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CHAPTERI|

INTRODUCTION, REVIEW, and OBJECTIVES
Abstract

More than 5,500 small watershed dams designed and built with support from the
USDA Natural Resources Conservation Service (NRCS) will reach the endrdhe
year planned service life by 2018. Changes in watershed hydrology and hazard
classification due to urbanization often require these structures to passrglows than
were originally intended. Roller compacted concrete (RCC) steppéslagilprovide an
effective solution to this problem. Increased flow requirements, urban @iotstand
valley geometry call for convergent chute sections designed with slopaddraialls.

There are currently no generalized guidelines for convergent slopeddraiaiis.

A three-dimensional, physical model study was utilized to conduct an
investigation of sloped training wall convergence on 3:1 stepped spillway chutes
including flow patterns and run-up for both stepped and smooth sloped training walls.
Generalized relationships for stepped and smooth sloped training wall dimensions on a
3:1 RCC stepped spillway chute were developed. Results are expected io #sis

development of general design guidelines for stepped spillways.



Introduction

The United States Department of Agriculture (USDA) — Natural Ressurce
Conservation Service (NRCS) has been involved in the planning and/or construction of
over 11,000 small watershed dams beginning in the 1940’s with the largest number being
built during the 1960’s. These small watershed dams were primarily earthen
embankment dams built with 50 year planned service lives with the primary purpose of
flood protection on agricultural lands. Over half of these dams will reach the dradrof t
planned service life by 2018. Along with the normal problems associated with agi
infrastructure, many of these dams are being affected by urban spraselaskat
urbanization in a watershed provides some unique challenges: 1) urbanizatioraibptenti
alters the hydrology of the watershed, increasing the runoff, 2) urbanizatentiglby
alters the hazard classification of a dam, and 3) urbanization potentiathy limi
rehabilitation options. Many of these structures are in need of rehatnilithte to
factors associated with age and urbanization effects. Dam rehabilibgtions
generally include: 1) raising the top of the dam, 2) increasing spillwagita)
providing overtopping protection, 4) combinations of the previous options, or 5)
decommissioning the structure (Hunt et al., 2005). Increasing spillwayitysguad/or
providing overtopping protection are often the only viable options.

The use of roller compacted concrete (RCC) in the construction of stepped
spillways has proven to be a cost effective and efficient design and cowstructi

rehabilitation solution for increasing flow capacity. RCC stepped spyifivifigure 1.1)



can safely increase spillway capacity without increasing the sibe ofatm or depth of

the reservoir.

i g

Figure 1.1. RCC stepped spillway on an embankment dam.

Stepped channels and structures have been around for over 3,500 years (Chanson,
2002). Interest in stepped chutes and spillways decreased dramatically durimdy the m
1900s. However, there has been renewed interest and increased use of steppgd spillw
since the early 1980s (Rice and Kadavy, 1994). Interest in stepped spillways and
channels has been renewed in the past few decades due to their effectivenesdimg provi
overtopping protection, economic viability, and convenience for design and construction.
Stepped spillways provide effective energy dissipation and increased gplipacity
without taking up additional land. Another reason for the increasing popularity of
stepped spillways has been the evolution of the RCC dam construction technique (Boes
and Hager, 2003). Research of flow over stepped structures has mostly focused on
scaling effects, flow regimes, energy dissipation, and air entrainmeigthé

application of RCC stepped spillways for rehabilitation of USDA small wihaéer dams



in urban settings leads to non-conventional spillway geometries due to watemstage a
valley constraints imposed. These constraints have led to the need for congkulEsy
on RCC spillways. Convergence research has been limited, and due to the complexitie
of flow, little generalized design guidance for converging RCC steppkhaas exists
and even less exists for sloped converging training wall applications.
Stepped Spillway Modeling

Because of relatively large size of spillways, it is difficult, exgpee, and
impractical to build full scale dam prototypes for modeling purposes. Scaled model
studies are a more cost effective and practical way to analyze thenpeerta of a design
or compare multiple designs. Models dealing with open channel flows typically us
Froude numberH) similarity to scale the flows. Boes and Hager (2003) found that due
to the highly air entrained flow on stepped spillways, Weber (We) and Reynolds (Re
numbers should also be considered. At any scale other than 1:1, it is not possible to
satisfy Froude, Weber, and Reynolds similarity simultaneously. To elinsoake
effects of viscosity and surface tension, Re greater thaartDWe greater than 100 are
recommended by Boes and Hager (2003) in addition Chanson (2002) recommends using
a scale of 10:1 or greater.
Flow Regimes and Energy Dissipation in Stepped Chutes

Flow over stepped spillways is generally divided into two specific regjithe
nappe flow regime and the skimming flow regime (Diez-Cascon et al., 1994 M
recent work describes a transition flow regime as well (Chanson, 2002). Chanson (2002)
gives a detailed description of the determination and characteristicshafegane.

Nappe flow is described as a succession of free falling nappes (Chanson, 1994)n Flows



the nappe regime are the most efficient at energy dissipation (Chanson, 199d¢. Na
flows can be modeled as a series of drop structures where energy dissglasplace
as the flow impacts the step (Chanson, 1994). Skimming flow is characterized by a
smooth surface with recirculating vortices that develop between the mainnitbthiex
steps; this type of flow dissipates energy through the recirculatingastetween the
main flow and the steps (Chanson, 1994). Skimming flows tend to occur at higher flow
rates which for practical reasons are typically the range for stegmilwvay design
flows. Transition flows should be avoided due to excessive pressure fluctuations
(Chanson, 2002).
Air Entrained Flow

Due to the nature of the interaction of the steps with the flow in RCC spillways,
air entrained flow eventually develops along the chute depending on slope, discharge
step height, and chute length. Air entrained flow in the stepped chutes provide a
challenge to modeling if Weber number similarity is not achieved. Additioriallamnce
caused by the roughness of the steps aerates the flow and makes modetimydiow
stepped spillways more difficult especially at smaller scales {L10). Much of the
recent research on stepped spillway flow has been concerned with @mraetit (Boes
and Minor, 2002; Boes and Hager, 2003; Chanson et al. 2005; Chanson and Gonzalez,
2005; Kramer et al., 2006; Pfister et al., 2006). Air entrainment causes flow bulking
which is difficult to model at small scales (Boes and Hager, 2003). Redudgxhfand
energy dissipation is another concern. Boes and Hager (2003) as well as Pdister e
(2006) have done much to describe the two-phase flow characteristics found in stepped

spillways. Chanson (2002) and Boes and Hager (2003) each developed relationships for



determining the inception point or point where the turbulent boundary layer breaks the
surface of the flow and air entrainment begins. These equations were developed
primarily from data for stee® (> 22°) chutes, but Hunt and Kadavy (2007) showed that
Chanson’s relationship also worked well for slopes as flat as 4:1. Hunt et al. (2005) and
Hunt and Kadavy (2007) observed that the inception point occurs farther down the
spillway in flatter sloped stepped spillway (18° or less) applicationsigatied on small
watershed dams like those designed and constructed by NRCS. These stauetures
usually designed for high flow rates and tail water conditions. Under diégsign
conditions, these chutes are typically not long enough for fully air entrainedoflow t
develop. On NRCS type structures, air entrainment will therefore besafdasern
because of the relatively short chute lengths and flat slopes under desigaorittitioas.
Often times the inception point will occur beyond the end of the chute or within the tail
water region. This then leads to the conclusion that, air entrainment is not asrhaort
consideration for modeling of these relatively mild sloped small RCC spglwayhus,
air entrainment was not considered an issue in this study and smaller scalagneds!
considered appropriate.
Convergence

Engineers do not typically recommend or design convergent spillways due to the
complexities of flow that occurs, but due to the constraints that have been introduced by
urbanization and increased discharge capacity requirements, convergent Ry spi
have become a necessity. This leads to the need for the development of generalized
design guidance for these structures. One of the flow complexities thas oteur

convergent chute is the formation of an oblique hydraulic jump/shockwave along the



training walls of the spillway. Kindsvater (1944) studied hydraulic jumps in sloping
channels, but that work does apply to oblique hydraulic jumps found in converging
chutes. Oblique hydraulic jumps also known as standing waves or shockwaves were
characterized by Ippen and Dawson (1951) and Ippen and Harleman (1956). Tlgese ear
experiments looked at oblique standing waves in a horizontal channel caused by a
convergent vertical deflector wall. Relationships developed from these waligssdo
not accurately describe the flow in a sloped channel or flows in a channel witt slope
training walls. No known theoretical work in this area has been performednostsb0
years; therefore, there are no readily available design guidelines for gimigvelnutes on
slopes. According to the United States Army Corps of Engineers (USACE, 1990)
“Hydraulic model studies are usually conducted to verify the design of a centerg
chute.” Martin Vide et al. (1995) conducted a study on converging overfall spillways.
Specific model studies have been conducted to examine the characteristics of a
converging stepped spillway (Hanna and Pugh, 1997; Robinson et al. 1998; Hunt and
Kadavy, 2006; Frizell, 2006; Hunt et al. 2006b; and Hunt, 2008), but little generalized
guidance is available on converging stepped spillways with sloped trainirgy wall
Robinson et al. (1998) and Hanna and Pugh (1997) have investigated the
hydraulic performance of converging stepped spillways. Robinson et al. (1998)
conducted physical model studies on a steep (0.7H:1V) stepped chute with convergence
angles ranging from 0 to 32.5°. Findings from this study showed that as the convergence
angle of the training wall increased the flow run-up along the wall also setebut no
generalized approach for dimensioning the walls was developed. Flow run-fipeside

as the additional amount of water extending up the wall created by flow coneerae



compared to the normal flow depth observed in a non-converging spillway. Hanna and
Pugh (1997) conducted research on a 1:40 scale, steep (0.8H:1V) spillway with a
convergence angle of 16°. Both of these specific model studies were on gpespasid

no generalized guidelines were developed and are, therefore, not apptiaaitddively

flat sloped RCC stepped spillways with convergent sloped training walls.

In addition to these two model studies, Hunt et al. (2006a) conducted a 1:22 scale
physical model study on a relatively flat (3H:1V) slope stepped chute wbevergence
angles of 0°, 1% 3(, 52°, and 7®were tested. A 3:1 chute slope is consistent with
many of the aging USDA-NRCS watershed dams (Hunt and Kadavy, 2006). Gedkeral
design guidance was proposed by Hunt et al. (2006a) for 3:1 sloped converging stepped
spillways with vertical training walls, and Hunt (2008) has further refined thigrde
guidance for vertical training walls for converging stepped spillwayswveder, no
generalized guidance was developed for sloped training walls.

It has been suggested that stepped or smooth sloped training walls would be
preferred to vertical training walls on stepped spillways in urban areas \elnge
concrete walls could prove to be public safety hazards as well as eyesoresucions
efficiency and cost favor stepped training walls due to the consistenopsifwction
technique between the spillway chute and training walls. Smooth trainingweaild
add an additional step to the construction practice but have potential benefits in flow
performance (Hunt et al., 2006b). Stepped spillways with sloping stepped traiti;ng wa
have been investigated by Frizell (2006) and Hunt et al. (2006b). These investigators
observed that a significant amount of flow ran out along the stepped trainisg wall

beyond the end of the structure. Deflectors and a mid-level end sill were abtiite



the amount of flow run-out in Frizzel’s study. Hunt et al. (2006b) performed research on
converging sloped stepped training walls along with converging verticahiyaivalls

and observed that converging stepped training walls cause significant amdiows of

run out beyond the end of the structure and smooth sloped training walls significantly
reduced the run-up. However, neither of the specific model studies by R(G@H) or

Hunt et al. (2006b) resulted in generalized design criteria for stepped traiisg wa
Objectives

Two objectives are pursued in this research. The first objective is to conduct an
in-depth investigation of sloped training wall convergence on 3:1 stepped spillwag chut
including flow patterns and run-up for stepped sloped training walls and smooth sloped
training walls. The second objective is to develop generalized relationships f
describing the run-up on stepped and smooth sloped convergent training walls on a 3:1
stepped spillway chute. The second objective will result in more generalizgd desi
guidance in dimensioning training walls. Tasks required to meet the objectikekeinc
performing a three-dimensional physical model study of stepped spillwtybath
stepped and smooth sloped training walls and developing relationships based on
experimental data collected.

Chapter Il and Chapter Ill address these two research objectives.véabiew
patterns and run-up for both stepped and smooth sloping training walls as well as the
development of a generalized relationship for predicting run-up along stepped sloped
training walls are presented in Chapter Il. Chapter Il presents: 1)eaimdepth
investigation of run-up along smooth sloped training walls, 2) an evaluation of the

application of the momentum based relationship developed by Hunt (2008) for



convergent vertical walls to smooth slope training walls, and 3) the development and

application of a momentum based empirical relationship.
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CHAPTERII

PHYSICAL MODEL STUDY of RCC STEPPED SPILLWAYS
with SLOPED CONVERGING TRAINING WALLS

Abstract

Approximately half of the over 11,000 small watershed dams designed and
constructed under the supervision of the United States Department of Agriculture
(USDA) Natural Resources Conservation Service (NRCS) will reach thefeheir
planned service life by 2018. Many of these dams have inadequate spil\aaitycdpe
to changes in hazard classification and revised dam safety laws. Utioenafa
surrounding areas limits the rehabilitation options of these dams. Roller cethpact
concrete (RCC) stepped spillways provide an effective solution to this proBleoent
years have seen a growth in the research and application of RCC, but theresatkiyo r
available generalized guidelines for RCC stepped spillways with stepgetboth
sloped training walls. Research has been performed on converging spillwas/witte
vertical training walls. Public safety, aesthetics, and constructianesitly suggest
sloped training walls are often a more desirable option.

A generalized study of converging stepped spillways with sloped trainithg wal
was conducted at the USDA- Agricultural Research Service (ARS) Hydrauli
Engineering Research Unit in Stillwater, Oklahoma. The study utilizece-thr

dimensional small scale physical model. Model configurations consisted difragpi
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chute having a slope of 3(H):1(V) and training walls with slopes ranging I{éth1(V)
to 3(H):1(V). Water surface profiles and flow information were recordeddoh
configuration. Run-up along the wall was observed to be the controlling factor for
determining necessary dimensions of this type of structure. The objecthis study
was to increase the general knowledge of and help develop a generalizezhdqua
stepped sloping training walls.
Keywords: Flood control, Dams, Physical models, RCC, Stepped spillways, Dam
rehabilitation
I ntroduction

Over 11,000 small watershed dams were designed and constructed with the
technical and financial aid of the USDA-NRCS. More than half of theseshagdams
will reach the end of their planned service life within the next decade. Manysef the
dams were originally built to protect agricultural land. Urbanization hastedféice
hydrology of the watersheds and led to changes in the hazard classificatianyof m
structures. The major problem resulting from this change is that many ofitmasenow
have inadequate spillway capacity. In general rehabilitation options indludesing
the top of the dam, 2) increasing spillway capacity, 3) providing overtopping protection,
4) combinations of the previous options, or 5) decommissioning the structure (Hunt et al.,
2005). Land rights issues of surrounding areas limit the rehabilitation optionsef thes
dams. Raising the top of the dam or decommissioning the structure is often not a viable
option. RCC stepped spillways have shown to be a cost effective and easily tedstruc
solution for increasing spillway capacity. Stepped spillways can gadsky greater flows

without significantly increasing the size of the dam or depth of the reservoir.
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While RCC stepped spillways can be an effective rehabilitation option, tieere a
no general design guidelines for stepped or smooth sloped training walls. Stepped
spillways often require a large crest section in order to convey the desigryét land
rights and topography often demand that the spillway constrict down to the width of the
downstream channel. Reinauer and Hager (1998) point out that, spillway contra&ions ar
generally not used because of a fundamental lack in knowledge related to thdibydr
Better understanding of the hydraulics of this type of structure will resd#signs that
are less likely to cause erosion and potentially undermine the structure. & dasign
issue with spillway contractions is the development of a standing shock wave at the
converging training walls, which results in significant training wall hergquirements
to contain the flow. Reinauer and Hager (1998) developed generalized equations for the
standing wave heights for flat to slightly sloping smooth chutes with convergiticale
walls.

The US Army Corps of Engineers (USACE) recommends utilizing a model study
when designing converging RCC stepped spillways (USACE, 1990). Physical model
studies are utilized when there is a lack of understanding of a process or event. Model
studies are particularly useful in hydraulics research and can lead tera bet
understanding and mathematical models or equations describing flows or eventd. Rece
studies including Hunt et al. (2005) and Hunt and Kadavy (2006) have provided
information on converging vertical training walls for RCC stepped spillwaysveier,
concerns have been raised over public safety and aesthetics of verticah weban
areas. These concerns along with cost and construction efficiency have ledetst int

design guidelines regarding sloped converging training walls.
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Physical Modeling

Physical models dealing with open channel flow typically use Froudeasiyiio
scale the flows, but modeling hydraulic performance of RCC stepped spillagyises
special considerations related to scale. Boes and Hager (2003) found that due to the
highly air entrained flow on stepped spillways Weber and Reynolds numbers should also
be considered because of the effects of air entrainment on viscosity and sanéame.
To minimize scale effects a Re of’ldhd a We of about 100 are recommended (Boes
and Hager 2003). The additional turbulence caused by the roughness of the steps aerates
the flow causing flow bulking which is difficult to model at small scales (Boek
Hager, 2003). As a result of aeration scale effects, Chanson (2002) recommends using a
scale of 10:1 or greater. Boes and Minor (2002), Boes and Hager (2003), Chanson and
Gonzales (2005), and Kramer et al. (2006) have conducted research on air entrained
flows in stepped spillways. Typical slopes in these studies are greatetharuht et
al. (2005) and Hunt and Kadavy (2007) observed in their studies on flatter sloped (as
small as 14°) applications of RCC stepped spillways on small watershed dathsde
constructed by NRCS that air entrainment appears to be of less concemrf the
entrainment inception point as described by Chanson (2002) occurs near or beyond the
end of the chute. Based on these observations, it can be concluded that scaleesffects a
less important on flatter sloped spillways used on these embankment dams, and results
from these smaller scaled studies can be evaluated effectively ign gesposes.

Design of stepped spillways with sloping stepped training walls has been
investigated by Frizell (2006) and Hunt et al. (2006b). Frizell (2006) observed

significant flow run-out, flow beyond the end of the structure not confined to the ¢hanne
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along the stepped training walls in the converging stepped spillway modelctDefle
and the use of a mid-level end sill controlled the level of run-out observed (Frizell, 2006)
Hunt et al. (2006b) conducted preliminary investigations of converging sloped stepped
training walls along with hydraulic model studies with converging vetiaaing walls.
Interest in the performance and design of the sloping stepped training vaaitsts
several issues including safety, aesthetics, design, constructionnefficaéand cost. Hunt
et al. (2006b) also observed that converging stepped training walls causédasigni
amounts of run-out flow and smooth sloped training walls reduced the run-out
significantly. However, the study by Hunt et al. (2006b) did not result in geregtaliz
design criteria for the sloping stepped training walls.

The objective of this study was to conduct a more in-depth investigation of sloped
training wall convergence on 3:1 stepped spillway chutes including 1) an investighti
the flow patterns and run-up, and general design requirements for stepped sloped tra
walls, and 2) an investigation of the flow patterns and run-up, and design requirements
for smooth sloped training walls. Run-up height resulting from the standing shockwave
will be the controlling factor in determining spillway training wall dimens. Air
entrainment and energy dissipation were not considered for this study beodieselst
Hunt et al. (2005) and Hunt et al. (2006b) suggested that air entrainment will not affec
the design of the training walls for stepped spillways applied on small earthen
embankment dams under design flow conditions, since many of these structures have

relatively short spillway chute lengths and are expected to have highttilw
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Experimental Setup

Hunt et al. (2006a) conducted a three-dimensional small-scale model study of an
RCC stepped spillway providing a generalized equation for determiningoineerc
vertical training wall dimensions. This same model set-up was used in thigstud
investigate sloped training walls. The spillway model consisted of a 4.2 m (13.6€ft) oge
crested weir followed downstream by a 3(H):1(V) stepped chute with stdgseig
1.4cm (0.55 in). Preliminary observations in this study suggested that ¢hef tgyest
section will had little effect on the results. Elevations of the crest anul Wwase 0.64 m
(2.1 ft) and 0.19 m (0.63 ft) respectively. Total height from spillway to basin was 0.44 m
(1.5 ft). The crest was located at station 0 m (0 ft). Training walls wepegeendicular
to the spillway crest. Chute convergence was due to sloping training walls. Three
training wall slopes were tested; 1:1, 2:1, and 3:1 (H:V) in both stepped and smooth
configurations. These slopes were chosen for testing because these would be likel
slopes chosen for construction in the field. Spillway training wall slopes of 1:1n&:1, a
3:1 result in convergence angléspf 18°, 34, and 48 respectively. Figure 2.1 shows a
schematic of a stepped spillway configuration with a 3:1 chute section andifiig
walls. The initial spillway test configuration was set-up with trainind glapes of 1:1.
Subsequent configurations involved leaving the left training wall slope at 1:1 andalt
the right training wall side slope to 2:1 and 3:1. The right training wall slope wai$ause
test both stepped and smooth configurations. Figure 2.2 is a photograph of the model

running in the initial 1:1 configuration with smooth training walls.
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Figure 2.1. Schematic of converging stepped spillway chute with 3:1 sloped stepped
training walls set perpendicular to the spillway crest (not to scale).

The ogee crest section was machined out of PVC. Chute steps consisted of
polyurethane coated redwood sanded to exact specifications. Smooth training walls
consisted of polyurethane coated plywood. Training wall steps were assembéd out

pine coated in the same polyurethane.

Flows tested were all within the skimming flow regime as describechbpson

(1994, 2002). Table 2.1 summarizes all the unit discharges and critical detis test
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during the course of the experimental investigation. Critical depths wasuned at the
spillway crest. Flow was measured with orifice plates and an air-diffierential
manometer. Water surface and bed elevation data were collected with alynanual

operated point gauge.

Table 2.1. Summary of unit flow rateg,and corresponding critical deptlas, tested.
q (m’/s) de (M)

0.078 0.085
0.060 0.070
0.052 0.065
0.039 0.054

Results and Discussion

A major design issue with converging RCC stepped spillways is containment of
the increased flow depth at the training walls due to the standing shock wave that
develops (Hunt et al., 2005 and Hunt and Kadavy, 2006). Figure 2.3 shows the model
running under the 2:1 smooth sloping training wall configuration and the resulting shock
wave caused by the convergence of the chute. Run-up hegighige to the standing
shock wave is defined as the elevation the water flows up the training willerétathe
bed at that station. Figure 2.4 presents the depth of flow above the bed slrface,
normalized by critical depth at the spillway crekt,versus the horizontal distance across
the spillway chuteyw, normalized byl.. Two important points are defined in this figure
and are used throughout the results section to describe the results. The firsttpeint i
location of the initiation of the wave front, and the second point is the height of the run-

up, hy, relative to the cross-section bed elevation and normalizeg by
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Figure 2.3. Shockwave along the training wall due to convergence and the resuking run
up.
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Figure 2.4. Cross-section of 2:1 bed and water-surface profiles for smooiginaall
non-dimensionalized by critical depth of the flow at the spillway crest.

