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Introduction:

The periodic flooding of the Truckee River is a major concern for residents of the Truckee
Meadows. The financial and societal costs of these events are substantial. The New Years Flood
of 1997 cost Washoe County alone $619 million. The Truckee Meadows Food Control Project
aims to mitigate flood damage while enhancing the natural flow of the river. This 15 year, $1.6
billion dollar plan incorporates 45 individual projects. Our design project focuses on one
element: the construction of a set-back levee from Greg St. to Rock Blvd. in Sparks, NV. Using
borehole soil samples, and other data obtained from the site-investigation, the subsurface beneath
the levee was characterized for hydraulic conductivity and potential subsidence issues associated
with the construction of the levee. Due to financial constraints, the levee will be constructed of
the fluvial soils found on-site. The strength characteristics of this material was analyzed and an
appropriate levee was designed, aiming to optimize the balance between cost and safety. The
levee was analyzed in the SLIDE software package, where it was subjected to a variety of
potential forces, including hydraulic, seismic and equipment loading. Our design satisfies the
minimum 1.3 F.O.S., as mandated by the U.S. Army Corps of Engineers. In its current form, the

levee will cost approximately $5,000 per linear foot, bringing the total cost to $15-17 million.



Section 1;

Geographic, Geologic, Climatologic, and Historic Setting of
the Truckee Meadows



Geographic and Geologic Setting of the Truckee Meadows

The Truckee Meadows is located in Northwestern Nevada and is defined as the broad
region that is structurally bound by the Carson Range on the west, Virginia Range on the east,
Steamboat hills to the south and the eastern part of the Peavine Mountain block to the north. In
the north central region of the Truckee Meadows runs the Truckee River, a 105 mile long river
that originates in the north side Lake Tahoe and terminates at the south end of Pyramid Lake.
The Truckee Meadows is located in the geographic region known as the Great Basin, defined as
the area with no ocean drained rivers.

Geologically, this region is defined by numerous basin and ranges as a result of crustal
extension. Faults in this region have a general north-south trend with movement being normal
with some right-lateral component. The Truckee Meadows is a basin composed of sedimentary
fill from outwash associated with the Truckee River. At the location of the levee project two
Quaternary deposits will be encountered as shown in figure 1.1. This includes a floodplain and
lake deposit which consists of thin sheets of medium to thin-bedded clayey silt and sand as well
as discontinuous layers of silt and peat. The other deposit includes the Donner Lake Outwash
which consists of boulder to cobble gravel, sandy gravel, and gravely sand. This deposit
contains rock clasts that are rounded to subrounded and in decreasing order of abundance are
granitic, volcanic, and metamorphic rocks. Borehole data, shown in figure 1.2, verifies these
deposits with the presence of the boulders, gravel, sand, silt, clays, and organics. Sand and
gravel deposits make up most of the subsurface strata at the site location of the levee. All other

soil types are also present yet in smaller amounts (NBMG).



Figure 1.1: Geologic Map
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Seismic Hazards

The Truckee Meadows is located in a very seismically active region with the largest earthquake
hazard in the state. Damaging earthquakes are an extreme threat in this region with the most
convincing evidence being the number of large recorded earthquakes. Table 1.1 below lists the

significant earthquakes in the Carson-Reno corridor since the 1840’s.

Table 1.1: Seismic Hazards

Date Nearest Community Intensity Magnitude
1845(?) or 1852 Pyramid Lake? VIII? 7-7.3
1860, Mar. 15 Pyramid Lake? VI 7
1868, May 29 Virginia City VII 6
1869, Dec. 26 Virginia City VI 6.7
1869, Dec. 27 Steamboat Springs VIII 6.1
1887, June 3 Genoa VIII 6+
1894, Nov. 18 Virginia City VI ?
1896, Jan. 2 Carson City VI ?
1897, May 15 Carson City v ?
1914, Feb. 1 Reno VI-VII 6
1914, Apr. 24 Reno VII-VIII 6.4
1930, Apr. 9 SE Lake Tahoe VI 4.3
1933, June 2 Wabuska VII 6.1
1942, Dec. 3 Reno VI 5.9
1948, Dec. 2 Verdi VII 6
1952, May 9 Steamboat Springs VII 5.1
1966, Sep. 1 Truckee VII 6
1978, Sep. 4 Genoa VI 5.2
1991, Jan. 2 Carson City V-Vl 4.6

These faults associated with these earthquakes have the possibility to be normal, lateral, and
oblique slip in nature, and are responsible for much of the present topography. These fault zones
or systems can be generally placed into four groups: range-bounding normal faults, strike-slip
faults, distributed systems, and seismogenic lineaments (NBMG). In order to design for these
large earthquakes the USGS has created seismic hazard maps, which represent the largest
earthquake scenarios for the region represented in percent of gravity. For the Reno region the
peak ground acceleration with 10 percent probability of exceedance in 50 years is 0.4 %g as

shown by figure 1.3 below (USGS).



Figure 1.3: Seismic Hazard Map

Peak Acceleration (%=g) with 10% Probability of Exceedance In 50 Years
USGS Map, Oct. 2002rev
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In addition to the potential for large damaging earthquakes in the Truckee Meadows, specific site
effects also exist that have the capability of amplifying the seismic waves and the degree of
destruction. For the specific site of the proposed levee there is a high risk for the amplification
of seismic waves due to the sedimentary units present. As can be seen in figure 1.4 below the
location of the levee is in an area of potentially liquefiable fine sand and silt. There exists the
possibility of severe ground motion and surface dislocation, especially in areas of ground-water

discharge or water-saturated conditions (USGS).



