 014
F40 SP Br & Gr, M
260
50
230
60
2204
-70
LAKE ELEVATION WAS 282.0 ON 8 JULY 1986.
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= ) EL. 263.8 Sy B = 1
Sy _w D ‘ D E
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ASSUMED A
FAILURE PLANE 1
. N Mg
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ve U U2 il
CASE 3 - HIGH NORMAL POOL WITH E.Q. CASE 3 - HIGH NORMAL POOL WITH E.Q. ;
(OVERTURNING ANALYSIS) (SLIDING AND BEARING ANALYSIS) Lol b
NTS NTS w Bills | B
CASES PRESENTED His wlf
NOTES: T ,
L0ADING CASE OVERTURNING | FACTOR OF SAFETY i wm ,
RATIO SLIDING | BEARING 1. ALL ANALYSES PERFORMED IN ACCORDANCE WiTH sl | B
0.3 EM1110-2-2502, DATED 29 SEP 89. g1y |
3 2 1.03 1.7 EER:
HIGH NORMAL POOL WITH EARTHQUAKE: a=0.15g Ammmqupz. WITHING (1o | Gy |~ 2. VALUES WITHIN PARENTHESIS IN SUMMARY TABLE i
: YH O
Y - 5 s ARE MINIMUMS PRESENTED IN TABLE 4-1, "RETAINING B s g
UNUSUAL LOADING-108 YR, FLOOD W/0 EARTHOUAKE (>8.25) :..wuv ANHEV WALL STABILITY CRITERIA". IN REFERENCED ! .mewm.mhw
EM1110-2-2502. :
£
24
W
5 525
Wi_.a mwm
T = £k
_ =3
1@ YEAR FLOOD v EL. 286.0 ]
1860 YEAR FLOOD < EL. 286.0 = i
= Q
1L
£l 8
EL. 269.0 m “mm
EL. 269.0 e 0 7 8d5
.4,...‘.. 4....4. . ,. _. s”"
D_ Sl LT e 5, mM
A & v EL. 265.5 B mAm
s : o 263.5 K= i
: - MHw ~“o~ EL. 259.5 ASSUMED . mum
B FAILURE PLANE-] ﬂm .
_mm m
4
& g , mw 8
o Yl 1 ; mm
U2 ;
CASE 4 - UNUSUAL LOADING (o)
(OVERTURNING ANALYSIS) CASE 4 - UNUSUAL LOADING 47
NTS (SLIDING ~NO BEARING ANALYSIS)
: NTS j —’

}
\ i
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OVERTURNING ANALYSIS - ALTERNATIVE SPILLWAY LOADING CASE 3 A . 3
ASSUMPTIONS s
FULL HYDROSTATIC PRESSURES DEVELOP AT *8° STRUCTURE_WEIGHTS AND MOMENTS ABOUT POINT ‘'A°
UPLIFT OCCURS ALONG LINE A-B
HORIZONTAL FORCES ARE BALANCED BY CONTACT WITH DOWNSTREAM STILLING BASIN: ZF, = @ FORCES (KIPS) MOMENT ARMS | SUM OF MOMENTS ;
ITEM (FT) (FT
TE VERTI CA! HORI ZONTAL
COMPUTE DRIVING FORCES OF WATER AND SOIL NO. OESCRIPTION OF 1TEM ERTICAL v
DOWN uP LEFT RIGHT | Xagm Yaau | OVERTURN | RESIST b )
D; = B.5(r)(HZ (L) ) :
Dy = 0.5(0.0624)(24.5)2(148) = 2771, 7% W, | GRATES, HAND RAILS, ETC. 4.3 33.94 147
! Wy GRATES, HAND RAILS, ETC, 4.3 31.36 135
Sy = 0.500) (HZ (L1 (ko) Wy JSTOP LOGS 3.0 35.44 1999
S, B.5(0.0626) (9.5 (148)(0.5) = 209, p4¥ W, |STOP LOG CRANE BEAM, FRAME & HOIST 1.7 37.44 399 | ,
Wg | TOP SLAB, BEAM, GATES & HOIST 455.7 25.69 11707 ] :
N 5 ]
COMPUTE FORCES DUE TO SEISMIC LOADIN Wg | wALLS 2533.1 17.81 4511 A
L2 LG Wy FOUNDATI ON £665.6 . 20.98 139843
DETERMINE SPILLWAY STRUCTURE DEAD LOAD CENTER OF GRAVITY FOR APPLICATION OF SEISMIC LOADING Wg | WATER ON INLET SLAB 1809, 0 32.57 32863
D, |WATER - ACTIVE SIDE 2771.7 8.17 22645 i,
I1TEM MOMENT ARMS SUM OF MOMENTS D, |[WATER - PASSIVE SIDE 166.2 2.00 332 4 £
NO. DESCRIPTION OF ITEM FORCES . . o |ueLrer 2185, 4 19,72 4309
Yomu | Yo | Y-AXIS | X AXIS up |upirer 3369. 2 26.25 88576
W; | GRATES, HAND RAILS, ETC. 4.3 |33.94 | 30.50 146.6 131.8 s, |SOIL - ACTIVE SIOE 209.0 3.17 663
W, | GRATES, HAND RAILS, ETC. 4.3 | 31.36 | 30.50 135.5 131.8 . 4535. 8 2.9 9p72 H
W3 STOP LOGS 31.8 { 35.44 {22.78 1898.6 783.7 D3 | STILLING w»wnnnmwbmquz TO DRIVING FORCES (SUM O 53S. . w*
W, |STOP LOG CRANE BEAM, FRAME & HOIST| 18.7 |37.44 [30.50 399.1 325.1 HORI ZONTAL FO! = i
Ws | TOP SLAB & BEAM 253.8 | 25.69 | 39.26 6520. 1 9964.2 EARTHOUAKE 1NDUCED FORCES A
W5 | GRTES 186.0 25.69 {22.78 | 4778.3 | 4222.2 I, |INERTIA FORCE OF STRUCTURE DEAD WEIGHT 1455. 8 13.86 20177 5
Wg | HOIST 15.9 | 25.69 { 4.5 498.5 644.0 E; | WATER ABOVE GROUND LEVEL 169.8 15.58 2632 mm
Wg | WALLS 2533.1 | 17.81 | 22.80 | 45114.9 | 57755.1 S, |ADDITIONAL SOIL REACTION 9.1 6.33 688 §
W, | FOUNDATION 6665.6 | 20.98 | 9.89 | 139843.2 | 60589. 8 SUMMATI ON 10714.0 | 5555.0 | 4702. 8 | 4702. 0 178398 | 240712 M
SUMMAT 10N 9705. 8 198445.0 | 134468.0 ! m
Ele
Xcg = 198445/9705 = 2. 45 3
Yo = 13446879785 = 13.86 SUMMARY OF RESULTS FOR OVERTURNING ANALYSIS ww
TFORCES( HORI ZONTAL) = 0.0 SFORCES( VERTICAL) = 5159% § SMOMENTS = 62314 FT-k +™
INERTIA FORCE ON STRUCTURE, I, = (@8.15)(DEAD LOAD) = (B.15)(9705%) = 1455.8%
Xg (RESULTANT) = X MOMENTS/ I FORCES(VERTICAL) = 62314 FT-K / S5159% = 12.1° FROM 'A*
HYORODYNAMIC FORCE DUE TO WATER ABOVE GROUND:
BASE WIDTH (X-DIRECTION) = 39, 44’ m
Pe = L2/ (CE (KRI(RIZ = E( . pagny = (2/3(0.B51)(0.15)(15)2 g _m
s 1.1475 K/FT, THEREFORE £, = 1.1475 K/FT (148 FT) = 169, 83K BASE LENGTH ( Z-DIRECTION) = 148,0' 5 g
INCREASE IN SOIL PRESSURE (ACTIVE SIDE ONLY) DUE TO EARTHOUAKE: RESULTANT RATIO = Xy / BASE WIDTH = 12.1/39,44 = 8.31 (SLIGHTLY LESS THAN 10082 mmm
&
FROM EQ. 3-71. Sy = kyLUY1(HIZ/20TANG - TANB)IT + K,[(Y, - Y1 (HJ2 /2 TANG) ] EM 1110-2-2505, TABLE 4-1 REQUIRES THE RESULTANT TO BE WITHIN BASE |- OK. CRITERIA SATISFIED m g
ASSUMING ¥, =Y :S, = Kp[UY)(HIZ /20 TANG - TANG 1) ECCENTRICITY, €= (@.SHWIDTR - Xg = (@.5)(39,44) - 12.1 = 7.62 o
BACKFILL SLOPE ANGLE, 8= © ESTIMATE SOIL PRESSURES ( ASSUMES BASE TOTALLY IN COMPRESSION)
FROM EO. 3-56, a = TAN'[(C; + SORT(C)Z + 4C3) /2] Umoximums = [VZ(BICLIILI + 6(€)/B) = 1.91 KSF N
FROM EQ. 3-57, C, = 2(TaN ¢ - Kt Z7t1 + Kk TAN @) = 2(TAN 38° - 8.15 /(1 + @.15(TaN 38% = 0. 7866 Qiminipemy = (V/IBIIBYIDL - B(€) /L) = -0.14 KSF i

FROM EO0. 3-58. C, = [TAN (1 - TANGTANG) - (TANB + k)] / [TAN G ( | + ky TANG)), AND SINCE 8= 8, C, = 0.6812
AND @ = TaN'! [@.7866 + SORT(D.78662 + 4(8.6812))/2) = 52.59°
AND Sy = 8.150(8.1258)19.5)%/ 20TAN 52.5%] = 0.649 K/FT; FOR L = 148°. S, = 96.1X e y= 2/3(9. 5 = 6.33

COMPUTE UPLIFT FORCE * U

& OA) = 6.000.0624) = B.3744 KSF
& (Bl = 24.5(0.0624) = 1.5288 KSF
Uy = 10.3744) (39,441 (148) = 2185, 4%

LOADING CASE 3

Uz = B.501.5288 - 0.3744)(39, 44)(148) = 3369, 2K

COMPUTE RESISTING FORCES OF WATER AND STILLING BASIN
D, = 0.500.0624 (6.2 (148 = 166.2K
D3 = 4535.8%. AS REOUIRED TO BALANCE HORIZONTAL FORCES

