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SECTION II - GEOLOGY AND SOILS
2.01 GENERAL

This report includes the Geotechnical analyses related to the irrigation portion of
the Bayou Meto Comprehensive Study. The project is located in the Bayou Meto Basin
in the vicinity of Lonoke, Arkansas. The project consists of a large water distribution
system to provide supplemental agricultural water supply to the depleted areas of the
Bayou Meto Basin while preserving the groundwater resource. The project area includes
portions of Prairie, Arkansas, Lonoke, Jefferson and Pulaski counties in eastern
Arkansas. The general area begins about 10 miles east of Little Rock, Arkansas and
extends approximately 60 miles to the southeast. See Plate II-1 for a general location
map. The plan of improvement for the Bayou Meto area consists of a major pumping
station located at the Arkansas River, 3 other pumping stations and a network of new
canals, existing channels, pipelines, and associated channel structures to accomplish
interbasin transfer of surface water to the water depleted areas. This report will address
the major features of the project: a 1750 cubic feet per second (cfs) pumping station
(Pumping Station #1), a 625 cubic feet per second (cfs) pumping station (Pumping
Station #2), a 260 cubic feet per second (cfs) pumping station (Pumping Station #3), a
125 cubic feet per second (cfs) pumping station (Pumping Station #4), 12 gated control
structures located in the main distribution canals, 3 pumping station reservoirs, general
stability of the canals and levee embankment system and the estimated seepage loss
throughout the network of the water distribution system. There are a significant number
of other smaller structures or features that will not be addressed in this report due to the
magnitude of this project. These features include gated conduit structures, gated and
lateral canal turnouts, bridges, retaining walls, inverted box siphons, inverted siphons
(natural drainage), inverted pipe siphons (road crossings and natural drainage),
wasteways, small horsepower pumps, and weirs on existing streams. More detail on these
structures can be found in Section IV - Structural, Mechanical & Electrical. A location
map of the project limits, new canal alignment, some pipeline alignment are shown on
Plate II-6. Corps of Engineers design criteria and standards were used for the
Geotechnical design presented in this study.

The major pumping station (Pumping Station #1) will be located on the Arkansas
River southeast of Little Rock, Arkansas in Pulaski County. Water will be provided from
the Arkansas River to the pumping station by an approximate 4800-foot long inlet
channel with a 100-foot bottom width that slopes from El. 220.0 feet NGVD at the
Arkansas River confluence to an inlet El. of 217.0 feet NGVD at the station. The
pumping station consists of six pumps capable of producing a total of 1750 cfs of flow to
the distribution canals. Four of the pumps are rated at 375 cfs with two smaller pumps
rated at 125 cfs. These pumps will discharge into two 4-foot inside diameter (ID) and
four 6.5-foot ID discharge pipes that will supply water to the 35 acre reservoir. The canal
system then will be supplied by a control structure located in the reservoir embankment.
Other features of the major pumping station include inlet retaining walls, an earthen
access road, earthen reservoir embankment, an earthen cofferdam for protection during
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construction and a dewatering system to lower the ground water during construction. A
final site plan for the major pumping station #1 is shown on Plate II-23.

Pumping station #2 is a smaller 625 cfs lift station that is located approximately 2
miles south of Lonoke, Arkansas. This station will pump water from canal 2000 across
the existing Bayou Meto channel into a second reservoir located on the north side of
stream. Water will be transported across the channel through a system of five elevated 4-
foot diameter pipes supported by concrete pilings. Reservoir #2 will supply water for the
canals and pipelines with the 2500 and 3000 series designation located north and east of
pumping station #2 as shown on Plate II-6. The station will lift the water around 17 feet
in elevation utilizing five pumps rated at 125 cfs each. Other features include an outlet
structure, five 48-inch diameter concrete discharge pipes, a pile supported bridge
structure to support the discharge pipes, fill placed around the station, earthen reservoir
embankments, and a reservoir control structure. A general site plan of Pumping station #2
is shown on Plate II-37 with sections through the station shown on Plates II-38 & II-39.

Pumping station #3 is a smaller 260 cfs lift station that is located approximately 3
miles north of Lonoke, Arkansas. This station will pump water from canal 3000 into a
third reservoir located just east of the pumping station. Reservoir #3 will supply water
for the canals and pipelines with the 4000 series designation located to the north and east
of pumping station #3 as shown on Plate I[-6. The station will lift the water around 17
feet in elevation utilizing three pumps rated at 87 cfs each. Other features include an inlet
structure, inlet retaining structure, three 60-inch diameter concrete inlet pipes, fill placed
around the station, earthen reservoir embankments, and a reservoir control structure. A
general site plan of Pumping station #3 is shown on Plate I1-47 with sections through the
station shown on Plates 11-48 and 1I-49.

Pumping station #4 is a smaller 125 cfs lift station that is located approximately
23 miles southeast of Lonoke, Arkansas. This station will pump water from canal 2120
to canal 2140. No reservoir will be constructed in association with the station. Pumping
Station #4 will supply water for the canals and pipelines with the 2140 and 2160 series
designation located to the south of the station as shown on Plate 11-6. The station will lift
the water around 8 feet in elevation utilizing three pumps rated at 42 cfs each. Other
features include an inlet structure, inlet retaining structure, three 42-inch diameter
concrete inlet pipes and fill placed around the station. A general site plan of Pumping
station #4 is shown on Plate 1I-60 with sections through the station shown on Plates II-61
and I1-62.

There are 12 major gated control structures located in the main distribution

canals. Overflow weirs are located on each side of the gated structures that will limit the
maximum upstream height of the water surface.
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2.02 GEOLOGY

a. General Geology. This project consists of two distinctive geological areas
located within the project boundaries. The first geological area encompasses the alluvial
floodplain of the Arkansas River where the majority of the irrigation project is located.
The other geological area is the Grand Prairie region located in the uplands northeast of
the town of Lonoke. Each of these geological areas is described in detail in the following
paragraphs.

b. Geology of the Grand Prairie Region. The Grand Prairie region of Arkansas is
in a subdivision of the Coastal Plain province known as the Mississippi Alluvial Plain.
Geological maps indicate deposits of Quaternary age are continuous throughout the
northeast areas of the project limits. The Quaternary deposits are composed of sediments
from the Pleistocene and Recent series. No differentiation has been made between the
Pleistocene and Recent deposits. Two major zones have been identified within the
Quaternary deposits. They are a substratum zone of sand or sand and gravel and an
overlying zone of silt and clay. Particle sizes of the substratum sands vary from very fine
to coarse size. The substratum sands are also interbedded with thin clay and silt lenses.
Within the Grand Prairie region the substratum sands generally vary in thickness from 25
to 140 feet and are underlain by Tertiary deposits. Geological maps indicate the Tertiary
deposits to be of the Jackson or Claiborne Group. Review of selected drillers' logs for
deep wells indicates the top of the Tertiary deposits within the Grand Prairie region to be
composed of a dark-bluish-gray clay. Tertiary deposits were generally encountered
between Elevation 50 and Elevation 100 feet NGVD.

The surface deposits, which is the upper zone identified within the Quaternary
age deposits, are composed of very dense and relatively impervious layers of clays and
silts. These deposits are also referred to as the Loessial Plains. The thickness of the
surface deposits ranges from 5 to 60 feet throughout the study area. These deposits are
also noted in geological literature for being remarkably continuous and very nearly
impervious over much of the Grand Prairie region. See Plates II-2, II-3 and II-4 for
geologic maps of the general area and of the individual pumping station sites.

c. Geology of the Arkansas River Alluvial Floodplain. Based on a review of
geological maps, the project is located predominately on point bar deposits of the
Mississippi-Ohio River complex. The alluvial deposits resulting from the meandering
process tend to be highly variable in short distances in both areal extent and with depth.
The more predominate forms of deposition within the study are point bar, backswamp
and abandoned channels. Point bar deposits tend to consist of alternating sand silt and
clay, whereas the backswamp deposits formed by the frequent inundation of the area
during several periods are generally composed of finer grained materials. The abandoned
channels are old river courses and are generally composed of highly plastic clays that can
extend to a depth of 100 feet. Also, the point bar deposits frequently contain clay swales,
which are similar in composition to the abandoned channel deposits. However, two
primary differences between the deposits are that the swales tend to be less plastic due to
the presence of more silty and sandy clays and they do not extend to a depth of the
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abandoned channel deposits. The surface deposits are underlain by substratum sands
which range from a fine through a gravely sand. The Undifferentiated Tertiary deposits
underlie the substratum sands. See Plates II-2, II-3 and I1-4 for geologic maps of the area
and of the individual pumping station sites.

2.03 SUBSURFACE INVESTIGATION.

a. General. 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 taking both soil borings and cone penetrometer
testing. The soil borings were obtained using standard drilling equipment, methods and
procedures. A total of 66 borings were taken. Most of these borings were taken at a major
canal structure and/or canal junction locations. Cone penetrometer tests were performed
at road crossings near existing streams. An additional 7 shallow borings (10 to 18.5 foot
depth range) were also taken for this project for determining permeability of different soil
types or strata. These holes were drilled at previous boring locations.

b. Borings. The undisturbed borings were advanced and sampled with a 5-inch
auger, 5-inch thin wall tubes and split spoon samplers. The general borings were
advanced and sampled with a 5-inch auger and split spoon samplers. In general, the
borings indicated typical stratification expected after review of the geological maps. The
boring locations are shown on Plates II-6, II-7A, II-7B and II-7C. The boring logs are
shown on Plate II-8 through II-18. The standard boring legend for the Unified Soil
Classification System is presented as Plate II-19.

c. Cone Penetrometer Tests. Cone penetrometer tests were taken throughout the
Bayou Meto Basin to supplement soil-boring information. A total of 317 cone
penetrometer tests were taken at road crossings near existing streams throughout the
Bayou Meto Basin. Elevations of the cone penetrometer locations were estimated from
surface contours shown on topographic maps. The cone penetrometer test locations are
also presented on Plates I1-6, II-7A, 1I-7B and II-7C.