Figure 1.4: Liquefaction

NEVADA
STATE «'OSPIYAL
A
e
«*  Radio fower 1

P
6580 7=

1
[y
S

PO S0 IS . SgE R

'
t

maRIETTA

%Lf%. ol

| Corbett
) )

=5 “y-l18
.l STREET =

- e |
Shopbids  * | apmie| sr
Center ""'
| (Lo seh
ARE T R h . 3 I
| | B 3624 g\ Virgina § ==\ ol erove Il || sr |
bt County \ 52 r 3 > i |
1 Golf Course gty : : '

1

R19E R20E

119°45°

POTENTIAL FOR INFERRED SEISMIC SHAKING FAULT TRACES INFERRED MAXIMUM AGE
SINCE LAST MOVEMENT

Relatively stable bedrock areas. Includes local, small
areas of alluvial and colluvial deposits. Subject to minor
rock falls and landslide activity in areas of high relief.

Holocene

Post-Wisconsin
Moderately stable, semi-lithified alluvial fan deposits.

Subject to minor slumping and rock falls on vertical or ’ Post-lllinoian

near-vertical cuts or natural embankments, Early to Middle

Quaternary

Potentially unstable, unconsolidated outwash deposits.
Subject to pronounced slumping and ground disturbance
along steep cuts or embankments. Locally may manifest
amplified ground motion during a major seismic event.

Post-Tertiary

/ Not nssigned

ground motion and surface dislocation, especially in areas
of ground-water discharge or water-saturated conditions.

Maximum <————> Minimum

. Potentially liquifiable fine sand and silt. Possibly severe



Climate of the Truckee River Basin and Causes of Flooding

Precipitation amounts in the Truckee River Basin are highly variable due to the
mountainous nature of the region. The Sierra Nevada Mountains are considered are maritime
mountain range and thus receive vast amounts of precipitation in winter months. Due to its close
proximity to the Pacific Ocean, the Sierra Crest, which is where the headwaters for the Truckee
River are located, precipitation amounts can be as high as 80 inches per year. The Lake Tahoe
Basin where the Truckee River originates receives 30 inches of precipitation per year on average.
This is drastically more than the less than 10 inches of precipitation the Reno area receives per
year. Consequently, flooding along the Truckee River is generally associated with extreme
weather conditions in the Sierra Nevada and not necessarily in the Truckee Meadows . Figures

1.5 and 1.6 show the precipitation amounts for the states of California and Nevada (NOAA).

Figure 1.5: California Precipitation
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Figure 1.6

Average Annual Precipitation
Nevada
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Throughout the recorded history of flooding along the Truckee River nearly all floods are due to
the rare event when intense warm rain falls on snow. This occurs when warm storms with
origins typically near the Hawaiian Islands move into the Sierra Nevada Mountains. These types
of storms generally are associated with large amounts of moisture and an unusually high rain-
snow elevation. During these storms, rainfall is the overwhelming source of runoff, but with the
contribution of snowmelt flooding can be extremely intense. The most devastating floods occur
when a low elevation snowpack is present in the eastern Sierra. Snow at low elevations can be

melted rapidly due to warm temperatures and intense rainfall (Kattlemann).



Historical Flooding

Despite Nevada being the driest state in the union, flooding has been a common
occurrence in western Nevada since the first settlers arrived in the area. The Truckee Meadows,
which includes the cities of Reno and Sparks are especially vulnerable to flooding as the Truckee
River flows directly through the city center in Reno and through a large commercial district in
Sparks. Since records have been kept on the Truckee River, major flooding has occurred in
1852, 1861-62, 1867-68, 1907, 1928, 1937, 1950, 1955, 1963, 1964, 1986, 1997, and 2005. In
1962 the Army Core of Engineers straightened sections of the Truckee River, in order to mitigate
the flooding hazard in the Reno and Sparks areas. Unfortunately, these alterations to the river
channel have had the opposite effect and have increased the flood hazard due to the lack of river
channel water storage. Consequently, this section on the historical flooding of the Truckee River
will focus on floods that have occurred since 1962 as this is generally the path of the river today.
Figures 1.7 and 1.8 give a graphic representation of peak flows at the Farad and Vista river
gaging locations from 1900 to 1997 (Rigby).

Figure 1.7: Historical Flooding, Farad
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Figure 1.8: Historical Flooding, Vista
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Flood of January — February 1963:

On January 28, an intense and unseasonably warm storm hit the Sierra Nevada Mountains and
Western Nevada, dumping anywhere from 5 to 13 inches of rain in the area. Snow levels during
this storm ranged from 8,000 to as high as 11,000 feet, resulting in very little of precipitation
falling as snow. On February 1, the Truckee River crested at 11,900 cfs at Farad and 18,400 cfs
at the Reno gaging station. The flood resulted in 20 square blocks of Reno being inundated by as
much as 4 feet of water. In addition, the airport in Reno was temporarily closed due to extensive

flooding as seen in figure 1.9. In all, 4,000 acres of Reno had been flooded.
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Figure 1.9: Historical Photo

Photo 118 — Flood of January-February 1963, Reno, Aerial view looking east at flooded Reno Airport on February 2,
1963. Compare to photo 38 during New Year's flood. Photo courtesy of Mike Smith.

Flood of December 1964

On December 21-23, a warm airmass had moved into the region and resulted in increased
temperatures and heavy rain. Parts of the Sierra Nevada received as much of 16 inches of rain in
the three day period, which completely melted the snow pack at lower elevations. On the
Truckee River, the flood crested at 12,000 cfs in Farad and 11,300 cfs in Reno. Fortunately,
much of the water was contained in the river channel in downtown Reno, yet lower parts of the
Truckee River experienced more severe flooding. At the Vista stream gage in Sparks, a peak

flow of 11,700 cfs was recorded on December 23.
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Flood of February 1986

Like the two previous floods, the flooding that occurred on February 17, 1986 was the result of a
warm rainstorm that fell on a moderate snowpack. Localized flooding on roads and streams had
been reported as early as February 15, with major flooding beginning on early February 17. All
bridges in downtown Reno were closed by authorities as the flood waters soon toped several of
them and inundated the Riverside Hotel. The flood crested at 14,400 cfs in Reno and 16,100 cfs

in Sparks on February 18.