ALTERNATIVE SPILLWAY
STABILITY ANALYSIS -~
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SLIDING ANALYSIS - ALTERNATIVE SPILLWAY LOADING CASE 3 CONTD BEARING CAPACITY ANALYSIS
E
ASSUMPTIONS: . .
= : + . + .
SAME AS OVERTURNING EXCEPT THAT HORIZONTAL FORCES ARE NOT BALANCED: SF 7 @ STRUCTURE WEIGHTS AND MOMENTS ABOUT POINT ‘4 G = B [(£eqéer €arbegCNe) + (£qa8qiLar LagoNa T + (8. 5%y €y &1 £rgB' YNy ) 1
) ‘= - . - .
AND SOIL ABOVE LINE A-B IS INCLUDED IN STRUCTURE WEIGHT FORCES (KIPS) MOMENT ARMS | SUM OF MOMENTS ZMOMENTS / N 119868 FT-K/7941 = 15.89
COMPUTE_ORIVING FORCES OF WATER AND SOIL ﬂmx DESCRIPTION OF ITEM VERTICAL HORT ZONTAL (FT) FD) ez (B/2) -/ = 4.63
D_ = 8.5 ::.:N:L ) DOWN 34 LEFT RIGHT Xagm Yagn | OVERTURN | RESIST B (EFFECTIVE BASE WIDTH) = B -~ t2){e) = 30.18"
D, = 0.5(0.0624)(21. 012 (148) = 2036, 36X
: Wy GRATES, HAND RAILS, ETC. 4.3 33.94 147
S = 0.5(r) (HIZ (L) (k o) W, | GRATES, HAND RAILS, ETC. 4.3 31.36 135 COMPUTE BEARING CAPACITY FACTORS
S, = 0.5(8.0626)(6.0)2(148) (0.5 = 83.38K Wi | STOP LOGS 1.0 35.44 1299 D: 40 8 = 3944 $:33° €:00 a=-507° B: 0.8 RADS
Wy STOP LOG CRANE BEAM, FRAME & HOIST 18.7 37.44 339
COMPUTE FORCES DUE TO SEISMIC LOADING Wg | TOP SLAB, BEAM, GATES & HOIST 455.7 25.69 11787 T = 5@25K N = 7941K 8= TaN"P(T/N) = 32.32°
W, WALLS 2533.1 17.81 45115
DETERMINE SPILLWAY STRUCTURE DEAD LOAD CENTER OF GRAVITY INCLUDING THE WEIGHT OF THE we | FounaTron 6665.5 50,98 139843 NOTE: N,, NC, AND Ny AVAILABLE FROM TABLE 5-i. PGS 5-5 & 5-6 OF EM II0-2-2502
SOIL BENEATH THE STRUCTURE. Wg | WATER ON INLET SLAB 1009.2 32.57 32863 N. = 26.89
Wq |SOIL BENEATH THE STRUCTURE 2557.1 21. 80 53699 a _.m
ITEM MOMENT ARMS |  SUM OF MOMENTS . N. = 38.84 FOR>8; N_ = 5.14 FOR ¢ = @ :
NO. DESCRIPTION OF 1TEM FORCES D, |waTER - acTIve s10E 2036.4 1058 | 21382 i}
Xerm | Yomw | Y-AXIS | X-AXIS D, |waTeER - Passive siDE 166. 2 2.00 332 Ny = 26.17
W, |GRATES, HAND RAILS, ETC. 4.3 (33,94 | 30.50 146. 6 131.8 u, ueLiFr 2185. 4 19.72 43096 €oq = 1 + D.2(D/B ITANCAS® + ¢/2) = 1 + 8, 204.0/30.18) TAN(45° + 33/2) = 1,05
W, |GRATES, HAND RAILS, ETC. 4.3 |31.36 | 30.50 135.5 131.8 vy |ueLier 2731.8 26.23 71818 €t g (1 - B 90902 = (1 - 32.32/9092 = 0.41
W, |sToP LOGS 31.0 {35.44 [22.70 | 1098.6 703.7 s, |soIL - acTIVE SipE 834 5.50 459
W, |STOP LOG CRANE BEAM, FRAME & HOIST 18.7 | 37.44 |30.50 399.1 325.1 ! : €qa = Eyg = 1 + B.1(D/BITANCASO + &/2) = | + 0.1(4.0/30.18 TAN(45° + 33/2)
Ws | TOP SLAB & BEAM 253.8 | 25.69 {39.26 | 6528.1]  9964.2 03 mwwzrwwum m»mM nnmmpn% omoho oww <wmmo8mnmm £S0m OF = 1,02 (FOR®> 18%)
Ws | GATES 186.9 [ 25.69 | 22.7@ | 4778.3|  4222.2 AL N AL ) e e 1 - 2 s 1L - 02 -
ws | HOIST 15.9 | 25.69 | 40.50 408.5 644.0 EARTHOUAKE INDUCED FORCES Sar = &yy = 41 - QTAN )T (WHERE @ JS IN RADIANS) = (1 - -0.B885 TaN 33
We WALLS 2533.1 17.81 | 22.80 45114.9] 57755. 1 1, INERTIA FORCE OF STRUCTURE DEAD WEIGHT 1990. 7 12. 46 24804 €oo = &y 7 1 - ._.Dzm.w = (1 - TaN @2 = 1.0
w; |FounpaTion 6665.6 {28.98 | 9.09 | 139843.2] 60589.8 E; |WATER ABOVE GROUND LEVEL (US) 169.8 15.50 2632 i ) R . . . . 4 .
Wg | SOIL BENEATH THE STRUCTURE 2557.1 |21.00 | 4.36 | 53699.1] 11149.0 S2 |ADDITIONAL SOIL REACTION pagt e Bt Coo T bm m Lot oo fesTAN @13 = 1.0 7 L0180 = 1917038, 64 = TAN 37
Wq | WATER ON INLET SLaB 1009.9 | 32.57 | 19.61 | 32863.1] 19786.5 Ez |WATER ABOVE GROUND LEVEL (DS) : - :
SMMATION SUMMATI ON 13271.8 |4917.8 | 166.2 |4470.0 165472 | 285340 Qo = (MINIMUM EFFECTIVE OVERBURDEN PRESSURE)
i 13271.0 285007.0| 165403.8 Qo = 4.0(0.0626) = 0.2504
Xeg = 285007/13271 = 21.48 SUMMARY OF RESULTS FOR SLIDING ANALYSIS €y = (1 - 3/)2 = (1 - 32.32/33)2 = 0.00842
Yoo = 165403/13271 = 12. 46 K . R x4 - —~ =
SFORCES( HORI ZONTAL) = 4304 —= ZTFORCES( VERTICAL) = 8354 IMOMENTS = 119868 FT-K y = 0.0626
= N Ky = K .
INERTIA FORCE ON STRUCTURE, I, = (@.15)(DEAD LOAD) = (B.151(13271.26%) = 1990.69 COMPUTE FACTOR OF SAFETY (FS) AGAINST SLIDING COMPUTE BEARING CAPACITY
HYDRODYNAMI C FORCE DUE TO WATER ABOVE GROUND ON ACTIVE SIDE: a = TAN'1(3.5/39.44 = -5.87°
= B’ . + . + . . ‘
Pe = (2/DUC K RIZ = E(q ooy = (2/30B.851)(8.15) (152 N = (£ VERTICAL FORCES) COS a + (T HORIZONTAL FORCES) SINg O = B [{€egfeiber LagCNe) (€agfai far Lago N ) + (0. B2y 1 &1 &rgBTNy)
B = =z K oz - o - o «
1.1475 K/FT, THEREFORE £, = 1.1475 K/FT (148FT = 169,83 N‘= B354 COS -5,@7° + 4384 SIN -5.07 7941 0= (3B.1BLB + (1.02) (8. 413 (1. 12) (1. B (8. 2504)  26. B9 m
HYDRODYNAMIC FORCE DUE TO WATER ABOVE GROUND ON PASSIVE SIDE: T = (3 HORIZONTAL FORCES) COSa - (I VERTICAL FORCES) SINa © 0.5(1,02) (0. 00842)(1,12) (1.0 (30.18) (0. 8626) (26.17)] = 89,69 K-FT umm
= - - - - K
Pe = (2/3(C K (A2 = Eqy. poory & (2/31(0. 8511 (8. 15 (6)2 T = 4304 COS -5.97° - 8354 SIN -5.07° = 5852 TOTAL 0 = 1487 (89,69 = 13274.3K Bg2
= @.1836 K/FT, THEREFORE E, = .1836 K/FT (148 FT) = 27,17K FS = (N° TAN ¢+ cl) /T mws,
FS = 7941 TAN 339/5025 = 1.@3 (SLIGHTLY LESS THAN 1.1. BUT O.K. DUE TO CONSERVATIVE COMPUTE FACTOR OF SHFETY m
INCREASE IN SOIL PRESSURE (ACTIVE SIDE ONLY) DUE TO EARTHOUAKE+ HETHOD OF B 1SMIC LOROINGY mm
: Sp = [(B.151(83.38)] + (8.15)((15) (0. 06241 (6} (148) + (.51 0. 0624) ( 6)2(148) ] FS = ALLOWABLE/ACTUAL = O/N'= 13274/7941 = 1.7 > 1.8 (0.K.) 4
= 162.12% . :

COMPUTE UPLIFT FORCE ‘Ut :
LA = 6.000.8624) = @.3744 KSF
w8 = 21.008.0624) = 1.3104 KSF
Uy = (@.3744)(39.44)(148) = 2185, 4X
Uz = 8.5(1.31984 - @.3740(39.44)(148) = 2731.77%

COMPUTE RESISTING FORCES OF WATER AND STILLING BASIN

D, = 8.5(0.06241(6.H2(148) = 166, 23K

V
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OVERTURNING ANALYSIS - ALTERNATIVE SPILLWAY LOADING CASE 4
© ASSUMPTIONS:

FULL HYDROSTATIC PRESSURES DEVELOP AT °E*

UPLIFT OCCURS ALONG LINE A-B
' HORIZONTAL FORCES ARE BALANCED BY CONTACT WITH DOWNSTREAM STILLING BASING ¥Fj, = @
"_COMPUTE DRIVING FORCES OF WATER AND SOIL