Cone penetrometer tests were performed by pushing a 60° cone tip into the ground using
drill rods. Electronic sensing units were mounted on the cone to measure the resistance at
the tip of the cone and the frictional resistance on the drill rods above the tip. The ratio
between the tip and frictional resistance measurements was generally correlated to the
soil type and consistency. Empirical correlations were used to relate cone resistance data
to N-values. Because the tip and friction resistance data was measured directly as the
cone was advanced, soil shear strength data was recorded in small increments as a
function of depth. It is noted that the soil classifications indicated on the logs were based
on empirical relationships from penetrometer tip and frictional resistance ratios. These
classifications should be considered an estimate and may vary from what is encountered
in the field. These cone penetrometer logs are on file in the Geotechnical Engineering
Branch in Memphis, TN.
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2.04 LABORATORY TESTING.

The Engineer Research and Development Center (ERDC) in Vicksburg, Mississippi
(formerly Waterways Experiment Station - WES) and the Memphis District laboratories
performed laboratory testing of the boring samples. Four Q-triaxial compression tests, 11
direct shear tests and 4 consolidation tests were performed by the ERDC. Classification,
natural moisture contents, natural densities, and Atterberg limits were performed on
representative samples by both laboratories. Unconfined compression tests and
mechanical analyses on coarse-grained samples were performed by the Memphis District
Laboratory. Test results for the project are located on file in the Memphis District
Geotechnical Engineering Branch. The specific strata where WES tests were conducted
are shown on the boring logs.

2.05 SOILS AND FOUNDATION ANALYSES.

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 structures 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 the Plasticity Index (PI)
verses ¢' relationship developed for LMVD and contained in WES Technical Report No.
31-604, June 1962. Direct Shear tests were also reviewed for use in developing design S
strengths. However, since only a limited number of samples were tested and the results
were generally higher than the LMVD design curve, the standard curve was used in
design.

(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 I 110- 1-400, Section 5, Part
4 Ttem 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
correlations between standard penetration tests (N-values) and the angle of internal
friction (¢). Cohesive values were taken as zero for all loading conditions.
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2.06 STABILITY ANALYSES.

a. Slope Stability. Slope stability analyses were performed to determine the
required slopes for the canals and embankments of the distribution system, for excavation
slopes at pumping stations and the gated check structures, and for the inlet and outlet
channel slopes at pumping stations. Slope stability analyses were conducted in
accordance with guidelines and criteria presented in D1VR 1110-1-400, Section 5, Part 4,
Item 1, dated March 1973, for Type A projects. Long-term stability analyses for the
canals 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:

Loading Case Minimum Factor of Safely
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
microcomputer software package GEOSLOPE that 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 checks of the minimum factors of safety for the stability analyses are included for
designed slopes at major structures only. Only the critical factors of safety are presented
for each analysis. A legend for the slope stability analyses is presented as Plate II- 20.

b. Structural Stability Analyses. (1). Sliding. Sliding stability analyses were
performed for each pumping station structure, related inlet structures and gated control
structures in accordance with procedures presented in ETL 1110-2-256 and EM
1110-2-2502. Sliding stability analyses were performed to ensure the stability against
sliding at the base of the structure or through any soil layer below the base. Program
CSLIDE from the WES library was used to design and analyze the structure. CSLIDE is
a computer program for assessing the sliding stability of concrete structures using the
Limit Equilibrium Method described in ETL 1110-2-256, "Sliding Stability For Concrete
Structures". A minimum allowable factor of safety of 1.50 was used for normal loading
conditions and 1.33 for unusual loading conditions. Since the project is located near the
boundary of Seismic Risk Zones 1 and 2, stability of each structure was analyzed for
earthquake-induced loadings. A horizontal acceleration coefficient of 0.10 g was used to
determine the lateral earthquake forces acting on the structure. This acceleration
coefficient was developed using the equation (kh = 0.5*PGA*Site Coefficient) found in
“Geotechnical Earthquake Engineering” by Steven Kramer. (Page 436) A standard
building code site coefficient of 1.5 was also used in determining the horizontal acceleration.
The Peak Ground Acceleration (PGA) was estimated from the USGS Seismic Hazard
Mapping website using the site coordinates. This acceleration was developed from USGS
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recommendations and corresponds to an event with a 5% probability of exceedance in a 50-
year period with a 0.2 sec spectral acceleration. This ground motion is equivalent to an
approximate 1000-year return period ground motions, or ground motions likely to occur
once during a 1000-years period. The vertical earthquake acceleration was neglected. The
minimum allowable factor of safety for sliding for earthquake loading was 1.10. Manual
checks are included for Pumping Station #1 & #2 to clarify the analysis methodology.
Due to the preliminary nature of this report, manual checks were performed but are not
presented for other major structures.

(2). Overturning Analyses. Overturning stability analyses were performed for the
major pumping station structures, related inlet structures, and gated check structures.
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
(Case I) and the middle half of the base for the sudden drawdown (SD) loading condition
(Case HI). The method of analysis used for overturning along with the required minimum
resultant locations are presented in EM 1110-2-2502. The active soil, passive soil and
water pressures were applied to the structure using at rest earth pressure coefficients.
Overturning analyses were also performed for earthquake loading to determine the
resultant location with seismic forces applied. A horizontal acceleration coefficient of
0.10 g was used to determine the lateral earthquake forces. Guidance presented in EM
1110-2-2502 requires 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
Meyerhof’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 0.10 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. A minimum allowable
factor of safety of 3.0 is required for normal loading conditions, 2.0 for unusual loading
conditions and foundations of retaining walls founded on sand, and 1.0 for earthquake
loading as presented in EM 1110-1-1905 and EM 1110-2-2502. Pumping stations #1 and
#4, and some of the gated check structures will be founded on sand. Pumping stations #2
and #3 will be founded on clay, but may be over-excavated to a predetermined depth due
to soft clays encountered in borings performed in the vicinity of the structures. The other
gated check structure foundations could vary depending on their final location.

(4). Settlement. Since the pumping stations #1 & #4 will be founded on sand,
settlement was considered negligible and no analyses were performed. However,
settlement was a concern for Pumping stations #2 and #3. Settlement analyses were
conducted to estimate the magnitude of the settlement. The estimates were based on
limited consolidation test data taken for this project, empirical relationships developed for
clay strata, and experience from previous projects.
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(5). Uplift. Uplift analyses were performed for the pumping stations. ETL
1110-2-307, Flotation Stability Criteria for Concrete Hydraulic Structures, was used for
the analysis for the pumping stations. As recommended in the above referenced ETL, no
side friction was used in the uplift analysis. The line of creep method was used for
determining seepage forces under the structures. A factor of safety of 1.50 was used in
the design.

2.07 CANAL STABILITY.

A preliminary canal design was performed to determine the critical section required for
the water distribution system. This critical section was based on the highest combination
of both canal embankment and canal excavation required for water distribution and
included freeboard above maximum pool and over excavation of the canal bottom for
additional material needed for construction of the levee embankments in select reaches. It
was assumed that additional material would be excavated at the same continuous slope as
selected for the combined canal and embankment slope. This review resulted in a critical
section with a maximum height of 33 feet as shown on Plate II-21. Stability analyses on a
20 foot high embankment (conservative) as shown on Plate II-21 were conducted
utilizing the after construction loading case, partial pool loading case and long term
stability case. The sudden drawdown condition was not analyzed due to the upper banks
consisting either of clay or clayey silt for the borings taken throughout the project limits.
The AC analyses with a slope of 1V on 3.0H resulted in a minimum factor of safety of
1.31 utilizing very conservative shear strengths of either ¢$=0, c=750 psf for clay or
$=20°, c=300 psf for the silt, or a combination of the two materials. Shear strengths in the
water depleted areas of the Bayou Meto basin generally ranged in excess of (¢=0, c=1500
psf for these upper bank clays.

Eleven direct shear "S" tests were analyzed by WES. These tests were conducted
on insitu samples. The results are plotted on Plate II-22 along with the standard Plasticity
Index (PI) verses ¢ relationship developed for LMVD and contained in WES Technical
Report No. 3 1-604, June 1962. The results of the Bayou Meto test data generally plotted
above than the standard curve, although four of the eleven data points plotted below the
curve. However, it was decided to use the standard LMVD curve for determining ¢ and
long-term factors of safety mainly because of limited test data for this study and the curve
generally resulted in more conservative results. The recommended geometry for the
canal system is listed below.