The wave front is an important feature in characterizing the flow in a apnger
chute. Ippen and Harleman (1956) characterized the shockwave location feelselati
mild sloped converging smooth chutes with vertical training walls by the regaltigle
p of the shockwave front. In order to describe the observed wave front location for the

test results in this study the same convention was chosen for describing thredbse
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wave front. Table 2.2 shows a summarydbr each model configuration. Based on an
evaluation of the data in table 22appears to be independent of unit dischaggand
d.. Additionally g does not appear to be affected by the addition of steps to the training

walls. For practical purposghkis approximately equivalent b

Table 2.2. Summary of shock wave front angldpr each run.

¢ for Stepped ¢ for Smooth
18° 34° 45° 18° 34° 45°
de B p p p B )]
0.085 23.2 39.7 44.2 23.8 37.1 41.1
0.070 23.1 37.9 44.1 20.6 42.1 43.5
0.065 20.9 37.8 42.4 18.9 36.8 41.8
0.054 23.3 37.8 44.3 23.8 36.0 43.0

Stepped Training Wall Run-up

Figure 2.5 shows the contrast of water level elevations at the trainitsganell
centerline for multiple convergences with stepped training walls at axfitweritical
depth of 0.085 m (0.28 ft). From this figure, it is obvious that an increase in convergence
angles leads to an increaséhin The actual flow behavior for a test flow with stepped
training walls can be observed in figure 2.6, and a similar test with smooth traislisg w
is shown in figure 2.7. Figure 2.6 depicts two items of interest: 1) there isapfiow
along the training wall similar to that observed for the smooth condition, and 2) the steps
cause a secondary shedding flow resulting in a highteéian occurs in the smooth
condition. It was also noted that small amounts of flow were observed along elven hig
elevations for stepped training walls, but this tertiary flow was consideneor and of
little consequence. The solid line in figure 2.6 on the stepped training walltexliba

top of this secondary flow and the dashed line in figure 2.6 shows the extent of the
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primary flow. The dashed line in figure 2.7 also shows the extent of the run-up on the

smooth training wall configuration.
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Figure 2.5. Run-up height and centerline depth vs. statiah fo0.085 m (0.28 ft) and
multiple convergences with stepped training walls.

Figure 2.6. Photograph of model with 1:1 Figure 2.7. Photograph of model with1:1
stepped training walt. = 0.085 m (0.28 ft) smooth training wall,= 0.085 m(0.28 ft)

For these data to be useful in a general design sense, they need to beeshrmaliz
By dividing the centerline deptld)andh, by d., dimensionless depths were found.

Centerline depth was defined normal to the plane of the chute. These dimensionless
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depths were plotted against the station divided:byFigure 2.8 shows these normalized
depths plotted against the normalized stationing for convergence angles of 0°, 18°, 34°,
and 45° for step sloped training walls. Figure 2.8 demonstrates that the run-up height
data for the four discharges can be collapsed for each convergence based on the
dimensionless run-up height terty/{l;). The dimensionless run-up height/d.) for the

stepped training wall convergences tested varies linearly to the end of the chut
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Figure 2.8. Non-dimensional plot bf/d. vs. X/d. for stepped training walls.

Run-up heighth{/d.;) was determined for each run at positions of 0, 2, 5, 10, 15,
and 20X/d. and plotted against convergence anglen figure 2.9. Averages of the

points for each convergence angle were calculated and plotted as curves forséam

in figure 2.9.
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Figure 2.9. Run-up heighit{d;) vs. convergence angle for six positions on the chute
X/d,, for stepped training walls.

Figure 2.10 shows the data from figure 2.8 with linear regression lineadbr
convergence configuration test. The intercept for each line dp/theaxis is
approximately 5/4. The slope of each regression line varies relative to the suptaof
the training wall slope ratio, defined as H/V (i.e.z= 3 for the 3(H):1(V) training wall
side slope). Based on the observations of these results a generalized dimensionles
equation was developed relative to the run-up hdiglie critical depthl., the

horizontal location downstream of the cr¥saind the training wall slope ratio

h 5 1(1}(21/2) 1)

=—4—
4 7(d,
This equation generalizes the height of flow runfarpl:1 to 3:1 stepped training

walls on a 3:1 RCC stepped spillway chute. A comspa of predicted and observed

values (figure 2.11) shows that equation (1) isdvaithin the range of values tested.
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Figure 2.10. Linear regression of stepped traimmd h, for ¢ = 18°, 34°, and 45°.
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Figure 2.11. Comparison of obsentgdd. and values predicted with equation (1).

Smooth Training Walls

Hunt et al. (2006b) showed that the use of smdoites training walls is a viable
alternative to stepped training walls. Smootmirag walls dramatically improve the
hydraulic performance of the spillway as seengnurfes 2.6 and 2.7. Figure 2.12 shows

water level elevations at the training walls andtedine for multiple convergences with
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smooth training walls at a flow with critical depth0.085 m (0.28 ft). Figure 2.13
compares run-up on stepped and smooth training i@lla single convergence and flow
rate. These data show that the secondary flongalws stepped training walls would
require significant increases in training wall dm®n requirements compared to the
smooth training walls, but this secondary flow ebpbssibly be controlled by placing
vertical deflector walls at the step elevationsiegjent to the run-up anticipated on the
smooth training wall configurations. The poteng#kctiveness and required height of

this type of walls will be determined in future dies.
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Figure 2.12. Run-up height and centerline deptistagion ford, = 0.085 m (0.28 ft) and
multiple convergences with smooth training walls.
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Figure 2.13. Comparison of run-up for smooth aeged training walls with
d. = 0.085 m (0.28 ft) and 18° convergence.

Figure 2.14 contains the same information as &gu8, but for smooth training
walls. The smooth run-up data normalizeddpygollapses to a single curve for each of
the four flow rates tested at each convergence vBlues do not increase linearly like
the stepped data does but instead appear to appaaaaximum for each convergence
angle as it moves downstream. Again the run-uphd@pd.) was determined for each
smooth training walled run at six stations andtphbagainst convergence anghein
figure 2.15. Figure 2.15 could be used as a desigifor determining dimensions of

smooth sloped training walls for stepped chutdwspils at the specific convergences

tested.
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Figure 2.14. Non-dimensional plot lafd. vs. X/d. for smooth training walls.
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Example Application
An example is presented to illustrate how equatigrcould be applied to assist
in designing training walls for a 3:1 stepped syl chute.
Example
Compare the stepped training wall height requicecbntain the run-up in a 3:1
stepped spillway chute at the end of the chuteme(station 28 m, 93 ft) for 1:1 and 3:1
stepped and smooth training walls.
d. at PMF =1.8 m (5.9 ft)
Crest width = 100 m (330 ft)
Spillway drop = 9.8 m (32 ft)
Chute locatiorX = 28 m (93 ft)
Step height = 0.3 m (1 ft)
- Calculation ofh, for 1:1 stepped and smooth sloped training walls:
STEPPED
z(1:1)=1
h = ((5/4 + 1/7%(28/1.8)*(1))*1.8) [Eq. 1]
h = 6.3 m (20.7 ft)
SMOOTH
h/d. = 1.4 [Figure 2.14]
h. = 2.5 m (8.3 ft)
- Calculation ofh, for 3:1 stepped and smooth sloped training walls:
STEPPED

z(3:1)=3
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h = ((5/4 + 1/7%(28/1.8)*(1))*1.8)
h = 9.3 m (30.4 ft)
SMOOTH
h//d. = 3.2 [Figure 2.14]
h, =5.8 m (18.9 ft)

In conclusion for these calculations the steppetisamooth chute training walls at
28 m (93 ft) downstream of the crest would neebde@ m (10) ft higher in elevation for
the 3:1 converging training walls than the 1:1 anging training walls.
Conclusions

A generalized relationship for converging stepgathing walls on 3:1 RCC
stepped spillway chute were developed. The arfgleeoshock wave frong, for this
type of chute is approximately equal to the conerog angleg, for both smooth and
stepped training walls. Visual observations andsuesd data show that the stepped
training walls cause a significant secondary flbattresults in a greater run-up height
than is observed in the smooth wall condition. fireup heightlf/d;) for stepped
training walls is between two and three times diamooth training walls depending on
the convergence angle. This does not take intouextdhe minor tertiary flow above the
major run-up. Hunt et al. (2006b) observed thatdhcondary flow can create problems
along the edge of the spillway if not properly taketo account. Stepped sloped training
walls would therefore need to be much larger thmaath sloped training walls and as a
consequence would require significantly more matefior construction than smooth
sloped training walls at the same convergenceo,Aall vertical deflector walls may

be needed to contain the minor tertiary flow thaswbserved on the converging stepped
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training walls. Run-up heighh{d.) for the secondary flow is a function of the tram
wall slope and critical depth and can be accuratalgulated for stepped training walls
using equation (1). These data should be helpfdetermining general design
guidelines for 3:1 RCC stepped spillway structutesigned with sloped stepped
converging training walls. Results are expecteassist in the development of
generalized equations for smooth sloped convergaiging walls. These equations will

be based on energy, force, and momentum principles.
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CHAPTER 11

STEPPED SPILLWAYSWITH SMOOTH SLOPED TRAINING WALLS

Abstract

More than half of the over 11,000 small watershaahsl designed and built with
support from the USDA Natural Resources Conseméaiervice (NRCS) will reach the
end of their 50 year planned service life by 20Changes in watershed hydrology and
hazard classification due to urbanization requiesé structures to safely pass greater
flows than were originally intended. Roller comigatconcrete (RCC) stepped spillways
are a proven rehabilitation option for increasimgharge capacity of these structures.
These structures are commonly designed with a anelet section and convergent
training walls along the length of the spillwayuldfic safety, aesthetics, and construction
efficiency suggest sloped training walls may beedgyred option. The research and
application of RCC have grown dramatically in reicgrars, yet no readily available
generalized guidelines exist for sloped trainindisva

A study of converging stepped spillways with slopedhing walls was
conducted at the USDA- Agricultural Research Ser¢A&RS) Hydraulic Engineering
Research Unit in Stillwater, Oklahoma. A small s¢c#three-dimensional, physical model
was utilized. The model consisted of a 3(H):1(pflway chute having training walls

with slopes ranging from 1:1 to 3:1. Training wadnvergence causes an oblique

36



hydraulic jump along the sides of the chute. Tesults in increased flow depths at the
walls and is a primary factor in determining reqditraining wall dimensions.
Objectives of this study included increasing theagal knowledge of flow in stepped
spillways with sloped training walls and developmeia generalized equation for
predicting run-up on smooth sloped training walls.
Introduction

The USDA — Natural Resources Conservation SeriNé&JS) has assisted in the
design and/or construction of over 11,000 smalkevsdted dams since the 1940’'s. A
majority of these dams are small earthen embanlgwiasigned to protect agricultural
land. In some cases, urbanization and land usggelsehave dramatically changed the
hydrology of the watershed, and as they near tdeoétheir 50 year design life, the
dams are in need of rehabilitation. Hazard clasgibn changes due mainly to this
urban encroachment require the spillways of thesesdo safely pass greater flows than
their original design intended. In many casesraibmpacted concrete (RCC) stepped
spillways are the only viable solution to increasagacity requirements. RCC is a
proven, cost effective rehabilitation option, atepped spillways can safely pass flows
equivalent to conventional smooth spillway chut€sirrent estimates project that up to
10% of the 11,000 watershed dams will be rehatelitavith RCC. In some cases these
structures will be converging chutes with vertioakloped training walls conforming to
the existing valley.

It is common for these structures to be construotest the top of the existing
earthen dam. In some instances this results iid@ gvest section at the top of the

spillway that converges at the base of the spillmayrder to conform to the existing
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valley. Vertical training walls on the sides oétspillway chute provide the most
obvious solution for containing the flow along #dges, but public safety, aesthetics,
and construction efficiency suggest sloped trainuadjs may be a more desirable option
in many cases. The research and application of R&€ grown dramatically in recent
years, yet currently no general design guidelingst éor stepped spillways or the
required training wall dimensions for convergingitgs at common embankment slopes.
Designers tend to avoid the use of spillway conimas due to the complexity of flow
and resulting fundamental lack in knowledge relatethe hydraulics (Reinauer and
Hager, 1998). Currently model studies are reconu®ey the US Army Corps of
Engineers (USACE) when designing converging stegpdbivays (USACE, 1990).

Physical model studies can be utilized to aid exuhderstanding of a process or
event, and are commonly used in hydraulics resedRetent studies including Hunt et
al. (2005), Hunt and Kadavy (2006), and Hunt (2d@8)e provided information on
converging vertical training walls for RCC stepsgullways. Many of these types of
structures will be placed in urban areas, and amisoaver aesthetics and public safety
have been raised. These concerns as well asrabsbastruction efficiency have
sparked interest in alternate designs includingesdostepped or smooth training walls in
place of vertical walls. Chapter Il investigatéepped and smooth sloped training walls
on RCC stepped spillways. Observed flow pattenasran-up for both stepped and
smooth sloping training walls as well as the deprlent of a generalized relationship for
predicting run-up along stepped sloped trainingswaktre presented. The objective of
this chapter is to examine stepped spillways witloath sloped training walls and

develop general design guidelines. Specificaléydghneralized equations developed for
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convergent vertical training walls (Hunt et al.0B@ and Hunt, 2008) are evaluated for
applicability to convergent smooth sloped trainivggls, and a momentum based
empirical relationship is also developed and evafilia
Modeling

When modeling free surface or open channel fldvesRroude numbeF}

is generally used to scale the flow:

F=to (1)

F is a dimensionless term that describes the réiioestial to gravitational forces in a
flow.

The Reynolds numbeR¢) is also often considered when working at smallesc
where viscosity could affect the results. In stxpppillway applications, the additional
turbulence caused by the roughness of the stepteadhe flow causing flow bulking
which is difficult to model at small scales (Boeglddager, 2003). Due to the highly air
entrained flows found on stepped spillways, itisammended the Weber numbésef
also be taken into consideration. To minimizeeediects, a&e of 10° and aWe of
about 100 are recommended (Boes and Hager, 20@3)prevent aeration scale effects
from becoming significant, Chanson (2002) recommsamging a scale of 10:1 or greater.
Research has been conducted on air entrained itostepped spillways by Boes and
Minor (2002), Boes and Hager (2003), Chanson anmiz&les (2005), Kramer et al.
(2006), Pfister et al. (2006), and Hunt and Kad@007). Typical chute slopes in these
studies are greater than 22° with exception to FmdtKadavy (2007), whose study
investigated a chute slope of 14°. Hunt et alOBPHunt and Kadavy (2006), and Hunt

et al. (2006a) observed that air entrainment lesd concern with flatter sloped (as small
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as 14°) applications of RCC stepped spillways fit@se constructed by NRCS because
the spillway chute length was relatively short, design flow was large, and the tail
water was significant. As a result, the aerated flegion did not fully develop within
the spillway chute. These observations lead tatmelusion that scale effects are less
important on flatter sloped spillways like the omsgd on NRCS embankment dams.
Therefore, results from smaller scaled studiesbeaavaluated effectively for design
purposes when the spillway chute length is reltigsaort and the design flow is large
such that the aerated flow region doesn’t beconikestablished.

Few studies have looked at the performance of@mivg stepped spillways
especially converging stepped spillways on flattekf18° or less). Robinson et al.
(1998) and Hanna and Pugh (1997) investigatedyteahlic performance of steep
converging stepped spillways. Robinson et al. 8 @@nducted physical model studies
on a steep (0.7H:1V) stepped chute and Hanna agid 997) conducted research on a
steep (0.8H:1V) converging spillway. These twalsta were steep sloped model studies
and no generalized relationships were developeaddition to these two model studies
Hunt et al. (2006b) and Hunt (2008) presented te$tdm 1:22 scale, three-dimensional
physical models on a relatively flat (3H:1V) slogtepped chute with vertical training
walls at convergence angles of 0°9,1%F, 52°, and 7Dwere tested. Hunt et al. (2006b)
observed that flow run-up along the vertical tnaghwall increased as the convergence
angle of the training wall increased. Flow runisigefined as the amount of water
extending up the wall created by flow convergenGeneralized design guidance was
proposed by Hunt et al. (2006a) and Hunt (2008émverging stepped spillways

having vertical training walls.
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Design of stepped spillways with sloping steppathing walls has been
investigated by Frizell (2006) and Hunt et al. @00 The studies by Frizell (2006) and
Hunt et al. (2006b) were specific model studies @idchot result in generalized design
criteria for stepped training walls. Hunt et &006b) conducted a few preliminary
investigations of converging sloped stepped traimsalls while conducting hydraulic
model studies with converging vertical training lwalHunt et al. (2006b) observed that
converging sloped stepped training walls causedifsignt amounts of run-out flow and
sloped smooth training walls reduced the run-upiBgantly. The studies presented in
Chapter Il and this chapter are an extension oHinat et al. (2006b) work with the
objective to develop generalized design criterre3{td):1(V) stepped spillways with
stepped and smooth sloped training walls perpefatitoi the chute. The study in
Chapter Il included an in-depth investigation dff,12:1, 3:1 sloped training wall
convergence on 3:1 stepped spillway chutes. Rumeights resulting from the standing
shockwave along the convergence of the chute amdrig walls was observed to be the
controlling factor in determining spillway trainivgall dimensions for the smooth sloped
training wall model configurations. The run-updt@s for stepped training walls were
also affected by the standing shock wave alongém@ergence, but in addition run-up
was affected by the steps themselves. The wagrithed in Chapter Il also resulted in
the development of a generalized equation for nuineight on stepped sloped training
walls. The work described in this chapter resuitethe development of a generalized

equation for smooth sloped training walls.
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Equation Development

Several approaches were evaluated for developirgjaation to describe run-up
along smooth sloped training walls on steppedwpails. The flow conditions in this
type of spillway chute, although complex, can b®uaged to be an oblique hydraulic
jump in a sloped chute. Oblique hydraulic jumps @mmonly referred to as standing
waves or shock waves (Chow, 1959).

Flow depth downstream of a hydraulic jump in a bomntal rectangular channel is

defined by (Chow, 1959),
d, =d, %(\/u 8F? -1 2)

whered; is the depth upstream of the junap s the depth downstream of the jump &nd
is the Froude number.

For sloped channels, the steeper the slope thejgsdicable equation (2)
becomes. Kindsvater (1944) looked at hydraulicganm sloping channels, and
developed a similar expression by replacing theifeaumbeF with aG which
accounted for the weight of water in the jump. @H{&959) describes thé term as a
function of theF and the chute slopé, Ippen and Harleman (1956) characterized
oblique shockwaves for flat sloped converging srhabiutes with vertical training walls

with a similar expression accounting for the argjléhe oblique shock wavg

d, :dlx%(\/1+8F2xsin2ﬂ—1) (3)
Their experiments looked at oblique jumps caused Yertical deflector wall
with convergence angles ¢f = 3°, 6°, 9°, 12°, 15°, 18°, and 21°. The cogesice

angles resulted in the formation of standing sheakes in the flow at an angl&to the
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same reference as Equation (3) developed by Ippen and Harlemabgl8oes not
apply to the stepped spillway case because offteet@f the chute slope and the
convergence angles tested are greater than 21°.

Equations for hydraulic jumps can be derived fraasib momentum (Chow,

1959):

%?u@@—ﬂm}za—g+mmme—a (4)
whereQ is volumetric flow rateg is gravity, y is the unit weight of wateyj, andf, are
momentum transfer coefficientg,is velocity,P is pressure\ is the weight of water in
the jJump, andr; is resistance due to friction.

The geometry of the system makes utilizing thspdified form of the
momentum equation invalid for the converging RCé&pped spillway configuration
(Hunt, 2008). Therefore, Hunt (2008) developecauation for describing the oblique
shock wave that develops at the vertical trainiadjsifor converging RCC stepped

spillways relying on a control volume analysis gseguation (4) in a general vector form

application (Chow, 1959):

SF = [ pRPe dA (5)

The equation developed by Hunt (2008) is,

/s, cody, Jcody) _ d” cosy

5 2 + pv2d(cog@)cody )sin(¢)+ sin(0)sin(g))’  (6)

where y is equivalent tean™ (sin(g) tan@ )) w2 is equal tdan™(cosg)tan@ )) andys

is equal taan ' (sin(#) *1/z). This equation was developed by determining a contro

volume, analyzing the force vectors on the contabime, and applying equation (5).
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In the development of equation (6), Hunt (2008) end following simplifying
assumptions:

“1) the velocity distribution on the face of theutt is uniform in the direction

implied by the unit vector parallel to the veloattywn the chute face, and this is

the velocity seen by the face of the control vollamay from the wall,

2) velocity direction changes suddenly at the sheitkin the control volume

such that the sides of the control volume have walgcity aligned with the unit

vector representing the velocity along the trainvadl, and

3) the pressure distribution is implied by the ased velocity vectors and is

assumed to be hydrostatic relative to the impliatewsurfaces at both the

training wall and in the undisturbed chute.”

Equation (6) can be rearranged to a form similagoations (2) and (3) containifg

(7)

4 g |coo+2* F ?(cosf cosy sing + sindsing)’
v cosy, Cosy
In-order to translate the depth),, to the minimum height of the vertical waHl,
required along the training wall of the steppedtehthe following equation was used by

(Hunt, 2008):

Ho— G 8)

! COS(WZ)

Even though the geometry and resulting flow coods for the smooth sloped
converging training walls are more complex, asrdginal step in evaluation, it was
hypothesized that the equation developed by HW@gpfor vertical training walls may

also be applicable. So a similar control volume awssumed for the smooth sloped
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converging training walls. Figure 3.1 shows a plaw of a stepped spillway with three
sections of interest: AA is the centerline profl is the section in the plane of the
intersection of the training wall and the chuted &C is perpendicular to the shockwave.
Sections AA, BB, and CC are shown in figure 3.2.

A B

Control Volume

Figure 3.2. Stepped spillway cross sections.

Comparing the vertical wall and sloped wall confagions, one finds that the
significant difference occurs in section CC. Cohttolumes for the different
configurations are shown in figure 3.3. Assumingekocity vector along the boundary is
parallel to the boundary, equation (7) can theapygied to stepped spillways with
smooth sloped training walls. This means thateleno flow through the control

volume boundary.
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Figure 3.3. a. Sloped training wall b. Vertiteaining wall
control volume control volam

Looking at section CC (figure 3.2) and assumirgdtirface of the flow in this
cross-section downstream of the shockwave is hatétathe elevation of the point at
which the flow reaches the wall is equal to therafien calculated by equation (8).
From figure 3.1 it can be seen that Hygcalculated would actually be located
downstream of the step in question. Thereforeafoenterline deptld, at a point
downstream of the cres{, equations (7) and (8) could be used to find tir@mum
training wall height required at a poiit+ AX downstream of the crest whet is

calculated by the following:

sing

tany,

AX = dwx( +sinl//2j 9)

Experimental Setup

Essentially the same small-scale three-dimensjomgdical model that was used
by Hunt et al. (2006b) was used with the exceptibdiffering training wall
configurations. The spillway model consisted df2am (13.6 ft) ogee crested weir
followed downstream by a 3(H):1(V) stepped chutthsiep heights of 1.4 cm (0.55 in).
Total height from spillway to basin was 0.44 m (ft)5and elevations of the crest and
basin were 0.64 m (2.1 ft) and 0.19 m (0.63 f3pextively. The crest was located at
station 0 m (O ft). Sloped training walls weremat to the spillway crest. All chute
convergence was a result of the sloping trainintiswa hree training wall slopes were

tested: 1:1, 2:1, and 3:1. Spillway training watipes of 1:1, 2:1, and 3:1 resulted in
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convergence angleg, of 18°, 34, and 48 respectively. Figure 3.4 shows a schematic of
a stepped spillway configuration with a 3:1 chuget®n and 3:1 training walls. The

initial spillway test configuration was set-up witlaining wall slopes of 1:1. Subsequent
configurations involved leaving the left traininglvslope at 1:1 and altering the right
training wall side slope to 2:1 and 3:1. Figure §hows the model running in the initial
1:1 configuration.