§ Dy o= RSN (L g
¢ Dy = 0.5(8.86241(26.6)2 (148) = 3267, 2%

Sy = 0.5(r1(HZ (L(koT
. S, 0.5(0.0626)(9. 5% (148 (0.5 = 209. 84K

: COMPUTE_UPLIFT FORCE * U
(A = 6.8(0.8624) = 8.3744 KSF (ASSUMES CREEP PATH IS HORIZONAL AT EL. 259.5)
KB = 26.640.0624) = 1,6598 KSF
Uy = (8.3744)(39,44) (148) = 2185, 4%
Uz = 0.5(1.6598 - B.3744)(39,44)(148) = 3752.1%
COMPUTE RESISTING FORCES OF WATER AND STILLING BASIN
D, = B.5(0.96241 (6.2 (148) = 166, 2%
D3 = 3310.1%, AS REQUIRED TO BALANCE HORIZONTAL FORCES
STRUCTURE WEIGHTS AND MOMENTS ABOUT POINT *a*

SLIDING ANALYSIS

BEARING CAPACITY ANALYSIS

»mmmmwwwwuwh FORCES ARE NOT BALANCED: SFy, # © Q0 = B [(€cafei€er EcgONe? + (Equ€qi Eqrbag@oNg ) *+ (0. D2Eyy &y €yt ExgB YNy ]
DETERMINE SPILLWAY STRUCTURE DEAD LOAD CENTER OF GRAVITY INCLUDING THE WEIGHT /' SMOMENTS / N* = 139357 FT-K/7945K = 17.54
OF THE SOIL BENEATH THE STRUCTURE. e B2 - 1« 218
COMPUTER ORIVING FORCES OF WATER AND SOIL 6 (EFFECTIVE BASE WIOTHI = B - (21(0) = 3507

D; = 2.5 (HZ (L

0, = 0.5(B.0624)(21. o2 (148 = 2036. 36 COMPUTE BEARING CAPACITY FACTORS

- 2
Sio7 0500 CHE (L) (ko) D= 40 B = 39,44 =33° C:=0.0 a=-5087° S:0.0RADS

S, = 8.5(0.0626) (6. &2 (148 (8.5 = 83, 38%
COMPUTE UPLIFT FORCE *U*

T = 3995K N = 7945K 3= TaN"l(T/N') = 21,3°

(P - B.O(D. 6241 = B.3744 KSF NOTE: N,. NC, AND Ny AVAILABLE FROM TABLE 5-I, PGS 5-5 & 5-6 OF EM I1I0-2-2502
“ = 6.0(0. N

H~ (B = 21.0(0.0624) = 1.3104 KSF

Uy = (0.3744)(39,44)(148) = 2185, 4X

U, = B.5(1,3104 - 0.3744)(39. 44)(148) = 273}.77%
COMPUTE RESISTING FORCES OF WATER AND STILLING BASIN

Ng = 26.09
38.64 FOR @>8; Nc = 5.14 FOR ¢ = @

Zn
Ny = 26.17
€ = 1 + B.20D/B ) TANC4S® + ¢/2). = | + 0.204,8/35.07) TAN(45° + 33/2) = 1.84

D, = .5(8.8624)(6.9)2 (148) = 166.23K for =& = (1 - BY 90007 = (1 - 21.3/909% = 0.58

FORCES (KIPS) MOMENT ARMS | SUM OF MOMENTS
1o DESCRIPTION OF 1TEM VERTICAL HORI ZONTAL (FDy (FT
DOW | UP | LEFT | RIGHT | Xpsm | Yeem | OVERTURN | RESIST
W, |GRATES. HAND RAILS., ETC. .3 33. 94 T 147
W, |GRATES. HAND RAILS. ETC. 43 31.36 : 135
v, |sToP Locs 3.0 35.44 1099
W, STOP LOG CRANE BEAM, FRAME & HOIST 18.7 37.44 399
W5 | TOP SLAB, BEAM, GATES & KOIST 455.7 25.69 11787
W |waLLS 253, 1 17.81 45115
w, |Founpation 6663.6 20.98 139843
W | WATER ON IMLET SLAS 1225.2 32.57 33905
D, |waTER - ACTIVE sioE 3267.2 8.87 | 2890
D, |WATER - Passive sioe 166.2 2.90 332
u, ueLIFT 2185.4 19.72 43096
U, JUPLIFT 3752.1 26.29 98643
s, |soiL - acTive sioe 209.0 37 663
D | STILLING BASIN REACTION TO DRIVING FORCES (SUM OF 30,1 2.00 6620
HORI ZONTAL FORCES = @)
SUMMATION 10932.0 | 5938. 0 | 3476.8 | 3476. 0 171381 | 245302

SUMMARY OF RESULTS FOR OVERTURNING ANALYSIS

ZFORCES(HORIZONTAL) = 0.0 ZFORCESt VERTICAL) = am&mx« TMOMENTS = 73921 FT-K
Xg (RESULTANT) = I MOMENTS/ ZFORCES(VERTICAL) = 73921 FT-K / 4992 = 14.81° FROM *A*
BASE WIDTH (X-DIRECTION) = 39, 44°

BASE LENGTH { Z-DIRECTION) = 148.0°

e RESULTANT RATIO = Xg / BASE WIDTH = 14.81/39.44 = 0.38

» : EM 1110-2-2502, TABLE 4-1 REQUIRES THE MINIMUM BASE AREA IN COMPRESSION TO BE 75% ( RESULTANT
¥ ) RATIO > 0.25 - OK, CRITERIA SATISFIED

ECCENTRICITY, € = (0.5 (WIDTH) - Xg = (R S (35.44) - 14.81 = 4,9
ESTIMATE SOIL PRESSURES ( ASSUMES BASE TQTALLY IN COMPRESSION)

' QAumaxinum = [YZEBCLIITE + 6te)/B) = 1.49 KSF
Qepininum = [VZ(BICLII0L - B(e)/BY = Q.22 KSF

€aa T €ya = 1 # B.1(D/B ) TAN(4S® + ¢/2) = 1 + B.104.0/35.07) TAN( 45° + 33/2)
STRUCTURE WEIGHTS AN MOMENTS ABOUT POINT * A - .02 (FOR®> 18%
= = (1 - aTaN$)2 (WHERE @ IS IN RADIANS) = (1 - -D.0885 TeN 33972 = 1,12
FORCES (KIPS) MOMENT ARMS | SUM OF MOMENTS Sat = &r H, em ERE R
ﬂmz DESCRIPTLON OF 1TEM VERTICAL HORI ZONTAL (FT) (FD) oo * &yg = :w - TANB) = (1 - TAN ©° = 1.0
’ DOWN up LEFT | RIGHT | Xam | Yemw | OVERTURN [RESIST oo " bge = [(1 = Eq) /N TAN )7 = 1,0 - [(1.0 ~ 1.0 /(38.64 + TaN 33°)]
: 1.0 (FOR$> 8°
W, |GRATES. HAND RAILS, ETC. 4.3 33. 94 147 1.8 (FOR #> 8°)
W, |GRATES, HAND RAILS, ETC. 4.3 31.36 135 Qo = (MINIMUM EFFECTIVE OVERBURDEN PRESSURE)
Wy |sTor Loss 31.8 35,44 1899 i
W, |STOP LOG CRANE BEAM, FRAME & HOIST 18.7 37.44 : 399 Qo = 4.0(0.0526) = 0.2504
Ws | TOP SLAB, BEAM, GATES & HOIST 455.7 25.69 11707 L PR z . ;
ve |walLts 2533.1 17.81 45115 &i =l - B/m® = (1 - 2137337 = 0.125
Wy | FOUNDATION 6665.6 20.98 139843 Yy = 9.0626
Wg | WATER ON IMLET SLAB 1225.2 32.57 39985
Wo | SOIL BENEATH THE STRUCTURE 2557.1 21.00 53699 COMPUTE BEARING CAPACITY
D, |waTER - AcTIVE siOE 2464.0 11.20 27597 o ,
0, |waTer - pass1ve stoe 186.2 2.00 332 0 = B [(€cabieiberfegONe) + (€qq€qi€qiEagBoNg ) + (0. 5465y &yi &y EvgB YN, )]
Uy JUPLIFT 2185. 4 19.72 43236 0= (35.87)08 + (1.82)(0.56) (1.12)(1.9) (2. 2504 ( 26. 8%
Uz |UPLIFT .2 .28 81872 © 501,02 (8.1257)(1.12) (1, 8 (35,071 (8. B626) (26,171 = 296,47 K-FT
- L4 5.50 459

S [SOIL - ACTIVE SIDE &3 TOTAL 0 = 148" (296.47) = 43878K

NO STILLING BASIN REACTION TG'ORIVING FORCES ( SUM OF

HORI ZONTAL FORCES NOT EQUAL TO ZERO) COMPUTE FACTOR OF SAFETY

SUMMATION 13487.9 {5300.8 | 166.2 |2547.0 153024 | 292381 FS = ALLOWABLE/ACTUAL = Q/N‘ = 43878/7945 = 5.5 > 2.8 (0.K.)