CANALS

SLOPES: 1V: 3.0H CANALSIDE
CROWN WIDTH: 12 FEET MINIMUM FOR BOTH SIDES OF CANAL
BERM WIDTH: 15 FEET MINIMUM FOR BOTH SIDES OF CANAL
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SECONDARY CANALS

SLOPES: 1V:3.0H CANALSIDE
IV:3.5H LAND SIDE FOR HEIGHTS > 10 FEET ABOVE NATURAL GROUND
1V:3.0H LANDSIDE FOR HEIGHTS < 10 FEET ABOVE NATURAL GROUND

2.08 CANAL SEEPAGE

a. General. The seepage loss was calculated using the method of inversion by
Vedernikov as presented in Section 9.3 of Groundwater and Seepage by M. E. Harr
published by McGraw-Hill Book Company in 1962. The seepage loss for a trapezoidal
channel was calculated using the formula, g=k(B+AH), where:

Seepage Loss

Permeability of Soil in Channel Bottom

BW + 2MH

= Channel Bottom Width

= Channel Slope (IV on 3H)

= Head from Projected Water Surface to Channel Grade
(See Tables 11-2 through II-3)

jany (oo llve il ¥ e
<Z
|

The type of soil in the bottom of each seepage canal was estimated using relevant borings
and the cone penetrometer tests. The analysis assumed that the least permeable layer
below canal excavation would control the soil permeability in the canal. For example, if
a canal is excavated to silt and a clay layer exists immediately below the silt layer, a clay
permeability was assumed in the analysis.

b. Soil Permeability Assumptions. The permeabilities of insitu soils were estimated using
field permeability tests of the type performed by the U. S. Bureau of Reclamation,
Designation E-14, using open-end casings. The permeabilities were calculated using the
relationship, k = g/5.5rh, where:

Q = Constant Rate of Flow into the Hole
r = Inside Radius of the Casing
h = Differential Head of Water Used in Maintaining a Steady Rate

Sixteen field tests were performed in 1999 resulting in the following permeabilities:

Soil Permeability Estimates
Soil Type Permeability (cm/sec)

Sand 2x10™
Silty Sand 7x107

Silt 1.5x10°

Clay 1x107
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c. Initial Seepage Estimate (1999). Initial seepage loss estimates used in sizing the
pumping station were made in 1999 during initial design based on assumed channel
geometry and permeabilities obtained from the field permeability tests described above.
During this analysis, three different canal geometries were assumed for the initial
estimate. The main canals were assumed have a 75 foot bottom width, 30 foot water
depth, and 1V:3H side slopes. Intermediate canals were assumed have a 50 foot bottom
width, 20 foot water depth, and 1V:3H side slopes. Permeabilities were based on data
from the field permeability tests as discussed above. Seepage from existing channels was
estimated assuming a total of approximately 670 miles of channel length, a bottom width
of 20 feet, a water depth of 8 feet, an average side slope of 1V:2H and foundation
permeability of 1x10” cm/sec. The results indicated an estimated total seepage loss of
approximately 200 cfs (120 cfs from the new canals, 80 cfs for existing channels). This
estimate was used in the Hydraulic Model to determine actual cfs required for the major
pumping station.

d. Final Seepage Analysis (2002). A more detailed seepage analysis was performed to
incorporate cone penetrometer test data and account for changes made in the water
distribution system design since the initial estimate. During the final seepage estimate,
canal geometries were taken from the balanced cut/fill designs from the Mempbhis District
Civil Design Branch. Geometries varied throughout the system as some canals will be
over-excavated to build levees. The total estimated seepage losses for the system was
approximately 40 cfs initially that will decrease to approximately 10 cfs as siltation
occurs.

The difference between the 40 cfs estimate and the initially assumed 200 cfs estimate is
due to major changes in the distribution system from 1999 to 2002. The initial seepage
estimate in 1999 assumed the distribution canals would be primarily gravity controlled.
This design resulted in high seepage losses, as the majority of the canals in the system
would require deeper cuts and would have been excavated into foundation sands.
Additionally, many of the manmade canals proposed in 1999 were replaced with buried
pipelines. These changes resulted in a significant decrease in seepage losses from the
1999 estimate to the 2002 estimate. A summary of the seepage analysis is provided in
Table II-2 and II-3. A more detailed breakdown of the seepage loss estimate is provided
in Tables I1-4 through II-30.

2.09 PUMPING STATION #1.

a. Introduction. Pumping station #1 will consist of a 84-foot by 126.5-foot
concrete structure approximately 82 feet in height with an inlet slab grade of elevation
217.0 feet NGVD. The station consists of six pump bays and one service bay. The
substructure consists of an operating floor, sump floors, intake and trash racks. Two
borings (44-BMU-99 and 45-BMU-99) were originally taken in 1999 in the general
proximity of the proposed site to determine the most favorable location. However, due to
a change in pumping station design considerations, (design change from all gravity
system to a pumped system) a reservoir was introduced and the pumping station was
designed. An additional boring (62-BMU-01) was performed at the current pumping
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station location. Pumping station #1 will operate by pumping from the inlet channel
(Canal 500) supplied by the Arkansas River into to reservoir #1. The reservoir will
regulate the water in the main canal using a control structure located on the east side of
the reservoir.

b. Structural Stability Loading Cases. Pumping station #1 was analyzed for
structural stability. The following loading cases were established. Factors of safety for
sliding, overturning, and bearing capacity were determined based on these loading
conditions. The results of the analyses are discussed in the paragraphs below.

Case I Construction case; backfill in place; no hydrostatic forces applied.

Case Il Drawdown condition; water in backfill at El. 246 feet NGVD; water in the
inlet channel at El. 241 feet NGVD; uplift determined by creep path
method.

Case III Partial pool case; water in backfill same as in the inlet channel and varied.
(Case presented water at El. 233 NGVD)

Case IV Earthquake condition. Water in inlet channel same as backfill at El. 233

feet NGVD with earthquake forces applied. Horizontal acceleration
coefficient of 0.10 was used.

c. Sliding Stability Analyses. Sliding stability analyses were performed for a
one-foot section of the 126.5-foot-wide pumping station structure as shown on Plates II-
24 and II-25. A pervious backfill will be placed behind the structure. Design shear
strengths of ¢ = 30° c=0 psf were selected for the backfill material. Passive soil
resistance was conservatively ignored. The results of the sliding stability analysis as
shown on Plates II-33 and II-34 indicate sliding stability for the pumping station structure
is adequate for all loading cases.

d. Overturning Analyses. Overturning stability analyses were performed for a
one-foot section of the pumping station structure. A lateral at-rest earth pressure
coefficient of K, = 0.5 was selected based on the value of ¢ = 30° for a horizontal
backfill. Results of the overturning analyses as shown on Plates II-36 and indicate a
resultant force location within the allowed structural base to meet the minimum
requirements for all cases analyzed.

e. Bearing Capacity. Using the results of the overturning analyses, bearing
capacity analyses were then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. Since the pumping station will be
founded on sand, the factors of safety against bearing capacity failure were very high for
all three cases analyzed. The results are presented on Plate I1-35.
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f. Uplift Analysis. An uplift analysis of the major pumping station was performed
to determine if the proposed station has sufficient weight to prevent the structure from
floating or moving due to uplift pressures associated with high river stages. This analysis
assumed only the weight of the concrete in the structure plus additional water loading on
the inlet slab for the resisting forces. The uplift forces were based on the maximum
historical elevation on the Arkansas River or elevation 243 feet NGVD. The bottom of
the pumping station slab is at elevation 213.5 feet NGVD resulting in a net uplift head of
29.5 feet. ETL 1110-2-307 was used for determining the factors of safety against uplift
for the applicable loading conditions that include normal operation, unusual operation,
and extreme maintenance or the pumping station. The analysis is presented on Plate II-35
and indicates the structure is safe against uplift.

g. Settlement. Since the major pumping station structure will be founded on sand,
settlement was considered negligible and no analyses were performed.

h. Seismic Risk Study. An analysis of the proposed site of Pumping Station #1
(1750 cfs) was undertaken to determine the annual risk factor (R) for an earthquake to
cause liquefaction of the underlying foundation sands. This analysis is shown on Plates
I1I-26 and II-27. The analysis was controlled by the sand layer at Elevation 184.0 feet
NGVD (58 feet from the surface) of Boring 62-BMU-01. This risk factor was determined
to be equal to 0.000188 for existing conditions.

Several alternatives were considered for improving the foundation conditions at
the pumping station site. Because of the depth of the controlling layer, excavation of the
controlling layer was not considered a viable option for foundation improvement. It was
assumed that an in-place ground modification method would be the most economical
method of densifying the controlling sand layer. This method assumes that a
vibroflotation method will be used through the loose sand layer and reduce the
liquefaction risk.

The cost effectiveness of the vibroflotation method 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 liquifaction were estimated by assuming that the structure
remained as a unit but sustained excessive settlement severing all outside connections.
The total estimated cost required to repair the pumping station assumed dewatering,
pressure grouting the foundation, removing, and replacing the inlet retaining walls, and
repairing the structural, mechanical and electrical damage. This cost was estimated at
$7,000,000. The benefit to cost ratio for densifying the sands was 0.08. Because the risk
of liquefaction was relatively low for the subject site, the benefit to cost ratios for in-
place densification was significantly below 1.0. Therefore, ground modification by
densification is not an economic solution to mitigate seismic risk due to liquefaction.
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1. Excavation and Cofferdam Stability Analyses. The structural excavation will be
protected from flood stages on the Arkansas River by a small earthen cofferdam. The
cofferdam will consist of a semi-compacted embankment with side slopes of 1V on 3H
minimum, a minimum crown width of 10 feet and a crown elevation of 247 feet NGVD.
This crown elevation is based on the maximum flood plus an additional 4 feet to provide
adequate freeboard and account for settlement. The location of the cofferdam will require
a minimum 30-foot berm. The excavation slopes will begin at natural ground (elevation
242.0 feet NGVD) and extend to elevation 209.0 feet NGVD on a minimum slope of 1V
to 2.5H.

Stability analyses were conducted for the cofferdam, excavation, and the
combined cofferdam and excavation together with the above slopes. The results are
presented on Plate II-31. The analysis resulted in a factor of safety of 1.75 excavation a,
a factor of safety greater than 3 for the cofferdam with an overall factor of safety of
approximately 1.95. The analysis was performed using soil data from Boring
62-BMU-01. Due to the size of the pumping station and assumed length of construction,
long-term stability analyses were also performed for both the excavation and the
cofferdam. The long-term stability resulted in a factor of safety of 1.18 in the upper fine-
grained soils. However, the lower factor of safety was considered adequate due to the
temporary loading for this condition. These analyses assumed that the dewatering system
will maintain the ground water below the excavation bottom and side slopes.