Plan
Crest

N\O|4

-

Basin

Cross Section
Crest

Basin
Figure 3.4. Schematic of converging stepped spillehute with 3:1 smooth sloped
training walls set perpendicular to the spillwagstr(not to scale).

e P

i ii} .I-:--::._ ' .
Figure 3.5. Small scale stepped spillway modeh il smooth training walls.
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The ogee crest section was machined out of a PV€riala Observations from
rudimentary tests suggest that the type of crestosewould have little effect on the
observed run-up along the training walls. Chugpsiconsisted of polyurethane coated
redwood, and training walls were constructed ouyialyurethane coated plywood.

Flows tested were all within the skimming flow nexg as described by Chanson
(1994, 2002). Table 3.1 summarizes all the usitithrges and corresponding critical
depths tested during the experiment. Orifice glated an air-water differential
manometer were used to measure flows. Water sudiagd bed elevation data were

collected with a manually operated point gauge.

Table 1. Summary of unit flow rateg,and corresponding critical deptlas, tested.

q(m%s) de (m)

0.078 0.085
0.060 0.070
0.052 0.065
0.039 0.054

Results and Discussion
Figure 3.6 shows the model running under ther2ihibhg wall configuration and

the resulting shock wave caused by the convergeitte chute.
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.l : .
Figure 3.6. Shockwave aforig the training wall duednvergence on a 2:1 smooth
sloped training wall.

Centerline depths and flow information were usedaiculateF down the chute.
Froude numbers were plotted against relative mos{/d.) in figure 3.7. The values for
F at different discharges appear to collapse irgmgle curve when compared to relative

position with Froude numbers reaching a maximurnealf 3 to 4 in this configuration

and range of flows.

5
4 . :00':3 ® ®
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Figure 3.7. Froude numbe¥)(vs. relative positionX/d.) with qin mé/s.
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Flow run-up along the training walls is due to sit@nding shock wave that
occurs. Run-up heighty, is defined as the elevation the water flows wgtthining wall
relative to the bed at that downstream stationuff@@.8). Figure 3.8 presents the depth
of flow above the bed surfaad, normalized by critical depth at the spillway ¢rels,

versus the horizontal distance across the spillehaye, w, normalized bg.

—s— Water Surface
51 ——Bed

Z=2
4 N

\ 1 Point of wave front initiation
2 /
1 Run-up height /

T NS

Height (d/dc)
w

5 10 15 20
Chute Width (w/d)

o

Figure 3.8. Cross-section of 2:1 bed and watdiasarprofiles for smooth sloped
training wall non-dimensionalized by critical deththe flow at the spillway crest.
Figure 3.9 shows water level elevations at thiaitrg walls and centerline for all
convergences tested at the highest flow with alittiepth of 0.085 m (0.28 ft). Dividing
the centerline depthl, and the run-up height;, by the critical depthj., resulted in
dimensionless depths. The centerline depth wasetehormal to the plane of the chute
intersecting the end tip of each step. Dimensgstepths were then plotted against the
station divided byl.. Figure 3.10 shows these normalized depths plai@inst the
normalized stationing for convergence angles ofl8°, 34°, and 45°. Th& normalized

by d. from each of the four flow rates tested collapgses single curve for eagh Figure
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3.10 could be used as an empirical design toadétermining dimensions of smooth

sloped training walls for stepped chute spillwatytha specific convergences tested.
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Figure 3.9. Run-up height and centerline deptlstation ford. = 0.085 m (0.28 m) and
multiple convergences with smooth training walls.
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Figure 3.10. Non-dimensional plot lafd. vs. X/d. for smooth training walls.
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An example of run-up height calculated with equiadi (7) and (8) vs. observed
run-up is shown in figure 3.11. The relationshgveloped by Hunt (2008) for vertical
training walls tends to underpredict the run-updimped training walls. Figure 3.11
shows that the initial hypothesis to use equatiyrdpes not account for the complexity
of flow observed for the smooth sloped traininglgalThis is most likely due to several
reasons including: 1) equation (7) does not acctmrthe impact of the spatially varied
flow condition in the sloped training wall settir®), the assumption that the predicted
depth of flow projected horizontally normal to tt@nvergence angle is too large a
simplification, and 3) the assumption that no flitux leaves the control volume on the

opposing face to the front may not be valid.
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+ Data o ;, }
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Figure 3.11. Observed vs. Predicteaalculated with equation 8.

It was observed that the values foico$é, cosy, andcosy», in equation (7) were
approximately equal to 1 arsthdfor a 3:1 spillway chute is 0.31. Therefore, dtpma

(7) may be simplified to:
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d, = d, x/1+ 343F ?sin? ¢ (10)
with virtually the same results. While equatio@)#loes not change the results it does
give some indication as to a possible form of amagiqn that could be empirically
derived for this set of data.

A dimensionless empirical relationship was devetbpased on linear regression
with the termsh,/d, di/d;, F, sing, andX/d.:

h d, X )e
— =—|1+2F sing?| — 11
g ¢(dj (12)

C Cc C

The empirical relationship shown by equation (& developed for 3:1 chutes
with training walls ranging in slope from 0 to 3:Equation (11) is a combination of the
form of the theoretical equations based on momermtadthe empirical relationship
developed in Chapter Il for stepped training walsa 3:1 chute. Figure 3.12 shows
predicted vs. observdd/d. as calculated with equation (11). In figure 3 A&dicted
values are plotted as solid lines on a plot sintddrgure 3.10. Compared with equation
(7), equation (11) has the advantages of simpliditgct calculation off,, and fits the

data.
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Figure 3.12. Predicted vs. Obsenefdl, calculated with equation 11.
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Figure 3.13. Predicted and Observgd, vs. X/d. on smooth training walls.

Conclusions
Water surface data and visual observations frasnstindy provide useful
information for development of generalized relasioips for smooth sloped training

walls on 3:1 RCC stepped spillway chutes. The dataonstrates that empirical
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equation developed can accurately predict the pufeusmooth sloped training walls for
the ranges tested. The equations should not lekfas&aining wall slopes greater than
3:1 without further testing. These data shouldh&leful in determining general design
guidelines for 3:1 RCC stepped spillway structutesigned with smooth sloped training

walls.
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CHAPTER IV

SUMMARY, CONCLUSIONS, and FUTURE RECOMMENDATIONS
Summary

An abundance of aging watershed dams in neechabiiation exist in the
United States today. RCC stepped spillways proaidest effective alternative solution
to the rehabilitation needs of many of these daifiie application of RCC stepped
spillways will require converging chute sectionsame cases in order to fit the
limitations of the urban setting and valley geometstepped or smooth sloped training
walls can provide the needed convergence while@®ading public safety, aesthetic,
and construction efficiency benefits. To date ¢lfead been no general design guidelines
for stepped spillways with stepped or smooth sldpa&iding walls. Therefore, a small
scale physical model study of stepped and smootfedltraining walls on a 3:1 stepped
spillway chute was carried out at the USDA-ARS Hydic Engineering Research Unit.
The objectives of this study were to conduct arestigation of sloped training wall
convergence on 3:1 stepped spillway chutes inctutlow patterns and run-up for
stepped and smooth sloped training walls and dpwgdoeralized relationships for
describing the resulting run-up. Flow patterns amdup are examined in Chapter II.
An empirical relationship for determining run-up stepped training walls is also
presented in Chapter Il. Chapter Il presentsrapigcal relationship for determining

run-up on smooth sloped training walls and a comparto theoretical relationships.
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Conclusions

Generalized relationships were developed for caging stepped and smooth
sloped training walls on a 3:1 RCC stepped spillelayte. Visual observations and
measured data show that the stepped training walise a significant secondary flow
that results in a greater run-up height than ieohel in the smooth wall condition. A
minor tertiary flow also exists above the secondiany along the stepped training walls.
Run-up heightl{/d;) for stepped training walls is between two an@é¢htimes that of
smooth training walls depending on the convergamgge. This does not take into
account the minor tertiary flow above the major-tym Hunt et al. (2006b) observed
that the secondary flow can create problems albegtige of the spillway if not properly
taken into account. Stepped sloped training watlald need to be significantly larger
than smooth sloped training walls and would reqomesiderably more materials for
construction than smooth sloped training wallatdame convergence. Also, small
vertical deflector walls may be needed to contaenrhinor tertiary flow that was
observed on the converging stepped training walls.

Relationships for stepped and smooth sloped trgimall dimensions were
developed in Chapter Il and Chapter Ill. The relahip for stepped training wall
dimensions was based on run-up height for the skxgrilow and was a function of the
training wall slope and critical depth. Theoreltiequations for vertical training walls
were investigated as a possible solution to priegdjeun-up height for smooth sloped
training walls but were shown to be insufficiedn empirical relationship was
developed which accurately predicts the run-upsfoooth sloped training walls for the

ranges tested. The relationships developed irsthy should not be used for training
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wall slopes greater than 3:1 without further tegtifResults are expected to assist in the

development of generalized equations for smootbesl@onverging training walls.

Futurerecommendations
The objectives of this research have been metengresented in Chapter Il and

Chapter lll. Results presented in Chapter Il ahdyZer 11l provide useful information to

improve the general knowledge and assist in thegydes stepped spillways with stepped

and smooth sloped converging training walls. Fusiuelies should attempt to:

1) Expand the generalized equation for steppewitigawalls on 3:1 spillway chutes
to the potential range of anticipated field apgtiion of 2:1 to 4:1 chute slopes.

2) Evaluate applicability of generalized equationgmooth training walls on 3:1
spillway chutes to the potential range of antitapdfield application of 2:1
to 4:1 chute slopes.

3) Evaluate potential structural modifications thmaght help constrain the flow run-
out observed on stepped sloped training walls.ciBpally, short vertical walls at
the run-up level observed on smooth sloped trainialls for equivalent flows on
the stepped slope training walls should be evatliate

4) Evaluate freeboard or safety factors to apphestults from the generalized
equations for stepped and smooth sloped trainirig wethe field that are

consistent with application requirements.
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Figure A.1.Schematic of converging stepped spillway model WBithsloped stepped
training walls set perpendicular to the spillwagstr(not to scale).
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Figure A.2. Centerline cross section of steppelivsy model.

Table A.1. Centerline water surface data for 1:bati training walls g = 0.078 7s.

Run # 1 Recorder | RW
Date 6/28/2007 BM-0 rd. | x=24.68 y=65.02| z=2.873
time X y z commentg
ft ft ft
10:44 11.00| 75.20 2.462| Centerline
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12.00f 75.20 2.462
14.00f 75.20 2.461
16.00| 75.20 2.458
18.00| 75.20 2.458
20.00{ 75.20 2.456
22.00] 75.20 2.455
23.00] 75.20 2477
24.00{ 75.20 2.411
24.20{ 75.20 2.404
24.40] 75.20 2.405
24.65| 75.20 2.397
24.76] 75.20 2.386
24.78| 75.20 2.382
24.87| 75.20 2.361| Crest
25.10f 75.20 2.278
25.30] 75.20 2.176
25.42| 75.20 2.122
25.55| 75.20 2.064
25.69| 75.20 2.008
25.83| 75.20 1.951
25.97| 75.20 1.895
26.11] 75.20 1.844
26.24| 75.20 1.797
26.39| 75.20 1.740
26.51| 75.20 1.695
26.65| 75.20 1.641
26.79| 75.20 1.591
26.93| 75.20 1.543
27.06] 75.20 1.503
27.19| 75.20 1.454
27.33| 75.20 1.399
2747 75.20 1.354
27.61] 75.20 1.301
27.75] 75.20 1.260
27.89| 75.20 1.212
28.04| 75.20 1.160
28.16] 75.20 1.119
28.30] 75.20 1.068
28.43] 75.20 1.022
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28.57| 75.20 0.978

28.71] 75.20 0.931

28.84| 75.20 0.885

28.98| 75.20 0.837

29.13] 75.20 0.792

29.15] 75.20 0.785

29.30] 75.20 0.743

29.60] 75.20 0.740

29.90] 75.20 0.740

30.21] 75.20 0.746

Table A.2. Run-up water surface data for 1:1 smémihing walls q = 0.078 frs.

Run # 1 recorder] RW
BM-0
Date 6/28/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

23.84| 67.86| 2.425

24.00, 67.86| 2.420

24.20{ 67.87| 2.418

2440 67.88] 2.408

24.65| 67.89] 2.398

24.76| 67.90] 2.393

24.78| 67.91] 2.389

24.87| 67.92] 2.379

25.10] 67.95] 2.350

2530 67.99] 2.290

25.42| 68.025| 2.317

25.55| 68.065| 2.253

25.69| 68.12] 2.205

25.83| 68.17] 2.160

25.97| 68.23] 2.108

26.11) 68.28| 2.057

26.24| 68.34] 1.999

26.39| 68.41] 1.937

26.51| 68.45| 1.892

26.65] 68.51] 1.835
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26.79| 68.565| 1.786
26.93| 68.62] 1.730
27.06) 68.67| 1.679

27.19| 67.71] 1.643

27.33] 68.77] 1.589
2747 68.81] 1.550

27.61] 68.86] 1.500

27.75 68.91] 1.455
27.89| 68.95] 1411
28.04| 69.00] 1.360

28.16] 69.04] 1.318
28.30] 69.09] 1.261
28.43| 69.12] 1.225

28.57| 69.17] 1.176

28.71] 69.21] 1.134
28.85| 69.26] 1.088
28.98] 69.30] 1.036
29.13| 69.35| 0.987
29.15| 39.35| 0.985
29.30] 69.41| 0.924
29.60] 69.49, 0.829
29.90] 69.54| 0.776
30.21] 69.56| 0.759
30.50] 69.56] 0.755

Table A.3. Cross section water surface data fostntoth training walls q = 0.078%s.

Run # 1 recorder] RW
BM-0
Date 6/28/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.87| 97.92] 2.381
24.87| 9795 2.378
24.87| 68.00] 2.378
24.87| 68.10] 2.373
24.87| 68.20] 2.369
24.87| 68.30] 2.365
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24.87| 68.50] 2.359
24.87| 68.70] 2.359
24.87| 69.00] 2.360
24.87| 70.00] 2.365
24.87| 71.00] 2.361
24.87| 73.00] 2.362
24.87| 75.20] 2.362
24.87| 77.00] 2.361
24.87| 79.00] 2.361
24.87| 80.00] 2.363
24.87| 81.00] 2.357
24.87| 81.50] 2.357
24.87| 81.70] 2.360
24.87| 81.90] 2.361
24.87| 82.00] 2.362
24.87| 82.10] 2.364
24.87| 82.20| 2.366
24.87| 8247 2.381
25435 68.03| 2.287
25435 68.10| 2.273
25435 68.20] 2.251
25435 68.30| 2.228
25435 68.40| 2.205
25435 68.50| 2.176
25435 68.60| 2.155
25435 69.00] 2.120
25435 71.00] 2.116
25435 73.00] 2.115
25435 75.20| 2.116
25435 77.00] 2.114
25435 79.00] 2.115
25435 81.00] 2.117
25435 81.50| 2.125
25435 81.60| 2.132
25435 81.70] 2.143
25.435 81.8] 2.155
25435 81.90| 2.178
25435 82.00] 2.202
25435 82.10] 2.229
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25435 82.20| 2.248
25435 82.37| 2.282
26.5| 68.45| 1.897
26.5| 68.60] 1.873
26.5| 68.70/ 1.861
26.5| 68.80] 1.858
26.5| 68.93] 1.851
26.5| 69.05| 1.796
26.5| 69.20f 1.755
26.5| 70.00/ 1.710
26.5| 73.00/ 1.702
26.5| 75.20f 1.703
26.5| 77.00f 1.700
26.5| 79.00] 1.701
26.5| 81.00f 1.723
26.5| 81.38] 1.790
26.5| 81.49| 1.853
26.5| 81.60/ 1.867
26.5| 81.70| 1.875
26.5| 81.80] 1.880
26.5| 81.99| 1.918
27.61] 68.85] 1.505
27.61] 69.00] 1.489
27.61] 69.10] 1481
27.61] 69.20] 1474
27.61] 69.43] 1.482
27.61] 69.53] 1414
27.61] 69.60] 1.393
27.61] 69.70] 1.373
27.61] 70.00f 1.350
27.61] 73.00] 1.304
27.61] 75.20] 1.305
2761 77.00] 1.306
27.61] 79.00] 1.309
27.61] 80.00] 1.323
27.61] 80.70] 1.360
27.61] 80.93] 1.398
27.61) 81.00f 1.477
27.61] 81.20] 1.469

68




27.61] 81.60] 1.518
28.69| 69.21] 1.139
28.69| 69.40] 1.109
28.69| 69.61] 1.096
28.69| 69.85] 1.085
28.69| 69.93] 1.048
28.69| 70.10] 1.024
28.69| 73.00] 0.941
28.69| 75.20] 0.940
28.69| 77.00] 0.938
28.69| 80.00] 0.986
28.69| 80.46| 1.039
28.69| 80.67] 1.098
28.69| 80.84] 1.094
28.69| 81.00] 1.107
28.69| 81.27| 1.162
29.115] 69.34] 0.995
29.115 69.50| 0.973
29.115] 69.73| 0.959
29.115] 69.84| 0.940
29.115 70.09] 0.914
29.115 70.20] 0.901
29.115 70.30] 0.895
29.115 71.00] 0.844
29.115 73.00] 0.796
29.115 75.20| 0.800
29.115 79.00| 0.815
29.115 80.20| 0.889
29.115 80.37| 0.915
29.115] 80.55| 0.932
29.115/ 80.80| 0.964
29.115 81.00] 0.980
29.115 81.13] 1.011
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Table A.4. Centerline water surface data for 1: bt training walls g = 0.060 7s.

Run # 2 recorder] RW
BM-0
Date 71212007 rd. x=24.68| y=65.03| z=2.873
time X y z comments
ft ft ft
10:44 12.00| 75.20| 2.396| Centerline

14.00f 75.20f 2.396

16.00| 75.20f 2.395

18.00f 75.20f 2.395

20.00f 75.20] 2.395

22.00{ 75.20] 2.393

23.00f 75.20] 2.386

23.84| 75.20] 2.366

24.00{ 75.20] 2.361

24.20{ 75.20] 2.360

24.40| 75.20] 2.359

24.65| 75.20] 2.349

24.76| 75.20] 2.335

24.78| 75.20] 2.332

24.87| 75.20] 2.314| Crest

25.10{ 75.20] 2.225

2530 75.20] 2.129

2542 75.20] 2.075

25.55| 75.20] 2.023

2597 75.20] 1.861

26.52| 75.20] 1.662

27.06] 75.20] 1.476

27.62| 75.20] 1.282

28.16] 75.20] 1.099

28.71| 75.20] 0.918

29.13| 75.20] 0.778

29.16] 75.20] 0.769

29.30 75.20f 0.732

29.60] 75.20] 0.746

29.90{ 75.20] 0.753

30.21] 75.20] 0.746
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Table A.5. Run-up water surface data for 1:1 smémihing walls q = 0.060 frs.

Run # 2 recorderl RW
BM-0

Date 6/28/2007 rd. x=24.68| 65.03| z=2.873

time X y z comment]
ft ft ft
23.84| 67.91| 2.375
24.00f 67.91| 2.373
24.20| 67.92| 2.370
24.40| 67.93| 2.364
24.65| 67.94| 2.354
24.76| 67.95| 2.346
24.78| 67.95| 2.345
24.87| 67.96| 2.337
25.10{ 67.99| 2.308
25.30{ 68.04| 2.271
25.42| 68.080| 2.239
25.55| 68.130| 2.198
25.70| 68.19| 2.146
25.83| 68.25| 2.090
25.97| 68.31| 2.038
26.11| 68.37| 1.980
26.25| 68.42| 1.924
26.39| 68.49| 1.864
26.52| 68.54| 1.811
26.65| 68.59| 1.765
26.79| 68.640| 1.715
26.93| 68.68| 1.671
27.06| 68.73| 1.632
27.20| 68.78| 1.588
27.34| 68.82| 1.537
27.47| 68.86| 1.501
27.62| 68.91| 1.459
27.75| 68.96| 1.412
27.89| 69.00f 1.371
28.04| 69.05| 1.317
28.16| 69.08| 1.281
28.30| 69.13| 1.220

71




28.43| 69.18] 1.173
28.57| 69.22] 1.130
28.71| 69.26] 1.086

28.85| 69.31] 1.038

28.98| 69.35] 0.991
29.13] 69.41] 0.935

29.16] 69.41] 0.930

29.30{ 69.45| 0.883
29.60{ 69.53| 0.788
29.90| 69.58| 0.746

30.21] 69.58] 0.789

Table A.6. Cross section water surface data fostntoth training walls q = 0.060%s.