SUMMARY OF RESULTS FOR SLIDING ANALYSIS

SFORCES( HORI ZONTAL) = 2381% —= ZTFORCES( VERTICAL) = 8187 « TMOMENTS = 139357 FT-K 77>

COMPUTE FACTOR OF SAFETY (FS) AGAINST SLIDING

@ = TAN'(3.5/39, 44 = -5.97°

z.nAM<mx._._n»_nﬂomnmwvnomo.+AMIom~NOZaDPﬂomnmmvm_za M
N'= 8187 COS -5.87° + 2381 SIN -5.87° = 7945% i
T = {2 HORIZONTAL FORCES) €0Sa - (Z VERTICAL FORCES) SINa

T = 2381 COS -5.07° - 8187 SIN -5.07° = 3095%

FS = (N TAN®+ cL) /T
FS = 7945 TAN 33°9/3095 = 1.67 > 1.33 THEREFORE 0.K. :
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, r&wﬂégoev ;
uemphes District
\erem— |
P
q
SUMMARY TABLE ,
LOADING CASE overTURNING | FACTOR OF SAFETY NOTES
RATIO SLIOING | BEARING :
1. ALL ANALYSES PERFORMED IN ACCORDANCE
m = 22. m.o A 9.34 1.9 4.6 T o T 9 P 89
. *NORMAL LAKE LEVEL IN BACKFILL (EL. 282.0) (RESULTANT WITHIN| (1.33) | (3.8) ¢ WITH EM1110-2-2582, DATED 29 SE . V
> MITH 47 ORewoowN MID THIRD) 2.. VALUES WITHIN PARENTHESIS IN SUMMARY 1
. N NORMAL LAKE LEVEL IN mm‘yﬁx?:mrr & TAILWATER Ammwc—.._,SD.Z&.N WITHIN oS AVH.M\“ w TABLE ARE MINIMUMS PRESENTED IN TABLE 4 ,
- ° 1) . : .. g
it B (EL. 282.@) WITH EARTHOUAKE, a=0.15g BASE) e . 41 ,"RETAINNING WALL STABILITY il
c .36 .- P . CRITERIA"., IN REFERENCED EM111@-2-25%02.
HIGH NORMAL WATER TABLE IN BACKFILL (EL.276.0}(RESULTANT WITHIN| (1.5) (3.8)
WITH MINIMUM TAILWATER (EL. 270.5) MID THIRD)
[} 2.21 1.2 1.7 i
SAME AS CASE A WITH mbm,_.IOCDxm“wu&;mm {RESULTANT WITHIN| (1.1 (>1.9) !
BASE) !
E E B.52 13.8 17.6 ;
NTS LANDSIDE CRACK - FULL HYDROSTATIC PRESSURES (RESULTANT WITHIN| (1.5) (3.0)
MID THIRD)
F 2.46 5.3 15.2 1
CONSTRUCTION CASE - NO WATER (50.2%) (1.33) (2.8 m |
* CASE PRESENTED |
F H u"—
HH H
HH »
e | |
N Mm—
1.0 1.0 SEan
: i,
TEL. 2900 IEL. 290.0 R
EL. 287.5 X EL. 287.5 ; A B,
Ds4 Ds) | i 11.93] Os) _ : Neg Hin
, R$ZEL. 282.0 Rz EL: 282.0 IEEAIA
Dmmom D i = - HS.wm\‘L Dmmom o Dm L ~M
SEQ | vEL. 278.0 SEQ : v EL. 278.0
| = I - W%M
i
0 “ Rseos “ Rseos gz
2+o D I ~ | AVERAGE e
W2 $2 i pA Oywp Bs2 | R g
Dse i ! — T EL. 270.5 Dg ~ _ T~ | - - e = - - £
0 D ! i Rseo4 Ryi Deel 1 ) 0 ! | Rg; Rsens :
83 w EL. 267.0 : o5 A S6 S3 W EL. 267.8 S
-"15.86" 3:33, 7.31° sl o
A . . S - 2
: EL; 263.0 o N A T
EL. 260.0 ! ' [ 4= " HE 8
. . Cep Ry3 B EL. 260.0 HE &
ASSUMED FAILURE PLANE HE o
: 23.5° R
AT ! g
> W o a m e
o } b ?o_l\\\\T\uL me
U WMM
ELEVATION m g
ELEVATION (SLIDING AND BEARING ANALYSIS) mm mMm
(OVERTURNING ANALYSIS) NTS m s 3
NTS : 2 ¢
CASE A WATER LOADING I
CASE A WATER LOADING . mm CI
NOTE: Dgpgg » Dsegz - 1+ Rspgs & Rgpgs ARE FOR CASE B & D LOADING !
OR EARTHOUAKE LOADING DRAWING




OVERTURNING ANALYSIS - INLET WINGWALL CASE A SLIDING ANALYSIS -
. COMPUTE _HYDROSTATIC PRESSURES : COMPUTE DRIVING FORCES ACTING ON [WX-GHJ COMPUTE Wsp AND 1TS CENTROID (WEIGHT OF SOIL BENEATH SLAB)
SEEPAGE PATH = [RGASI = 56.17 Dwz = (.5111.181(15.@(7.32) = 76.56% @ Y = 6.33 ] SoIL soiL
POSI TION TOTAL Dgg = B.5(8.125(5.52(7.32)(0.5 = 6.92% o Y = 20.8% XuMipPOINT AREA (A) THICKNESS (T) WEIGHT (W) MOMENT ARM MOMENT
POINT ~ SEEPAGE HEAD (FTY) + HEAD (FT Y) = HEAD (FTY)  (KSP) Dss = 5.5(2.125)(19. 9 (0.50)(7.32) = 47.8% e ¥ = 5.50° e.50 4.42 0.00 0.20 26.20  0.00
R (56.17/56.17)(4.2) 4.8 2.00 2.800 ) > ) - 1.50 . 4.81 @.00 0.00 25.20 @.00
= .StYeyH ~GH WH = ((19.0(0. ) - 1.181) /19 = 8. 7 ;
v (37.17/56.171(4.0) 15.9 17.65 1.101 Dse = 8. STBIHAWX-GHIKo  WHERE 7B 19.a0.125 - 1 19.@ = 8.0670 2.50 . s.28 .00 0.00 24.20 .00
6 (34.17/56.17)14.0) 18.0 20.43 1.275 Dse = 8.50(8.0670) (19. 02 (7.32)(0.50) = 44.30% @ Y = 6,33’ 3.50 ' 5.59 2.61 1.82 23.20  42.22
A (7.5/56.171(4.0) 15.0 15.53 ©.963 4.58 5.98 2.49 1.86 22.20  41.36
s (3.5/56.17)(4.8) 11.9 11.25 @.702 5.50 6.37 2.38 1.90 21.28  40.18
6.50 6.76 2.27 1.92 20.20  38.72
MPUTE R TING FORI
PRORATE HEAD LOSS FROM *G* TO *A* FOR POINTS *P* & T° LOMPUTE RESTSTING FORCES 7.50 {7.15 2.16 1.93 19.28  37.00
Ryl = 8.5(8.624(15. ®2(14.56) = .21 ey = 5.9 . 7.54 . . . .
SEEPAGE LOSS ALONG *GA’ = (26,67/56.17)(4.0Y = 1.899Y W = 8.508.620(15.B12(14.56) = 102. 21 5@ &% 3 7.5 2.04 1.9 18.26 35.06
Rwz = 1.06X3.@(5.41) = 17.26¥ e Y = -1.5 3.50 7.3 1.93 a1 17.20 3293
SEEPAGE PATH * GPTA’ = 29.5' 19,50 8.32 1.82 1.89 16,20 30.65
- - - 3 P "
LCP) £ 1,275 - (3/29.61(1.899 ) = 1.263 KSF Rws = B.5(1.263 - 1.063) (3.8 (5. 414 = 1.62X e Y = -2.8 11.50 e 1.71 1.86 15,20 28.25
: Rsi = 8.5(6.06261(7.52 (0.50) (14.56) = 12.825 ¢ Y = 2.5 le.50 1 310 1.60 1.81 14.28 5.7
LT = 1.275 - (6/29.5)(1.899 ) - 3.0 = 1.863 KSF 13,56 9.49 1.48 1.76 13.28  23.21
: 14.50 9.88 1.37 1.69 12,20 20.64
COMPUTE UPLIFT FORCE "U’ FOR OVERTURNING ANALYSES SUM MOMENTS ABOUT [AB] - OVERTURNING 15.50 10.27 1.26 1.61 11.28  18.08
U = ( ARER) ( PRESSURE) 16.50 10.66 1.15 1.53 10.20  15.57
17.50 11.85 1.3 1.43 9.2 13.13
WIDTH (W) AS F(X), X MEASURED FROM ‘G’ : W = 4.22 + @.39092X FORCES (K1PS) HOMENT ARM HOMENTS 18.50 11.44 2.92 1.32 8,20 18.79 "
19.50 11.83 . . . . H
[ AS FIX), X MEASURED FROM “G': X = @ TO 3 p= 1.275 - 0. 0040X e DESCRIPTION OF ITEM VERTICAL | HORIZONTAL (FT) (KIP-FT) b b N ww w Mm M wm M mm mmmm
X = 370265 p=1.075 - 0.004X DOWN | UP | LEFT | RIGHT | Xamw | Yamw | OVERTURN | RESIST 21.58 :12.61 2.58 .92 5.20 4.78 m
. ,
APPROXIMATE INTEGRATION OF (PRESSURE) * (AREA) BY ASSUMING 1° WIDE STRIPS. PR FPrre— Py - P wwmm m.wm N.ww N.MM w.wm WMW AN
XuioPOINT _ AREA (A) PRESSURE (P) FORCE MOMENT ARM MOMENT Wsi | WEIGHT OF SOIL ABOVE HEEL 374.9 11.93 4472.56 : S : : . . —*m ‘
Wsz | (WEIGHT SOIL BENEATH BASE SLAB-N/A) : 24.50 P 13.78 2.25 e.42 228 0.93 N
.50 4.42 1.27 5.62 26,20 147.26 25.50 14,17 .13 0.24 1.20 .28
1.50 4.81 1.27 6.1  25.20 153.67 v PLIFT 261.87 11.08 2901.52 26.50 14.56 .02 2.04 2.20 2.01 !
M.ww w.mm W.MM m.mw Ww.wm wa.mw DRIVING FORCES ALONG FACE (GH) m.w
. . . . . . b 59.19 4.33 | 256.29 Wep = 33.40 NTS = 479,87 i
4.50 5.98 1.96 6.32  22.20 148.23 Doy 3.99 20.83 8311 : SUMMATION 2 MOVENTS 8 M i
5.50 6.37 1.25 6.70  21.20 142,11 Do a1.91 s oo | 285 28 , ; X centrotp = 14:37 i
6.50 6.76 _.mm w.sw wm.wm Iw.wm Ds3 34,23 4,33 148,22 mw
7.50 7.15 1. .4 19. 143. .
8.5 7.54 1.04 7.85 18.20 142.79 DRIVING FORCES ALONG FACE (WX-GH) COMPUTE DRIVING FORCES o &
Dwz 76.56 6.33 | 484.62 i
9.50 7.93 1.4 8.22  17.20 141.39 Dos 6 a2 cp.83 | 14414 (SAME ‘A5 FOR GVERTURNING ANALYSIS) !
18.50 8.32 1.03 8.59  16.20 139.18 os P -8 . : “ 3
11.50 8.71 1.83 8.96  15.20 136.19 o t.um Jobed mwm.mw ! ww
12.50 3.19 1.3 9.32  14.20 132. 41 6 : : .
13.50 9.49 1.82 9.69  13.20 127.87 Rw RESISTING WATER ON (AB) 102.21 5.08 511.65
14.50 .88 1.2 19.95  12.20 122.56 Rwz | RESISTING WATER ON (PT) 17.25 -1.58 -25.88
15.50 19.27 1.e1 19.40  11.20 116.50 Rwvi | RESISTING WATER ON (PT) 1.62 -2.00 -3.24 mmﬁ
16.50 10.66 1.e1 18.75  10.20 189.69 ae ag
R R STIN ABOV! A . .
17.50 11.05 1.01 .18 9.20 102.15 st ESISTING SOIL aBOVE 12.82 250 32.05 mmm
18.50 11.44 1.00 11.45  8.20 93.89 Rss |REQUIRED SOIL FORCE FOR BALANCE OF FORCES 171.00 -1.50 -256.50 Buy
19.50 11.83 1.00 11.79 7.20 84.91 mmm
20.50 12.22 .99 12.13 6.20 75.23 SUMMATION 615.9 |261.87 | 304.90{304. 90 5007.80 | 7231.68 aw
21.5@ 12.61 2.99 12.47 5.28 64.85 E
22.50 13.00 2.99 12.80 4.20 53.78
23.50 13.39 0.98 13.14 a.20 42.03
24.50 13.78 .98 13.46 2.20 29.62 SUMMARY OF RESULTS FOR OVERTURNING ANALYSIS
25.50 14.17 .97 13.79 1.20 16.55 « ,
F TAL) = 9. B . 4 = 3 -
oo 14 56 097 a1 0. 20 s $FORCES (HORIZONTAL) = 2.0 EFORCES (VERTICAL) = 354.03 I MOMENTS = 2223.8 FT-K ~ T -
Xg (RESULTANTY =  IMOMENTS / TFORCES (VERTICAL) = 2.223.8 FT-K/ 354,83 = 6.28 FROM (AB) °
SUMMATI ON U= 261.87 MOMENTS = 2,900.77 m & ]
COMPUTER BASE WIDTH @ Xp 3 W = 4.22 + 0.3902(26.7 - 6.28) = 12,19 { IS &
Xcentrotp = 11.08 ]
BASE AREA FROM Xg TO [AB] = @.5(12.19 + 14.56!(6.28) = 83.99 S0. FT. | 2
COMPUTE DRIVING FORCES ACTING ON [GH] TOTAL BASE AREA = 251.0 SO. FT. » g g
- N I3 - ' ;
Da = (8.9101.275)(22.814.22 = 55.19% e ¥ = 4.33 RESULTANT RATLO (BASED ON AREA) = 83.99/251.8 = 8.34 > .33, THEREFORE O. K. | &uw.
Ko =1 - SIN® = 1 - SIN 30° = 0.50 i wE g
1
Dg = 0.5(0.1251(5.52 (4.221(0.5 = 3.99% 0 Y = 20.83 ] me
Dy, © 5.50(8.125)(22.8)(0.59)(4.22) = 31.91" e ¥ = 8.0 w m
Dgy = 0.5 BIH2IGHIKo WHERE YB = ((22.8)(0.125) - 1.275)/22.8 = 2.06705 | mm
Ds3 = ©.50(0.06705) (22, 012(4.22)(2.50) = 34.23% @ Y = 4,33 : m 5
w m
P
; S &
¢ 9
. | 4
DRAWING