J. Dewatering. A dewatering analysis was performed to determine the required
number and layout of wells for the dewatering cost estimate. 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 206 feet NGVD which is 3 feet
below the bottom of the deepest excavation. It was assumed that the Arkansas River
would act as a line source at a distance of approximately 4000 feet from the centerline of
the excavation. The analysis was performed assuming a headwater elevation of 243 feet
NGVD which is the maximum historic stage on the Arkansas River and assuming
artesian flow conditions would prevail. The Tertiary deposits were conservatively
assumed to be located at elevation 154 feet NGVD based on Boring 62-BMU-01
resulting in an aquifer thickness of 80 feet. A horizontal permeability of 800 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-30 indicates that a
dewatering system consisting of four 14-inch-diameter fully penetrating deep wells is
required. As noted before, the dewatering analysis is presented for cost estimating
purposes only since the actual dewatering system will be Contractor designed, installed
and operated.

k. Inlet Channel Stability. The inlet channel for the major pumping station
consists of a 4800-foot long, 100-foot bottom width channel with an inlet invert Elevation
of 217 feet NGVD. The borings performed in the vicinity of the inlet channel indicate a
very thin stratum of fine-grained deposits overlying the subsurface sands. Stability
analyses were performed using boring data taken from borings 61-BMU-01 and 62-
BMU-01. See Plate II-32 for the boring stratification and channel stability analysis. The
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analysis resulted in adequate factors of safety using both Q and S strengths with a slope
of 1V on 3H for the inlet channel. A minimum factor of safety of 1.28 was calculated
from this analysis as shown on Plate I1-32.

1. Reservoir #1 Embankment Stability. Slope stability analyses for the reservoir
embankment was performed based on criteria set forth in EM 1110-2-1902. All slopes
were analyzed for possible wedge and arc failures using the microcomputer software
package GEOSLOPE that is available through the GEOCOMP Corporation. The
embankment slopes were analyzed for each of the loading cases as required by the
referenced EM. An after drawdown pool elevation of 235 feet NGVD was used in the
slope stability analysis. This elevation is based on the invert elevation of the outlet
structure. A before draw down water elevation of 248 feet NGVD was used for the
maximum pool elevation and the crest elevation of 252 feet NGVD was used for the
surcharge pool elevation. A horizontal acceleration of 0.1 was used for case VII,
Earthquake Loading. This acceleration was developed from USGS recommendations and
corresponds to an event with a 5% probability of exceedance in a 50-year period with a 0.2
sec spectral acceleration. This ground motion is equivalent to an approximate 1000-year
return period ground motions, or ground motions likely to occur once during a 1000-years
period. A standard building code site coefficient of 1.5 was also used in determining the
horizontal acceleration. The analysis indicated that a slope of 1V to 4H is required for
stability of the pumping station #1 reservoir embankment. The earthquake loading case
controlled the design. Soil strengths utilized for the slope stability analysis and the loading
cases with the respective minimum and calculated factors of safety for each case are
presented in Plate I1I-28.

m. Reservoir Seepage Analysis. Borings performed in the vicinity of the
proposed reservoir indicates that sand may exist at the surface of the reservoir. A seepage
analysis was performed for the proposed reservoir to estimate the seepage losses. A flow
net was developed to model the reservoir embankment and foundation sands. For the
analysis, the thin clay overburden was conservatively neglected. A horizontal permeability
of 800x10™ cm/sec was selected based on the Dy grain size of the foundation sands taken
from boring 62-BMU-01 samples. The analysis was performed assuming a one foot
cross section through the embankment. A flow net was developed using equipotential
lines and drops. Considering the uncertainties in this type of seepage analysis, a
sensitivity analysis was performed on the variables. The sensitivity analysis was
performed by selecting the most likely high and low values of each of the variables in the
seepage estimate, specifically, the number of equipotential lines (Nf), drops (Nd), Head
(H) and the permeability of the aquifer (Kh). The flow from the reservoir was calculated
using the high and low values of each variable. The analysis resulted in estimated seepage
losses ranging between 35 cfs and 69 cfs with an average of approximately 55 cfs. The
average estimated seepage loss is approximately 3% of the pumping station capacity of
1750 cfs. This loss is considered to be within acceptable limits and may be conservative, as
the presence of thin clay layers and gradual siltation will reduce the losses from the
reservoir. No clay cap is proposed for the reservoir at this time. Additional borings and
more detailed analyses will be performed prior to plans and specifications. A summary of
the average seepage loss estimate is presented on Plate I1-29.
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2.10 PUMPING STATION #2.

a. Introduction. Pumping station #2 (625 cfs) will consist of a concrete structure
with dimensions of 47 feet by 56 feet at the base and a height of 39 feet. A site plan,
general layout and section of the station are shown on Plates I1-37 through II-39. Boring
59-BMU-00 was taken at the pumping station site and was used for all analyses
performed for the structure. Considering the depth of clay at the site and the fact that
groundwater has been lowered in the Bayou Meto region, dewatering will not be
required. Boring 59-BMU-00 indicates that soft clay layer exists from approximate
elevation 208 feet to 201 feet NGVD. To reduce the potential for excessive settlement,
the foundation will be over-excavated to an elevation of 201 feet and replaced with select
granular backfill. The inlet channel will consist of a 56-foot wide canal excavated into
natural ground with an approximate channel bottom elevation of 217 feet NGVD. The
water will be pumped through five lines of 54-inch diameter reinforced concrete pipe
approximately 500 feet in length, across the Bayou Meto channel and into reservoir #2.
Because of right of way issues, no borings were taken across the Bayou Meto Channel
near reservoir #2. It is noted that the bottom slab of the pumping station slopes from
elevation 217.2 to elevation 213. Because of this irregular shape, the bottom slab was
assumed to be flat to simplify the analysis.

b. Structural Stability Loading Cases. Pumping Station #2 was analyzed for
structural stability. The following loading cases were established. The loading cases used
for the stability analyses of the pumping station are also defined on Plate II-42. Factors
of safety for sliding, overturning, and bearing capacity were determined based on these
loading conditions. The results of the analyses are discussed in the paragraphs below.

Loading

Case ] Construction case; backfill in place; no hydrostatic forces applied.

Case Il Drawdown condition; water in backfill at El. 230 feet NGVD; water in the
inlet channel at El. 225 feet NGVD (normal pool); uplift determined by
creep path method.

Case III Partial pool case; water in backfill same as in the inlet channel and varied.
(Case presented water at El. 225 NGVD)

Case IV Earthquake condition. Water in inlet channel same as backfill at El. 225

feet NGVD with earthquake forces applied. Horizontal acceleration
coefficient of 0.10 was used.

c. Sliding Stability. Sliding stability analyses were performed for a one-foot
section through the center of the station. A full view section of the station and results of
the analyses are shown on Plates [I-42 and 11-43. Because the foundation will be over-
excavated and replaced with 10 feet of granular backfill, all loading cases were analyzed
using sand under the base of the structure with a sand backfill. The sliding stability
analysis was performed using the WES computer program “CSLIDE” and was also
checked manually. Calculations indicate a marginal factor of safety for all loading cases
when neglecting side friction on the structure. Side friction was conservatively neglected
in sliding stability analyses for other structures in the Bayou Meto Irrigation Project.
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However, forces developed due to side resistance was included in the analysis for
Pumping station #2 because these forces were necessary to meet all factor of safety
requirements. The side friction was calculated using the normal force on the wall due to
the backfill multiplied by tangent of the shear strength (¢° = 30°). Final calculations
shown on Plate II-42 include the influence of side friction (7.31-kips/foot) on the
structure. The results indicate Pumping station #2 has an adequate factor of safety
against sliding for all loading cases analyzed.

d. Overturning Stability. Overturning stability analyses were performed for a
one-foot section of Pumping station #2. A lateral earth pressure coefficient of K, = 0.50
was selected based on a horizontal granular backfill of ¢ = 30°. Results of the analyses as
shown on Plates II-44 indicate that the resultant force is located within the allowable
structural base for all loading cases.

e. Bearing Capacity. Using the results of the overturning analyses, bearing
capacity analyses were then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. Since the foundation will be over-
excavated approximately 10 feet, the bearing capacity analysis was performed assuming
the structure was founded on granular backfill of ¢ = 30°. The analysis is presented on
Plate I1-45. Bearing capacity is adequate for all loading cases.

f. Uplift Analysis. An uplift analysis of pumping station #2 was performed to
determine if the proposed station has sufficient weight to prevent the structure from
floating or moving due to uplift pressures associated with high groundwater levels.
Considering the depth of clay and natural groundwater in the vicinity of the pumping
station, uplift is not likely to be a problem. However, the analysis assumes that the inlet
canal and the neighboring Bayou Meto channel may create high groundwater levels
within the granular backfill around the structure. The uplift analysis assumed only the
weight of the concrete in the structure plus additional water loading on the inlet slab for
the resisting forces. The uplift forces were based on an assumed groundwater elevations
ranging from 215 feet to 230 feet NGVD in the inlet channel and backfill. Factors of
safety were calculated assuming the water in the backfill was approximately the same as
the water in the canal and one of the pumping bays may be dewatered. The pumping
station slab elevation is approximately 211 feet NGVD resulting in a net uplift head of 19
feet. ETL 1110-2-307 was used for determining the factors of safety against uplift. The
analysis is presented on Plate II-45 and indicates the structure is safe against uplift
assuming that only one of the five bays is dewatered at any time.

g. Settlement. Settlement for Pumping station #2 was estimated using Boussinesq
Coefficients. The fill height varies around the structure, with a maximum fill placement
of 10 feet above natural ground. As discussed above, soft clay layers encountered at an
elevation of 208 feet to 201 feet will be removed and replaced with compacted granular
backfill to reduce the potential of excessive settlement. No consolidation tests were
conducted on the soil samples taken from Boring 59-BMU-00, therefore foundation
consolidation parameters were developed from empirical relationships derived from
liquid limit data. Stresses induced on foundation were estimated using “Tables of
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Bousinesq Coefficients for Vertical Stress Induction” published in 1969 by the U.S.
Army Corps of Engineers New Orleans District. Preconsolidation stresses of the
underlying deposits were estimated using equation (1-2) in EM 1110-1-1904. Because
the structure weighs the same as the soil that will be excavated, settlement will be
induced from the earth fill placed around three sides of the pumping station. Soil indices
and calculated stresses suggest that underlying material is preconsolidated. Considering
this information, it was assumed that the induced loading would fall on the recompression
portions of the consolidation curve. Therefore, recompression indices (c;) were used in
the settlement calculations. This assumption resulted in an estimated settlement of less
than one inch. This settlement would be in the tolerable limits for the structure. The
results of these analyses are presented on Plates 1I-46. Additional soil data will be
obtained at the pumping station site and consolidation tests will be conducted to
determine the preconsolidation history of the clay layer. Depending on the test results,
additional analyses will be performed to insure that an adequate foundation meeting
minimum settlement criteria is incorporated into the design of the station.