New Year’s Flood of 1997

The New Year’s floods of 1997 in western Nevada resulted from a series of moderate
snowstorms followed by three subtropical, heavy rainstorms. During the month of December in
1996, numerous storms left the mountains blanketed with up to 8 feet of snow. Late in
December the weather pattern began to change and resulted in the three storms with ample
subtropical moisture, the last of which termed the “pineapple connection” as it originated from
Hawaii. This last storm produced extremely heavy rains that fell at nearly all elevations in the
Sierra Nevada. Below an elevation of 7,000 feet nearly all snow had been melted by the warm
rains with significant runoff occurring at elevations up to 10,000 feet. The combination of heavy
rain and melting snowpack resulted in one of the worst floods that the Truckee Meadows had
seen in over 150 years. At the Vista stream gage in Sparks, the Truckee River hit flood stage at 2
a.m. on January 1, with the river overflowing its banks shortly thereafter. In Reno, the flood
stage was reached at 10:30 a.m. on the morning of January 1 and preceded to flood downtown
Reno with the peak flows not occurring until 24 hours later. The flows topped most bridges in

downtown Reno, and inundated many casinos and businesses with several feet of water as seen
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in figure 1.10. In Sparks, dozens of warehouses and businesses had been flooded with up to 6
feet of water. In this section of the Truckee Meadows, a lake had also formed where floodwater
from the Truckee River met with floodwater from Steamboat Creek, resulting in a lake covering
an area of about 3,830 acres. Reno Tahoe International Airport was also badly affected by the
flood as several feet of water covered most runways. The peak flood stages and discharges at
various locations along the Truckee River are outlined in table 1.2. The most notable data
includes the peak flood stage for Reno at 14.94 feet almost 3 feet above flood stage and Vista at
24.16 feet over 10 feet above the flood stage. The direct losses in Washoe County alone during

the flood of 1997 have an estimated total of 619.4 million by far the most damaging flood in

Washoe County’s history (Rigby).

Figure 1.10: Flood Picture

Photo 20 — Downstream view near
peak of flood from Park Tower
apartment building on south bank
of Truckee River in Reno. Visible in
photo (from bottom to top) are the
Sierra Street bridge, the Virginia
Stree!t bridge, the Center Street
bridge (under construction), and the
Lake Streel bridge. Photo by Tom
Roseberry. (3:30 p.m., Jan. 2, 1997)

Table 1.2

Table 1. Peok stages and discharges al selected gaging stations in the Truckee, Carson, and Walker River basins during the New Year's lloods
(provisional data) and during previcus record floods. Average January stages and discharges are provided as baselines.

Flood | Awerage January | Largest flood peaks prior to 1987 Peaks and durations of New Year's floods
Gaging station name | Stage Stage | Discharge Date Stage |Discharge | Time anddale | Stage | Discharge Above flood stage®
iy | (o) t) (cts) of peak (M) | (cts) From To
Truchee River
Farad na 334 543 Mo, 1950 14,500 17,500 4:45am. Jan 2 1317 14,800 11:00 am. Jan. 1 4:45pm.Jan 2
Rana 12.0 4.25 (55 Mowv 1950 1583 19 900 10:15 am, Jan, 2 14,34 18,200 10:30 am, Jan 1 1015 pm. Jan. 2
Dec. 1555 13.82 20,800
Wista (e 1H.ov 515 &2 Mar. 1585 15.41 &800 2:50 pm. Jan. 2 24,18 18,500 600 pm. Dwc. 28 | 2:00 pm. Jan 16
Vesta {okd) - — - Jdan. 1963 16,760 18,900 - 17.45%] 18500 _ —
Wadswarih - 5.95 743 Fab. 1588 15110 16,800 445am. Jan. 3 1062 18,100 _— -
Nixan 10t 4.24 500 Feb. 19868 130 16,300 10:00 a.m. Jan. 3 15.28 21200 - —




New Years Flood of 2005

The New Years Flood of 2005 occurred as a result of heavy rain across the Truckee River Basin.
Snow levels were near 9,000 feet during this event which resulted in the melting of large
portions of the Sierra snowpack. Fortunately during this flooding event, unlike 1997, a
significant snowpack did not exist below 7000 feet which reduced the available water. Areas of
the Truckee Meadows received anywhere from 2 to 6 inches of rain in a 24 hour time period.
The flood crested on December 31 with flows in Reno reaching 14 feet with a peak discharge of

13,000 cfs (Sandberg).
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Section 2:

Project Overview
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About every 10 years, the Truckee River overflows its banks and causes tremendous
damages to residents, businesses, and infrastructure. In the1997 New Year’s Flood, damages
exceeded $1 billion over 6 counties, with $700 million in Washoe County alone. The frequency
of damaging floods appears to be increasing. The Truckee River Flood Project’s three primary
goals are to reduce flood damages and deaths from a 1997 type flood (117-year event), restore 50
miles of the Truckee River between Reno and Pyramid Lake, and provide enhanced recreational
opportunities and open space in the region. Providing passage for fish spawning through the
river system has also become an important supporting goal.