SLIDING ANALYSIS - INLET WINGWALL CASE A CONT

COMPUTE UPLIFT FORCE ‘U’

FOR SLIDING ANALYSIS

U = (AREA) { PRESSURE)

WIDTH (W) AS F(X), X MEASURED FROM * G’ : W= 4.22 + 0.3982X

1 AS F(X), X MEASURED FROM {GH3: ®o= 1,275 - 0.81148X

APPROX IMATE HZﬂmomD..:OZ OF (PRESSURE)(AREA} BY ASSUMING 1’ WIDE STRIPS.

XMioPOINT  AREA (A) PRESSURE (P) FORCE MOMENT ARM MOMENT
0.50 4,42 1.27 5.60 26.20 146.82
1.50 4.81 1.26 6.04 25.20 152,31
2.50 5.20 1.25 6.48 24.28 156.70
3.50 5.59 1.23 6.90 23.20 160.03
4.50 5.98 1.22 7.31 22.29° 162.31
5.50 6.37 1.21 7.72 21.20 163.57
6.50 6.76 1.20 8.11 20.20 163.84
7.58 7.15 1.19 8.50 19.20 163.15
8.58 7.54 1.18 8.88 18.20 161.53
9.50 7.93 1.17 3.24 17.20 158.99
10.50 8.32 1.15 9.60 16.20 155.58
11.50 8.71 1.14 9.95 15.20 151.30
12.50 9.19 1.13 16.30 14.20 146.20
13.58 9.49 1.12 18.63 13,20 140.30
14.50 9.88 1.11 18.95 12.20 133.63
15.58 18.27 1.10 11.27 11.20 126.20
16.50 18.66 1.29 11.57 10.20 118.05
17.50 11.85 1.07 11.87 9.20 109.21
18.50 11.44 1.06 12.16 8.20 99,71
19,58 11.83 1.05 12. 44 7.28 89.56
20.50 12.22 1.04 12,71 5.20 78.79
21.50 12.61 1.03 12.97 5.20 67.44
22.50 13.980 1.02 13.22 4,20 55.53
23.58 13.3% 1.01 13.47 3.20 43.09
24.50 13.78 .99 13.70 2.20 30. 14
25.50 14.17 2.98 13.93 1.20 16.71
26.50 14.56 0.97 14.14 9.29 2.83

SUMMATT ON U = 279.66 MOMENTS = 3,153.55
XceEnTROID = 11.28
COMPUTE RESISTING FORCES

Rw = ©.5(8.8624) (152 (14.56) = 102.21 @ Y = 5.33

Rwz = ©.96%3.@1(5.41) = 15.73% @ ¥ = - 1.5

Rwz = @.5(01.275 - 8.96D(3.0)(5.41) = 2,48 e Y = -2.0

BEARING CAPACITY ANALYSIS

COMPUTE FACTOR OF SAFETY (FS) AGAINST SLIDING

¢ = TAN1(3.8/26.7 = 6. 41°

N = (S VERTICAL FORCES) COS a + (X HORIZONTAL FORCES) SING
N': 369.6 COS 6.41° + 171.7 SIN 6.410 = 386.5k

T = (I HORIZONTAL FORCES) COSa - (I VERTICAL FORCES) SINa
T = 171.7 COS 6.41° - 369.6 SIN 6.41° = 129, 4K

FS = (N TaN o+ CLy /T

FS = 386.5 TAN 339/129.4 = 1.94 > 1.33, THEREFORE O.K.

SUM MOMENTS ABOUT (AB] - SLIDING
FORCES (KIPS) MOMENT ARM MOMENTS
ﬂmz DESCRIPTION OF ITEM VERTICAL HORIZONTAL (FT) (XIP-FT)
DowN | UP LEFT {RIGHT | Xprw | Yamw | OVERTURN | RESIST
We WEIGHT OF CONCRETE 241.0 10.38 2501.58
W WEIGHT OF SOIL ABOVE HEEL 374.9 11.93 447256
Wgz | WEIGHT SDIL BENEATH BASE SLAB 33.4 14,37 479.96
U UPLIFT 279.66 11.28 3154.56
DRIVING FORCES ALONG FACE (GH)
Dw 59,19 4.33 256.29
Ds; 3.99 20.83 83.11
Ds2 31.91 8.00 255.28
Ds3 34.23 4.33 148,22
DRIVING FORCES ALONG FACE (WX-GH)"
Dw2 76.56 6.33 484.62
Dsa 6.92 20.83 144,14
Dss 47.81 9,58 454.20
[sX-13 44,30 6.33 280. 42
R RESISTING WATER ON (AB) 102.21 5.33 544,78
Rz RESISTING WATER ON (PT) 15.73 -1.50 -23.60
Rw3 RESISTING WATER ON (PT) 2.48 -2.00 -4,96
Rgy RESISTING SOIL ABOVE "A* 12.82 2.508 32.05
SUMMATION 649.3 | 279.7 |133.2 | 304.9 5260.8 | 8002.4
SUMMARY OF RESULTS FOR SLIDING ANALYSIS
SFORCES (HORIZONTAL) = 171,7K — SFORCES (VERTICAL) = 3£9.6% ¢ SMOMENTS = 2741.6 FT-K »~

COMPUTE EFFECTIVE BASE WIOTH
7.8% FROM [ AB]
7.8% FEET T0 (AB) =

{= 2741.6/386.5 =
BASE AREA FROM (=
ASSUME SYMMETRICAL AREA (A2)
THEREFORE, BASE AREA NOT SYMMETRICAL ABOUT LOAD = A3 = TOTAL AREA - 2(Al)
A3 = 251.8 - 2(94.@) = 63.0 S0. FT,

SOLVE QUADRATIC EQUATION FOR DISTANCE FROM [GH] SUCH THAT A3 = €3.8 SO. FT.

94.0 SO.FT. = Al

FROM ¢ = 7.09° TOWARD (GH] .