h. Dewatering. Boring 59-BMU-00 indicates that clay extends to a depth of
approximately 48 feet from the existing ground surface (Elevation 182). The structural
excavation will to extend to elevation 201. Considering the depth of clay at the site,
dewatering is anticipated for construction. However, the need for dewatering will be
evaluated closer during future studies.

i. Stability Analyses — Excavation and Inlet Canals. As shown by Boring
59-BMU-00, the upper bank material consists of a silt and silty clay material. Due to the
lean nature of upper clays, long-term shear strengths did not govern design. Slope
stability analysis was governed by a wedge type failure surface through a soft clay layer
at an elevation of approximately 201 feet. No sudden drawdown analysis was performed
for the inlet channel since the excavation was in fine-grained material. Due to the short-
term nature of the excavation no long-term analysis was considered for the excavation.
Slopes of 1V:3H and 1V:2.5H are recommended for the inlet channel and the excavation
respectively. No cofferdam was assumed in this analysis because no hydraulic data exists
for this area of Bayou Meto. When more data is available, the use of a cofferdam will be
evaluated. The results of the stability analyses for the inlet canal and structural
excavation are presented on Plates I1-40 and II-41 respectively.

j. Reservoir #2 Embankment/Outlet Structure Stability. Because of problems
gaining right of entry on to the property where Reservoir #2 will be located, no soil
borings were taken in the area of the reservoir or near the outlet structure during this
study. Consequently, no slope stability analyses were performed for reservoir #2.
However, reservoir slopes of 1V: 4H were assumed for the purposes of cost and quantity
estimating for this feasibility study. Slopes of 1V:4H are consistent with the result of the
stability analyses for Reservoirs #1 and #3 and are considered adequate for this stage of the
study. The outlet structure dimensions are generally similar to other structures throughout
the project study. Therefore the structure is assumed to be stable. More analysis will be
performed after the location of the reservoir is finalized and permission is granted to take
soil borings.
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2.11 PUMPING STATION #3.

a. Introduction. Pumping station #3 (260 cfs) will consist of a concrete structure
with dimensions of 30.67 feet by 29 feet at the base and a height of 32 feet. A general
layout and section of the station are shown on Plates II-47 through II-49. The structure
will be placed on a lean clay layer by excavating to elevation 215 feet NGVD and
backfilling with three feet of compacted pervious material to support the base slab of the
structure at elevation 218.0 feet NGVD. The inlet channel will consist of a 30-foot
bottom width canal excavated into natural ground with a channel bottom elevation of 222
feet NGVD. The flow will be carried horizontally from the inlet canal to the inlet pump
bays through a concrete inlet structure and three lines of 60-inch diameter reinforced
concrete pipe approximately 90 feet in length. Three pumps at the station will lift the
water approximately 17 feet in height to supply Reservoir #3. The bottom of the reservoir
will conform to the natural ground elevation of approximately 238 feet at the site and a
reservoir embankment will be constructed to a crest elevation of 250 feet. Boring
68-BMU-01 was taken at the pumping station site and was used for all analyses
performed for the structure. Boring 37-BMU-99 was also taken in the vicinity of the
pumping station site and was used in performing and verifying the inlet and reservoir
stability analyses. The loading cases used for the stability analyses of the pumping
station are defined on Plate II-53. Since the structure is located in the Bayou Meto region,
dewatering is not expected since the water table is substantially below the pumping
station foundation.

b. Structural Stability Loading Cases. Pumping Station #3 was analyzed for
structural stability. Factors of safety for sliding, overturning, and bearing capacity were
determined based on these loading conditions. The results of the analyses are discussed
in the paragraphs below. The following loading cases were used in the analysis of the
structures. The loading cases are also defined on Plate II-53.

Loading

Case | Construction case; backfill in place; no hydrostatic forces applied.

Case II Drawdown condition; water in backfill at El. 247 feet NGVD (normal
pool); water in the reservoir at El. 242 feet NGVD; uplift determined by
creep path method. :

Case III Partial pool case; water in backfill same as in the inlet channel and varied.
(Case presented water at El. 247 NGVD)

Case IV Earthquake condition. Water in backfill at El. 242 feet NGVD and water
in the reservoir at El. 247 with earthquake forces applied. Horizontal
acceleration coefficient of 0.10 was used.

Foundation

Case A Structure founded on Sand (¢ = 30°)

Case B Structure founded on Clay (Q case ¢c=1500 psf)

Case C Structure founded on Clay (S case ¢’ = 24°)
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d. Sliding Stability. Sliding stability analyses were performed for a one-foot
section through the center of the station. A full view section of the station and results of
the analyses are shown on Plate [I-53. Because the foundation will be over-excavated
and replaced with 3 feet of granular backfill, all loading cases were analyzed using sand
(Case A) and clay with Q & S strengths (Cases B & C) under the base of the structure
with a sand backfill. The sliding stability analysis was performed using the WES
computer program “CSLIDE” with critical cases checked manually. All cases resulted in
factors of safety above 2.0 for all loading cases. The results indicate Pumping station #3
has an adequate factor of safety against sliding for all loading cases analyzed.

c. Overturning Stability. Overturning stability analyses were performed for a
one-foot section of Pumping station #3. A lateral earth pressure coefficient of K, = 0.50
was selected based on a horizontal granular backfill of ¢ = 30°. Results of the analyses as
shown on Plates II-54 indicate that the resultant force is located within the allowable
structural base for all loading cases.

d. Bearing Capacity. Using the results of the overturning analyses, bearing
capacity analyses were then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. Since the foundation will be over-
excavated approximately 3 feet, the bearing capacity analysis was performed assuming
the structure was founded on granular backfill of ¢ = 30° (Case A). However, the bearing
capacity was also calculated assuming the structure was founded on clay using both Q
and S strengths (Cases B & C). For this case, the bearing capacity analysis was
performed using the full foundation pressures calculated from the overturning analysis.
This assumption is considered conservative as a significant reduction in foundation
pressure is expected with increasing depth. The results of the bearing capacity analysis
for cases B & C are presented on Plate II-55. Bearing capacity is adequate for all loading
cases.

e. Uplift Analysis. An uplift analysis of pumping station #3 was performed to
determine if the proposed station has sufficient weight to prevent the structure from
floating or moving due to uplift pressures associated with high groundwater levels.
Considering the depth of clay and natural groundwater in the vicinity of the pumping
station, uplift is not likely to be a problem. However, the analysis assumes that the inlet
canal and the reservoir may create high groundwater levels within the granular backfill
around the structure. The uplift analysis assumed only the weight of the concrete in the
structure plus additional water loading on the inlet slab for the resisting forces. The uplift
forces were based on an assumed groundwater elevations ranging from 220 feet to 247
feet NGVD in the backfill. Factors of safety were calculated assuming the water in the
backfill was approximately the same as the water in the canal and one of the pumping
bays may be dewatered. Water in the inlet channel and in the pumping station was
assumed to be at elevation 232 feet NGVD. The pumping station slab elevation is
approximately 220 feet NGVD resulting in a net uplift head of 15 feet. ETL 1110-2-307
was used for determining the factors of safety against uplift. The analysis is presented on
Plate II-55 and indicates the structure is safe against uplift.
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f. Settlement. Settlement for Pumping station #3 was estimated using Boussinesq
Coefficients. The fill height varies around the structure, with a maximum fill placement
of 12 feet above natural ground (El. 250). As discussed above, soft clay layers
encountered at an elevation of 217.5 feet to 215 feet will be removed and replaced with
compacted granular backfill to reduce the potential of excessive settlement. No
consolidation tests were conducted on the soil samples taken from Boring 68-BMU-01,
therefore foundation consolidation parameters were developed from empirical
relationships derived from liquid limit data. Stresses induced on foundation were
estimated using “Tables of Bousinesq Coefficients for Vertical Stress Induction”
published in 1969 by the U.S. Army Corps of Engineers New Orleans District.
Preconsolidation stresses of the underlying deposits were estimated using equation (1-2)
in EM 1110-1-1904. Because the structure weighs the same as the soil that will be
excavated, settlement will be induced from the earth fill placed around three sides of the
pumping station. Soil indices and calculated stresses suggest that underlying material is
preconsolidated. Considering this information, it was assumed that the induced loading
would fall on the recompression portions of the consolidation curve. Therefore,
recompression indices (c;) were used in the settlement calculations. This assumption
resulted in an estimated settlement of 1.9 inches. Additional soil data will be obtained at
the pumping station site and consolidation tests will be conducted to determine the
preconsolidation history of the clay layer. Depending on the test results, additional
analyses will be performed to insure that an adequate foundation meeting minimum
settlement criteria is incorporated into the design of the station. The results of these
analyses are presented on Plates II-56

g. Dewatering. Borings 37-BMU-99 and 68-BMU-01 indicates that clay extends
to a depth of approximately 65 to 75 feet from the existing ground surface (Elevation 173
to 163). The structural excavation will to extend to elevation 215. Considering the depth
of clay and groundwater at the site, dewatering is not anticipated for construction.