The flood project is currently in its last year of feasibility design, with formal
authorization by Congress slated for fall of 2012. Local construction of the project began in
August 2008. Detailed technical design at the federal level is expected to begin this year, with a
Project Partnership Agreement between the Corps and the local sponsors completed in 2013.
Federal construction is also expected to begin in 2013. Completion of all 45 project elements is
expected to take 15 years. The cost of the total project has been estimated at $1.2 to $1.6 billion,
making the Truckee River Flood Project is the largest public works project ever undertaken in
northern Nevada. The overall idea is to combine ecosystem restoration, recreation and flood
control in one visionary, integrated effort.

The Flood Project is currently funded by a 1/8 cent sales tax enacted in 1998. The Corps
is expected to contribute more than half of the project cost. Additional funds will be needed to
meet local funding requirements. It is expected that one or more “Flood Funding Areas” will be
established over time to meet the funding need. Two alternate versions of the Flood Project are
being designed by the project team. The National Economic Development (NED) Plan is a

version of the plan supported by the Corps of Engineers. The Locally Preferred Plan (LPP) is the
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plan supported by the community. It is also known as the “Living River Plan”. The project
elements of the two plans are very similar, although each provides a slightly different level of
flood protection. The elements of the Living River Plan have been approved by the Flood
Project Coordinating Committee (FPCC).

This particular design project will focus in on one section of the 45 different proposed
projects. The section in focus is the stretch of the river from Greg Street to Rock Boulevard.
This is a 950m stretch of the river with a trailer and recreational park on the north bank and a
light industrial park and empty fields on the south bank. As the north bank draws back, the
ground elevation rises, causing no reason for flood control. The south bank does not have any
elevation increase, leaving a wide open area for the flooding Truckee to run wild. There is a
small drainage ditch in the area that parallels the river. The idea to protect this stretch is to
construct a set-back earthen levee using the soil from on site borrow pits. The construction zone
is ideal for borrow pits and wide levee construction due to its vacancy and openness, as well as
soil quality. The levee can be set back from the river roughly 150m, allowing for some lower
flood levels to run freely rather than wearing on the levee. It is planned that the levee will span
from the road shoulder of Greg Street to the road shoulder at Rock Boulevard, and be 18 feet
above normal river level. Due to the openness of the construction zone allowing for a tall and
wide levee, no floodwalls will have to be constructed. It is planned that a toe filter will be built
into the levee designed to keep seepage from transporting any levee material, but allow smaller
particles to pass through. Rip rap will be placed on the river side of the levee to prevent erosion.
The borrow pits will be in between the river and the levee and will serve as further flood control.

These pits can be landscaped as well to improve the ecosystem and overall aesthetics of the area.
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The previously mentioned drainage ditch, known as Pioneer Ditch, will be relocated to the south

side of the levee. The following figure shows a rough design of the borrow pit situation.

Figure 2-1: Borrow pit design
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The components for this flood control levee project include labor, permanent materials,
and construction equipment. The key ingredient in determining the cost of each of these
elements is productivity of the work force and the construction equipment used to perform the
various work activities. Productivity rates for the borrow pit excavation and levee construction
must take into account local weather, site conditions, work week hours, appropriate construction
techniques, schedule sequencing, and experience gained on previous construction projects.

Taking all this into account, it has been estimated that this earthen levee will cost $5,000 to
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$6,000 per linear foot. At that price, the total project cost for the Greg to Rock levee
construction will be about $15 million.

A construction timeline could be estimated incorporating site conditions where the levee
will be built, where the fill for the levee would come from, what environmentally sensitive areas
are to be avoided, and what measures are required to keep the peace with landowners and other
stakeholders. Once construction begins, it is estimated that this project will take between 9 and
12 months to complete. Before construction however, other factors must fall into place first
including design approval, contract and real estate agreements, bidding, hiring, and possibly
more soil testing. These proceedings can vary greatly on the time scale depending on a number
of things, but it is optimistically hoped that these things would take no longer than 6 months.

To protect or enhance aesthetic values and natural resources, vegetation on a levee and its
surrounding areas (trees, bushes and grasses) is an important part of design considerations. Vegetation

can be incorporated in the project as long as it will not diminish the integrity and the functionality of the

embankment system or impede ongoing operations, maintenance and flood fighting capability.
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Section 3:

Laboratory Testing Procedure
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Sample Acquistion:

A comprehensive design for the new levee requires that an comprehensive geotechnical
analysis of the subsurface be undertaken. In our case, the preliminary site investigation has
already been completed. This included the drilling of fourteen boreholes within our site area.
Each of these was professionally logged, and disturbed samples were made available for
laboratory testing from each borehole. Our investigation identified three distinct units that could
potentially be encountered along the transect of the proposed levee. The first consisted of poorly
sorted fluvial sediments, with a clast size range from sand-size to cobble-size (SF-09-062). This
unit composed over 80% of the material encountered in the site investigation. The other two
units consisted of much finer grained material ranging from clay to silt size, one of which was
inorganic in composition (SF-09-026) and the other consisted almost entirely of organic material

(SF-09-020).