A3 = [4.22 + (4,22 + B.3902X /2]X

X = 18.16"

B’ (EFFECTIVE BASE WIDTH) = B (TOTAL BASE WIDTH} - X (WIDTH NOT SYMETRICAL TO LOAD)
B = 26.7 - 18.16 = 16,5

COMPUTE -BEARING CAPACITY FACTORS

0 = B [(€cgbeiber fcgCNe) + (€qabqifar EqgoNa ) + (8. 5%6yq&yi &yt EygB YNy ) 1
D=7.5 B = 27.3 ¢=33° C=0.0 a= 6.41° B= 0.2 RADS
T=129.4 N = 386.5 5 = Tanl(T/N) = 18.51° B = 16.5

€cg= 1 + B.200/B ) TANLA5C « ¢/2) = 1 + B.207.5/16,5 TAN(45% + 33/2) = 1.17
€oi = £qi = (1 - 8% 98°:2 = (1 - 18.51/90%2 = 0.63

NOTE: Ny, NC, AND Ny AVAILABLE FROM TABLE 5-1. PGS 5-5 & 5-6 OF EM 1110-2-2502

Ng = 26.09

N = 38.64

Ny = 26,17

€qa= Evg = 1 + B.1CO/B ) TANCAS® + &/2) = 1 + B.107.5/16.5) TAN(45° + 33/2) = i.08

Eqt = &y = UL S QTANG)Z (WHERE WIS N RADIANS) = (] - .1119 TAN 3392 = .86

€go= €= - TANBIZ = (1 - TAN @2 = 1.0

€g = g~ (11 ~Eqg /NcsTAN ®3 = 1.0 - [(1.0 - 1.0)/(38.64 » TAN 33%)] = 1.8 (FOR ¢> 8

(MENIMUM EFFECTIvE OVERBURDEN PRESSURE}

Qo =
qo = 7.5(0.125 - 8.969/15) = 0.453

£yi = (1 - B/¢12 = (1 - 18.51/332 = B.1928
Yy = 0.125 - (0.969/15: = 0.0604

COMPUTE BEARING CAPACITY

0 = (AREA [0 eifer€ogCNe) + (Eaglai Eqr Eqe@oNg ) + (0. 5oy &y Eyy ExgB YNy ) ]

0= 2(94.0[(1.08 (0. 61(0.86011. (0. 45311 26. 29
+(D.5(1.88(0.1928(@. 86 (1. {16.81(0.0684(26.172)

0= 1747K

COMPUTE FACTOR QF SAFETY

FS = ALLOWABLE/ACTUAL = O/N" = 1747/386.5 = 4.5 > 2.8 (0.K.)
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g= 22.5
al s :
o © ®
| o -
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PLAN
NTS
1.0°
_; EL. 284.44
Dss Os1 19.28)
13.367
Dss AVERAGE EL. 266.25
0 I~ DtN DwN
s o %“ 1 R
Os3[ | Pw _EL. 263.5 - ¢s - !
tg,90 3:-11.6.0 = Ret |
EL. 259.5 ~o-- X Rs3
T Ry2 b
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21.08
. | 3203
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U
ELEVATION
(OVERTURNING ANALYSIS)
NTS
CASE A

SUMMARY TABLE

OVERTURNING

FACTOR OF SAFETY

NOTES:

LOADING CASE
RATIO SLIDING | BEARING 1. ALL ANALYSES PERFORMED IN ACCORDANCE WITH

” 0.3 . s EMI110-2-2502. DATED 29 SEP 89.
L weTER TABLE IN BACKFILL W/ (RESUL IO, (ITHIN Y (130 3.2 2. VALUES WITHIN PARENTHESIS IN SUMMARY TABLE

. — — - ARE MINIMUMS PRESENTED IN TABLE 4-1, "RETAINING
SAME A4S CASE A WITH EARTHOUAKE:a=0. | Sg (RESULTANT WITHIN| (1.1) | OL.g) WALL STABILITY CRITERIA®, IN REFERENCED

BASE) EM1110-2-2502.

C 0.58 6.0 14.3

LANDSIDE CRACK - FULL HYDROSTATIC PRESSURES | (RESULTANT WITHIN| (1.5} (3.8
MID THIRD)

D @.46 3.2 12.4
CONSTRUCTION CASE - NO WATER (>8.25) (1,33 {2.8)
* CASE PRESENTED

%7 =7
|
DOs4 Ds; |
ReZEL. 276.0
Dss
- DtN OmN
Ose ‘R,
Osaf | (B .
Rui |42
Rs3
Rw2
EL. 256.5 Rwz

ASSUMED FATLURE PLANE
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OVERTURNING ANALYSIS - QUTLET WINGWALL CASE A - SLIDING ANALYSIS
COMPUTE HYDROSTATIC PRESSURES COMPUTE_RESISTING FORCES COMPUTE Wsz; AND ITS CENTROID (WEIGHT OF SOIL BENEATH SLAB)
SEEPAGE PATH = [RGAS] = 47,69 Ry = 0.5(8.315 (4.9)(14.8) = 8.82% @ Y = 1.3¥ SOIL SOIL
P0SITION ToTAL Rup = 0.62% 3.0 (5,84 = 10.91% o ¥ = -1.5 XMIDPOINT  AREA (A) THICKNESS (T) WEIGHT (W) MOMENT ARM  MOMENT )
POINT  SEEPAGE HEAD (FTY) + HEAD (FT Y) = HEAD (FTY)  (KSF) Rz = 0.500.854 - 0623 (3.0 (5,80 - 2,025 @ ¥ © -2.& 0.50 4.87 .20 0.00 23.58 2.00 :
R (47.69/47,69)(12.5) -12.5 0.00 2.00 1.50 5.26 0.0 0.00 22,58 0.00
Ry = 0.5(2.125) (2. 752 (. 50)(11.67) = 2.76K @ Y = 4.92° 2.58 5.65 .00 .00 21.58 .00
v (31.19/47.69)(12.5) 4.0 12.18 .760 . Pt oo e papes e el
G (28.19/47.691(12,5) 7.0 14.39 £.898 Rg2 = 2.75(0.125) (4. 01(0.50) (14.8) = 9.63X @ Y = 2.0 . : . : . .
A (4.8/47.69)(12.5) 4.0 5.05 2.315 4.50 6.43 2.44 1-% 9.5 36.19
: . . Rs3 = 0.5(YBIH2LABIK, WHERE YB = ((4.8)(0.125 - 0.3151/4.0 = 0.04625 5.5 6.82 2.31 1.97 18.50  36.45
s (0/47.691(12.5) 2.0 2.00 .00 e o o3 g oo e
Rsg3 = @.58¢ B.04625 (4. 32114, 0) (8.5 = 2.59% e ¥ = 1.33 w.m& M.mo N. 26 a.ﬁm um.m& wN.w&
PRORATE HEAD LOSS FROM *G* TO *#° FOR POINTS P & °T Rsg = AS REOUIRED TO EALANCE HORI ZONTAL FORCES 8.50 7.98 1.94 1.93 15.50  29.96
SEEPAGE LOSS ALONG *GA’ = (24.19/47.691(12.5)7 = 6.34'7 9.50 8.37 1.81 1.90 14.50 27.49
; 10.50 8.76 1.69 1.85 13.56  24.94
‘GPTA = 27° A - :
SEEPAGE PATH * GPTA" = 27 SUM_MOMENTS ABOUT [AB) - OVERTURNING P o ee oo ea a3
LAP) = B.898 - (3/27)(6.34'Y) = 8.854 KSF . 12.50 .53 1.44 1.71 11.58  19.70
K . . . . . .
L(T) = 0.898 - (6/27)(6.34°Y) - 3.8 = 0.623 KSF FORCES tK1PS) HOMENT ARM MOMENTS 13.50 .92 1.31 1.63 1.5 17.09
. 1TEM (FT) (KIP-FT) 14.50 10.31 1.19 1.53 9.50  14.54
. o DESCRIPTION OF ITEM VERTICAL | HORIZONTAL P 10,70 oo S oon  12.08
COMPUTE UPLIFT FORCE "U' FOR OVERTURNING ANALYSES DOWN | UP | LEFT | RIGHT | Xeaw | Yepw | OVERTURN | RESIST 16.50 11.09 .94 1.38 7.50 9.74
U = (AREA}( PRESSURE) Ve WEIGHT OF CONCRETE 206.1 a.28 1912.70 ”M.wm x.mm N.MM ”__uw m.mw w.ww
WIDTH (W) AS F(X), X MEASURED FROM *G’ : W = 4.68 + @.38833X Vsl VEIGHT OF SOIL ABOVE HEEL 235.7 13.36 3149, 49 : . : : . : 1ifsd
Vez (WEIGHT SOIL BENEATH BASE SLAB-N/A) 19.50 12.25 @.56 2.86 4.50 3.88 i
4 AS FUX). X MEASURED FROM G': X = 8 T0 3 = 0.898 - 0.014667X 5 gt 1072 .78 1262.34 20.50 12.64 .44 .69 3.50 2,42 il
Xz37T024 p= 0.667 - B.0B14667X : : : 21.50 13.03 8.31 2.51 2.50 1.27 w
APPROXTHATE INTEGRATION OF (PRESSURE), (AREA) BY ASSUMING 1° WIDE STRIPS. ORIVING FORCES ALONG FACE (GH) 22.50 13.42 8.19 e.31 1.50 0.47 (il
| o 4.8 3.50 143, 43 23.58 13.81 2.06 8.11 2.50 2.05 —mm..
1 XwopoInT  AREA (A) PRESSURE (P) FORCE MOMENT ARM MOMENT bu 37 18.17 66. 50 FH:H
.50 4.87 .89 4.3¢  23.50 102.02 Ds2 28.5 6.75 |  192.51 SUMMATION W5y = 29.51 MOMENTS = 388. 22 .
| 1.50 5.26 0.88 4.61  22.50 103.72 0s3 35.1 3.50 | 122.85 X centrotp = 1288 LK
2.58 5.65 0.86 4.87  21.50 104.65 . mu s
P e paped o7 oo A DRIVING FORCES ALONG FACE (WX-GH) ity
4.50 6.43 .60 3.86 19.50 75.33 Dwe 1.6 5.50 | 228.97 COMPUTE DRIVING FORCES P
5.50 6.82 .59 4.00  18.58 73.93 Dss 5.2 18.17 94.30 (SAME AS FOR OVERTURNING ANALYSIS) g
6.58 7.20 .57 412 17.58 72.07 Dss 34.2 5.50 | 188.32 h ;
7.50 7.59 .56 4.23  16.58 69.78 Dss 35.7 5.50 | 195.24 |
: 8.5 7% 2.54 4.33 15.50 £7.09 Rw | RESISTING WATER ON (AB) 8.8 1.33 11.73 «
9.58 8.37 .53 4,42 14.50 64.03
Rw2 RESISTING WATER ON (PT) 10.9 -1.50 -16.37
10.58 8.76 2.51 4.49  13.50 68.65 R areting weren o BT e i o
1.58 3.15 .50 4.56  12.50 56.97 w3 < : : :
12.50 9.53 .48 461 11.50 53.03 Rt RESISTING SOIL ABOVE ‘A’ 2.8 4,92 13.58
13.58 3.92 @.47 4.65  19.50 48.86 Rg2 RESISTING SDIL ABOVE -A° 9.6 2.00 19.26
14.50 18.31 .45 4.68 3,50 44.50 Rs3 RESISTING SOIL ABOVE *A° 2.6 1.33 3.44 mm
15.50 10.70 D.44 4.70 8.59 39.98 it
o on A o a2 P oo Py Rsg | REGUIRED SOIL FORCE FOR BALANCE OF FORCES 188.3 1.50 -282.45 : mmm
17.50 11.48 0.41 4.71 6.50 308.61 . g.F
n 18.5¢ 11.86 8.40 4.69 5.50 25.82 SUMMAT ION 442.8 {197.2 | 225.0 | 225.8 2495.00 | 4807.00 . MG%
. 19.508 12.25 .38 4.67 4.5 21.01 \ 1
- 29.50 12.64 0.37 4.63 3.50 16.21 4
. 21.50 13.03 .35 4.58 2.50 11.45 SUMMARY OF RESULTS FOR QVERTURNING ANALYSIS
: 22.50 13.42 .34 4.52 1.50 6.78 A } i }
. oo o0 e o e oo g SFORCES (HORIZONTAL) = 0.9 TFORCES (VERTICAL) = 335K 4 SHOMENTS = 2312 FT-k
- Xa (RESULTANT) = IMOMENTS / TFORCES (VERTICAL) = 2312 FT-K/ 335 = 6.91° FROM [AB]
: SUPMATION  FORCES = 107.18  MOMENTS = 1.262.28 COMPUTER BASE WIDTH @ Xz : W = 4,68 + 0.38833(24 - 6.91) = 11.31° . i <
i X CENTROID = 11.78 FROM “ 4’ BASE AREA FROM Xg TO (4B} = 8.5(11.31+14.@(6.91) = 87.5 SQ. FT. mm o} m
3 , <
: COMPUTE ORIVING FORCES ACTING ON [GHI TOTAL BASE AREA = 8.5(4.68 + 14.00(24) = 224.2 SO. FT. g S o
: Dw = (0.5)(0.898)(19.51(4.68) < 40.98% @ ¥ = 3.5 RESULTANT RATIO (BASED ON AREA) = 87.5/224.2 = ©.39 > @.33, THEREFORE O.K. m m &
Ko =1 - SIN® =1 - SIN 3@° = @.50 m
Dg = 0.5(0.125/(S. @2(4.681(0.5) = 3.66% 0 ¥ = 18.17 m &mq..
E N 2]
: Des = 5.800.125)(19.5)(0.50) (4. 68) = 28.52% @ Y = 6. 75" mum
: gy * 0.5 H2GHIKo WHERE YB = (119.5)(8.125) - ©.898)/19.5 = 0.0789 : mwm
Ds3 = 0.5 Q78N (19:512(4.68)(0.50 = 35.18% e Y = 3.50" : mmm
“ ]
COMPUTE DRIVING FORCES ACTING ON [WX:GH3 M m g
Dwz = (Q.51(R76@(16.51(6.64 = 41.63% @ Y = 5.5 i . mnﬂ
Dsg = 0.5(0.125 (5. 2(6.641(0.5) = 619X e ¥ = 18.17 nm m m
Dss = 5.00Q. 129 (16.5(B.5N (6. 64) = 34.24% 0 Y = 5.50" m ] m
Dss = 0.50 B HLWX-GHIK, WHERE YB = ((16.51(0.125) - 0.768)/16.5 = ©.08783 3 m
S Das ® X SMQ 78V 116.52 (6,64 (0,59 = 35.68 ¢ Y = 5. 650 mm m m
mm °
DRAWING
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SLIDING ANALYSIS -