h. Stability Analyses — Excavation and Inlet Canals. As shown by Borings
68-BMU-01 and 37-BMU-99, the upper bank material consists of highly plastic clay.
Due to the high plasticity of upper clays long-term shear strengths governed the inlet
slope design. Due to the presence of a soft clay layer, the excavation stability analysis
was governed by a wedge type failure surface at an elevation of approximately 201 feet.
No sudden drawdown analysis was performed for the inlet channel since the excavation
was in fine-grained material. Due to the short-term nature of the excavation no long-term
analysis’ was considered for the excavation. Slopes of 1V:3H and 1V:2.5H are
recommended for the inlet channel and the excavation respectively. The results of the
stability analyses for the inlet canals and the structural excavation are presented on Plates
II-51 and I1-52.
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1. Reservoir #3 Embankment Stability. Slope stability analyses for the reservoir
embankment were performed based on criteria set forth in EM 1110-2-1902. All slopes
were analyzed for possible wedge and arc failures using the microcomputer software
package GEOSLOPE that is available through the GEOCOMP Corporation. The
embankment slopes were analyzed for each of the loading cases as required by the
referenced EM. An after drawdown pool elevation of 238 feet NGVD was used in the
slope stability analysis. This elevation is based on the invert elevation of the outlet
structure. A before draw down water elevation of 247 feet NGVD was used for the
maximum pool elevation and the crest elevation of 249 feet NGVD was used for the
surcharge pool elevation. A horizontal acceleration of 0.1 was used for case VII,
Earthquake Loading. This acceleration was developed from USGS recommendations and
corresponds to an event with a 5% probability of exceedance in a 50-year period with a 0.2
second spectral acceleration. This ground motion is equivalent to an approximate 1000-year
return period ground motions, or ground motions likely to occur once during a 1000-years
period. A standard building code site coefficient of 1.5 was also used in determining the
horizontal acceleration. The analysis indicated that a slope of 1V to 4H is required for
stability of the pumping station #3 reservoir embankment. The earthquake loading case
controlled the design. Factors of safety for Case III (sudden drawdown from top of gates)
were slightly lower than allowable. However, this analysis is considered conservative as
critical circular failure was governed by conservative shear strength values in the
embankment fill material. Additionally, the sudden draw down condition performed for this
analysis is severe and would likely only occur due to catastrophic failure of the water control
structure. Soil strengths utilized for the slope stability analysis and the loading cases with
the respective minimum and calculated factors of safety for each case are presented in Plate
11-50.

2.12 PUMPING STATION #3 INLET STRUCTURE.

a. Introduction. Associated with Pumping station #3 is a concrete inlet structure
with dimensions of 30.67 feet by 21.5 feet at the base and a height of 12.5 feet. A general
layout and section of the station are shown on Plates II-57. The structure will be placed
on a clay layer by excavating to elevation 220 feet NGVD and backfilled with two feet of
compacted pervious material to support the base slab of the structure at elevation 222.0
feet NGVD. Boring 68-BMU-01 was taken at the pumping station site and was used for
all analyses performed for the structure. The loading cases used for the stability analyses
of the pumping station are defined on Plate II-53.

b. Structural Stability Loading Cases. The Pumping Station #3 Inlet Structure
was analyzed for structural stability. Factors of safety for sliding, overturning, and
bearing capacity were determined based on these loading conditions. The results of the
analyses are discussed in the paragraphs below. The following loading cases were used in
the analysis of the structures. The loading cases are also defined on Plate I1-53.
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Loading

Case ] Construction case; backfill in place; no hydrostatic forces applied.

Case II Drawdown condition; water in backfill at El. 232 feet NGVD (normal
pool); water in the inlet channel at El. 227 feet NGVD; uplift determined
by creep path method.

Case III Partial pool case; water in backfill same as in the inlet channel and varied.

(Case presented water at El. 227 NGVD)
Case IV Earthquake condition. Water in backfill at El. 227 feet NGVD with
earthquake forces applied. Horizontal acceleration coefficient of 0.10 was

used.
Foundation
Case A Structure founded on Sand (¢ = 30°)
Case B Structure founded on Clay (Q case c=750 psf)
Case C Structure founded on Clay (S case ¢’ = 21°)

c. Sliding_ Stability. Sliding stability analyses were performed for a one-foot
section through the center of the station. A full view section of the station and results of
the analyses are shown on Plate II-53. Because the foundation will be over-excavated and
replaced with 2 feet of granular backfill, all loading cases were analyzed using sand
(Case A) and clay with Q & S strengths (Cases B & C) under the base of the structure
with a sand backfill. The sliding stability analysis was performed using the WES
computer program “CSLIDE” with critical cases checked manually. A side friction
resisting force of 2.76 kips/ft was included in the analysis for Pumping station #3 inlet
structure because these forces were necessary to meet all factor of safety requirements.
The side friction was calculated using the normal force on the wall due to the backfill
multiplied by tangent of the shear strength (¢° = 30°). The results indicate the Pumping
station #3 Inlet structure has an adequate factor of safety against sliding for all loading
cases analyzed.

d. Overturning Stability. Overturning stability analyses were performed for a
one-foot section of the Pumping station #3 Inlet Structure. A lateral earth pressure
coefficient of K, = 0.50 was selected based on a horizontal granular backfill of ¢ = 30°.
Results of the analyses as shown on Plate II-58 indicate that the resultant force is located
within the allowable structural base for all loading cases.

e. Bearing Capacity. Using the results of the overturning analyses, bearing
capacity analyses was then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. Since the foundation will be over-
excavated approximately 10 feet, the bearing capacity analysis was performed assuming
the structure was founded on granular backfill of ¢ = 30° (Case A). However, the bearing
capacity was also calculated assuming the structure was founded on clay using both Q
and S strengths (Cases B & C). For this case, the bearing capacity analysis was
performed using the full foundation pressures calculated from the overturning analysis.
This assumption is considered conservative as a reduction in foundation pressure is
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expected with increasing depth. The results of the bearing capacity analysis for cases B
& C are presented on Plate II-59. Bearing capacity is adequate for all loading cases.

f. Settlement. The inlet structure generally weighs less than the material being
excavated. Therefore, little to no settlement is expected due to the influence of the inlet
structure. However, some settlement is expected due to the fill around Pumping station
#3. Settlement calculations for Pumping station #3 are summarized on Plate 1I-56.

2.13 PUMPING STATION #4.

a. Introduction. Pumping station #4 (260 cfs) will consist of a concrete structure
with dimensions of 26.67 feet by 23.33 feet at the base and a height of 21.5 feet. A
general layout and section of the station are shown on Plates II-60 through II-62. The
structure will be placed on sand by over-excavating to elevation 177 feet NGVD and
backfilling with six feet of compacted pervious material to support the base slab of the
structure at elevation 182.5 feet NGVD. The inlet channel will consist of an approximate
27-foot bottom width canal excavated into natural ground with a channel bottom
elevation of 188 feet NGVD. The flow will be carried horizontally from the inlet canal to
the inlet pump bays through a concrete inlet structure and three lines of 42-inch diameter
reinforced concrete pipe approximately 37 feet in length. Three pumps at the station will
lift the water approximately 8 feet in height to supply Canal 2140. Boring 24-BMU-99
was taken at the pumping station site and was used for all analyses performed for the
structure. The loading cases used for the stability analyses of the pumping station are
defined on Plate II-65. Since the structure is located in the Bayou Meto region,
dewatering is not expected since the water table is substantially below the pumping
station foundation.

b. Structural Stability Loading Cases. Pumping Station #4 was analyzed for
structural stability. Factors of safety for sliding, overturning, and bearing capacity were
determined based on these loading conditions. The results of the analyses are discussed
in the paragraphs below. The following loading cases were used in the analysis of the
structures. The loading cases are also defined on Plate 11-65.

Loading

Case 1 Construction case; backfill in place; no hydrostatic forces applied.

Case II Drawdown condition; water in backfill at El. 202 feet NGVD (normal
pool); water in the canal at El. 197 feet NGVD,; uplift determined by creep
path method.

Case III Partial pool case; water in backfill same as in Canal 2140 and varied.

(Case presented water at El. 192 NGVD)

Case IV Earthquake condition. Water in backfill at El. 195.5 feet NGVD and water
in the canal at El. 200 with earthquake forces applied. Horizontal
acceleration coefficient of 0.10 was used.

Foundation

Case A Structure founded on Sand (¢ = 30°)
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c. Sliding Stability. Sliding stability analyses were performed for a one-foot
section through the center of the station. A full view section of the station and results of
the analyses are shown on Plate II-65. Because the foundation will be over-excavated and
replaced with 5.5 feet of granular backfill, all loading cases were analyzed using sand
(Case A) under the base of the structure with a sand backfill. The sliding stability
analysis was performed using the WES computer program “CSLIDE” with critical cases
checked manually. The results indicate Pumping station #4 has an adequate factor of
safety against sliding for all loading cases analyzed.

d. Overturning Stability. Overturning stability analyses were performed for a
one-foot section of Pumping station #4. A lateral earth pressure coefficient of K, = 0.50
was selected based on a horizontal granular backfill of ¢ = 30°. Results of the analyses as
shown on Plate II-66 indicate that the resultant force is located within the allowable
structural base for all loading cases.

e. Bearing Capacity. Using the results of the overturning analyses, bearing
capacity analyses were then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. Since the foundation will be over-
excavated approximately 5.5 feet, the bearing capacity analysis was performed assuming
the structure was founded on granular backfill of ¢ = 30° (Case A). The results of the
bearing capacity analysis are presented on Plate II-67. Bearing capacity is adequate for
all loading cases.

f. Uplift Analysis. An uplift analysis of pumping station #4 was performed to
determine if the proposed station has sufficient weight to prevent the structure from
floating or moving due to uplift pressures associated with high groundwater levels.
Considering the depth of natural groundwater in the vicinity of the pumping station, uplift
is not likely to be a problem. However, the analysis assumes that the inlet canal may
create high groundwater levels within the granular backfill around the structure. The
uplift analysis assumed only the weight of the concrete in the structure plus additional
water loading on the inlet slab for the resisting forces. The uplift forces were based on an
assumed groundwater elevations ranging from 182.5 feet to 204 feet NGVD in the
backfill. Factors of safety were calculated assuming the water in the backfill was
approximately the same as the water in the canal and one of the pumping bays may be
dewatered. Water in the inlet channel and in the pumping station was assumed to be at
elevation 192 feet NGVD. The pumping station slab elevation is approximately 184.5
feet NGVD resulting in a net uplift head of 12 feet. ETL 1110-2-307 was used for
determining the factors of safety against uplift. The analysis is presented on Plate 1I-67
and indicates the structure is safe against uplift.

g. Settlement. Since pumping station #4 structure will be founded on sand,
settlement was considered negligible and no analyses were performed.

h. Dewatering. Borings 24-BMU-98 indicates that fine-grained soils extend to a

depth of approximately 23 feet from the existing ground surface (Elevation 177). To
reduce the potential for differential settlement, the structural excavation will extend to
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elevation 177 feet. Considering the depth of groundwater at the site, dewatering is not
anticipated for construction.

i. Stability Analyses — Excavation and Inlet Canals. As shown by boring 24-
BMU-98, the upper bank material consists of highly plastic clay. Due to the high
plasticity and relatively high shear strengths of upper clays, long-term shear strengths
governed the inlet slope design. The excavation stability analysis was governed by an arc
type failure surface. No sudden drawdown analysis was performed for the inlet channel
since the excavation was in fine-grained material. Due to the short-term nature of the
excavation no long-term analysis was considered for the excavation. Slopes of 1V on 3H
and 1V on 2.5H are recommended for the inlet channel and the excavation respectively.
The results of the stability analyses for the inlet canals and structural excavation and are
presented on Plates I1-63 and I1-64.