Sieve Analysis:

For all of the units, representative samples were obtained for laboratory analysis. The
first step in the analyzing these units was to identify them according to the USCS soil
classification scheme. In order to do this, samples of the units were sieved, and grain-size
distribution curves of each were plotted. For the fine-grained units, the plastic index of the soils
was obtained, requiring liquid and plastic limit testing of each sample. For the sieve analysis,

ASTM C136 — 06 procedure was followed. The results for each of the units are listed below:
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Table 3.1: sieve analysis & grain size distribution:

particle sieve weight |sieve + sample |sample percent
sample no. sieve size diameter (mm) |(g) (2) weight (g) |finer

1/4" 6.35 522.3 748.3 226] 52.36088
44 475 518.2 543.2 25| 47.09106
#10 2 450.5 521.2 70.7] 32.18803
o 420 0.85 385.7 447.5 61.8 19.16105
it 40 0.425 286.7 323.7 37| 11.36172
o 480 0.18 435.7 458.3 22.6| 6.597808
o 4100 0.15 265.5 271.8 6.3] 5.269815
l#200 0.075 337 347.8 10.8] 2.993255
lpan 373.6 387.8 14.2 0

total weight (g): 474.4
l1/a 6.35 522.3 530.6 8.3| 95.3396
sa 4.75 518.2 526.5 8.3] 91.6792
#10 2 450.5 462.3 11.8] 85.76441
2 20 0.85 385.7 396.3 10.6] 80.45113
it 40 0.425 286.7 295.4 8.7| 76.09023
o 480 0.18 435.7 448.5 12.8| 69.67419
o 4100 0.15 265.5 2714 5.9| 66.71679
l#200 0.075 337 356.1 19.1] 57.14286
lpan 373.6 487.6 114 0

total weight (g): 199.5
l1/a 6.35 522.3 530.3 8| 95.04644
#a 4.75 518.2 522.4 4.2[ 92.44582
#10 2 450.5 462.3 11.8] 85.13932
o 420 0.85 385.7 395.4 9.7 79.13313
it 40 0.425 286.7 294.8 8.1] 74.11765
o 480 0.18 435.7 449.1 12.4| 65.82043
v 4100 0.15 265.5 272.3 6.8] 61.60991
l#200 0.075 337 350.8 13.8] 53.06502
lpan 373.6 459.3 85.7 0

total weight (g): 161.5

From these data, grain size distribution curves for each of the units were plotted. On these
plots, grain-size is represented on a log-scale on the x-axis, and percent finer is represented on
the y-axis. From this plot, the Dgo, D30, and Dy effective particle sizes could be found. This
parameter describes the clast size corresponding to 60%, 30%, and 10% finer, respectively. From

these parameters, we can identify the uniformity coefficient (C,) and the coefficient of gradation

(C¢). The equations for each of these coefficients are described below (Geotechnical

Engineering):



2
D30

Co=—"2
© Dgo X Dyo

These two parameters are used in the USCS soil classification scheme. The following
plots show the grain size distribution of the fluvial sediments (SF-09-062), the fine material (SF-
09-026), and the organic fine material (SF-09-020), respectively:

Fig. 3.1: grain size distribution curve SF-09-062:
Grain Size Distribution Curve SF-09-062
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Fig. 3.2: grain size distribution curve SF-09-026:

Grain Size Distribution Curve SF-09-026
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Fig 3.3: grain size distribution curve SF-09-020:
Grain Size Distribution Curve SF-09-020
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Plastic Index:

In addition to the sieve analysis and grain size distribution curves, the plastic indices of
the fine-grained material (SF-09-026, SF-09-020) needed to be identified. Because the fluvial
material had less than 5% fine-grained material (< #200 sieve), the plastic index of this unit was

not analyzed.

The plastic index identifies two main parameters; the liquid limit and plastic limit of the
soil. The liquid limit illustrates the moisture content of the soil at which it converts from a plastic
to a liquid state. The plastic limit illustrates the moisture content of the soil at which it converts
from a semi-solid to a plastic state. The plastic index of a soil is also known as the Atterberg

limits. These were found for both samples according to ASTM D4318 — 10 procedure.

The liquid limit (LL) of each of the fine-grained units was identified using a liquid limit
device. This test was completed four separate times at different moisture contents to obtain the
plots shown below. From these plots, Ns and the corresponding moisture content was identified.

The moisture content at Nos is presumed to be the liquid limit of the soil.

Fig. 3.4: LL flow curve SF-09-026:

Flow Curve for LL Determination SF-09-026
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The procedure for identifying the plastic limits of each of the fine-grained soils is a less
quantitative procedure than that for identifying the liquid limit. In this case, the soil is rolled into
1/8” threads at successively lower moisture contents just until the sample at that diameter and

moisture content begins to show surface cracks. Tables showing the results of the plastic and

Fig. 3.5: LL flow curve SF-09-020:

Flow Curve for LL Determination SF-09-020
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liquid limit tests for each of the fine-grained samples is shown below:

Table 3.2: Pl data SF-09-026:

SF-09-026
dry unit |water water
plate wet (g) |lid (g) dry (g) weight |weight [|content [blows
a7 13.6 6.0 10.6 4 3 73.0 32
2 10.2 5.97 9.3 3.33 0.9 27.0(n/a
29 10.5 6.1 9.6 3.5 0.9 25.7|nfa
17 16.7 6.5 12.2 5.7 4.5 78.9 17
L3-5 14.2 6.1 10.8 4.7 34 72.3 27
42 13.8 6.6 10.4 3.8 3.4 89.5 22
Liquid Plastic  |Plastic
Limit Limit Index
77 26 51

27




Table 3.3: PI data SF-09-020:

SF-09-020
dry unit |water water
plate wet (g) (lid (g) dry (g) weight |weight [content |blows
F3 14.9 0.3 11.2 4.9 3.7 73.5 15
19 11.2 6.45 10.1 3.65 1.1 30.1|n/a
31 9.8 0.35 9.1 2.75 0.7 25.5|n/a
Go-4 15.4 6.1 11.9 5.8 3.5 60.3 31
L3-5 13.9 6.4 10.9 4.5 3 66.7 25
42 12.7 5.95 10.1 4.15 2.6 62.7 21
Liguid Plastic  |Plastic
Limit Limit Index
o4 28 36

The fine-grained sample was found to have a liquid limit of 26, a plastic limit of 77 and a
plastic index of 51. The fine-grained, organic sample was found to have a liquid limit of 64, a
plastic limit of 28, and a plastic index of 36. The following equation was used to identify the

plastic index for each of the soils (Geotechnical Engineering):
Pl =LL —PL

We were then able to plot the liquid and plastic limits on the following chart to determine

the USCS group name for each of the soils (U.S. Army Corps.):