Run # 2 recorder; RW
BM-0
Date 7/2/2007 rd. x=24.68| y=65.03| z=2.873
time X y z comments
ft ft ft

24.87| 67.96] 2.333
24.87| 68.10] 2.328
24.87| 68.20] 2.324
24.87| 68.40] 2.318
24.87| 68.60] 2.317
24.87| 69.00] 2.314
24.87| 71.00] 2.315
2487 73.00] 2.317
24.87| 75.20] 2.318
24.87| 77.00] 2.316
24.87| 79.00] 2.316
24.87| 81.00] 2.314
24.87| 81.20] 2.315
24.87| 81.40] 2.316
24.87| 81.60] 2.315
24.87| 81.80] 2.320
24.87| 81.90| 2.327
24.87| 82.00] 2.320
24.87| 82.20] 2.324
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24.87| 82.42| 2.333
2544 68.09] 2.230
25.44| 68.20] 2.208
25.44| 68.30] 2.186
25435 68.40| 2.162
25435 68.50| 2.129
25435 68.60| 1.107
25435 69.00] 2.074
25435 71.00] 2.070
25435 73.00] 2.072
25435 75.20| 2.073
25435 77.00] 2.072
25435/ 79.00] 2.073
25435 81.00] 2.075
25435 81.60f 2.088
25435 81.70] 2.095
25435/ 81.80] 2.113
25435 81.90] 2.130
25435 82.00] 2.196
25435 82.15] 2.195
25435 82.32] 2.230
26.5| 6853 1.823
26.5| 68.70] 1.809
26.5| 38.80| 1.804
26.5| 38.93| 1.807
26.5| 69.08] 1.740
26.5| 69.20] 1.713
26.5| 69.30] 1.704
26.5| 71.00] 1.675
26.5| 73.00] 1.673
26.5| 75.20] 1.674
26.5| 77.00] 1.675
26.5| 79.00] 1.676
26.5| 81.00] 1.692
26.5| 81.20] 1.712
26.5| 81.38] 1.755
26.5| 8152 1.817
26.5| 81.60/ 1.815
26.5| 81.70] 1.818
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26.5| 81.80] 1.828

26.5| 81.91] 1.846
27.61] 68.91| 1.458
27.61] 69.00] 1.445
27.61] 69.10] 1.434
27.61] 69.20] 1.420
27.61] 69.30] 1.405
27.61] 69.40| 1.423
27.61] 69.50| 2.375
27.61] 69.60] 1.353
2761 70.00, 1.318
2761 71.00f 1.293
2761 73.00] 1.282
27.61] 75.20| 1.287
2761 77.00) 1.287
27.61] 79.00/ 1.289
27.61] 80.00] 1.300
27.61] 80.40, 1.316
27.61] 80.60] 1.325
27.61] 80.70] 1.335
27.61] 80.80| 1.347
27.61] 80.90, 1.359
27.61] 81.02| 1.425
27.61] 81.10/] 1.418
27.61] 81.20f 1.418
27.61] 81.30| 1.427
27.61] 81.52| 1.450
28.69| 69.25| 1.093
28.69| 69.40, 1.065
28.69| 69.50| 1.065
28.69| 69.60] 1.054
28.69| 69.70/ 1.033
28.69| 69.80] 1.025
28.69| 69.90| 1.006
28.69| 70.00/ 1.002
28.69| 71.00f 0.935
28.69| 73.00/ 0.920
28.69| 75.20] 0.920
28.69| 77.00f 0.920
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28.69| 79.00/ 0.932

28.69| 80.20f 0.975

28.69| 80.30] 0.986

28.69| 80.40, 0.998

28.69| 80.50| 1.005

28.69| 80.60/ 1.018

28.69| 80.70, 1.032

28.69| 80.80| 1.030

28.69| 80.90| 1.058

28.69| 81.00] 1.064

28.69| 81.22| 1.113

29.115]| 69.39] 0.947

29.115| 69.50| 0.932

29.115| 69.60] 0.932

29.115] 69.70] 0.918

29.115]| 69.80] 0.906

29.115| 69.90] 0.890

29.115| 70.00f 0.873

29.115| 71.00] 0.818

29.115| 73.00] 0.776

29.115| 75.20] 0.783

29.115| 77.00] 0.786

29.115| 79.00) 0.798

29.115| 80.10f 0.849

29.115| 80.20] 0.862

29.115| 80.36| 0.877

29.115| 80.40| 0.877

29.115| 80.50, 0.884

29.115] 80.60] 0.885

29.115| 80.70] 0.908

29.115]| 80.80] 0.925

29.115] 80.90] 0.928

29.115] 81.09] 0.977

Table A.7. Centerline water surface data for 1:bati training walls g = 0.052 s.

Run # 3 recorder] RW
BM-0
Date 7/6/2007 rd. x=24.68| y=65.02| z=2.873
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time X y z comment
ft ft ft
12.00| 75.20| 2.376| Centerline
14.00| 75.20f 2.375
16.00| 75.20f 2.375
18.00| 75.20f 2.375
20.00{ 75.20| 2.374
22.00{ 75.20] 2.373
24.00{ 75.20| 2.345
24.20| 75.20] 2.345
24.40| 75.20] 2.343
24.65| 75.20| 2.333
24.76| 75.20| 2.322
24.78| 75.20] 2.318
24.87| 75.20| 2.296| Crest
25.10| 75.20] 2.211
25.30| 75.20] 2.112
25.42| 75.20] 2.062
25.55| 75.20| 2.010
25.70| 75.20] 1.956
25.83| 75.20] 1.904
25.97| 75.20| 1.854
26.11| 75.20| 1.802
26.24| 75.20| 1.757
26.39| 75.20| 1.704
26.51| 75.20| 1.657
26.65| 75.20| 1.608
26.79| 75.20] 1.557
26.93| 75.20| 1.512
27.06| 75.20| 1.467
27.20| 75.20] 1.419
27.34| 75.20] 1.371
27.47| 75.20] 1.321
27.62| 75.20] 1.276
27.75 75.20] 1.233
27.89| 75.20| 1.185
28.04| 75.20| 1.137
28.16| 75.20] 1.092
28.30| 75.20] 1.044
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28.43| 75.20, 1.001

28.57| 75.20| 0.957

28.71| 75.20] 0.908

28.85| 75.20| 0.864

28.98| 75.20f 0.820

29.13| 75.20f 0.771

29.16] 75.20f 0.765

29.30] 75.20f 0.720

29.60| 75.20, 0.732

29.90| 75.20] 0.735

30.21] 75.20, 0.729

30.50] 75.20f 0.730

Table A.8. Run-up water surface data for 1:1 smémihing walls q = 0.052 frs.

Run # 3 recorder; RW
BM-0
Date 7/6/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

23.84| 67.93] 2.356

24.00f 67.92| 2.358

24.20{ 67.93] 2.354

2440, 67.94| 2.349

24.65| 67.96] 2.339

24.76] 67.97] 2.330

24.78| 67.97| 2.329

24.87| 67.98] 2.324

25.10f 68.01] 2.295

25.30{ 68.07] 2.246

25.42| 68.100] 2.219

25.55| 68.150] 2.178

25.70{ 68.21] 2.123

25.83| 68.27| 2.068

25.97| 68.33] 2.013

26.11] 68.39] 1.954

26.24| 68.45] 1.904

26.39] 68.51] 1.843
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26.51| 68.56| 1.794

26.65| 68.61] 1.743

26.79| 68.660] 1.689

26.93] 68.71] 1.649

27.06] 68.75] 1.608

27.20] 68.79] 1.570

27.34| 68.83] 1.525

2747 68.87] 1.439

27.62| 68.92| 1.445

27.75] 68.97| 1.402

27.89| 69.01] 1.355

28.04| 69.05] 1.306

28.16] 69.10] 1.264

28.30] 69.14] 1.205

28.43| 69.19] 1.165

28.57| 69.24] 1.114

28.71) 69.28] 1.069

28.85| 69.33] 1.018

28.98| 69.37] 0.973

29.13| 69.41] 0.923

29.16] 69.43] 0.907

29.30{ 69.47| 0.863

29.60 69.55| 0.775

29.90, 69.58| 0.732

30.21] 69.58] 0.731
30.50] 69.59| 0.731

Table A.9. Cross section water surface data fostntoth training walls q = 0.052%s.

Run # 3 recorder] RW
BM-0
Date 7/6/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.87| 67.98] 2.320

24.87| 68.10] 2.312
24.87| 68.20] 2.307
24.87| 68.30] 2.307
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24.87| 68.60] 2.298
24.87| 68.80] 2.298
24.87| 69.00] 2.297
24.87| 71.00] 2.297
24.87| 73.00] 2.300
24.87| 75.20] 2.301
2487 77.00] 2.300
24.87| 79.00] 2.298
24.87| 81.00] 2.297
24.87| 81.40| 2.297
24.87| 81.60] 2.298
24.87| 81.80] 2.298
24.87| 82.00] 2.302
24.87| 82.20] 2.305
24.87| 82.30] 2.311
24.87| 8241 2321
2544 68.11] 2211
25.44| 68.20] 2.189
25435 68.40| 2.145
25435/ 68.60| 2.088
25435/ 68.80| 2.063
25435 69.00] 2.057
25435 71.00] 2.055
25435 73.00] 2.057
25435 75.20| 2.056
25435 77.00] 2.056
25435/ 79.00| 2.057
25435 81.00] 2.060
25435 81.40] 2.059
25435 81.60] 2.068
25435 81.80] 2.092
25435 82.00] 2.142
25435 82.10] 2.165
25435 82.20| 2.188
25435 82.30| 2.212
26.5| 68.56] 1.796
26.5| 68.70| 1.786
26.5| 68.80] 1.786
26.5| 68.90] 1.783
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26.5| 69.00] 1.766
26.5| 69.10f 1.718
26.5| 69.30] 1.704
26.5| 69.50| 1.678
26.5| 71.00] 1.664
26.5| 73.00/ 1.662
26.5| 75.20] 1.663
26.5| 77.00] 1.664
26.5| 79.00f 1.665
26.5| 80.60/ 1.671
26.5| 80.80] 1.675
26.5| 81.00f 1.683
26.5| 81.20| 1.697
26.5| 81.30] 1.709
26.5| 81.40| 1.746
26.5| 81.50, 1.797
26.5| 81.60] 1.795
26.5| 81.70| 1.797
26.5| 81.88] 1.818
27.61| 68.92| 1.447
27.61] 69.00] 1.436
27.61] 69.10] 1.420
27.61] 69.20] 1.405
27.61] 69.30] 1.385
27.61] 69.40] 1.400
27.61] 69.50] 1.367
27.61] 69.60] 1.340
27.61] 69.70] 1.327
27.61] 69.89] 1.322
27.61] 71.00] 2.282
2761 73.00] 1.277
27.61] 75.20] 1.278
2761 77.00] 1.278
27.61] 79.00] 1.277
27.61] 80.60] 1.317
27.61] 80.70] 1.324
27.61] 80.80] 1.334
27.61) 80.90] 1.349
27.61] 81.00] 1.387
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27.61] 81.10] 1.396
27.61] 81.25] 1.399
27.61) 8130 1.410
27.61) 8152 1.451
28.69| 69.27] 1.075
28.69| 69.40| 1.058
28.69| 69.50| 1.050
28.69| 69.60] 1.042
28.69| 69.70] 1.039
28.69| 69.80] 1.010
28.69| 69.90] 1.000
28.69| 70.00] 0.987
28.69| 71.00/ 0.928
28.69| 73.00f 0.915
28.69| 75.20] 0.914
28.69| 77.00] 0.909
28.69| 79.00f 0.920
28.69| 80.00] 0.946
28.69| 80.20] 0.960
28.69| 80.40] 0.992
28.69| 80.50] 0.997
28.69| 80.60] 1.000
28.69| 80.70] 1.016
28.69| 80.80] 1.015
28.69| 80.90] 1.041
28.69| 81.00] 1.057
28.69| 81.20] 1.100
29.115] 69.41| 0.928
29.115 69.60| 0.910
29.115] 69.70 0.908
29.115] 69.80] 0.879
29.115 69.90| 0.867
29.115 70.00] 0.864
29.115] 71.00f 0.806
29.115 73.00f 0.778
29.115 75.20| 0.777
29.115] 77.00] 0.779
29.115] 79.00] 0.789
29.115 80.00] 0.822
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29.115 80.20| 0.840

29.115 80.40| 0.855

29.115] 80.60| 0.860

29.115] 80.70| 0.888

29.115 80.8| 0.908

29.115 80.95| 0.916

29.115 81.07] 0.955

Table A.10. Centerline water surface data for mbath training walls g = 0.039%s.

Run # 4 recorder, RW
BM-0
Date 7/9/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft
10:44 12.00| 75.20 2.322| Centerline

14.00f 75.20, 2.321

16.00f 75.20, 2.321

18.00| 75.20, 2.322

20.00{ 75.20] 2.320

22.00{ 75.20] 2.318

24.00 75.20f 2.302

24.20| 75.20f 2.300

24.40{ 75.20] 2.300

24.65| 75.20] 2.299

24.76| 75.20] 2.292

24.78| 75.20] 2.282

24.87| 75.20| 2.278| Crest

25.10] 75.20] 2.260

25.30] 75.20] 2.166

2542 75.20] 2.074

25.55| 75.20] 2.026

25.70 75.20] 1.976

25.83| 75.20] 1.924

2597 75.20] 1.875

26.11) 75.20] 1.821

26.24| 75.20] 1.773

26.39| 75.20] 1.729
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26.51| 75.20] 1.678
26.65 75.20] 1.628
26.79| 75.20] 1.583
26.93| 75.20] 1.535
27.06] 75.20] 1.488
27.20] 75.20] 1.445
27.34| 75.20] 1.405
2747 75.20] 1.348
27.62| 75.20] 1.256
27.75 75.20] 1.213
27.89| 75.20] 1.172
28.04| 75.20] 1.120
28.16] 75.20] 1.078
28.30] 75.20] 1.024
28.43| 75.20f 0.986
28.57| 75.20) 0.941
28.71| 75.20, 0.891
28.85| 75.20f 0.858
28.98| 75.20/ 0.802
29.13| 75.20/ 0.752
29.16] 75.20f 0.750
29.30] 75.20f 0.706
29.60| 75.20/ 0.718
29.90| 75.20f 0.716
30.21] 75.20, 0.711
30.50] 75.20f 0.714

Table A.11. Run-up water surface data for 1:1 simo@iining walls q = 0.039 ffs.

Run # 4 recorder RW AB
BM-0

Date 7/9/2007 rd. x=24.68| 65.02| z=2.873
time X y z comment

ft ft ft

23.84| 67.98, 2.300

24.000 67.97| 2.319

24.20, 67.97| 2.307

24.40| 67.98, 2.303
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24.65| 68.00] 2.298
24.76] 68.01] 2.292
24.78| 68.01] 2.287
24.87| 68.02] 2.282
25.10] 68.06] 2.247
25.30] 68.12] 2.198
25.42| 68.160| 2.163
25.55| 68.220] 2.117
25.70] 68.28] 2.062
25.83] 68.34] 2.007
25.97| 68.40] 1.951
26.11] 68.46| 1.894
26.24| 68.51] 1.843
26.39] 68.57| 1.785
26.51] 68.61] 1.744
26.65| 68.66] 1.700
26.79| 68.700] 1.655
26.93] 68.75] 1.611
27.06] 68.79] 1.576
27.20| 68.83] 1.534
27.34| 68.87| 1.495
2747 68.90] 1.461
27.62| 68.95| 1.415
27.75| 68.98] 1.391
27.89] 69.02] 1.347
28.04| 69.06] 1.305
28.16] 69.12] 1.241
28.30] 69.16] 1.191
28.43] 69.21] 1.148
28.57| 69.26] 1.095
28.71) 69.30| 1.046
28.85| 69.35] 0.997
28.98| 69.39] 0.957
29.13] 69.42] 0.913
29.16] 69.45| 0.891
29.30] 69.48| 0.855
29.60| 69.56] 0.759
29.90| 69.60] 0.719
30.21] 69.59| 0.722
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| 30.550| 69.59] 0.727

Table A.12. Cross section water surface data fbistnooth training walls g = 0.039

m?/s.
Run # 4 recorder] RW
BM-0
Date 7/9/2007 rd. x=24.68] 65.02| z=2.873
time X y z comments
ft ft ft

24.87| 68.02] 2.280

24.87| 68.20| 2.267

24.87| 68.40] 2.260

24.87| 68.60] 2.257

24.87| 68.80] 2.258

24.87| 69.00] 2.257

24.87| 71.00] 2.258

2487 73.00] 2.259

24.87| 75.20] 2.259

24.87| 77.00] 2.258

24.87| 79.00] 2.259

24.87| 81.00] 2.257

24.87| 81.40| 2.257

24.87| 81.60] 2.257

24.87)| 81.80] 2.259

24.87| 82.00f 2.260

24.87| 82.20] 2.265

24.87| 8237 2.279

24.44| 68.17| 2.156

24.44| 68.30] 2.129

24.44| 68.50] 2.080

24.44| 68.70] 2.033

24.44| 68.90] 2.021

24.44| 69.00] 2.019

24.44| 71.00] 2.019

24.44) 73.00f 2.019

24.44| 75.20] 2.019

2444 77.00] 2.019
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24.44| 79.00] 2.020
24.44| 81.00] 2.022
24.44| 81.50] 2.025
24.44| 81.70] 2.036
24.44| 81.90] 2.072
24.44| 82.10] 2.123
24.44| 82.24| 2.155
26.5| 68.61| 1.747
26.5| 68.70| 1.742
26.5| 68.80] 1.741
26.5| 68.90| 1.733
26.5| 69.00) 1.727
26.5| 69.10/ 1.671
26.5| 69.10] 1.672
26.5| 71.00f 1.640
26.5| 73.00f 1.638
26.5| 75.20/ 1.639
26.5| 77.00] 1.640
26.5| 79.00f 1.638
26.5| 81.00/ 1.651
26.5| 81.38] 1.692
26.5| 81.50| 1.744
26.5| 81.70| 1.748
26.5| 81.82| 1.761
27.61] 68.93] 1.440
27.61] 68.97] 1.403
27.61] 69.10] 1.385
27.61] 69.20] 1.364
27.61] 69.30] 1.332
27.61] 69.40] 1.344
27.61] 69.50] 1.328
2761 71.00] 1.272
27.61] 73.00] 1.250
27.61] 75.20] 1.255
2761 77.00] 1.259
27.61] 79.00] 1.260
27.61] 80.70] 1.285
27.61) 80.80] 1.297
27.61] 80.90] 1.312
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27.61] 81.00] 1.332

27.61] 81.30] 1.370

27.61] 81.47| 1.403

29.115] 69.42| 0.914

29.115 69.47| 0.880

29.115 69.60/ 0.870

29.115 69.90| 0.837

29.115 70.20| 0.822

29.115 70.50| 0.797

29.115] 71.00] 0.782

29.115 73.00f 0.760

29.115 75.20] 0.750

29.115 77.00] 0.750

29.115] 79.00{ 0.760

29.115 80.20| 0.798

29.115 80.60| 0.812

29.115] 80.80| 0.861

29.115 81.01] 0.884

29.115 81.04] 0.916

Table A.13. Centerline water surface data for 1eppsed training walls q = 0.078fs.

Run # 5 recorder] RW
BM-0
Date 7/24/2007 rd. X=24.68 65.02| z=2.873
time X y z comments
ft ft ft

10:44 12.00| 75.20 2.464| Centerline

16.00| 75.20| 2.464

20.00{ 75.20] 2.461

24.87| 75.20] 2.363

25.30{ 75.20] 2.180

25.55| 75.20] 2.067

25.97| 75.20] 1.899

26.25| 75.20] 1.799

26.52| 75.20] 1.696

26.79| 75.20] 1.594

27.06] 75.20] 1.504
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27.34| 75.20] 1.403
27.62| 75.20] 1.308
27.89| 75.20] 1.215
28.16] 75.20] 1.123
28.43| 75.20] 1.027
28.71| 75.20] 0.934
28.98| 75.20] 0.839
29.16] 75.20] 0.786
25.83| 75.20] 1.958
25.97| 75.20] 1.900
26.11| 75.20] 1.852
26.25 75.20] 1.800
26.39| 75.20] 1.745
26.52| 75.20] 1.698
26.65 75.20] 1.648
26.79| 75.20] 1.599
26.93| 75.20] 1.551
27.06| 75.20] 1.514
27.20{ 75.20] 1.458
27.34| 75.20] 1.402
2747 75.20] 1.359
27.62| 75.20] 1.310
27.75 75.20] 1.264
27.89| 75.20] 1.218
28.04| 75.20] 1.169
28.16] 75.20] 1.125
28.30] 75.20] 1.078
28.43| 75.20] 1.030
28.57| 75.20] 0.982
28.71| 75.20] 0.934
28.85| 75.20] 0.886
28.98| 75.20] 0.847
29.13| 75.20] 0.794
29.16] 75.20] 0.783
29.30{ 75.20] 0.752
29.60 75.20] 0.747
29.90| 75.20] 0.762
30.21] 75.20] 0.770
30.50{ 75.20] 0.765
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Table A.14. Run-up water surface data for 1:1 stdgpaining walls q = 0.078s.

Run # 5 recorder] RW
BM-0
Date 7/24/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft
24.20| 67.89| 2.423 Stepped

24.40) 67.89| 2.422

24.65| 67.93] 2.393

24.76] 67.93] 2.390

24.78| 67.93] 2.390

24.87| 67.93] 2.385

25.10 67.93] 2.387

2530 67.93] 2.386

25.42| 68.00] 2.353

25.55| 68.02| 2.352

25.70] 68.020] 2.350

25.83| 68.030] 2.334

25.97| 68.03] 2.325

26.11] 68.06] 2.305

26.24| 68.13] 2.209

26.39] 68.20] 2.163

26.51) 68.21] 2.159

26.65| 68.21] 2.157

26.79| 68.25] 2.112

26.93| 68.25] 2.110

27.06| 68.270] 2.105

27.20] 68.31] 2.067

27.34| 68.31] 2.067

2747 68.36] 2.015

27.62| 68.37] 2.012

27.75| 68.42] 1.967

27.89| 6847 1.916

28.04| 68.47| 1.912

28.16] 68.51] 1.873

28.30] 68.56] 1.827

89



28.43| 68.60] 1.776
28.57| 68.60] 1.772
28.71) 68.65| 1.722
28.85| 68.68] 1.684
28.98| 68.68] 1.685
29.13| 68.73] 1.635
29.16| 68.73] 1.638
29.30{ 68.77| 1.587
29.60{ 68.82] 1.546
29.90, 68.91] 1.453
30.21] 69.00] 1.361
30.50{ 69.09] 1.275
30.21) 69.55| 0.767
30.50, 69.55| 0.767

Table A.15. Cross section water surface data fbistepped training walls g = 0.078m

Run # 5 recorder] RW
BM-0

Date 7/24/2007 rd. x=24.68] 65.02| z=2.873

time X y z comment]
ft ft ft
24.87| 67.93| 2.385
24.87| 68.01] 2.378
24.87| 68.06] 2.376
24.87| 68.16| 2.372
24.87| 68.26| 2.367
24.87| 68.40| 2.362
24.87| 69.00] 2.361
2487 71.00] 2.362
2487 73.00] 2.363
24.87| 75.20] 2.363
2487 77.00] 2.362
24.87| 79.00] 2.364
24.87| 81.00f 2.359
24.87| 81.80| 2.362
24.87| 82.00] 2.362
24.87| 82.20| 2.366
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24.87| 82.47| 2.383
2544 67.94] 2.395
2544 68.01] 2.350
2544 68.11] 2.282
2544 68.22] 2.257
25.44| 68.32] 2.232
25.44| 68.44| 2.203
25435 68.60] 2.160
25435 68.80] 2.134
25435 69.00] 2.120
25435 71.00] 2.118
25435 73.00] 2.118
25435 75.20| 2.120
25435 77.00] 2.118
25435 79.00] 2.119
25435 81.00] 2.123
25435 81.20] 2.134
25435 81.60] 2.141
25435 81.80| 2.163
25435 82.00] 2.205
25435 82.20| 2.253
13:59 25435 82.36| 2.387
14:34 26.5| 67.92| 2.392
26.5| 68.11| 2.257
26.5| 68.22| 2.159
26.5| 68.32] 2.068
26.5| 68.43] 1.980
26.5| 68.53| 1.898
26.5| 68.63] 1.875
26.5| 68.72| 1.862
26.5| 68.80] 1.861
26.5| 68.93] 1.855
26.5| 69.08] 1.778
26.5| 69.30] 1.734
26.5| 71.00/ 1.702
26.5| 73.00f 1.700
26.5| 75.20f 1.703
26.5| 77.00] 1.702
26.5| 79.00f 1.703
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26.5| 81.00) 1.727
26.5| 81.33| 1.773
26.5| 81.42| 1.800
26.5| 81.54| 1.865
26.5| 81.70| 1.872
26.5| 81.90] 1.900
14:44 26.5| 82.01] 1.938
27.61] 67.94] 2.385
27.61] 68.21] 2.157
27.61] 68.37] 2.010
27.61] 68.52| 1.884
27.61] 68.62] 1.798
27.61| 68.76] 1.662
27.61] 68.89] 1.547
27.61] 68.99] 1.498
27.61] 69.11] 1.481
2761 69.28| 1.470
27.61] 69.42| 1.478
27.61] 69.57] 1.385
27.61] 69.80] 1.351
2761 71.00] 1.317
27.61] 73.00] 1.307
27.61] 75.20] 1.310
2761 77.00] 1.309
27.61] 79.00] 1.313
27.61| 80.50] 1.346
27.61] 80.87] 1.395
27.61| 81.02] 1.487
27.61] 81.20] 1.475
27.61] 81.40] 1.484
14:56 27.61] 81.60] 1.520
28.69| 67.96] 2.378
28.69| 68.16] 2.194
28.69| 68.36] 2.004
28.69| 68.55| 1.823
28.69| 68.64] 1.732
28.69| 68.74] 1.658
28.69| 68.83] 1.555
28.69| 68.94] 1.464
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28.69| 69.03] 1.367
28.69| 69.17| 1.246
28.69| 69.28] 1.176

28.69| 69.47| 1.126

28.69| 69.70] 1.083
28.69| 69.94] 1.065

28.69| 70.10] 1.013

28.69| 71.00f 0.955
28.69| 73.00f 0.938
28.69| 75.20] 0.941

28.69| 77.00] 0.943
28.69| 79.00f 0.955
28.69| 80.00f 0.993

28.69| 80.30] 1.019

28.69| 80.63] 1.092
28.69| 80.90] 1.098
28.69| 81.10] 1.117

15:16 28.69| 81.27| 1.163

Table A.16. Centerline water surface data for 1eppsed training walls q = 0.066fs.