OUTLET WINGWALL CASE A CONTD

COMPUTE UPLIFT

A AS F(X). X MEASURED FROM ’G’s
L= 8.898 - 9.024292X

XmppoINT  AREA (A) PRESSURE (P) FORCE MOMENT ARM MOMENT
.50 4.87 2.89 4,32 23.50 101.47
1.50 5.26 8.86 4.53 22,50 102.@1
2.50 5.65 8.84 4.73  21.50 121.72
3.50 6.04 .81 4.91  20.50 102.65
4.58 6.43 0.79 5.07  19.59 98.85
5.50 6.82 8.76 5.21 18.50 96.38
-6.58 7.20 8.74 5.33  17.50 93.31
7.58 7.59 8.72 5.43  16.50 89.67
8.58 7.98 8.69 5.52  15.50 85.54
9.50 8.37 0.67 5.58  14.58 80.97
10.5@ 8.76 8.64 5.63  13.50 76.01
11.58 9.15 8.62 5.66  12.50 70.72
12.50 9.53 0.59 5.67  11.50 65.17
13.508 9.92 8.57 5.66  10.50 59.39
14.50 10.31 8.55 5.63 9.50 53.46
15.5@ 10.70 8.52 5.58 8.50 47.42
16.5¢ 11.89 0.50 5.51 7.50 41.34
17.58 11.48 0.47 5.43 6.50 35.27
18.58 11.88 0.45 5.32 5.50 29.27
19.50 12.25 8.42 5.20 4.50 23.39
28.50 12.64 8.40 5.06 3.50 17.70
21.58 13.83 8.38 4.90 2.50 12.24
22.58 13.42 8.35 4.72 1.50 7.07
23.58 13.81 2.33 4.52 8.50 2.26

SUMMATION U = 125.18 MOMENTS = 1,491.31
XcentRorp = 11.92
COMPUTE RESISTING FORCES

Rw = B.5(€.315)(4)(14.8 = 8.82% e Y- = 1.33 .

Rwz = 8.31K3.0(5.84 = 5.52 e ¥ = - 1.5

Rwz = 8.5((8.898-0.315) (3.8 (5.89 = 5.11% e Y = -2.0

Rsi. Rg2. Rg3
Rep =

SAME AS FOR OVERTURNING ANALYSIS

NOT aPPLICABLE

SuM

MOMENTS ABOUT {AB] -

SLIDING

BEARING CAPACITY ANALYSIS

FORCES (KIPS) MOMENT ARM MOMENTS
ﬂmz DESCRIPTION OF ITEM VERTICAL HORIZONTAL (FT) (KIP-FT)
DOWN | UP | LEFT |RIGHT | Xpas | Yaaw | OVERTURN | RESIST
We WEIGHT OF COMCRETE 206. 1 q.28 1912.70¢
w5y WEIGHT OF SOIL ABOVE HEEL 235.7 13.36 3149.49
Woz | WEIGHT SOIL BENEATH BASE SLAB 29.5 12.88 380.09
u UPLIFT 125.1 11.92 1491.19
ORIVING FORCES ALONG FACE (GH)
Dy 41.0 3.50 143,43
Dg; 3.7 18.17 66.50
Ds2 28.5 6.75 192.51
Dsa 35,1 3.50 122.85
DRIVING FORCES ALONG FACE (WX-GH)
Dwz2 41.8 5.50 | 228.97
Dss 5.2 18.17 94.30
Dss 34.2 5.50 188.32
Dse 35.7 5.50 196.24
Rwi RESISTING WATER ON (AB) 8.8 1.33 11.73
Rz RESISTING WATER ON (PT) 5.5 -1.50 -8.28
Rw3 RESISTING WATER ON (PT) 5.1 -2.00 -18.21
Rt RESISTING SOIL ABOVE *A* 2.8 4.92 13.58
Rs2 RESISTING SOIL ABOVE "A° 9.6 2.00 19.26
Rs3 RESISTING SOIL ABOVE "A° 2.6 1.33 3.44
Rss
SUMMATION 471.8 | 125.0 | 34.0 |225.0 2724.00 | 5472.00
SUMMARY OF RESULTS FOR SLIDING ANALYSIS
TFORCES (HORIZONTAL) = 191% — SFORCES (VERTICAL) = 348% EMOMENTS = 2747 FT-K »~
COMPUTE FACTOR OF SAFETY (FS) AGAINST SLIDING
a = TaN"lt3. 02480 = 7.125°
N = ( VERTICAL FORCES) COS a + (T HORIZONTAL FORCES) SINa
N’ = 346 COS 7.125° + 191 SIN 7.125° = 367.8K
T = (3 HORIZONTAL FORCES! COSa - (I VERTICAL FORCES) SINa
T = 191 COS 7.125° - 346 SIN 7.125° = 146.8%
FS = (N TaN®+ CLY /T
FS = 367 TAN 33°/146.6 = 1.63 > 1.506 , THEREFORE 0.K.

COMPUTE _EFFECTIVE BASE w1DTH
= 27477367 = FROM [ AR}
BASE AREA FROM = 7,49 FEET TO (AB] = 94.0 SO.FT. = Al
ASSUME SYMMETRICAL AREA (A2) 7. 49 TOWARD (GH) .
THEREFORE, BASE AREA NOT SYMMETRICAL ABOUT LOAD = A3 = TOTAL AREA - 2(AD)
A3 = 224.2 - 2(94.0 = 36.2 S0. FT.
SOLVE QUADRATIC EOUATION FOR DISTANCE FROM [GH] SUCH THAT A3 = 36.2 SO, FT.
A3 = [4.68 + (4.68+0.38833X) /721X

7. 4%

FROM (=

X = 6.16°
8" (EFFECTIVE BASE WIDTH} = B (TOTAL BASE WIDTH) - X (WIDTH NGT SYMMETRICAL TO LOAD)
B’ = 24,8 - 6.16 = 17.84"

COMPUTE BEARING CAPACITY FACTORS

0 = B’ [{€eqoi borfogONe) * (Eqaqi £ar EagdoNg ) + (8. Sebyy Exi byt EvgB YN,
B:6.75 B = 24.0 $:339 C=0.8 - a:7.125° fB= 0.0 RADS
T = 146.6% N = 367.8% ' B = TAN'L(T/NY) = 21.77° Bz 17.84°

Ecg= 1 + 0.20D/B°)TANC45C + ¢/2) = | + 9.206.75/17,84) TANE 45° + 33/2) = 1.14

€y €qi = (1 - 3% 98°)2 = (1 - 21.77/99%2 = 9,57

NOTE: Ny. NC, AND Ny AVAILABLE FROM TABLE 5-1, PGS 5-5 & 5-6 OF EM 1itp-2-2502

Ng = 26.09

Ne = 38.64

Ny = 26.17

€qa = €yg = 1 + O.1(D/B I TANCA5C + ¢/2) = | + R.106.75/17,84) TAN( 45° + 33/2) = 1.07