Fig. 3.6: fine-grained soil group names:
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From this chart, we see that the fine-grained material (elastic silt) plots as MH & OH and
the fine-grained organic material (peat) plots as CH & OH. Using this information, along with
information gleaned from the grain size distribution plots, we were able to identify each of the
samples according to the Unified Soil Classification System (USCS). The following table

compiles all of the relevant data need for the classification and the classifications themselves:

Table 3.4;: USCS soil classification:

sample SF-09-062 SF-09-026 SF-09-020

Dy, 0.35 0.075 0.032
D, 1.8 0.035 0.041
Dy 8.5 0.025 0.15
¢, (Deo/Dyg) 24.29 0.33 4.69
¢ [D%50/(Dss™D )] 1.09 0.65 0.35
fine fraction

(% passing 200) 2.99 57.14 53.07
coarse fraction

(% retained on #200) 97.01 42.86 46.93
cravel fraction

(% retained on #4) 52.91 8.32 7.55

sand fraction
(coarse fraction -

cravel fraction) 44,10 34.54 39.38
croup symbol SW MH OH

well-graded sandy elastic  |sandy organic
Sroup name sand silt clay

According to the USCS soil classification scheme, the fluvial material (SF-09-062) was
found to be a well-graded sand, with a group symbol of SW. The fine-grained material (SF-09-
026) was found to be a sandy elastic silt, with a group name of MH. The fine-grained organic

material (SF-09-020) was found to be a sandy organic clay, with a group symbol of OH.

According to the U.S. Army Corp. Levee Handbook, “[a]lmost any soil is suitable for

constructing levees, except very wet, fine-grained soils or highly organic soils” (4-2). Because of
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the cost benefits, we have proposed that the levees be built of material that is readily available in
the immediate area. Fortunately for the project, the well-graded sand that comprises the vast
majority of the site will be sufficient. In addition, the purpose of this endeavor is two-fold. The
first motive is to protect the Reno-Sparks area from the financial and human losses associated
with wide-spread flooding. The second is to restore the immediate area around the Truckee River
to a more natural, riparian state. After obtaining the material for the levee, the borrow pits will

serve as wetland areas, thereby helping to facilitate this transition.

Strength Characteristics:

In order to design a levee that will resist erosion and slope failure, the strength
characteristics of the well-graded sand must be analyzed. In order to do this, we conducted a
direct-shear test according to ASTM D3080 — 04 procedure. For this test, a representative sample
of the material is placed in a rectangular shear box, a normal load is applied to the sample, and a
shear load is slowly applied to the box, where one half of the box is displaced relative to the
other. Our test was a strain-controlled test, where the displacement is kept constant throughout
the duration of the test. The test was conducted three times, each with an incrementally greater
normal load. The shear load was applied for a total of six minutes for each run. During the run,
the shear force and horizontal displacement were recorded at thirty second intervals. From these
data, we were able to calculate the normal and shear stress on the specimen according to the

following equations:

Normal force

o = Normal stress = - -
Cross — sectional area of specimen

Resisting shear force

T = Shear stress = - -
Cross — sectional area of the specimen
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The data from the three runs of the direct-shear test is displayed in the table below:

Table 3.5: direct-shear:

Normal Load: 1535 Normal Load: 24.19 Normal Load: 33.04
Normal Stress: 3 84 Normal Stress: 6.05 Normal Stress: §.26
Horizontal | Horizontal |Shear Stress|Horizontal | Horizontal |Shear Stress|Horizontal| Horizontal |Shear Stress

Shear |Displacement (psi) Shear |Displacement (psi) Shear |Displacement (psi)
Force (Ib) (in) Force (Ib) (in) Force (Ib) (in)

0 0 0 0 0 0 0 0 0
9.15 0.037 22875 1328 0.04 3.32 17.44 0.039 4.36
10.68 0.08 267] 16.75 0.081 41875 1896 0.072 4.74
11.29 0.125 28225 18 0.13 45 19 89 0.11 49725
12.81 0.165 3.2025) 1922 0.169 4 805 2147 0.149 5.3675
1342 021 3.355) 1932 0211 4.88 2246 0.186 5615
14.03 02354 35075) 1932 0.256 488 2405 0226 6.0125
14.64 03 3.66] 1964 03 4.9 2513 0.265 6.2825
14.64 0.341 3.66] 1929 0.345 48225 1568 0.305 6.42
1528 0.386 382] 1952 0.389 488 2504 0345 6.26
1495 043 3.7375) 1932 0.434 488 25.04 0382 6.26
1536 0475 3.89] 19352 048 4.88 2504 042 6.26

Using these data, we then created a plot of the horizontal shear stress vs. the horizontal

displacement. This plot is shown below:

Fig. 3.7: shear stress vs. horizontal displacement:
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From these data, we were able to find the maximum shear stress for each run, and plot

that value vs. the correlating normal stress on the following plot:

Fig. 3.8: max shear stress vs. normal stress:

Max Shear Stress vs Normal Stress
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A linear trend line was fitted to the data, and the equation of the line was found according

to the slope-intercept form where:

y=mx+b»b

tan~t(m) = friction angle, ¢’

b = cohesion (psi)

From the equation, we found that the friction angle of the well-graded sand was 37.5° and

the cohesion was 14.41b/ft2.
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Consolidation:

A major concern for the construction of the levee was the potential for time-delayed
primary consolidation of the elastic silt and organic clay layers. It was determined that due to the
lack of fine-grained material in the well-graded sand, this unit would only undergo immediate
elastic settlement, and not consolidation settlement. Immediate elastic consolidation is not a
concern during the construction because it happens at once and can be compensated for as the
levee is constructed. However, primary consolidation is a concern because it can occur at a later
time, and to a greater degree than elastic consolidation. Significant time-delayed, primary
consolidation could threaten the competency of the levee and would be costly to fix after
construction. Our goal was to determine the maximum potential for consolidation of these fine-

grained layers.