Run # 6 recorder] RW
BM-0 y
Date 7/25/2007 rd. x=24.68| =65.02 | z=2.873
time X y z comments
ft ft ft

24.87| 75.20 2.317| Centerline

2544 75.20] 2.070

26.50 75.20] 1.673

27.61] 75.20] 1.282

28.69| 75.20] 0.915

29.15| 75.20] 0.773

Table A.17. Run-up water surface data for 1:1 stdgpaining walls q = 0.0607s.

Run # 6 recorder] RW
BM-0
Date 7/25/2007 rd. x=24.68| 65.02| z=2.873
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time X y z comment]

ft ft ft

2440 67.94| 2.375
24.65| 67.98] 2.350
24.76| 67.99| 2.345
24.87| 68.01] 2.339
25.10f 68.20| 2.341
25.30| 68.06] 2.301
25.42| 68.06] 2.304
25.55| 68.09] 2.259
25.70| 68.120| 2.264
25.83| 68.170| 2.216
25.97| 68.22] 2.171
26.11| 68.22| 2.167
26.25| 68.27| 2.120
26.39| 68.27| 2.114
26.52| 68.32| 2.072
26.65| 68.32] 2.067
26.79| 68.37| 2.023
26.93| 68.42| 1.976
27.06| 68.420| 1.972
27.20| 68.47| 1.928
27.33| 68.52| 1.886
27.47| 68.52| 1.898
27.62| 68.57| 1.846
27.75| 68.57| 1.842
27.89| 68.61] 1.800
28.03| 68.61| 1.792
28.16| 68.61| 1.788
28.30| 68.65| 1.731
28.43| 68.69| 1.695
28.57| 68.71] 1.681
28.71| 68.74] 1.642
28.85| 68.79| 1.588
28.98| 68.83] 1.551
29.12| 68.83] 1.546
29.16| 68.83] 1.541
29.30f 68.87| 1.497
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29.60{ 68.91] 1.448
29.90{ 68.96] 1.400
30.21) 69.00f 1.353
30.50, 69.07] 1.285

30.8] 69.19 1.17
31.10] 69.28] 1.084

3140 69.37| 1.002

Table A.18. Cross section water surface data fbistepped training walls g = 0.060®m

Run # 6 recorder] RW
BM-0
Date 7/25/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft

9:25 24.87| 67.98| 2.338
24.87| 68.10] 2.328
24.87| 68.20] 2.323
24.87| 68.30] 2.320

24.87| 68.40] 2.317

24.87| 68.50] 2.314
24.87| 69.00] 2.312

24.87| 71.00] 2.311

24.87| 73.00] 2.314
24.87| 75.20] 2.313
24.87| 77.00] 2.313

2487 79.00] 2.314

24.87| 81.00] 2.313
24.87| 81.70] 2.316

24.87| 81.90] 2.317

24.87| 82.00] 2.318
24.87| 82.20] 2.323
24.87| 8242 2.334

9:38 2544 68.01] 2.349
2544 68.12] 2.262

25.44| 68.22| 2.213

25.44| 68.33] 2.185

25435 68.43| 2.158
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25435 68.50] 2.135
25435 68.60] 2.110
25435 68.70] 2.091
25435 69.00] 2.073
25435 71.00] 2.071
25435 73.00] 2.072
25435 75.20| 2.072
25435 77.00] 2.073
25435 79.00] 2.075
25435 81.00| 2.077
25435 81.85| 2.121
25435 82.10| 2.184
25435 82.31| 2.230
10:03 26.5| 68.01] 2.347
26.5| 68.22| 2.160
26.5| 68.27| 2.112
26.5| 68.43] 1.978
26.5| 68.59| 1.845
26.5| 68.70| 1.804
26.5| 68.80] 1.804
26.5| 68.90| 1.797
26.5| 69.00f 1.798
26.5| 69.10] 1.725
26.5| 69.20| 1.704
26.5| 71.00] 1.673
26.5| 73.00f 1.670
26.5| 75.20| 1.672
26.5| 77.00/ 1.671
26.5| 79.00f 1.674
26.5| 81.00/ 1.691
26.5| 81.40| 1.760
26.5| 81.55| 1.814
26.5| 81.70] 1.820
26.5| 81.92| 1.857
10:20 27.61] 68.01| 2.340
27.61] 68.27| 2.109
27.61] 6847 1.921
27.61) 68.57| 1.849
27.61] 68.71] 1.710
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27.61| 68.85 1.583
27.61| 68.95 1.499
27.61| 69.10 1.431
27.61| 69.30 1.413
27.61| 69.50 1.388
27.61| 69.65 1.337
27.61| 69.80 1.320
27.61| 71.00 1.291
27.61| 73.00 1.282
Step 16
27.61 75.20 1.283| Centerline
27.61| 77.00 1.284
27.61| 79.00 1.290
27.61| 80.70 1.337
27.61| 80.90 1.358
27.61| 81.07 1.428
27.61| 81.30 1.428
27.61| 81.55 1.475
10:37 28.69| 68.01| 2.335
28.69| 68.51 1.866
28.69| 68.69 1.684
28.69| 68.83 1.555
28.69| 68.98 1.422
28.69| 69.12 1.285
28.69| 69.27 1.164
28.69| 69.41 1.089
28.69| 69.50 1.062
28.69| 69.60 1.070
28.69| 69.70 1.047
28.69| 69.80 1.033
28.69| 69.90 1.004
28.69| 70.00| 0.986
28.69| 71.00f 0.931
28.69| 73.00f 0.918
28.69| 75.20| 0.920
28.69| 77.00] 0.922
28.69| 79.00| 0.930
28.69| 80.00| 0.964
28.69| 80.50 1.002
28.69| 80.60 1.020
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28.69| 80.70, 1.031

28.69| 80.80| 1.030

28.69| 80.90] 1.052

28.69| 81.00] 1.073

28.69| 81.22) 1.117

Table A.19. Centerline water surface data for 1epped training walls q = 0.052fs.

Run # 7 recorder] RW
BM-0
Date 7/31/2007 rd. x=24.68 65.02| z=2.873
time X y z
ft ft ft

14.00{ 75.20 2.379| Centerline
18.00| 75.20 2.380
22.00| 75.20 2.377

24.87| 75.20] 2.300
2544 75.20] 2.054
26.50] 75.20] 1.665

27.61] 75.20] 1.272

28.69| 75.20] 0.907
29.15| 75.20f 0.757

Table A.20. Run-up water surface data for 1:1 stdgpaining walls q = 0.052 7s.

Run # 7 recorder] RW
BM-0
Date 7/31/2007 rd. X=24.68 65.02| z=2.873
time X y z comments
ft ft ft

2440 67.98] 2.345
24.65| 67.99] 2.343
24.76] 68.01] 2.336
24.87| 68.05] 2.314
25.10f 68.08] 2.279
25.30] 68.13] 2.235
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2542 68.16] 2.211
25.55| 68.16] 2.212
25.70 68.21] 2173
25.83| 68.220] 2.165
25.97| 68.220] 2.160
26.11) 68.26] 2.118
26.25| 68.32] 2.075
26.39| 68.32] 2.068
26.52| 68.37] 2.021
26.65| 68.37| 2.020
26.79| 68.37] 2.014
26.93] 68.41] 1.970
27.06) 68.46| 1.921
27.20| 68.460] 1.920
27.33] 68.51] 1.883
2747 68.51] 1.875
27.62| 68.56] 1.833
27.75 68.56] 1.829
27.89| 68.60] 1.785
28.03] 68.60] 1.783
28.16| 68.64] 1.738
28.30] 68.68] 1.688
28.43] 68.68] 1.685
28.57| 68.73] 1.643
28.71| 68.77] 1.595
28.85| 68.77] 1.588
28.98| 68.82] 1.540
29.12| 68.86] 1.492
29.16] 68.91] 1.463
29.30] 68.91] 1.448
29.60, 68.96] 1.402
29.90{ 69.05] 1.306
30.20 69.14] 1.221
30.50, 69.23] 1.129
30.80{ 69.28] 1.085

31.1] 69.37] 1.003
32.00] 69.65] 0.725
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Table A.21. Cross section water surface data fbistiepped training walls g = 0.052

m?/s.
Run # 7 recorder] RW
BM-0
Date 7127/2007 rd. X=24.68 65.02| z=2.873
time X y z comments
ft ft ft

9:25 24.87| 67.98| 2.343
24.87| 68.10] 2.311
24.87| 68.20] 2.308
24.87| 68.30] 2.305
24.87| 68.40] 2.304
24.87| 68.50] 2.300
24.87| 69.00] 2.299
24.87| 71.00] 2.299
2487 73.00f 2.301

24.87| 75.20] 2.301

24.87| 77.00] 2.300
24.87| 79.00] 2.300
24.87| 81.00] 2.299

24.87| 81.80] 2.301
24.87| 81.90] 2.301
24.87| 82.00] 2.302

24.87| 82.10] 2.305

24.87| 82.20] 2.306
24.87| 8241 2.318
9:38 2544 68.12| 2.260

2544 68.22] 2.194
25435 68.33] 2.170
25435 68.44| 2.141

25435 68.55| 2.103

25435 68.70] 2.075

25.435] 68.80| 2.066

25.435] 69.00 2.058

25435 71.00] 2.057

25435 73.00] 2.058
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25435 75.20] 2.058
25435 77.00] 2.057
25435/ 79.00| 2.058
25435 81.00] 2.061
25435 81.95| 2.132
25435 82.29| 2.211
10:03 26.5| 68.26|] 2.113
26.5| 68.42| 1.977
26.5| 68.57| 1.856
26.5| 68.71] 1.782
26.5| 68.87| 1.778
26.5| 68.98] 1.770
26.5| 69.09, 1.712
26.5| 71.00] 1.663
26.5| 73.00f 1.660
26.5| 75.20| 1.661
26.5| 77.00] 1.663
26.5| 79.00/ 1.662
26.5| 81.00f 1.678
26.5| 81.38] 1.728
26.5| 81.50] 1.795
26.5| 81.70| 1.795
26.5| 81.89] 1.818
10:20 27.61| 68.52| 1.877
27.61] 68.66] 1.751
27.61] 68.81] 1.622
27.61] 68.95] 1.493
27.61] 69.09] 1417
27.61] 69.20] 1.409
27.61] 69.30] 1.392
27.61] 6945 1.381
27.61] 69.58| 1.337
27.61] 69.70] 1.306
27.61] 69.80] 1.308
27.61] 70.00] 1.300
2761 71.00] 1.285
2761 73.00] 1.276
2761 75.20] 1.277
2761 77.00] 1.278
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27.61] 79.00] 1.280

27.61] 80.80] 1.340

27.61) 8091 1.350

27.61) 81.08] 1.399

27.61] 81.20] 1.397

27.61] 81.40] 1.415

27.61] 81.52] 1457

10:37 28.69| 68.74| 1.643

28.69| 68.89] 1.503

28.69| 69.02] 1.386

28.69| 69.17] 1.245

28.69| 69.31] 1.121

28.69| 69.42| 1.072

28.69| 69.55| 1.053

28.69| 69.65| 1.041

28.69| 69.75] 1.012

28.69] 69.89] 0.978

28.69| 70.00f 0.975

28.69| 71.00] 0.917

28.69| 73.00f 0.913

28.69| 75.20] 0.911

28.69| 77.00] 0.905

28.69| 79.00/ 0.919

28.69| 80.00f 0.953

28.69| 80.40] 0.980

28.69| 80.50] 0.996

28.69| 80.60] 0.998

28.69| 80.70] 1.016

28.69| 80.80] 1.008

28.69| 80.90] 1.037

28.69| 81.00] 1.055

28.69| 81.10] 1.059

28.69| 81.20] 1.101

Table A.22. Centerline water surface data for 1epped training walls q = 0.03%fs.

Run # 8 recorder] RW
BM-0
Date 8/3/2007 rd. x=24.68| 65.02| z=2.873
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time X y z comments
ft ft ft

14.00{ 75.20 2.322| Centerline

18.00] 75.20] 2.322

22.00{ 75.20] 2.320

2487 75.20| 2.261

25.44| 75.20] 2.015

26.52| 75.20] 1.627

27.61] 75.20] 1.258

28.69| 75.20] 0.889

29.16] 75.20] 0.737

Table A.23. Run-up water surface data for 1:1 stdgpaining walls q = 0.039s.

Run # 8 recorder] RW
BM-0
Date 8/3/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.40{ 68.01] 2.298
24.65| 68.06] 2.292

24.76| 68.06] 2.290

24.87| 68.11] 2.269
25.10] 68.11] 2.254
25.30] 68.17| 2.207
2542| 68.17| 2.208
25.55| 68.22| 2.164
25.70 68.22] 2.158
25.83| 68.27] 2.116
25.97| 68.270] 2.114
26.11| 68.320] 2.075
26.25| 68.38] 2.025
26.39| 68.38] 2.024
26.52| 68.43] 1.982
26.65| 68.43| 1.975
26.79| 68.43] 1.969
26.93| 68.48] 1.927
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27.06] 68.48] 1.918
27.20{ 68.53| 1.877
27.33| 68.530| 1.877
2747 68.57| 1.838
27.62| 68.57| 1.832
27.75| 68.62] 1.787
27.89| 68.66] 1.736
28.03] 68.71] 1.694
28.16] 68.71] 1.689
28.30] 68.75] 1.644
28.43| 68.75] 1.645
28.57| 68.79] 1.596
28.71| 68.79] 1.591
28.85| 68.83] 1.545
28.98| 68.88] 1.496
29.12| 68.88] 1.492
29.16] 68.92] 1.450
29.30] 68.97] 1.401
29.90{ 69.10] 1.276
30.50] 69.24] 1.131
31.10{ 69.47| 0.909
31.70] 69.61] 0.768
29.60 69.56] 0.759
29.90| 69.60] 0.719
30.21] 69.59| 0.722
30.50] 69.59| 0.727

Table A.24. Cross section water surface data fbistiepped training walls g = 0.039

m?/s.
Run # 8 recorder, RW
BM-0
Date 8/3/20071 rd. x=24.68 65.02|z=2.873
time X y z comment]
ft ft ft
24.87| 68.03 2.291
24.87| 68.16 2.267
24.87| 68.26 2.263
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24.87| 68.40] 2.259
24.87| 68.50] 2.256
24.87| 69.00] 2.254
24.87| 71.00] 2.255
24.87| 73.00] 2.256
24.87| 75.20] 2.256
24.87| 77.00] 2.255
24.87| 79.00] 2.255
24.87| 81.00] 2.254
24.87| 81.80] 2.253
24.87| 82.00] 2.257
24.87| 82.20] 2.263
24.87| 8237 2277
25.44| 68.09] 2.266
2544 68.22] 2171
2544 68.32] 2.127
25.44| 68.43| 2.101
2544 68.54| 2.065
2544 68.65| 2.036
25.44| 68.80] 2.022
25.44| 69.00] 2.015
2544 71.00] 2.016
25.44| 73.00] 2.015
25.44| 75.20] 2.016
2544 77.00] 2.015
2544 79.00] 2.017
25.44| 81.00] 2.020
25.44| 81.50] 2.021
2544 81.85] 2.058
25.44| 82.00] 2.103
25.44| 82.10] 2.122
25435 82.23| 2.149
26.5| 68.09] 2.265
26.5| 68.33] 2.070
26.5| 68.43] 1.981
26.5| 68.53| 1.887
26.5| 68.63] 1.815
26.5| 68.73] 1.737
26.5| 68.81| 1.733
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26.5| 68.90] 1.728
26.5| 69.00f 1.731
26.5| 69.10/ 1.669
26.5| 69.20| 1.658
26.5| 71.00f 1.635
26.5| 73.00] 1.633
26.5| 75.20] 1.633
26.5| 77.00] 1.634
26.5| 79.00f 1.636
26.5| 81.00/ 1.649
26.5| 81.35] 1.681
26.5| 81.50| 1.743
26.5| 81.60| 1.742
26.5| 81.70| 1.745
26.5| 81.83] 1.764
27.61] 68.08] 2.260
2761 68.61] 1.793
27.61] 68.76] 1.668
27.61] 68.90] 1.537
27.61| 68.99| 1.447
27.61] 69.10] 1.397
27.61] 69.20] 1.375
27.61] 69.30] 1.350
27.61] 69.40] 1.336
27.61] 69.50] 1.311
27.61] 69.60] 1.296
27.61] 69.70] 1.285
27.61] 70.00] 1.275
27.61] 71.00] 1.262
27.61] 73.00] 1.253
27.61] 75.20] 1.252
2761 77.00] 1.255
27.61] 79.00] 1.258
27.61] 80.00] 1.270
27.61] 80.50] 1.277
27.61] 80.80] 1.301
27.61] 80.90] 1.312
27.61] 81.00] 1.325
27.61] 81.10] 1.341
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27.61] 81.20] 1.355
27.61] 81.30] 1.365
27.61] 81.49| 1.416

Table A.25. Centerline water surface data for fabath training walls g = 0.078%s.

Run # 9 recorder | RW
BM-0
Date 8/31/2007 rd. x=24.68 | 65.02 | z=2.873
time X y z comments
ft ft ft
13:39 12.00 | 75.20 2.467 | Centerline

16.00 | 75.20 2.466
20.00 | 75.20 2.465

24.00 | 75.20 2411
2487 | 75.20 2.356
2544 | 75.20 2.117

26.50 | 75.20 1.701

2761 | 75.20 1.304
28.69 | 75.20 0.933

29.16 | 75.20 0.778

13:43 29.30 | 75.20 0.746

Table A.26. Run-up water surface data for 2:1 simo@iining walls q = 0.078 ffs.

Run # 9 recorder| BS
BM-0
Date 8/31/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft

13:11 24.00f 68.41| 2.377

2440, 68.39] 2.384

24.76] 68.39] 2.382

24.87| 68.40] 2.376

25.10, 68.43| 2.357

2530 68.47| 2.337

2542 68.50] 2.325
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25.55| 68.54| 2.306

25.69| 68.58| 2.284

25.83] 68.62| 2.261

25.97| 68.680] 2.235

26.11| 68.740| 2.207

26.24| 68.80] 2.179

26.39| 68.86| 2.147

26.51] 68.93] 2.115

26.65 69.01] 2.078

26.79| 69.09] 2.041

26.93| 69.17] 1.996

27.06] 69.26] 1.955

27.20 69.34] 1.914

27.34| 69.440 1.865

2747 69.57| 1.823

13:23 2761 69.61| 1.778

27.75| 69.69| 1.773

27.89| 69.78] 1.690

28.04| 69.87| 1.644

28.16] 69.94] 1.608

28.30{ 70.03] 1.566

28.43| 70.08] 1.537

28.57| 70.18] 1.488

28.71| 70.25] 1.452

28.85| 70.33] 1.412

28.89| 70.36] 1.378

29.13] 7049 1331

29.16] 70.51] 1.323

29.30{ 70.59| 1.283

29.60{ 70.76] 1.201

29.90| 70.93] 1.117

13:32 30.20f 71.00f 1.084

31.38] 71.82] 0.068

30.21) 69.00f 1.361

30.50{ 69.09] 1.275

30.21] 69.55| 0.767

30.50] 69.55| 0.767

Table A.27. Cross section water surface data fbsriooth training walls g = 0.0784s.
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Run # 9 recorder] RW
BM-0

Date 8/31/2007 rd. x=24.68| 65.02| z=2.873

time X y z comment]
ft ft ft

10:12 24.87| 68.41| 2.377
24.87| 68.50| 2.378
24.87| 68.60| 2.374
24.87| 68.70| 2.370
24.87| 68.80] 2.367
24.87| 68.90| 2.367
24.87| 69.00f 2.360
24.87| 69.50| 2.359
2487 71.00] 2.365
2487 73.00] 2.365
24.87| 75.20| 2.364
2487 77.00] 2.364
24.87| 79.00] 2.362
24.87| 81.00f 2.358
24.87| 81.50| 2.360
24.87| 81.80] 2.362
24.87| 81.90| 2.363
24.87| 82.00f 2.365
24.87| 82.10| 2.368
24.87| 82.20| 2.367
24.87| 82.30| 2.374
24.87| 82.47| 2.386
10:33 25.435| 68.50| 2.324

25.435| 68.60| 2.318
25435/ 68.70| 2.310
25.435| 68.80| 2.300
25.435] 68.90| 2.283
25435 69.00| 2.277
25435/ 69.10| 2.245
25435 69.20| 2.223
25435 69.30| 2.187
25435 69.40| 2.162
25435 69.50| 2.146
25435 69.60| 2.133
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25435 71.00] 2.117
25435 73.00] 2.118
25435 75.20] 2.120
25435 77.00] 2.117
25.435 79 2.118
25435 81.00] 2.122
25435 81.50| 2.132
25435 81.60] 2.136
25435 81.70] 2.148
25435 81.80| 2.162
25435 81.90| 2.179
25435 82.00] 2.208
25435 82.10| 2.230
25435 82.20] 2.252
25435 82.38| 2.292
11:00 26.5| 68.92| 2.123
26.5| 69.10/ 2.088
26.5| 69.20| 2.069
26.5| 69.30] 2.050
26.5| 69.40, 2.034
26.5| 69.50| 2.014
26.5| 69.60] 1.995
26.5| 69.70] 1.980
26.5| 69.80] 1.970
26.5| 69.90| 1.952
26.5| 70.00| 1.847
26.5| 70.10/ 1.788
26.5| 70.20] 1.760
26.5| 70.50| 1.725
26.5| 71.00f 1.713
26.5| 73.00/ 1.702
26.5| 75.20f 1.703
26.5| 77.00f 1.705
26.5| 79.00/ 1.703
26.5| 80.50| 1.711
26.5| 81.00f 1.724
26.5| 81.10f 1.730
26.5| 81.20] 1.745
26.5| 81.30] 1.762

110




26.5| 81.40| 1.798
26.5| 81.50| 1.857
26.5| 81.60] 1.864
26.5| 81.70| 1.866
26.5| 82.01f 1.938
11:50 2761 69.61| 1.780
27.61] 69.80] 1.751
27.61] 70.00] 1.721
27.61] 70.20] 1.692
2761 70.30] 1.676
27.61] 70.40| 1.659
27.61] 70.50] 1.647
27.61] 70.60] 1.640
27.61] 70.70] 1.613
27.61] 70.80] 1.563
27.61] 70.90] 1.405
2761 71.00f 1.383
2761 71.10] 1.375
2761 71.20] 1.363
2761 71.30] 1.356
27.61] 71.40] 1.346
2761 72.00] 1.321
27.61] 73.00] 1.305
27.61] 75.20] 1.305
2761 77.00] 1.306
27.61] 79.00] 1.311
27.61] 80.00] 1.325
27.61] 80.50] 1.345
27.61] 80.90] 1.400
27.61] 81.00] 1.481
27.61] 81.10] 1.465
27.61] 81.30] 1.475
27.61] 81.40] 1.478
27.61] 8159 1.517
28.69| 70.24| 1.460
28.69| 70.40| 1.432
28.69| 70.60] 1.405
28.69| 70.70] 1.391
28.69| 70.80] 1.375
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28.69| 70.90] 1.363
28.69| 71.00] 1.347
28.69| 71.10] 1.332
28.69| 71.20] 1.325
28.69| 71.30] 1.313
28.69| 71.40] 1.269
28.69| 71.50] 1.260
28.69| 71.60] 1.227
28.69| 71.70] 1.164
28.69| 71.80] 1.078
28.69| 71.90] 1.061
28.69| 72.00] 1.010
28.69| 72.20] 0.996
28.69| 72.40| 0.981
28.69| 73.00f 0.950
28.69| 75.20] 0.937
28.69 77 0.936
28.69 79 0.947
28.69 80 0.987
28.69 80.2| 1.004
28.69 80.3] 1.015
28.69 80.4| 1.024
28.69 80.5 1.03
28.69 80.6| 1.087
28.69 80.7| 1.086
28.69 80.8| 1.078
28.69 80.9 1.1
28.69 81 1.108
28.69| 81.27| 1.162
29.155| 70.51| 1.325
29.155 70.7] 1.284
29.155 70.9 1.26
29.155 71 1.241
29.155 711 1.226
29.155 712 1.211
29.155 713 1.194
29.155 714 1.188
29.155 715 1.178
29.155 71.6 1.16
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29.155 71.7 1.127

29.155 71.8 1.08

29.155 719 1.036

29.155 72 0.973

29.155 72.1] 0.963

29.155 72.3| 0.889

29.155 72.5| 0.869

29.155 73| 0.8823

29.155 75.2 0.784

29.155 77 0.782

29.155 79 0.798

29.155 79.5| 0.822

29.155 80 0.853

29.155 80.2 0.88

29.155 80.3| 0.885

29.155 80.4| 0.914

29.155 80.5] 0.929

29.155 80.6| 0.913

29.155 80.7 0.94

29.155 80.9| 0.954

29.155 81 0.962

29.155] 81.14| 1.019

Table A.28. Centerline water surface data for Zabath training walls g = 0.0607s.