2.14 PUMPING STATION #4 INLET STRUCTURE.

a. Introduction. Associated with Pumping station #4 is a concrete inlet structure
with dimensions of 26.67 feet by 23.33 feet at the base and a height of 13.5 feet. A
general layout and section of the station are shown on Plates [1-68. The structure will be
placed on sand by excavating to elevation 177 feet NGVD and backfilled with 9 feet of
compacted pervious material to support the base slab of the structure at elevation 186.0
feet NGVD. Boring 24-BMU-98 was taken at the pumping station site and was used for
all analyses performed for the structure. The loading cases used for the stability analyses
of the pumping station are defined on Plate II-65.

b. Structural Stability Loading Cases. The Pumping Station #4 Inlet Structure
was analyzed for structural stability. Factors of safety for sliding, overturning, and
bearing capacity were determined based on these loading conditions. The results of the
analyses are discussed in the paragraphs below. The following loading cases were used in
the analysis of the structures. The loading cases are also defined on Plate 11-65.

Loading

Casel Construction case; backfill in place; no hydrostatic forces applied.

Case II Drawdown condition; water in backfill at El. 232 feet NGVD (normal
pool); water in the inlet channel at El. 227 feet NGVD; uplift determined
by creep path method.

Case IlII Partial pool case; water in backfill same as in the inlet channel and varied.
(Case presented water at El. 227 NGVD)

Case IV Earthquake condition. Water in backfill at El. 227 feet NGVD with
earthquake forces applied. Horizontal acceleration coefficient of 0.10 was
used.

Foundation

Case A Structure founded on Sand (¢ = 30°)
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d. Sliding Stability. Sliding stability analyses were performed for a one-foot
section through the center of the station. A full view section of the station and results of
the analyses are shown on Plate II-65. Because the foundation will be excavated to
natural sand and replaced with 9 feet of granular backfill, all loading cases were analyzed
using sand (Case A) under the base of the structure with a sand backfill. The sliding
stability analysis was performed using the WES computer program “CSLIDE” with
critical cases checked manually. Unlike the inlet structure for Pumping station #3, side
friction was conservatively neglected in the analysis for Pumping station #4 inlet. The
results indicate the Pumping station #3 Inlet structure has an adequate factor of safety
against sliding for all loading cases analyzed.

c. Overturning Stability. Overturning stability analyses were performed for a
one-foot section of the Pumping station #4 Inlet Structure. A lateral earth pressure
coefficient of K, = 0.50 was selected based on a horizontal granular backfill of ¢ = 30°.
Results of the analyses as shown on Plate 1I-69 indicate that the resultant force is located
within the allowable structural base for all loading cases.

e. Bearing Capacity. Using the results of the overturning analyses, bearing
capacity analyses were then performed to determine the maximum foundation pressures
and the corresponding factors of safety for bearing. Since the foundation will be over-
excavated approximately 9 feet, the bearing capacity analysis was performed assuming
the structure was founded on granular backfill of ¢ = 30° (Case A). The results of the
bearing capacity analysis are presented on Plate I1I-70. Bearing capacity is adequate for
all loading cases.

f. Settlement. The inlet structure generally weighs less than the material being
excavated. Additionally, the inlet structure will be over excavated to natural sands.
Therefore, little to no settlement is expected due to the influence of the inlet structure.
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2.15 TYPICAL CONTROL STRUCTURES.

a. Introduction. The canal distribution system has 12 control structures for
controlling pool elevations and passing water downstream. Three of these structures
control the flow of water out of Reservoirs #1, #2 and #3. The following table lists the
control structures in the distribution system and provides basic gate dimensions.

Table II-1
Control Structures
Structure Canal |Number of| Gate Gate Upstream | Downstream Top of
No. No. Gates Width | Height Water Water Slab
(ft.) (ft.)  |Elevation (ft) | Elevation (ft) | Elevation (ft)
C-1000R 1000 3 14 16 248.00 245.00 235.00
C-1000.1 1000 3 14 16 243.00 240.30 229.30
C-1000.2 1000 3 10 14 238.00 234.60 225.60
C-2000.1 2000 2 10 14 232.00 227.34 219.35
C-2000.1 2100 2 10 14 232.00 226.00 219.35
C-2110 2110 2 10 10 223.00 220.87 213.87
C-2500.R 2500 2 10 10 242.00 239.00 233.00
C-2500.1 2500 2 10 7.5 238.00 236.20 231.20
C-2500.2 2500 2 10 7 235.00 233.60 228.60
C-3000 3000 2 10 10 236.00 232.42 226.42
C-4000R 4000 2 10 7 247.00 246.00 241.00
C-4111.1 4111 2 4 5.5 232.00 231.25 227.25

These structures also provide overflow weirs on each side of the structure along
the canal slopes. These weirs will limit the maximum upstream pool elevation at each
structure. Site plans and typical sections of the proposed gated check structures are
presented on Plates II-71 and II-73. Normal head differentials of approximately 3 feet
will exist between upstream and downstream water pools during normal operation of the
system. However, each structure will be required to hold either the upstream or
downstream water surface while the other side is dewatered for maintenance purposes.
Control structure C-1000R (the largest structure) was analyzed as the typical control
structure.  Analyses for sliding, overturning, bearing, settlement and uplift were
performed on the typical structure to insure adequate stability of the proposed design.
There were no site-specific borings at the gated check structures. Analyses were
performed using conservative shear strength values assuming that the structure is founded
on clay, silt or sand. Critical loadings along with the critical soil conditions were
considered in each analysis. However, site-specific borings will be required at each
structure to verify soil conditions and completion of the design for plans and specs. Slope
stability has already been addressed in this report. Excavation slopes of IV on 2.5H will
be required during construction and a final canal slope of 1V on 3.0H will be required for
each structure.
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b. Structural Stability Loading Cases. The typical control structure was analyzed
for structural stability. Factors of safety for sliding, overturning, and bearing capacity
were determined based on these loading conditions. The results of the analyses are
discussed in the paragraphs below. The following loading cases were used in the analysis
of the structures. The loading cases are also defined on Plate II-74.

Loading

Case I Construction case; No water in inlet or outlet channel. No Load on
Structure. Not Applicable

Case Il Drawdown condition; water in inlet channel/Reservoir at normal pool;
water in the outlet channel at channel bottom; uplift determined by creep
path method.

Case III Partial pool case; water in inlet channel same as in the outlet channel. No
load on structure. Not Applicable

Case IV Earthquake condition. Water in inlet channel/reservoir at normal pool with
water in outlet channel 4 feet below inlet channel. Earthquake forces
applied. Horizontal acceleration coefficient of 0.10 was used.

Case V Same as Case II using S strengths for clay and silt.

Case VI Same as Case IV using S strengths for clay and silt.

Foundation Strength Assumptions

SOIL Q-Case S-Case

Clay b= 0° C =750 psf ¢ =18° | C=0psf
Silt ¢ =20° C =300 psf ¢ =28° | C=0psf

Sand ¢ =30° C= Opsf ¢ =30° | C=0psf

c. Sliding_ Stability. Sliding Stability analyses were performed for a one-foot
section of the gated check structure as shown on Plate II-74. Clay, silt and sand
foundation conditions were all considered in the sliding analyses. The results of the
analyses indicate that sliding stability is adequate for all loading cases. The structure is
basically symmetrical from upstream to downstream resulting in a centroid very near the
center of the structure. Therefore, these analyses would also be representative of reverse
loading simulating upstream canal dewatering with a normal pool elevation downstream.

d. Overturning Stability and Bearing Capacity. Overturning stability analyses
were performed for a one-foot section of the control structure for Cases II and IV. Both
cases resulted in resultant locations within the allowable portion of the structure base for
each respective loading condition. The results of the overturning analysis are presented
on Plate II-75. The results of the overturning analyses were then used to determine the
maximum foundation pressures and the corresponding factors of safety for bearing
capacity. Again, all three possible soil foundations were considered in the analyses. The
results of the bearing analyses are presented on Plate II-76 and indicate that the bearing
capacity is adequate for all loading cases.
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Table II-2