Using data from the site investigation, we determined that there were three potential sub-
surface scenarios that could be encountered along the transect of the levee. These are identified

in the figure below:

Fig. 3.9: representative cross-sections:
Representative Soil Cross-section
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Profile 1 assumes that the first 20° of sediment is fluvial, followed by a 5’ thick lens of
elastic silt. Profile 2 makes a similar assumption except that the 5’ thick lens is composed of the
organic clay. Profile 3 assumes that no fine-grained material is encountered. All assume that the
water table is 8’ below ground surface.

To test the potential for consolidation of the fine-grained layers, a one-dimensional
laboratory consolidation test was conducted according to ASTM D4186 — 06 procedure. This
was performed using an oedometer, a device through which large loads can be evenly applied to
a soil sample and the deformation of the material can be observed. To use this apparatus, a fully
saturated, 1-inch thick, cylindrical sample of the material is loaded into the machine. Normal
loads are then incrementally applied to the sample, and the displacement of the sample is
recorded. It is important that the sample is allowed to consolidate completely before a greater
load is applied. Using the initial void ratio of the sample, which we gathered from table 3.2 in
Principles of Geotechnical Engineering, we were able to find the change in void ratio according
to displacement of the sample. The results of the consolidation tests are listed below:

Table 3.6: consolidation tests:

initial |Height of |Height of normal
change in total height |void  |the thevoids  |void effective stress
sample |time date height (in.) (in.) ratio, e |solids, H, |H, =H - H. ratio, e {ton;"f‘tl}

1441 4/19 0 1 0.715 2.51 0

1800 421 0.052 0.948 0.663 2.33 0.5

1810 4/ 0.088 0.912 0.627 2.20 2.5

2240 422 0.109 0.891 0.606 2.13 2.5

Peat 1200 af22 0.109 0.891 25 0.285 0.606 213 2.5
1205 4/22 0.1228 0.8772 0.5922 2.08 4.5

1430 4422 0.138 0.862 0.577 2.02 4.5

1612 af22 0.1395 0.8605 0.5755 2.02 4.5

1614 a4/22 0.167 0.833 0.548 1.92 8.5

1240 /26 0.215 0.785 0.5 1.75 8.5

1441 4/19 0 1 0.475 0.90 0

1800 421 0.0805 0.9195 0.395 0.73 0.5

1810 421 0.145 0.855 0.330 0.63 2.5

2240 a4/22 0.149 0.851 0.326 0.62 2.5

Silt 1200 4422 0.1491 0.8509 0.9 0.525 0.326 0.62 2.5
1205 af22 0.179 0.821 0.296 0.56 4.5

1430 a4/22 0.1825 0.8175 0.293 0.56 4.5

1612 4422 0.184 0.816 0.291 0.55 4.5

1614 4/22 0.2223 0.7775 0.253 0.48 8.5

1240 4426 0.239 0.761 0.236 0.45 8.5
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Effective stress (log-scale) vs. void ratio is shown on the following plots for elastic silt

and organic clay, respectively:

Fig. 3.10: normal load vs. void ratio. Elastic silt:
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Included on these graphs is the preconsolidation pressure of the elastic silt and organic
clay at their in-situ locations. The preconsolidation pressure was found according to the

following equation (Geotechnical Engineering):
o0 =Hyy, + (Hy-H)Ysat

where ¢ = total stress at in-Situ location
Yw = unit weight of water
Ysat = Saturated unit weight of the soil
H = height of the water table
Ha = distance between pt. A and water table

For the elastic silt, located in the center of the lens, 25° below the surface, the
preconsolidation pressure is 0.65 tons/ft*. For the organic clay, at the same location, the
preconsolidation pressure is 0.56 tons/ft. This variation is due to the dramatic difference in
saturated unit weight of the elastic silt and the organic clay. Using a graphical method described
in chapter 11.7 of Principles of Geotechnical Engineering, we were able to plot the virgin
consolidation curves correlating with the laboratory consolidation curves, for both the elastic silt
and organic clay. The slope of this virgin consolidation curve, C, of this curve will be used in
calculating total consolidation. From these plots we determined that C, of the elastic clay was

0.14, and C. of the organic clay is 0.8. These two plots are shown on the following page:
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Fig. 3.12: graphical procedure for calculating virgin curve, elastic silt:
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Fig 3.13: graphical procedure for calculating virgin curve, organic clay:
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With the virgin consolidation curves calculated for each of the vulnerable units, the
primary consolidation for each of the units can be calculated according to the following equation

(Geotechnical Engineering):

Se

C.H (aé + Aaé)
lo

T 1+e 0

where: S; = primary consolidation (inches)
C. = virgin consolidation curve
€o = initial void ratio
6’0 = in-situ effective overburden pressure (Ibs/ft?)
Ao’ = surcharge (Ibs/ft?)
H = thickness of vulnerable sediments (inches)

Using the saturated and unsaturated unit weights of each of the materials, we were able to
calculate the in-situ effective overburden pressure on the lenses. The surcharge in this situation is
the weight of the levee, which we calculated using the cross-sectional area of the levee and the
saturated unit weight of the well-graded sand. These data, along with the calculated primary

consolidation of each of the units is list in the tables below:

Table 3.7: primary consolidation, elastic silt:

PT z (ft.) Oy (psf) u, (psf) 1 Ao (pef) o'y (psf) | o' (psf) o' (psf) Sj (in.)
B 20 1947.8 748.8 0.33 481.8 1199 1199 1680.8 1
1 22.5 2057.2 904.8 0.33 4581.8 1152.4 1152.4 1634.2 1.78
Layer Thickness (ft) v (Ibs/ft%) 1 Water Table Depth (ft) 3
1 20 97.39 0.33 Load (Ibs/ft%) 1460
2 5 43.76 0.33| Precon. Pressure (lbs/ft?) 0

Table 3.8: primary consolidation, organic clay:

PT z(ft) Ou (PSf) | u. (psf) I Ao (pef) o'wo (psf] | o'y (psf) o'y (psf) Si {in.)
B 20 1947.8 748.8 0.23 481.8 1199 1199 1680.8 1
1 22.5 2196.575 904.8 0.33 481.8| 1291.775| 1291775 1773.575 2.04
Layer Thickness (ft) v (Ibs/ft%) 1 Water Table Depth (ft) 3
1 20 97.39 0.33 Load (Ibs/ft) 1460
2 5 99.51 0.33| Precon. Pressure (Ibs/ft’) 0
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It was found that the elastic silt and organic clay could potentially consolidate 1.8 and
2.17, respectively, due to the increase in overburden pressure from the levee. These values are
less dramatic than anticipated, and therefore should not be a major concern during the
construction of the levee. The main consideration will be ensuring that the levee is above the
maximum flood stage height after consolidation has occurred. Using a factor of safety of 1.5, this
can be achieved by constructing the levee total of 3.2” higher to compensate for potential

consolidation.

Hydraulic Conductivity:

If, during a flood event, water was able to travel through the entire length of the levee and
surface on the lee-side, that area would be especially vulnerable to slope failure by liquefaction
forces and piping. The hydraulic conductivity of the levee material was determined according to
the U.S. Army Corps. Design and Construction of Levees, where the D1 grain size is correlated
to K. For the well-graded sand, D1p = 0.35 and K = 0.24cm/s. Correlation is shown on the

following chart (U.S. Army Corps.):
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Section 4:

Levee Design
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Constraints on Levee Design

The design for the levee was constrained by a number of factors: local geology,
seismicity, max flood stage, and piping effects. Each of these factors affected the final design
for the levee.

The local geology affected the final design in several ways. The most common geologic
unit (fluvial sediments) was incorporated into the design as the main construction material, and
units prone to consolidation such as peats and clays were sampled and tested as well. The fluvial
sediments were mainly sands and coarser, and provided an excellent material for construction.
The fluvial nature of the river area causes the river path to change course over time, mandating
that the levee be built safely away from the river path or future river path.

Seismicity played a large role in the design. Possible designs that would be easily within
the required factor of safety (1.3) under normal conditions, failed catastrophically when
subjected to the type earthquake for design (the type earthquake for designs in the Reno area,
with an exceedence of 10% in 50 years has a peak ground acceleration of .4 m/s). The slopes of
the levee had to be drastically lowered in order to reach an acceptable factor of safety.

The max (predicted) flood stage dictated the height of the levee. The value of max flood
stage was found using the 1997 New Years Flood (a 100+ year flood), and extrapolating to find
the predicted flood height at the project location. The levee was designed to withstand floods
150% times the max flood stage of the 1997 New Years Flood.

The effects of piping during a flood constrained the levee design. The levee material is
very permeable sands and coarse grains, with a permeability value, k = 0.24 cm/s. At this rate,
water will travel through to the toe of the levee in 2.47 hours. To combat piping, a filter material

was designed which would allow the release of pore water pressure while preventing levee
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material to exit through piping. The filter, which was overlain with gravel and placed at the toe

of the levee, will prevent piping from damaging the dam.

Figure 4.1: Filter Design:
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Levee Design

The levee was designed using SLIDE by RocScience and inputting parameters
determined through laboratory testing. Several different geometries were tested under a range of
scenarios. The final design meets the US Army Corps of Engineering requirement of a 10 ft or
greater flat top, with a 1.3 factor of safety in all scenarios.

Four different scenarios were tested using Bishop’s Simplified Method. The first
scenario represented ideal conditions, which were dry, and had no seismic or car traffic. The

ideal scenario produced a factor of safety of 2.2 and is shown below:

Figure 4.2: Optimum Conditions
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The next scenario tested involved simultaneous truck (F-250) and earthquake (0.4 g)
loading. Using Bishop’s simplified method, a factor of safety of 1.309 was found. The SLIDE

analysis of the second scenario is shown below.

Figure 4.3: Loaded Conditions
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The third scenario was represented the levee at max flood stage. Using Bishop’s

simplified method, the factor of safety was calculated at 2.22.

Figure 4.4: Saturated Conditions
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The fourth scenario simulated the dam with an elevated water table after draining of the

max flood stage. Using Bishop’s Simplified method, the factor of safety was calculated to be

1.267.

Figure 4.5: Post-Draining Conditions
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The levee was drawn in AutoCAD to meet the specifications determined in SLIDE. The

design is shown in cross-section below.

Figure 4.6: Levee Cross-Section
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A representative section is shown on the next page, taken from A to A”’.

Figure 4.7: Map View
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Figure 4.8: Cross Section A-A’
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Project Summary:

After testing and design, the proposed levee project can be summarized as follows:
Earthen setback levee (15ft tall), designed for 100+ year flood event between Greg
St. and Rock Blvd. with a 37.5 degree friction angle, 14.4 psf cohesion, and a 1:2.5 slope
ratio
Six borrow pits on the river side of the levee

Relocation of Pioneer Ditch

Ecosystem restoration and landscaping
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