Run # 10 recorder] RW
BM-0 y
Date 9/4/2007 rd. x=24.68| =65.02 | z=2.873
time X y z comments
ft ft ft

14:25 12.00| 75.20 2.405| Centerline

16.00| 75.20| 2.404

20.00f 75.20] 2.403

24.00{ 75.20] 2.364

24.87| 75.20] 2.315

25.44| 75.20] 2.069

26.50 75.20] 1.671

27.61| 75.20| 1.275
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28.69| 75.20] 0.917
29.16] 75.20] 0.759
29.30] 75.20] 0.724

Table A.29. Run-up water surface data for 2:1 simt@iining walls q = 0.060 frs.

Run # 10 recorderl RW
BM-0

Date 9/4/2007 rd. x=24.68| 65.02| z=2.873

time X y z comment]
ft ft ft
24.40| 68.47| 2.348
24.76| 68.48| 2.342
24.87| 68.50f 2.331
25.10{ 68.54| 2.314
25.30f 68.58| 2.290
25.42| 68.61| 2.274
2555 68.65| 2.254
25.69| 68.71| 2.227
25.83| 68.750| 2.205
25.97| 68.810f 2.177
26.11| 68.88| 2.144
26.24| 68.94| 2.113
26.39| 69.03| 2.072
26.51| 69.10f 2.037
26.65| 69.18| 1.996
26.79| 69.28| 1.945
26.93| 69.36| 1.905
27.06| 69.45| 1.866
27.19| 69.520| 1.825
27.34| 69.62| 1.777
2747 69.69| 1.737
27.61| 69.79| 1.699
27.75| 69.87| 1.648
27.89| 69.95| 1.605
28.04| 70.03| 1.566
28.16| 70.11| 1.529
28.30{ 70.18| 1.491
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28.43| 70.25] 1.455
28.58| 70.35] 1.410
28.71| 70.41] 1.375
28.85| 70.49| 1.334
28.98| 70.57| 1.298
29.13| 70.65] 1.255
29.16] 70.67| 1.245
29.30{ 70.75] 1.208
29.60{ 70.92] 1.119
29.90{ 71.10] 1.033
30.20{ 71.29] 0.941
31.05| 71.84] 0.676
30.50{ 69.07] 1.285

30.8] 69.19 1.17
31.10f 69.28| 1.084
3140 69.37) 1.002

Table A.30. Cross section water surface data fbsriooth training walls g = 0.060%s.

Run # 10 recorderl RW
BM-0
Date 9/4/2007 rd. x=24.68| 65.02| z=2.873
time X y z comment|
ft ft ft
9:50 24.87| 68.49| 2.334
24.87| 68.60| 2.333
24.87| 68.70| 2.328
24.87| 68.80| 2.325
24.87| 68.90| 2.322
24.87| 69.00| 2.317
24.87| 71.00f 2.313
24.87| 73.00f 2.315
24.87| 75.20| 2.316
24.87| 77.00f 2.315
24.87| 79.00f 2.316
24.87| 81.00f 2.316
24.87| 81.50| 2.316
24.87| 81.70f 2.319
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24.87| 81.90] 2.320
24.87| 82.00] 2.321
24.87| 82.10] 2.323
24.87| 82.20] 2.324
24.87| 82.30] 2.330
24.87| 82.42| 2.336
10:02 2544 68.61| 2.271
25435 68.80| 2.256
25435 69.00| 2.227
25435 69.10] 2.208
25435 69.20] 2.182
25435 69.30| 2.145
25435 69.40| 2.117
25435 69.50| 2.096
25435 69.60] 2.085
25435 69.70] 2.078
25435 69.80] 2.072
25435 69.90| 2.071
25435 70.00] 2.071
25435 71.00] 2.067
25435/ 73.00] 2.070
25435 75.20] 2.071
25435 77.00] 2.070
25435 79.00| 2.072
25435 81.00] 2.076
25435 81.50] 2.079
25435 81.70] 2.095
25435 81.80] 2.110
25435 81.90] 2.130
25435 82.00] 2.164
25435 82.10| 2.185
25435 82.20| 2.207
25435 82.31| 2.229
10:30 26.5| 69.09] 2.043
26.5| 69.30] 2.003
26.5| 69.50] 1.965
26.5| 69.60] 1.946
26.5| 69.70] 1.930
26.5| 69.80] 1.916

116




26.5| 69.90| 1.912
26.5| 70.00f 1.886
26.5| 70.10] 1.740
26.5| 70.20, 1.721
26.5| 70.30, 1.711
26.5| 70.40/ 1.700
26.5| 70.50] 1.694
26.5| 71.00/ 1.682
26.5| 73.00f 1.670
26.5| 75.20| 1.672
26.5| 77.00f 1.672
26.5| 79.00f 1.672
26.5| 80.50| 1.672
26.5| 81.00/ 1.689
26.5| 81.10, 1.697
26.5| 81.20f 1.705
26.5| 81.30] 1.719
26.5| 81.40, 1.761
26.5| 81.50| 1.813
26.5| 81.70/ 1.811
26.5| 81.80] 1.826
26.5| 81.92) 1.849
27.61] 69.78] 1.693
27.61] 70.00] 1.661
27.61] 70.20] 1.633
27.61] 70.40| 1.606
27.61] 70.50] 1.597
27.61] 70.60] 1.582
27.61] 70.70] 1.559
27.61| 70.80] 1.487
27.61] 70.90] 1.503
27.61] 71.00] 1.390
27.61] 71.10] 1.347
2761 71.20] 1.334
2761 71.30] 1.324
2761 71.50] 1.310
2761 73.00] 1.278
27.61| 75.20] 1.278
2761 77.00] 1.280
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27.61] 79.00] 1.285
27.61] 80.00f 1.298
27.61] 80.50] 1.315
27.61] 80.60] 1.322
27.61] 80.70] 1.330
27.61] 80.80] 1.344
27.61] 80.90] 1.358
27.61] 81.00] 1.411
27.61] 81.10] 1.415
27.61] 81.20] 1412
27.61] 81.30] 1.421
27.61] 81.50] 1.426
27.61] 81.55] 1473
28.69| 70.40, 1.381
28.69| 70.60] 1.340
28.69| 70.80] 1.311
28.69| 70.90] 1.294
28.69| 71.00] 1.275
28.69| 71.10] 1.263
28.69| 71.20] 1.254
28.69| 71.30] 1.249
28.69| 71.40] 1.221
28.69| 71.50] 1.175
28.69| 71.60] 1.147
28.69| 71.70] 1.065
28.69| 71.80] 1.038
28.69| 71.90] 0.998
28.69| 72.00] 0.982
28.69| 72.10] 0.972
28.69| 72.50] 0.950
28.69 73 0.932
28.69 75.2] 0914
28.69 77 0.915
28.69 79 0.923
28.69 80 0.959
28.69 80.2 0.97
28.69 80.3| 0.982
28.69 80.4| 0.996
28.69 80.5| 1.007
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28.69 80.6| 1.023

28.69 80.7] 1.034

28.69 80.8] 1.025

28.69 80.9| 1.058

28.69 81 1.066

28.69 81.1] 1.078

28.69| 81.22] 1.121
29.155| 70.66] 1.248
29.155 70.8| 1.212
29.155 71 1.179
29.155 71.2] 1.138
29.155 713 1.126
29.155 714 1.117
29.155 71.5] 1.115
29.155 716 1.097
29.155 71.7] 1.066
29.155 71.8] 1.036
29.155 719 1.005
29.155 72 0.97
29.155 72.1 0.94
29.155 72.2] 0.884
29.155 72.3| 0.868
29.155 72.4| 0.849
29.155 72.5| 0.844
29.155 73 0.796
29.155 75.2| 0.757
29.155 77 0.763
29.155 79 0.773
29.155 80 0.815
29.155 80.2| 0.838
29.155 80.3| 0.848
29.155 80.4 0.85
29.155 80.5| 0.861
29.155 80.6| 0.867
29.155 80.7] 0.884
29.155 80.8| 0.903
29.155 80.9| 0.915
29.155 81 0.921
29.155] 81.08] 0.963
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Table A.31. Centerline water surface data for fabath training walls g = 0.052%s.

Run # 11 recorder] RW
BM-0
Date 9/7/2007 rd. X=24.68 65.02| z=2.873
time X y z Vertical
ft ft ft Bed Depth

24.87| 75.20] 2.301

2544 75.20] 2.056
26.50] 75.20] 1.658

27.61] 75.20] 1.273

28.69| 75.20] 0.908

29.16] 72.50] 0.823

Table A.32. Run-up water surface data for 2:1 simt@iining walls q = 0.052 ffs.

Run # 11 recorder] RW
BM-0
Date 9/7/2007 rd. x=24.68] 65.02| z=2.873
time X y z comments
ft ft ft

13:48 24.40| 68.50| 2.334

24.76] 68.52] 2.323

24.87| 68.54] 2314
25.10] 68.58] 2.295
25.30] 68.62] 2.270

2542 68.65] 2.255
25.55| 68.70] 2.233
25.69| 68.75] 2.208

25.83| 68.80] 2.184

25.97| 68.86] 2.152
26.11| 68.930] 2.119

26.24| 69.000] 2.084

26.39] 69.09] 2.042

26.51| 69.17] 2.002

26.65| 69.26] 1.957

26.79| 69.35] 1.916

26.93| 69.43| 1.874
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27.06] 69.51] 1.833
27.19] 69.59| 1.790
27.34| 69.68| 1.747
27.47| 69.760] 1.705
27.61] 69.85] 1.662
27.75] 69.93] 1.621
27.89| 70.00] 1.582
28.04| 70.10] 1.533
28.16] 70.16] 1.501
28.30] 70.25] 1.459
28.43| 70.32] 1.423
28.58| 70.41] 1.379
28.71| 70.48] 1.346
28.85| 70.56| 1.307
28.98| 70.64] 1.266
29.13| 70.73] 1.220
29.16| 70.74| 1.215
29.30] 70.81] 1.177
29.60{ 70.99] 1.086
29.90{ 71.18] 0.993
30.20] 71.37] 0.904
30.89] 71.83] 0.679
30.20] 69.14] 1.221
30.50] 69.23] 1.129
30.80] 69.28] 1.085

31.1] 69.37] 1.003
32.00] 69.65| 0.725

Table A.33. Cross section water surface data fbsriooth training walls g = 0.05%4s.

Run # 15 recorderl RW
BM-0
Date 9/7/2007 rd. x=24.68| 65.02| z=2.873
time X y z comment]
ft ft ft
10:00 24.87| 68.53| 2.316
24.87| 68.70| 2.313
24.87| 68.80f 2.309
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24.87| 68.90] 2.305
24.87| 69.00] 2.299
24.87| 69.10] 2.299
24.87| 69.20] 2.302
24.87| 69.30] 2.297
24.87| 69.50] 2.298
24.87| 70.00] 2.297
24.87| 71.00] 2.298
24.87| 73.00] 2.300
24.87| 75.20] 2.301
24.87| 77.00] 2.301
24.87| 79.00] 2.300
24.87| 81.00] 2.301
24.87| 81.50] 2.301
24.87| 81.80] 2.302
24.87| 82.00f 2.303
24.87| 82.10] 2.306
24.87| 82.20] 2.309
24.87| 82.30] 2314
24.87| 8241 2.317
25435 68.65| 2.252
25435 68.80] 2.241
25435 68.90| 2.226
25435 69.00] 2.210
25435 69.10] 2.193
25435 69.20] 2.170
25435 69.30| 2.132
25435 69.40| 2.099
25435 69.50| 2.078
25435 69.60| 2.065
25435 69.70| 2.058
25435 70.00] 2.052
25435 71.00] 2.054
25435 73.00] 2.055
25435 75.20| 2.056
25435 77.00] 2.055
25435 79.00] 2.057
25435 81.00] 2.061
25435 81.50| 2.066
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25435 81.80| 2.092
25435 81.90] 2.115
25435 82.00| 2.144
25435 82.10| 2.168
25435 82.30] 2.210
26.5| 69.15| 2.007
26.5| 69.30] 1.983
26.5| 69.40f 1.963
26.5| 69.50| 1.946
26.5| 69.60| 1.927
26.5| 69.70| 1.911
26.5| 69.80] 1.896
26.5| 69.90| 1.885
26.5| 70.00/ 1.872
26.5| 70.10f 1.720
26.5| 70.20, 1.707
26.5| 70.30] 1.694
26.5| 70.40f 1.685
26.5| 70.50, 1.679
26.5| 71.00] 1.668
26.5| 73.00/ 1.657
26.5| 75.20] 1.658
26.5| 77.00/ 1.659
26.5| 79.00] 1.658
26.5| 81.00f 1.675
26.5| 81.20f 1.693
26.5| 81.30] 1.705
26.5| 81.40| 1.733
26.5| 81.50| 1.787
26.5| 81.60] 1.794
26.5| 81.70| 1.798
26.5| 81.89] 1.820
11:22 27.61] 69.83] 1.655
27.61] 70.00] 1.634
27.61] 70.20] 1.607
27.61] 70.30] 1.596
27.61] 70.40] 1.585
27.61] 70.50] 1.572
27.61] 70.60] 1.557
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27.61] 70.70] 1.528
27.61] 70.80] 1.463
27.61] 70.90] 1.450
27.61] 71.00] 1.386
2761 71.10] 1.333
2761 71.20] 1.322
2761 71.30] 1.314
27.61] 71.40] 1.308
27.61] 71.50] 1.302
2761 72.00] 1.279
2761 73.00] 1.272
27.61] 75.20] 1.273
2761 77.00] 1.274
27.61] 79.00] 1.277
27.61] 80.50] 1.304
27.61] 80.70] 1.317
2761 80.80] 1.331
27.61] 80.90] 1.343
27.61] 81.00] 1.385
27.61] 81.10] 1.392
27.61] 81.20] 1.390
27.61] 81.30] 1.410
27.61] 81.53] 1.455
28.69| 70.46, 1.351
28.69| 70.60] 1.318
28.69| 70.80] 1.278
28.69| 71.00] 1.253
28.69| 71.10] 1.236
28.69| 71.20] 1.227
28.69| 71.30] 1.217
28.69 714 1.189
28.69 715 1.148
28.69 716 1.118
28.69 71.7] 1.086
28.69 71.8| 1.014
28.69 719 0.992
28.69 72 0.981
28.69 72.5| 0.935
28.69 73 0.919
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28.69 75.2| 0.908
28.69 77 0.905
28.69 79 0.91

28.69 80 0.943

28.69 80.5| 0.988
28.69 80.7| 1.006

28.69 80.8| 1.006

28.69 80.9| 1.033
28.69 81 1.047
28.69 81.1] 1.056

28.69| 81.21] 1.105
29.155| 70.72] 1.215
29.155 71 1.152
29.155 71.2 1.114
29.155 714 1.085
29.155 715 1.086
29.155 71.6 1.062
29.155 71.7 1.028
29.155 71.8 1.002
29.155 719 0.981

29.155 72 0.95

29.155 72.1] 0.885
29.155 72.3| 0.843

29.155 72.5| 0.823

29.155 73 0.782
29.155 75.2| 0.753
29.155 77 0.751

29.155 79 0.763

29.155 80 0.799
29.155 80.5| 0.834

29.155 80.6] 0.855

29.155 80.7] 0.873
29.155 80.8| 0.885
29.155 80.9| 0.896

29.155] 81.07] 0.954

Table A.34. Centerline water surface data for fabath training walls g = 0.039%s.

Run # 12 recorder] RW
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Date 8/28/2007 rd. x=24.68] 65.02| z=2.873
time X y z comments
ft ft ft

12.00{ 75.20 2.323| Centerline
16.00, 75.20 2.322

20.00f 75.20 2.321
24.00f 75.20 2.300
24.87| 75.20 2.255| Crest

25.44| 75.20] 2.017

26.50] 75.20] 1.633
27.61] 75.20] 1.253
28.69| 75.20] 0.898

29.16] 75.20] 0.742
29.30] 75.20] 0.699

Table A.35. Run-up water surface data for 2:1 simo@iining walls q = 0.039 ffs.

Run # 12 recorder| BS
BM-0
Date 8/28/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

23.84| 68.59| 2.292
24.00] 68.59| 2.288
24.40| 68.57| 2.292
24.76| 68.61] 2.277
24.87| 68.62] 2.271
25.10] 68.66] 2.250
25.30] 68.71] 2.222
25.42| 68.75] 2.205
25.55| 68.80] 2.179
25.69| 68.81] 2.150
25.83] 68.930] 2.117
25.97| 69.000] 2.083
26.11] 69.08] 2.043
26.24| 69.17| 2.000
26.39] 69.26] 1.959
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26.51] 69.34] 1.917

26.65| 69.43| 1.872

26.79| 69.52| 1.825

26.93] 69.61] 1.785

27.06] 69.68] 1.745

27.20| 69.710] 1.706

27.34| 69.85] 1.663

2747 69.93] 1.621

27.61] 70.00] 1.582

27.75| 70.09] 1.536

27.89| 70.17| 1.497

28.04| 70.26] 1.448

28.16] 70.34] 1.412

28.30, 70.42| 1.373

28.43| 70.48]| 1.337

28.57| 70.57| 1.298

28.71) 70.65| 1.258

28.85| 70.73] 1.215

28.98| 70.77] 1.199

29.13) 70.93] 1.118

29.16] 70.93] 1.115

29.30] 71.02] 1.072

29.60, 71.21] 0.978

29.90, 71.39] 0.885

30.20f 71.59| 0.791

30.63] 71.84| 0.671

Table A.36. Cross section water surface data fbsriooth training walls g = 0.03%4s.

Run # 12 recorder; RW
BM-0
Date 8/27/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft

9:30 24.87| 68.61] 2272

24.87| 68.70] 2.273

24.87| 68.80] 2.269

24.87| 68.90] 2.264

127



24.87| 69.00] 2.260
24.87| 69.20] 2.257
24.87| 71.00] 2.256
24.87| 73.00] 2.258
24.87| 75.20] 2.258
24.87| 77.00] 2.257
24.87| 79.00] 2.258
24.87| 81.00] 2.258
24.87| 81.50] 2.257
24.87| 82.00] 2.261
24.87| 82.10] 2.263
24.87| 82.20] 2.266
24.87| 82.30] 2.272
24.87| 8237 2.281
9:45 2544 68.75| 2.203
2544 68.90] 2.189
2544 69.00] 2.171
25.44| 69.10] 2.154
2544 69.20] 2.133
25.44| 69.30] 2.098
25.44| 69.40| 2.057
2544 69.50] 2.033
2544 69.60] 2.023
2544 71.00] 2.017
2544 73.00] 2.017
2544 75.20] 2.017
2544 77.00] 2.017
25.44| 79.00] 2.018
2544 81.00] 2.020
2544 81.50] 2.023
25435 81.70] 2.034
25435 81.80] 2.046
25435 81.90| 2.072
25435 82.00] 2.105
25435 82.10| 2.122
25435 82.24| 2.156
10:02 26.5| 69.33] 1.922
26.5| 69.50| 1.896
26.5| 69.60/ 1.879
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26.5| 69.70| 1.864
26.5| 69.80] 1.848
26.5| 69.90/ 1.831
26.5| 70.00/ 1.814
26.5| 70.15| 1.690
26.5| 70.20| 1.677
26.5| 70.30] 1.671
26.5| 71.00f 1.643
26.5| 73.00f 1.633
26.5| 75.20] 1.634
26.5| 77.00f 1.634
26.5| 79.00f 1.634
26.5| 81.00/ 1.650
26.5| 81.20] 1.663
26.5| 81.38] 1.684
26.5| 81.56| 1.736
26.5| 81.70] 1.745
26.5| 81.83] 1.768
10:33 2761 70.01, 1.579
27.61] 70.10] 1.565
27.61] 70.20] 1551
27.61] 70.30] 1.534
27.61] 70.40] 1.523
27.61] 70.50] 1.508
27.61] 70.60] 1.495
27.61] 70.80] 1.426
27.61] 71.00] 1.342
2761 71.50] 1.277
27.61] 73.00] 1.256
27.61] 75.20] 1.253
2761 77.00] 1.255
27.61] 79.00] 1.257
27.61] 80.80] 1.305
27.61] 80.90] 1.316
27.61] 81.00] 1.331
27.61] 81.10] 1.344
27.61] 81.20] 1.350
27.61] 81.30] 1.366
27.61] 81.49| 1417
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10:53 28.69| 70.65| 1.260
28.69| 70.70] 1.242
28.69| 70.80] 1.223
28.69| 70.90] 1.206
28.69| 71.00] 1.187
28.69| 71.10] 1.173
28.69| 71.20] 1.159
28.69| 71.30] 1.150
28.69| 71.40] 1.121
28.69| 71.50] 1.090
28.69| 71.60] 1.078
28.69| 71.70] 1.050
28.69| 71.80] 0.992
28.69| 72.00] 0.953
28.69| 73.00] 0.897
28.69| 75.20] 0.890
28.69| 77.00] 0.890
28.69| 79.00] 0.892
28.69| 80.50] 0.955
28.69| 80.60] 0.964
28.69| 80.70] 0.963
28.69| 80.80] 0.958
28.69| 80.90] 1.004
28.69| 81.00] 1.011
28.69| 81.10] 1.018
28.69| 81.17| 1.062

11:10 29.155| 70.93] 1.114

29.155| 71.10| 1.074
29.155] 71.20] 1.055
29.155| 71.30] 1.041
29.155| 71.40| 1.028
29.155 715 1.012
29.155 71.6] 0.994
29.155 71.7) 0.961
29.155 71.8] 0.946
29.155 71.9 0.93
29.155 72 0.913
29.155 72.1] 0.866
29.155 72.2 0.84
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29.155 72.3| 0.821
29.155 73 0.766
29.155 75.2] 0.736
29.155 77 0.738
29.155 79 0.738
29.155 80.3] 0.796
29.155 80.4| 0.801
29.155 80.5| 0.805
29.155 80.6/ 0.801
29.155 80.7] 0.823
29.155 80.8| 0.849
29.155 80.9| 0.856
29.155] 80.98] 0.879

Table A37. Centerline water surface data for 2eped training walls q = 0.078s.