Manmade Canals
Seepage Loss Estimate Summary

Initial Initial |After Siltation| After Siltation

Length Average Seepage Average Seepage
Canal |Length Permeability Loss | Permeability Loss
# (ft) (cm/sec) (cfs) (cm/sec) (cfs)
1000 66000 4.605E-05 13.543 | 6.162E-06 1.886
1400/ 1410] 40600 2.545E-05 6.281 3.623E-06 0.761
2000 17100 1.112E-05 0.913 2.461E-06 0.201
2100/2110| 36000 2.625E-06 0.428 2.625E-06 0.428
2140/2160| 77200 1.000E-07 0.011 1.000E-07 0.011
2220 9000 1.000E-07 0.003 1.000E-07 0.003
2260 21100 1.905E-05 3.564 1.512E-06 0.274
2280 28700 2.726E-05 1.793 8.666E-06 0.499
2500 33400 1.000E-07 0.008 1.000E-07 0.008
2510 6000 1.000E-07 0.001 1.000E-07 0.001
2520 13600 1.000E-07 0.002 1.000E-07 0.002
2531 12000 1.000E-07 0.002 1.000E-07 0.002
2533 3500 1.000E-07 0.001 1.000E-07 0.001
3000 49500 9.127E-07 0.104 9.127E-07 0.104
4000 /4100 15100 1.000E-07 0.004 1.000E-07 0.004
4111 54500 2.561E-06 0.472 2.561E-06 0.472
4112 30000 4.371E-06 0.316 4.371E-06 0.316
4113 5300 1.000E-07 0.001 1.000E-07 0.001

TOTALS 518600 ft 27.45 cfs 4.97 cfs

Table II-3
Existing Channels
Seepage Loss Estimate Summary
Initial Initial |After Siltation| After Siltation

Length Average Seepage Average Seepage
Canal |Length | Permeability Loss | Permeability Loss
# (ft) (cm/sec) (cfs) (cm/sec) (cfs)
1500 [ 117000 3.07E-05 5.401 6.40E-06 1.165
1530 49200 8.87E-07 0.096 8.84E-07 0.096
2120 63500 2.30E-05 3.451 7.05E-06 1.082
2511 37000 1.00E-07 0.012 1.00E-07 0.012
2521 17300 1.00E-07 0.002 1.00E-07 0.002
2530 43200 1.71E-05 1.115 9.05E-06 0.591
2532 27500 8.06E-06 0.632 8.06E-06 0.632
2540 38300 4.61E-06 0.390 4.61E-06 0.390
4110 30000 2.21E-05 1.904 1.34E-05 1.184

TOTALS 423000 ft 13.00 cfs 5.15 cfs
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UNIFIED SOIL CLASSIFICATION

LETTER |SYM
MAJOR DIVISION TYPE syYmBOL |BOL ) TYPICAL NAMES
w & Y aem | GW GRAVEL, Well Graded, gravel-sand mixtures, little or no fines
3 ot gzaﬁ ame e TGP |3 GRAVEL, Poorly Graded, gravel-sand mixtures, little or no fines
Te 228 * . .
g 3; |8 27 [wi¥e] GM [T1] SILTY GRAVEL, grovel-sand-silt mixtures
1 14 (Appreclable H
2 2 §aes | GC {/J CLAYEY GRAVEL, gravel-sand-clay mixtures
T 227 | <Em | SW%’| SAND, Well Graded, gravelly sands
¥ ocE =58 SAND s
€ By |g B3p, | wiea SP [-7] SaND, Poorly Graded, gravelly sands
o5 | 3 §EEN o] - A
© 52| ? Byt [witBe] SM LI SILTY SAND, sand-silt mixtures
3‘653 ppreciable .
g32: | 9" | SC 7] CLAYEY SAND, sand-clay mixtures
4 s} suts a0 ) ML [TISILT & very fine sand, silty or clayey fine sand or clayey silt with slight plasticity
i 8 wansums | CL LEAN CLAY; Sandy Clay; Silty Clay; of low to medium plasticity
. < 5m TT N N . .
£ e OL [1iil oRGANIC SILTS, and organic silty clays of low plasticity
g 2 siLTs vt MH SILT, fine sandy or silty soil with high plasticity
5% - - - —
% £3 iy L CH V/] FAT CLAY, inorganic clay of high plasticity
OH P/ ORGANIC CLAYS of medium to high plasticity, organic silts
HICHLY ORGANIC SOILS Pt E{ PEAT, and other highly organic soil
W00D Wd wooD
MIXED SAMPLE VM [1H variable mixed silts, clays and sands
NO SAMPLE
NOTE: Soils possessing characteristics of two groups are designated by combinafions of group symbols.
] y
DESCRIPTIVE SYMBOL
COLOR CONSISTENCY MODIFICATIONS
COLOR B FOR COHESIVE SOILS MODIFICATION B
T COHESION IN LBS./SQ. FT. FROM
TAN CONSISTENCY UNCONFINED COMPRESSION TEST SYMBOL Traces Tr -
YELLOW Y Fine F
RED R VERY SOFT < 250 vSo Medium M
BLACK BK SOFT 250 - 500 so Coarse A
GRAY Gr MEDIUM 500 - 1000 M Concretions cc
LICGHT GRAY 1Gr STIFF 1000 - 2000 St Rootlets rt
DARK GRAY dGr VERY STIFF 2000 - 4000 vst Lignite fragments i9
BROWN Br HARD > 4000 H Shale fragments sh
LIGHT BROWN 18r 60 T T T T T T T T Sandstone fragments sds
DARK BROWN d8r | | i | | | Shell fragments stt
BROWNISH - GRAY < brGr < Organic matter 0
GRAYISH - BROWN QrBr § Clay strata or lenses | CS
GREENISH - GRAY Qner r Silt strata or lenses | SIS
GRAYISH - GREEN QrGn g Sond strata or lenses| sS
CREEN cn < Sondy s
BLUE 8l = Gravelly ¢
BLUE - GREEN BIGn o Boulders 8
WHITE Wh Slickensides SL
MOTTLED Mot wWood wd
LL - LIouID LIMIT Oxidized Ox
PLASTICITY CHART Saturated sat
For classification of fine - grained soils Lumps of Clay Clp

NOTES:
FIGURES TO THE LEFT OF BORING UNDER COLUMN "W OR Dw”

Are natural water contents in percent dry weight

When underlined denotes Dip size in mm °

FIGURES TO THE LEFT OF BORING UNDER COLUMNS “LL” AND “PL”

Are liquid and plastic limits, respectively

SYMBOLS TO THE LEFT OF BORING

Ground water surface and date observed

Denotes location of consolidation test * *

Denotes location of consolidation - drained direct shear test * *©
932?7_es. location of consolidation - undrained triaxial compression

?eeg'of‘es. location of unconsolidated - undrained triaxial compression

Denofes Tocalion of somple subjected fo consolidation fest and
each of the above three types of shear tests * °

Fw Denotes free water encountered in boring or sampie

eFdek

o— Denotes channe! grade

FIGURES TO THE RIGHT OF BORING

Are values of cohesion in Ibs/sa. ft. from unconfined compression tests

In parenthesis are driving resistgnces in blows per foot determined with a
stondard split spoon sampler ¢ I g 1.0. 2* 0.D. ) and @ 140 Ib. driving hammer
with @ 30 drop

Where underlined with a-solid line denotes laboratory permeability in centimeters
per second of undisturbed sample

Where underlined with a dashed line denotes laboratory permeabllity In
centimeters per second of sample remoulded to the estimated natural void ratio

* The Dio size of a soil is the grain diometer in millimeters of which 10X of the soil
is finer, and 90% coarser than size Dy .

* * Results of these tests are available for inspection in the U. S. Army Engineer District

Office If these symbols appear beside the boring 10Qs on the drawings.

GENERAL NOTES:

While the borings are representative of subsurface
conditions at their respective locations and for their
respective vertical reaches, local variations characteristic
of subsurface materials of the region are anticipated and
if encountered, such variations will not be considered
as differing materially within purview of the contract
clause entitled, “Differing Site Conditions”.

Ground water elevations shown on boring logs represent
ground water surfaces encountered in such borings on the
dates shown. Absence of water surface data on certain
borings indicates that no ground water daota are available
from the borings but does not necessarily mean that
ground water will not be encountered at the locations
or within the vertical reaches of such borings.

Consistency of cohesive soils shown on the boring
logs is based on driller's log and visual examination and is
approximate, except within those vertical reaches of the
porings where shear strengths from unconfined compression
tests are shown.

STANDARD
BORING LEGEND

DEPARTMENT OF THE ARMY
MEMPHIS DISTRICT, CORPS OF ENGINEERS

Plate 19




LEGEND
FOR
SLOPE STABILITY PRESENTATION

SOIL PROFILE

EL. . . . . . Elevation

FT. . Feet
N.G.V.D . National Geodetic Vertical Datum
L.W.R.P. . . . . Low Water Reference Plane
BOR . . . . . Boring
X1 « « « . Neutral Block Left Base Coordinate
X2 . . . . . Neutral Block Right Base Coordinate
Y . . . . . . Neutral Block Base Elevation
lg—. « « « . . Water Surface
BD . « . . Before Drawdown
AD . . . . . After Drawdown
cp ... . Critical Partial Pool
SLOPE STABILITY LOADING CASES
AC . . . . After Construction (End of Construction)
SD . . . . . Sudden Drawdown
PP . . . . . Partial Pool
SS . . . . . Steady Seepage
EQ . . . . . Earthquake
LT . . . . . Long Term
SOIL SHEAR STRENGTHS
C Soil Cohesion - PSF
¢ . Soil Friction Angle — Degrees
Q . . Unconsolidated-Undrained Shear Strengths
R . Consolidated-Undrained Shear Strengths
S . Consolidated-Drained Shear Strengths
SLOPE STABILITY COMPUTER PROGRAMS
Program Name Contact Office Program Number Reference Document
SSAG®3 WES* 741-F3-RpPP3 M.P. K-73-2
SSw@28 WES 741-F3-Rpp28 M.P. K-76-3
CHANELS Memphis District M.P. GL-82-1
SSWT28#** WES M.P. K-76-3

GEOSLOPE***  GEOCOMP CORP.

*Waterways Experiment Station

**Modified Version of SSW@28

***Geoslope is a microstation software
package available through the
GEOCOMP Corporation

LEGEND FOR SLOPE

STABILITY PRESENTATION

DEPARTMENT OF THE ARNY
MEMPHIS DISTRICT, CORPS OF ENCINEERS
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