Eqr T &y = (1 - aTANG)Z (WHERE a5 IN RADIANS) = (1 - @.1244 TAN 3392 = 8.84

baa b= 1 - TANB = (1 - TAN D2 = 1.0

€og = €go ({1 ~Eqd /NesTAN 1) = 1.0 - [11.8 - 1.0 /(38.64 « TAN 33°)] = 1.0 (FOR &> &)

Qo = {MINIMUM EFFECTIVE OVERBURDEN PRESSURE)
Qo = 2.75(0.125) + 4(0.9626) = 0.59

Eyi = (1 =B/¢2 = (1 - 21,77/332 = @.12

Y = 0.8626

COMPUTE BEARING CAPACITY i

0 = (AREAI T (€oqbciber EcgCNed + (£q98qi EaqrEagQoNg ) + (0. 595y &yi &yy EgB YNy Y]
Q= 294,00 + (1.07}(8.571(0.84) (1. Q) (B, 59 ( 26. 0D
+ 2.501,07 (2. 122(0.841(1.01(17.84)(.0B626Y(26.17)]
Q= 188(@0 + 7,89 + 1.58) = 1780%
COMPUTE FACTOR OF SAFETY
FS = ALLOWABLE/ACTUAL = 1788/367 = 4.85 > 3.8 (0.K.)
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REELFOOT LAKE, TENNESSEE & KENTUCKY
SEDIMENT RETENTION BASIN




ASSUMPTIONS 5y o
_§ Memphis Gistrict

DISTANCES FROM BASELINE
f J I T r I I J ! _ T _ ! 1. USE STRATIFICATION AND SOIL TEST DATA FROM BORING I-SBU-97 ‘ ”
-120 - 100 -80 -60 -40 -28 o 20 49 60 80 109 120 : 2
2. MAXIMUM FILL 1S APPROXIMATELY 21 FEET ABOVE NATURAL GROUND A :
NEAR THE LOCATION OF THE PROPOSED PRIMARY SPILLWAY. THE : -
SURCHARGE LOAD FROM THE FILL wAS COMPUTED AS : ]

P = 21 FT (0.120 KCF) = 2.52 KSF

320 20’ CROVN WIDTH 3. THE FILL REQUIRED FOR THE EMBANKMENT SHALL BE PLACED TO ELEVATION
_ 308.@ USING SEMI COMPACTED EFFORT. HOWEVER, THE FILL REQUIRED FOR THE :
EL. 308.0 EMBANKMENT AT THE PRIMARY AND EMERGENCY SPILLWAYS SHALL BE COMPACTED -
TO A MINIMUM OF 95% STANDARD PROCTOR DENSITY TG STRUCTURE GRADE.

4.0 :
00 BOR. 1-SBU-97 = 4. THE VALUES FOR THE COMPRESSION INDEX. C_, WERE BASED ON THE EMPIRICAL w
_— C.5.£. 29770 ) 21 (MaX) RELATIONSHIP Co= @.81(LL - 13) AS SHOWN IN EM 1118-1-1904, TABLE 3-7.
EMBANKMENT FILL THESE VALUES WERE ALSO COMPARED TO THE EMPIRICAL CORRELATION BETWEEN :
EL. 287.0 COMPRESSION INDEX AND IN SITU WATER CONTENT FOR CLAY AND SILT DEPOSITS
® 7 - 115, Co=0.26, C,-0.05, oo 1.10 500 £ om0 AS SHOWN IN FIGURE 16.3, *SOIL MECHANICS IN ENGINEERING PRACTICE",

RD ED., 1996, BY TERZAGHI, PECK, AN R ’
- 280 @ %, =57.6, C.=0.21, C.=0.04. €5% 0.85 A I T L) 3RD ED.. 1 BY TERZAGHI, PECK, AND MESRI

)
2
@ Y3= 57.6, C,=0.28, C.=0.06, €,= 0.86 0 Bl o7 5. THE INCREASE IN VERTICAL STRESS, AP, FROM THE SURCHARGE OF THE
@Y YT 526, Tc=0.54, (;=0.11, €o: B.97 3070 B 2 {55 FILL WAS DETERMINED FROM THE * TABLES OF BOUSSINESQ COEFFICIENTS
FOR VERTICAL STRESS INDUCTION', NEW ORLEANS DISTRICT, MARCH 1959,
® %= 57.8, Cc=0.25, €,= 0.74 11. 0]

- 260 il EL. 258.8 6. BASED ON A REVIEW OF WATER CONTENTS. ATTERBERG LIMITS. AND THE

; UNDRAINED SHEAR STRENGTHS OF THE CLAY SAMPLES FROM BORING 1-SBU-97,

IT APPEARS THAT THE MAJORITY OF THE CLAY IS SLIGHTLY PRECONSOLIDATED.

= (® %= 62.6. SAND LAYER ASSUMED INCOMPRESSIBLE IN LAYER 1., THE PRECONSOLIDATION STRESS IS BETWEEN THE PRESENT STRESS .v
AND ANTICIPATED STRESS AFTER FILL PLACEMENT (£, AP), IN LAYERS 2-4. :

THE PRECONSOLIDATION STRESS IS APPROXIMATELY EQUAL TO THE ANTICIPATED

STRESS AFTER FILL PLACEMENT. (P, + AP)

il g

(N.G.V.D.)

FT.

| CTY)

ELEVATION,
i

[Pt dote:

|arae-wee
Sorid ot
boooxx

- 248

[Coror tobie
oy
sote.m

3

— 220 P T .11 + 0.0037 PI

o Cy (EQ. 1-2, EM 1118-1-1904)

WHERE O'p = PRECONSOLIDATION STRESS, KSF

DEPTH TO H g - CrH oo Po+ P Cu = UNDRAINED SHEAR STRENGTH, KSF
LAYER ELEVATION MIDPOINT (FD Ce Cr e 1 e, Fo Pl = PLASTICITY INDEX. PERCENT
*
! 287.0-282.0 2.5 5.0 0.26 @.25 1.10 @.47 LAYER NO. ELEVATION P1 Cy (KSFY O 'p (KSFY Py (KSF) AP (KSF) Pg + AP (KSF)
2 282.0-279.0 65.50 3.0 8.21 0.4 B.85 2.04 —_—
3 279.0-272.0 .50 7.6 0@.28 2.26 2.86 @.13 1 287.0-282.0 18 ' 0.350 1.98 0.288  2.52 2.81
4 272.8-269.0 16.50 3.0 0.54 2.11 0.97 0.06 2 282.9-279.0 14 2. 500 3. 99 2. 661 2.50 3.16 W
5 269.0-258.0 23.50 11.0 B.25 - - B.74 0.57 3 279.8-272.8 20 0. 600 3.26 ©. 949 2. 46 3. 41 | Dmm
0 4 272.8-269.8 45 0. 800 2.89 1.230 2.40 2.95 ey
1.27 FT = 15.2 INCHES 5 269.9-258.8  -- -- -- 1.628 2.30 3.74 mmm
* " 1t
OBTAINED USING C. VALUES FROM INITIAL LOADING UNTIL R, + AP = (' AND THEN C. VALUES 7. 1T 1S ANTICIPATED THAT THE MAJORITY OF LOADING FROM THE 21 FEET OF FILL mm

FOR REMALNDER OF LOADING WILL FALL ALONG THE RECOMPRESSION PORTION OF THE CONSOLIDATION CURVES

RATHER THAN THE VIRGIN COMPRESSION PORTION. THEREFORE, C, VALUES WERE
USED TO DETERMINE THE ESTIMATED SETTLEMENT ( RECOMPRESSION INDEX) .

CONCLUSI ON THESE Cr VALUES WERE ESTIMATED AS 15 TO 20 PERCENT OF C VALUES BASED ON
h

THE ANALYSIS PRESENTED 1S FOR THE MAXIMUM EXPECTED FILL FOR THE EMBANKMENT WHICH OCCURS NEAR THE PROPOSED EXPERIENCE AND NUMEROUS CONSOLIDATION TESTS ON THIS PROJECT AND OTHER

SITE OF THE PRIMARY SPILLWAY. BORING 1-SBU-97 1S THE CLOSEST BORING TO THE NORTHERN PORTION OF THE RETENTION PROJECTS WITHIN THE MEMPHIS DISTRICT.

BASIN IN WHICH RIGHT OF. ENTRY WAS DENIED. ADDITIONAL BORINGS AND LAB TEST DATA ON' THE NORTHERN PORTION OF ADDI TIONAL TESTING IN ALL STRATA WiLL BE REQUIRED TO DETERMINE
THE RETENTION BASIN NEAR THE PRIMARY AND EMERGENCY SPILLWAYS WILL BE REQUIRED PRIOR TO CONSTRUCTION. IF THESE ASSUMPTIONS ARE VALIOD.

8. THE ESTIMATED TOTAL FOUNDATION SETTLEMENT AT THE PRIMARY SPILLWAY WAS
ESTIMATED TO BE APPROXIMATELY 15 INCHES. TIME-RATE OF CONSOL!IDATION
WAS DETERMINED USING THE CORPS OF ENGINEERS PROGRAM ' CSETT*, WHICH
USES TERZAGHI’ S CLASSICAL THEORY CF ONE DIMENSIONAL CONSOLIDATION.
THE RESULTS INDICATE THAT PRELOADING THE PRIMARY SPILLWAY SITE TG AN
ELEVATION OF 308.0 FOR A PERIOD OF: 6 MONTHS WILL RESULT IN OVER 95%
OF THE ESTIMATED SETTLEMENT OCCURING DURING THE PRELDAD PERIOD.

SEDIMENT RETENTION BASIN
SETTLEMENT ANALYSIS

9. A SETTLEMENT ANALYSIS USING BORING NO. 1-SBU-97 WAS ALSO PERFORMED AT
THE LOCATION OF THE LOW LEVEL OUTLET STRUCTURE NO. 2. THE ESTIMATED
SETTLEMENT FOR THE EMBANKMENT FOUNDATION RANGED FROM APPROXIMATELY 8
INCHES NEAR THE CENTERLINE TO LESS THAN | INCH AT THE TQE.

REELFOOT LAKE, TENNESSEE & KENTUCKY
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