Run # 13 recorderl RW
BM-0
Date 9/18/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft
13:39 24.87 75.2 2.362| Centerline
25.435 75.2 2.113
26.5 75.2 1.692
27.61 75.2 1.302
28.69 75.2 0.932
29.155 75.2 0.781

Table A.38. Run-up water surface data for 2:1 stdgpaining walls q = 0.078s.

Run # 13 recorder] RW AB
BM-0
Date 9/18/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comment
ft ft ft
24,40 68.52| 2.378
24.76| 68.51| 2.386

131




24.87| 68.52 2.387] crest
25.10{ 68.60f 2.365
25.30| 68.60| 2.346
25.42| 68.60| 2.334
2555 68.60| 2.333|stepl
25.69| 68.69| 2.302
25.83| 68.69| 2.297
25.67| 68.77| 2.254
26.11| 68.770| 2.253
26.24| 68.860| 2.214
26.39| 68.86| 2.212
26.51| 68.95| 2.168
26.65| 68.95| 2.169
26.79| 68.95| 2.168
26.93| 68.95| 2.167
27.06| 69.05| 2.123
27.19| 69.05| 2.122
27.34) 69.14| 2.077
27.47| 69.140, 2.075
27.61| 69.14| 2.072
27.75| 69.23| 2.044
27.89| 69.23| 2.037
28.04| 69.33 1.985
28.16| 68.33 1.984
28.30| 69.33 1.982
28.43| 69.41 1.937
28.58| 69.41 1.934
28.71| 69.41 1.932
28.85| 69.41 1.928
28.98| 69.51 1.892
29.13| 69.51 1.888| step 27
29.16| 69.51 1.890
29.30| 69.61 1.837
29.60| 69.61 1.832
29.90| 69.81 1.746
30.20| 69.89 1.699
30.50| 69.99 1.643
30.80| 70.07 1.611
31.10f 70.16 1.558
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31.40{ 70.25] 1.514

31.7] 70.44| 1.416

32.00f 70.54| 1.375

32.30] 70.71] 1.281

32.60{ 70.82] 1.231

15:36 32.94| 70.92| 1.185

Table A.39. Cross section water surface data fbst8pped training walls q = 0.078/m

Run # 13 recorder; RW
BM-0

Date 9/18/2007 rd. x=24.68| 65.02| z=2.873

time X y z comment]
ft ft ft
24.87| 68.35| 2.426
24.87| 68.52| 2.387
24.87| 68.70| 2.377
24.87| 68.87| 2.373
24.87| 69.05| 2.367
24.87| 69.15| 2.364
24.87| 69.50| 2.357
2487 71.00f 2.363
24.87| 73.00f 2.363
24.87| 75.20] 2.362
24.87| 77.00] 2.361
24.87| 79.00f 2.359
24.87| 81.00f 2.358
24.87| 81.50| 2.357
24.87| 82.00] 2.361
24.87| 82.20| 2.367
24.87| 82.40| 2.376
24.87| 82.48| 2.387

13:57 25.44| 68.34| 2.425

25.44| 68.60| 2.337
25.44| 68.77| 2.312
25.44| 68.95| 2.287
25.44| 69.14| 2.242
25.44| 69.32] 2.197
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2544 69.52] 2.152
2544 69.70] 2.131
2544 70.00] 2.114
2544 71.00] 2.114
2544 73.00] 2.114
25.44| 75.20] 2.113
2544 77.00] 2.112
2544 79.00] 2.112
2544 81.00] 2.120
2544 81.50] 2.125
2544 81.70] 2.141
2544 81.90| 2.177
25.44| 82.00] 2.207
25.44| 82.20] 2.248
2544 8237 2.288
14:18 26.50] 68.34| 2.420
26.50, 68.60] 2.333
26.50| 68.77| 2.249
26.50 68.95| 2.168
26.50 69.14] 2.100
26.50 69.32] 2.062
26.50{ 69.51] 2.015
26.50] 69.69] 1.983
26.50 69.88] 1.962
26.50{ 70.06] 1.875
26.50{ 70.20] 1.763
26.50{ 70.40] 1.720
26.50{ 71.00] 1.703
26.50{ 73.00] 1.695
26.50 75.20] 1.692
26.50{ 77.00] 1.693
26.50{ 79.00] 1.692
26.50{ 81.00] 1.719
26.50{ 81.35] 1.773
26.50 81.56] 1.856
26.50{ 81.80] 1.876
26.50{ 82.01] 1.936
15:45 2761 68.60] 2.331
27.61] 68.75] 2.250
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27.61] 68.95] 2.169
27.61] 69.14] 2.074
27.61] 69.32] 1.994
27.61] 69.51] 1.894
27.61] 69.70] 1.810
27.61] 69.89] 1.742
27.61] 70.07] 1.724
27.61] 70.26] 1.693
27.61] 70.45| 1.654
27.61] 70.63] 1.633
27.61] 70.82] 1.608
27.61] 71.05] 1.400
27.61] 71.20] 1.338
27.61] 71.50] 1.327
2761 73.00] 1.303
27.61] 75.20] 1.302
2761 77.00] 1.304
27.61] 79.00] 1.308
27.61] 80.50] 1.345
27.61] 80.80] 1.373
27.61| 81.00] 1477
27.61] 81.20] 1.465
27.61] 81.40] 1.473
16:10 27.61] 81.60/ 1.517
3:21 28.69| 68.60, 2.329
28.69| 68.77| 2.244
28.69| 68.95] 2.160
28.69| 69.14] 2.068
28.69| 69.32] 1.980
28.69| 69.51] 1.886
28.69| 69.70] 1.798
28.69| 69.89] 1.708
28.69| 70.07] 1.629
28.69| 70.26] 1.543
28.69| 70.43] 1.455
28.69| 70.63] 1.410
28.69| 70.82] 1.378
28.69| 70.98] 1.361
28.69| 71.18] 1.333
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28.69| 71.36] 1.309
28.69| 71.60] 1.169
28.69| 71.80] 1.145
28.69| 72.00] 1.037
28.69| 72.50] 0.955
28.69| 73.00] 0.938
28.69| 75.20] 0.932
28.69| 77.00] 0.930
28.69| 79.00f 0.938
28.69| 80.00] 0.984
28.69| 80.40] 1.015
28.69| 80.70] 1.084
28.69| 81.00] 1.097
16:30 28.69| 81.27| 1.167
16:58 29.16] 68.60| 2.322
29.16] 68.77| 2.243
29.16] 68.95| 2.152
29.16] 69.14] 2.066
29.16] 69.32] 1.978
29.16] 69.51] 1.886
29.16] 69.70] 1.790
29.16] 69.89] 1.700
29.16| 70.07] 1.619
29.16] 70.25] 1.527
29.16] 70.43]| 1.448
29.16| 70.63] 1.361
29.16| 70.82] 1.291
29.16] 70.98] 1.258
29.16| 71.17| 1.225
29.16] 71.36] 1.205
29.16] 71.55] 1.186
29.16] 71.75] 1.148
29.16] 71.93] 1.037
29.16| 72.00] 1.052
29.16] 72.20] 0.998
29.16] 72.40] 0.880
29.16] 72.60] 0.815
29.16] 72.80] 0.808
29.16] 73.00f 0.796
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29.16] 75.20] 0.781

29.16{ 77.00] 0.785

29.16) 79.00/ 0.799

29.16| 80.00/ 0.848

29.16] 80.35] 0.881

29.16] 80.50] 0.911

29.16] 80.70] 0.922

29.16] 80.80] 0.949

29.16] 80.90] 0.950

29.16] 81.13] 1.009

29.155 72.3| 0.889

29.155 72.5| 0.869

29.155 73| 0.8823

29.155 75.2| 0.784

29.155 77 0.782

29.155 79 0.798

29.155 79.5| 0.822

29.155 80 0.853

29.155 80.2 0.88

29.155 80.3| 0.885

29.155 80.4| 0.914

29.155 80.5| 0.929

29.155 80.6]| 0.913

29.155 80.7 0.94

29.155 80.9| 0.954

29.155 81 0.962

29.155| 81.14| 1.019

Table A.40. Centerline water surface data for fepped training walls q = 0.060fs.

Run # 14 recorder] RW
BM-0
Date 9/21/2007 rd. x=24.68| y =65.02 | z=2.873
time X y z comments
ft ft ft

24.87| 75.20 2.315| Centerline

25.44| 75.20] 2.072

26.50 75.20] 1.659
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27.61| 75.20] 1.282
28.69| 75.20] 0.916
29.16] 75.20] 0.765

Table A.41. Run-up water surface data for 2:1 stdgpaining walls q = 0.060s.

Run # 14 recorder] RW
BM-0

Date 9/21/2007 rd. x=24.68| y=65.02| z=2.873

time X y z comment
ft ft ft
24.40| 68.44| 2.380
24.76| 68.53| 2.348
24.87| 68.53| 2.343
25.10] 68.61| 2.328
25.30| 68.70| 2.296
25.42| 68.70| 2.292
25.55| 68.70] 2.291
25.69| 68.70| 2.291
25.83| 68.780| 2.250
25.97| 68.780| 2.247
26.11| 68.78| 2.248
26.24| 68.87| 2.210
26.39| 68.87| 2.210
26.51| 68.87| 2.210
26.65| 68.96| 2.168
26.79| 68.96| 2.160
26.93| 69.05| 2.123
27.06| 69.05| 2.118
27.19| 69.150| 2.074
27.34| 69.15| 2.070
27.47| 69.24| 2.040
27.61| 69.24| 2.039
27.75| 69.24| 2.037
27.89| 69.33] 1.988
28.04| 69.33] 1.982
28.16| 69.42| 1.934
28.30 69.42| 1.932
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28.43| 69.42] 1.929
28.58| 69.51] 1.889
28.71| 69.51] 1.887

28.85| 69.51] 1.887

28.98| 69.61] 1.845
29.13| 69.61] 1.840

29.16| 69.61] 1.838

29.30] 69.70] 1.801
29.60{ 69.80] 1.743
29.90| 69.89] 1.696

30.20{ 69.98] 1.645
30.50{ 70.08] 1.609
30.80, 70.16] 1.572

31.1] 70.25| 1.519

3140 70.35| 1471

31.70] 70.44| 1.414

32.00] 70.63] 1.330

3230 70.72| 1.280

326| 70.81] 1.238
32.94| 70.92 1.18

Table A.42. Cross section water surface data fbst8pped training walls q = 0.06F/m

Run # 14 recordery RW
BM-0
Date 9/21/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft

24.87| 68.61] 2.339
24.87| 68.79] 2.332
24.87| 68.95] 2.321
24.87| 69.10] 2.312
24.87| 69.50] 2.314
24.87| 70.00] 2.313
24.87| 71.00] 2.313
24.87| 73.00] 2.314
24.87| 75.20] 2.315
24.87| 77.00] 2.314
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24.87| 79.00] 2.315
24.87| 81.00] 2.314
24.87| 81.50] 2.315
24.87| 82.00] 2.322
24.87| 82.43] 2.341
2544 68.61] 2.332
25.44| 68.79| 2.276
2544 68.95] 2.251
25435 69.14| 2.214
25435 69.32| 2.165
25435 69.51| 2.109
25435 69.70| 2.082
25435/ 70.00] 2.073
25435 71.00] 2.072
25435 73.00] 2.072
25435 75.20| 2.072
25435 77.00] 2.073
25435 79.00] 2.075
25435 81.00] 2.079
25435 81.50| 2.085
25435 81.80] 2.113
25435 82.00] 2.164
25435 82.20| 2.212
25435 82.33| 2.239
26.5| 68.60] 2.335
26.5| 68.78| 2.249
26.5| 68.95| 2.170
26.5| 69.14] 2.085
26.5| 69.32| 2.027
26.5| 69.51| 1.978
26.5| 69.70| 1.947
26.5| 69.89] 1.913
26.5| 70.07] 1.896
26.5| 70.25| 1.710
26.5| 70.43| 1.691
26.5| 70.63] 1.685
26.5| 71.00f 1.677
26.5| 73.00] 1.669
26.5| 75.20/ 1.659
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26.5| 77.00f 1.673
26.5| 79.00f 1.671
26.5| 81.00/ 1.687
26.5| 81.20] 1.706
26.5| 81.40| 1.755
26.5| 81.60] 1.815
26.5| 81.80] 1.830
26.5| 81.93] 1.862
27.61] 68.60] 2.329
27.61| 68.77]| 2.246
27.61] 68.95] 2.160
27.61] 69.14] 2.072
27.61] 69.32] 1.993
27.61] 69.51] 1.898
27.61] 69.70] 1.803
27.61] 69.89] 1.718
2761 70.07] 1.670
27.61] 70.25] 1.640
27.61] 70.43] 1.617
27.61] 70.63] 1.588
27.61] 70.82] 1.540
27.61] 70.98] 1.415
2761 71.20] 1.315
27.61] 7150 1.298
2761 73.00] 1.279
27.61] 75.20] 1.282
2761 77.00] 1.281
27.61] 79.00] 1.283
27.61] 80.50] 1.318
27.61] 80.90] 1.354
27.61] 81.05] 1.430
27.61] 81.20] 1.414
27.61] 81.51] 1.476
15:30 28.69| 68.59| 2.324
28.69| 68.77| 2.244
28.69| 68.95| 2.160
28.69| 69.14] 2.069
28.69| 69.32] 1.980
28.69| 69.51| 1.887
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28.69| 69.71] 1.798
28.69| 69.89] 1.704
28.69| 70.07] 1.625
28.69| 70.25] 1.541
28.69| 70.43| 1.453
28.69| 70.63] 1.383
28.69| 70.82] 1.330
28.69| 70.98] 1.298
28.69| 71.17| 1.274
28.69| 71.36] 1.250
28.69| 71.55] 1.185
28.69| 71.75] 1.116
28.69| 71.93] 1.007
28.69| 72.00] 0.962
28.69| 73.00f 0.918
28.69| 75.20] 0.916
28.69| 77.00] 0.917
28.69| 79.00] 0.922
28.69| 80.00f 0.953
28.69| 80.50] 0.998
28.69| 80.75] 1.028
28.69| 81.00] 1.121
28.69| 81.24] 1.134
15:54 29.155| 68.59| 2.325
29.155| 68.77| 2.239
29.155] 68.95| 2.157
29.155] 69.13| 2.068
29.155| 69.32| 1.977
29.155] 69.51| 1.881
29.155 69.7, 1.791
29.155| 69.89 1.7
29.155| 70.07| 1.622
29.155| 70.25| 1.531
29.155| 70.43| 1.446
29.155| 70.63| 1.352
29.155| 70.82| 1.269
29.155| 70.98| 1.213
29.155| 71.17| 1.167
29.155] 71.36] 1.134
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29.155] 7155 1.106

29.155| 71.75| 1.076

29.155| 71.93| 1.012

29.155 72 0.985

29.155 72.2| 0.933

29.155 72.4 0.8

29.155 72.6| 0.792

29.155 73 0.777

29.155 75.2| 0.765

29.155 77 0.766

29.155 79 0.775

29.155 80| 0.817

29.155 80.5| 0.867

29.155 81 0.924

29.155] 81.09] 0.974

29.155 72.2| 0.884

29.155 72.3| 0.868

29.155 72.4| 0.849

29.155 72.5 0.844

29.155 73 0.796

29.155 75.2| 0.757

29.155 77 0.763

29.155 79 0.773

29.155 80 0.815

29.155 80.2| 0.838

29.155 80.3| 0.848

29.155 80.4 0.85

29.155 80.5| 0.861

29.155 80.6| 0.867

29.155 80.7] 0.884

29.155 80.8| 0.903

29.155 80.9| 0.915
29.155 81 0.921
29.155] 81.08] 0.963

Table A.43. Centerline water surface data for feppsed training walls q = 0.052fs.

Run # 15 recorden RW

Date | 9/28/2007 BM-0 | x=24.68| y=65.02| z=2.873
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time X y z
ft ft ft
24.87| 75.20] 2.301

2544 75.20] 2.056
26.50 75.20] 1.661
27.61| 75.20] 1.274

28.69| 75.20] 0.910

29.16] 75.20] 0.756

Table A.44. Run-up water surface data for 2:1 stdgpaining walls q = 0.052 7s.

Run # 15 recordery RW
BM-0
Date 9/28/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

9:36 24.40| 68.61| 2.341

24.76| 68.61| 2.339

24.87| 68.61] 2.332
25.10] 68.61] 2.330

25.30 68.61] 2.330

2542 68.71] 2.291
25.55| 68.71] 2.288
25.69| 68.71] 2.285

25.83| 68.71| 2.287

25.97| 68.78] 2.248
26.11| 68.780| 2.242

26.24| 68.880| 2.209

26.39| 68.88] 2.210
2551 68.96] 2.164

26.65| 68.96] 2.161

26.79| 68.96| 2.167

9:57 26.93] 69.05| 2.126

10:11 27.06] 69.05] 2.121

27.19| 69.14] 2.075

27.34) 69.14| 2.072
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27.47| 69.240 2.039
27.61] 69.24] 2.037
27.75] 69.32] 1.989

27.89] 69.32] 1.986

28.04| 69.42| 1.933
28.16] 69.42] 1.932

28.30] 69.42] 1.929

28.43| 69.42| 1.933

28.58| 69.51| 1.888

28.71| 69.51] 1.889

28.85| 69.61] 1.841

28.98| 69.61] 1.840

29.13] 69.61] 1.841

29.16] 69.61] 1.841

29.30{ 69.70] 1.789

29.60{ 69.80] 1.743

29.90, 69.89] 1.700

30.20{ 70.07] 1.612

30.50{ 70.16] 1.563

30.80 70.25] 1.518

31.10{ 70.35] 1472

31.40{ 70.54] 1.380

31.7] 70.63] 1.333

32.00, 70.82] 1.236

3230 70.92] 1.191

32.60{ 71.02] 1.140

10:56 32.94] 71.10] 1.093

Table A.45. Cross section water surface data fbst8pped training walls g = 0.05%/m

Run # 15 recordern RW
BM-0
Date 9/27/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft
14:05 24.87| 68.61| 2.331
24.87| 68.79| 2.316
24.87| 68.95| 2.315
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24.87| 69.10] 2.307
24.87| 69.50] 2.299
24.87| 71.00] 2.297
24.87| 73.00] 2.299
24.87| 75.20] 2.301
24.87| 77.00] 2.299
24.87| 79.00] 2.300
24.87| 81.00] 2.300
24.87| 81.50] 2.298
24.87| 82.00] 2.304
24.87| 82.20] 2.308
14:16 24.87| 82.42| 2.325
25.44| 68.61] 2.329
25.44| 68.79] 2.259
2544 68.95| 2.233
2544 69.14] 2.194
25.44| 69.32] 2.150
25435 69.51] 2.091
25435 69.70| 2.064
25.435/ 70.00| 2.056
25435 71.00] 2.055
25435 73.00] 2.055
25435 75.20| 2.056
25435 77.00] 2.055
25435 79.00] 2.058
25435 81.00] 2.062
25435 81.50| 2.066
25435 81.75| 2.085
25435 82.00] 2.147
14:32 25435 82.30] 2.216
14:35 26.5| 68.60] 2.334
26.5| 68.78| 2.252
26.5| 68.95| 2.169
26.5| 69.14| 2.080
26.5| 69.32| 2.007
26.5| 69.51| 1.958
26.5| 69.70] 1.926
26.5| 69.89] 1.893
26.5| 70.07, 1.871
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26.5| 70.25| 1.695
26.5| 70.43| 1.677
26.5| 70.63] 1.674
26.5| 71.00] 1.665
26.5| 73.00f 1.658
26.5| 75.20/ 1.661
26.5| 77.00/ 1.662
26.5| 79.00/ 1.661
26.5| 81.00/ 1.677
26.5| 81.40| 1.740
26.5| 81.50| 1.794
26.5| 81.70) 1.797
14:51 26.5| 81.89] 1.824
27.61] 68.60] 2.332
27.61| 68.77| 2.252
27.61] 68.95] 2.162
2761 69.14] 2.070
27.61] 69.32] 1.993
27.61] 69.51] 1.895
27.61] 69.70] 1.807
27.61] 69.89] 1.716
27.61] 70.07] 1.661
27.61] 70.25] 1.618
27.61] 70.43] 1.590
27.61] 70.63] 1.560
27.61] 70.82] 1.516
27.61] 70.98] 1.442
2761 71.17] 1.400
2761 71.50] 1.291
2761 73.00] 1.271
27.61] 75.20] 1.274
2761 77.00] 1.275
27.61] 79.00] 1.278
27.61] 80.50] 1.306
27.61] 80.90] 1.344
27.61] 81.05] 1.403
27.61] 81.20] 1.391
27.61] 81.40] 1.413
15:41 27.61| 81.52| 1.447
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28.69| 69.14] 2.068
28.69| 69.32] 1.984
28.69| 69.51] 1.883
28.69| 69.70] 1.790
28.69| 69.89] 1.701
28.69| 70.07] 1.623
28.69| 70.25] 1.537
28.69| 70.43] 1.449
28.69| 70.63] 1.368
28.69| 70.82] 1.318
28.69| 70.98] 1.273
28.69| 71.17| 1.245
28.69| 71.36] 1.219
28.69| 71.55| 1.168
28.69| 71.75] 1.092
28.69| 71.93] 0.938
28.69| 72.00] 0.945
28.69| 73.00f 0.905
28.69| 75.20] 0.910
28.69| 77.00] 0.909
28.69| 79.00] 0.915
28.69| 80.50] 0.990
28.69| 80.70] 1.017
28.69 81 1.058
15:58 28.69| 81.21| 1.108
29.155] 69.13| 2.066
29.155] 69.32| 1.973
29.155] 69.51| 1.883
29.155 69.7| 1.783
29.155| 69.89| 1.705
29.155| 70.07| 1.622
29.155| 70.25| 1.528
29.155| 70.43| 1.435
29.155| 70.63| 1.351
29.155] 70.82| 1.265
29.155| 70.98| 1.203
29.155| 71.17| 1.153
29.155| 71.36| 1.105
29.155] 71.55| 1.087
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29.155] 71.75] 1.054

29.155] 71.93| 0.982

29.155 72.1] 0.924

29.155 72.5| 0.787

29.155 73 0.763

29.155 75.2| 0.756

29.155 77 0.752

29.155 79 0.774

29.155 80 0.81

29.155 80.5| 0.845

29.155| 80.75| 0.885

29.155 81 0.906

16:17 29.155| 81.07] 0.945

29.155 73 0.782

29.155 75.2| 0.753

29.155 77 0.751

29.155 79 0.763

29.155 80 0.799

29.155 80.5| 0.834

29.155 80.6] 0.855

29.155 80.7| 0.873

29.155 80.8| 0.885

29.155 80.9| 0.896

29.155] 81.07] 0.954

Table A.46. Centerline water surface data for fepped training walls q = 0.03%fs.

Run # 16 recordery RW
BM-0
Date 10/3/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.87| 75.20] 2.258

2544 75.20] 2.018

26.50 75.20] 1.634

2761 75.20] 1.252

28.69| 75.20] 0.890

29.16] 75.20] 0.730
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Table A.47. Run-up water surface data for 2:1 stdgpaining walls g = 0.039s.

RW,
Run # 16 recorder BS
BM-0
Date 10/3/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

9:04 24.40| 68.71| 2.295

24.76] 68.71] 2.292

24.87| 68.71] 2.290

25.10] 68.78] 2.253

2530 68.78] 2.245

2542 68.78] 2.243

9:07 25.55| 68.88] 2.211

25.69| 68.88] 2.209

25.83| 68.88] 2.210

25.97| 68.95] 2.167

26.11| 68.950| 2.166

26.24| 69.050] 2.121

26.39] 69.05] 2.120

26.51| 69.05] 2.124

9:12 26.65| 69.05| 2.118

26.79| 69.14] 2.082

26.93| 69.14] 2.073

27.06) 69.24| 2.039

27.19| 69.24] 2.033

27.34] 69.32] 1.994

27.47| 69.320| 1.987

9:16 2761 6942 1.935

27.75 69.42| 1.934

27.89| 69.42| 1.928

28.04| 69.51] 1.888

28.16] 69.51| 1.886

28.30] 69.51] 1.889

28.43] 69.61] 1.846

28.58| 69.61] 1.842

28.71| 69.70] 1.794

28.85| 69.70] 1.789
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28.98| 69.70] 1.784

29.13| 69.80] 1.744

29.16] 69.80] 1.741

29.30] 69.89] 1.698

29.60{ 69.98] 1.645

9:26 29.90| 70.08] 1.610

30.20{ 70.25] 1.518

30.50{ 70.34] 1.468

30.80{ 70.43] 1.423

31.10{ 70.53] 1.377

31.40{ 70.72] 1.284

31.7] 70.81] 1.231

32.00f 71.00] 1.142

32.30{ 71.10] 1.095

32.60{ 71.19] 1.050

9:34 32.90] 71.28| 1.005

Table A.48. Cross section water surface data fbst8pped training walls g = 0.03%/m

Run # 16 recordern RW
BM-0
Date 10/2/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.87| 68.78] 2.268

24.87| 68.95| 2.267

24.87| 69.14] 2.263

24.87| 69.50] 2.256

24.87| 71.00] 2.258

24.87| 73.00] 2.257

24.87| 75.20] 2.258

24.87| 77.00] 2.258

24.87| 79.00] 2.259

24.87| 81.00] 2.258

24.87)| 82.00] 2.262
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24.87| 82.20] 2.267
24.87| 8237 2.279
25.44| 68.78] 2.242
25.44| 68.95] 2.194
2544 69.14] 2.156
2544 69.32] 2.110
25.44| 69.51] 2.043
2544 70.00] 2.017
2544 71.00] 2.017
25.44| 73.00f 2.018
2544 75.20] 2.018
2544 77.00] 2.017
25.44| 79.00] 2.020
25.44| 81.00] 2.023
2544 81.50] 2.024
2544 82.00f 2.105
26.5| 68.78] 2.250
26.5| 68.95| 2.167
26.5| 69.14, 2.079
26.5| 69.32| 1.995
26.5| 69.51| 1.913
26.5| 69.70] 1.880
26.5| 69.89| 1.844
26.5| 70.07| 1.814
26.5| 70.25| 1.663
26.5| 70.43| 1.646
26.5| 70.63] 1.641
26.5| 71.00/ 1.637
26.5| 73.00f 1.633
26.5| 75.20] 1.634
26.5| 77.00] 1.634
26.5| 79.00/ 1.637
26.5| 80.00f 1.636
26.5| 80.50| 1.642
26.5| 81.30] 1.669
26.5| 81.50| 1.740
26.5| 81.84, 1.771
2761 68.72] 2.255
27.61] 68.95] 2.165
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27.61] 69.14] 2.076
27.61] 69.32] 1.988
27.61] 69.51] 1.896
27.61] 69.70] 1.798
27.61] 69.89] 1.714
27.61] 70.07] 1.636
27.61] 70.25] 1.579
27.61] 70.43] 1.533
27.61] 70.63] 1.501
27.61] 70.82] 1.455
27.61] 70.98] 1.392
2761 71.17| 1.279
27.61] 71.50] 1.257
27.61] 73.00] 1.249
27.61] 75.20] 1.252
2761 77.00] 1.252
2761 79.00] 1.253
27.61] 80.00] 1.262
27.61] 80.50] 1.275
27.61] 81.00] 1.323
27.61] 81.30] 1.366
27.61] 81.50] 1.415
28.69| 68.77| 2.247
28.69| 68.95] 2.163
28.69| 69.14] 2.070
28.69| 69.32] 1.987
28.69| 69.51] 1.883
28.69| 69.70] 1.789
28.69| 69.89] 1.705
28.69| 70.07] 1.620
28.69| 70.25] 1.528
28.69| 70.43] 1.440
28.69| 70.63] 1.363
28.69| 70.82] 1.279
28.69| 70.98] 1.227
28.69| 71.17| 1.188
28.69| 71.30] 1.161
28.69| 71.55| 1.086
28.69| 71.75] 1.041
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28.69| 71.93] 0.970
28.69| 72.20] 0.905
28.69| 73.00] 0.890
28.69| 75.20] 0.890
28.69| 77.00] 0.890
28.69| 79.00] 0.895
28.69| 80.00] 0.917
28.69| 80.50] 0.954
28.69| 81.00] 1.017
28.69| 81.16] 1.063
10:40 29.155| 68.77| 2.245
29.155] 68.95| 2.163
29.155| 69.13| 2.067
29.155| 69.32| 1.981
29.155| 69.51| 1.882
29.155 69.7] 1.786
29.155] 69.89] 1.698
29.155| 70.07| 1.614
29.155] 70.25| 1.533
29.155| 70.48| 1.439
29.155| 70.63| 1.347
29.155| 70.82| 1.257
29.155| 70.98| 1.182
29.155| 71.17| 1.118
29.155] 71.36| 1.052
29.155] 7155 1.017
29.155| 71.75| 0.972
29.155| 71.93] 0.934
29.155 72.1 0.89
29.155] 72.35| 0.764
29.155 73 0.734
29.155 75.2 0.73
29.155 77 0.73
29.155 79 0.74
29.155 80 0.764
29.155 80.5| 0.804
10:53 29.155 81 0.888
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Table A.49. Centerline water surface data for Babath training walls g = 0.078%s.

Run # 17 recordery RW
BM-0
Date 10/26/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.87| 75.21 2.363| Centerline
25.435| 75.21 2.114

26.5] 75.21 1.7

27.61] 75.21] 1.303
28.69| 75.21 0.93
29.155| 75.21| 0.779

Table A.50. Run-up water surface data for 3:1 simt@iining walls q = 0.078 rs.

Run # 17 recordern RW AB
BM-0
Date 10/26/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft
15:03 24.40| 68.72| 2.391

24.76| 68.77| 2.372
24.87| 68.79] 2.367
25.10] 68.81] 2.356
25.30{ 68.85] 2.345
25.42| 68.87| 2.341
25.55| 68.88] 2.333
25.69| 68.92| 2.323
25.83| 68.95] 2.309
25.97| 69.000] 2.296
26.11| 69.040] 2.280
26.24| 69.09] 2.262
26.39| 69.15] 2.241
26.51| 69.20] 2.220
15:18 26.65| 69.26) 2.197
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26.79| 69.33] 2.172

26.93| 69.41] 2.143

27.06] 69.48| 2.118

27.20] 69.56] 2.089

27.34| 69.690] 2.055

2747 69.74] 2.021

27.61] 69.84] 1.983

27.75 69.94] 1.946

15:27 27.89| 70.06] 1.908
15:37 28.04| 70.17, 1.872
28.16] 70.25| 1.848

28.30{ 70.38] 1.805

28.43| 70.48| 1.772

28.58| 70.59| 1.734

28.71| 70.69] 1.703

28.85| 70.80] 1.667

28.89] 70.83] 1.660

29.13] 71.01] 1.600

29.16] 71.04] 1.591

29.50{ 71.30] 1.508

15:52 30.00 71.67| 1.388
30.50{ 72.02] 1.273

31.00f 72.35] 1.164

31.50] 72.71] 1.046

32.00f 73.07] 0.922

3292 73.79] 0.691

31.7] 70.44| 1.416

32.00f 70.54| 1.375

32.30{ 70.71] 1.281

32.60{ 70.82] 1.231

15:36 32.94| 70.92| 1.185

Table A.51. Cross section water surface data fbsrBooth training walls g = 0.0784s.

Run # 17 recordery RW
BM-0
Date 10/26/2001 rd. x=24.68| y=65.02| z=2.873
time X y z comment
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ft ft ft
12:52 24.87| 68.78] 2.368
24.87| 69.00] 2.372
24.87| 69.20] 2.368
24.87| 69.40] 2.366
24.87| 69.60] 2.364
24.87| 69.80] 2.361
24.87| 70.00f 2.358
24.87| 71.00] 2.359
24.87| 73.00] 2.363
24.87| 75.20] 2.363
24.87| 77.00] 2.360
24.87| 79.00] 2.357
24.87| 81.00] 2.356
24.87| 81.50] 2.358
24.87| 82.00] 2.362
13:00 24.87| 82.47| 2.385
13:00 2544| 68.86) 2.342
2544 69.20] 2.328
25.44| 69.40] 2314
25.44| 69.60] 2.288
2544 69.80] 2.255
25.44| 70.00] 2.215
2544 71.00] 2.114
2544 73.00] 2.120
2544 75.20] 2114
2544 77.00] 2.116
2544 79.00] 2.115
2544 81.00] 2.119
25.44| 81.50] 2.128
25.44| 81.75] 2.150
2544 82.00] 2.201
13:13 2544 82.38| 2.292
13:33 26.50] 69.19| 2.225
26.50] 69.40] 2.202
26.50{ 69.60] 2.168
26.50{ 69.80] 2.136
26.50{ 70.00] 2.104
26.50] 70.20] 2.066
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26.50{ 70.40| 2.037
26.50{ 70.60] 2.011
26.50{ 70.80] 1.966
26.50{ 71.00] 1.816
26.50 71.20] 1.749
26.50{ 71.40] 1.733
26.50{ 72.00] 1.710
26.50{ 73.00] 1.703
26.50 75.20] 1.700
26.50{ 77.00] 1.703
26.50{ 79.00] 1.700
26.50{ 81.00] 1.720
26.50{ 81.30] 1.761
26.50, 81.60| 1.867
13:47 26.50] 82.01| 1.933
13:47 27.61] 69.84] 1.988
27.61] 70.00] 1.960
27.61] 70.20] 1.920
27.61] 70.40] 1.885
27.61] 70.60] 1.850
27.61] 70.80] 1.814
2761 71.00f 1.785
2761 71.20] 1.752
27.61| 71.40| 1.737
2761 71.60] 1.735
27.61] 71.80] 1.650
27.61] 72.00] 1401
2761 72.20] 1.362
27.61| 72.40] 1.345
2761 73.00] 1.317
27.61] 75.20] 1.303
2761 77.00] 1.305
27.61] 79.00] 1.305
27.61] 80.50] 1.340
27.61] 80.90] 1.384
27.61] 81.00] 1.479
27.61] 81.30] 1.471
14:00 2761 81.60] 1.514
14:26 28.69| 70.67| 1.708
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28.69| 71.00] 1.664
28.69| 71.20] 1.640
28.69| 71.40| 1.624
28.69| 71.60] 1.582
28.69| 71.80] 1.565
28.69| 72.00] 1514
28.69| 72.20] 1.463
28.69| 72.40] 1.504
28.69| 72.60] 1.481
28.69| 72.80] 1.359
28.69| 73.00] 1.231
28.69| 73.20] 1.133
28.69| 73.40] 0.986
28.69| 73.60] 0.966
28.69| 73.80] 0.959
28.69| 74.00] 0.946
28.69| 75.20] 0.930
28.69| 77.00] 0.930
28.69| 79.00f 0.938
28.69| 80.00f 0.973
28.69| 80.40| 1.012
28.69| 80.60] 1.07/8
28.69| 80.80] 1.075
28.69| 81.00] 1.101
14:38 28.69| 81.28) 1.172
14:42 29.155| 71.02] 1.595
29.155| 71.20| 1.567
29.155| 71.40| 1.548
29.155] 71.60] 1.534
29.155| 71.80| 1.503
29.155| 72.00| 1.467
29.155| 72.20| 1.437
29.155] 72.40| 1.398
29.155| 72.60| 1.364
29.16] 72.80] 1.399
29.16| 73.00] 1.364
29.16] 73.20] 1.244
29.16] 73.40] 1.168
29.16] 73.60] 0.962
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29.16| 73.80] 0.837
29.16| 74.00f 0.823
29.16] 74.50] 0.804
29.16] 75.20] 0.779
29.16| 76.00f 0.778
29.16| 77.00] 0.780
29.16] 79.00] 0.795
29.16] 80.00] 0.850
29.16] 80.30] 0.866
29.16] 80.60] 0.914
29.16] 80.90] 0.955
14:56 29.16/ 81.13] 1.010
29.16] 71.75] 1.148
29.16] 71.93] 1.037
29.16] 72.00] 1.052
29.16] 72.20] 0.998
29.16] 72.40| 0.880
29.16| 72.60] 0.815
29.16] 72.80] 0.808
29.16] 73.00] 0.796
29.16] 75.20] 0.781
29.16| 77.00] 0.785
29.16] 79.00] 0.799
29.16] 80.00] 0.848
29.16] 80.35] 0.881
29.16] 80.50] 0.911
29.16] 80.70] 0.922
29.16] 80.80] 0.949
29.16] 80.90] 0.950
29.16] 81.13] 1.009
29.155 72.3| 0.889
29.155 72.5| 0.869
29.155 73| 0.8823
29.155 75.2] 0.784
29.155 77 0.782
29.155 79 0.798
29.155 79.5| 0.822
29.155 80 0.853
29.155 80.2 0.88
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29.155 80.3| 0.885
29.155 80.4| 0.914
29.155 80.5| 0.929

29.155 80.6] 0.913

29.155 80.7 0.94
29.155 80.9] 0.954

29.155 81 0.962

29.155] 81.14| 1.019

Table A.52. Centerline water surface data for Babath training walls g = 0.0607s.

Run # 18 recordery RW
BM-0 y
Date 10/25/2007 rd. x=24.68| =65.02 | z=2.873
time X y z comments
ft ft ft

24.87| 75.21 2.316| Centerline
25.44| 75.21 2.075
26.50| 75.21 1.672

27.61] 75.21] 1.279

28.69| 75.21] 0.908
29.16| 75.21] 0.758

Table A.53. Run-up water surface data for 3:1 simo@iining walls q = 0.060 ffs.

Run # 18 recorder] RW
BM-0
Date 10/25/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.40| 68.84| 2.352
24.76] 68.90] 2.330
24.87| 68.92| 2.324
25.10] 68.93| 2.319
25.30] 68.97| 2.306
25.42| 68.98| 2.301
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25.55| 69.01] 2.291
25.69| 69.050] 2.280
25.83| 69.090] 2.264
25.97| 69.14| 2.248
26.11) 69.19] 2.230
26.24| 69.25| 2.209
26.39] 69.32] 2.184
26.51] 69.38] 2.162
26.65| 69.45| 2.135
26.79] 69.54| 2.106
26.93| 69.62| 2.073
27.06| 69.720] 2.038
27.20| 69.80| 2.007
27.34) 69.91] 1.966
2747 70.01] 1.929
27.61] 70.12| 1.888
27.75| 70.23| 1.847
27.89| 70.35| 1.808
28.04| 70.46| 1.773
28.16] 70.53| 1.749
28.30| 70.66| 1.706
28.43| 70.76] 1.674
28.58| 70.88] 1.635
28.71] 70.97| 1.604
28.85| 71.08] 1.569
28.89] 71.12| 1.558
29.13] 71.30] 1.501
29.16] 71.33] 1.493
29.50] 7159 1411
30.00f 71.93] 1.299
30.50] 72.28| 1.186
31.00) 72.64| 1.065
31.50, 73.03] 0.936
32| 73.43| 0.803
3140 70.35| 1471
31.70] 70.44| 1.414
32.00] 70.63] 1.330
32.30] 70.72| 1.280
326| 70.81] 1.238
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32.94

70.92

1.18

Table A.54. Cross section water surface data fbsrBooth training walls g = 0.060%s.

Run # 18 recordery RW
BM-0
Date 10/25/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comment
ft ft ft
14:53 24.87| 68.91| 2.326
24.87| 69.20] 2.331
24.87| 69.40| 2.327
24.87| 69.60| 2.326
24.87| 69.80] 2.322
2487 70.00f 2.318
2487 71.00] 2.317
24.87| 73.00] 2.317
24.87| 75.20] 2.316
2487 77.00] 2.317
24.87| 79.00 2.317
24.87| 81.00f 2.318
24.87| 81.50| 2.320
24.87| 82.00f 2.325
14:58 24.87| 82.43| 2.344
15:13 25.44| 68.98] 2.303
25.44| 69.20| 2.294
25.44| 69.40| 2.285
25.44| 69.60| 2.252
25435/ 69.80| 2.219
25.435/ 70.00| 2.177
25435 70.20| 2.122
25435/ 70.50| 2.082
25435/ 71.00| 2.073
25435 73.00| 2.075
25.435| 75.20| 2.075
25435/ 77.00| 2.074
25.435| 79.00| 2.077
25.435/ 81.00| 2.082
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25435 81.50| 2.087

25435 82.00] 2.168

15:22 25.435| 82.33] 2.237
15:25 26.5| 69.38] 2.164
26.5| 69.60] 2.134

26.5| 69.80] 2.099

26.5| 70.00/ 2.067

26.5| 70.20f 2.030

26.5| 70.40, 1.997

26.5| 70.60f 1.972

26.5| 70.80] 1.951

26.5| 71.00f 1.773

26.5| 71.20f 1.715

26.5| 71.40] 1.700

26.5| 71.60f 1.690

26.5| 71.80] 1.686

26.5| 72.00 1.678

26.5| 73.00/] 1.670

26.5| 75.20| 1.672

26.5| 77.00f 1.672

26.5| 79.00/ 1.672

26.5| 80.50, 1.679

26.5| 81.00f 1.690

26.5| 81.40| 1.763

26.5| 81.60] 1.815

26.5| 81.80] 1.831

15:35 26.5| 81.92| 1.847
15:40 2761 70.11] 1.891
27.61] 70.40| 1.845

27.61] 70.60] 1.806

2761 70.80] 1.774

27.61] 71.00] 1.744

2761 71.20] 1.712

2761 7140 1.676

2761 71.60] 1.677

2761 71.80] 1.624

27.61] 72.00] 1.492

2761 72.20] 1.338

27.61] 7240 1.312
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2761 7260 1.301

27.61] 72.80] 1.296

27.61] 73.00] 1.290

27.61] 75.20] 1.279

2761 77.00] 1.281

27.61] 79.00] 1.282

27.61] 80.50] 1.315

27.61] 80.90] 1.350

27.61] 81.00] 1.425

27.61| 81.30] 1.406

27.61] 81.54] 1.463

15:47 27.61] 81.56| 1.478
10:05 28.69| 70.95| 1.614
28.69| 71.20] 1.579

28.69| 71.40] 1.560

28.69| 71.60] 1.533

28.69| 71.80] 1.500

28.69| 72.00] 1.467

28.69| 72.20] 1.417

28.69| 72.40| 1417

28.69| 72.60] 1.406

28.69| 72.80] 1.377

28.69| 73.00] 1.186

28.69| 73.20] 1.023

28.69| 73.40] 0.964

28.69| 73.60] 0.942

28.69| 74.00] 0.925

28.69| 75.20] 0.908

28.69| 77.00] 0.914

28.69| 79.00] 0.922

28.69| 80.50] 0.993

10:24 28.69| 80.70, 1.032
28.69| 81.00f 1.073

28.69| 81.24] 1.134

10:27 29.155| 71.31] 1.502
29.155] 71.60] 1.460

29.155| 71.80| 1.445

29.155| 72.00] 1.417

29.155] 72.20] 1.381
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29.155] 72.40| 1.350
29.155| 72.60| 1.302
29.155| 72.80| 1.304
29.155| 73.00] 1.295
29.155 73.2 1.25
29.155 73.4 1.11
29.155 73.6| 1.012
29.155 73.8 0.84
29.155 74 0.796
29.155 745 0.775
29.155 75.2] 0.758
29.155 76 0.755
29.155 77 0.755
29.155 79 0.77
29.155 80 0.819
29.155 80.5| 0.858
29.155 80.7] 0.884
29.155 81 0.922
10:41 29.155| 81.08] 0.963
29.155| 71.75| 1.076
29.155| 71.93] 1.012
29.155 72 0.985
29.155 72.2] 0.933
29.155 72.4 0.8
29.155 726 0.792
29.155 73 0.777
29.155 75.2] 0.765
29.155 77 0.766
29.155 79 0.775
29.155 80 0.817
29.155 80.5| 0.867
29.155 81 0.924
29.155] 81.09] 0.974
29.155 72.2| 0.884
29.155 72.3| 0.868
29.155 724 0.849
29.155 72.5| 0.844
29.155 73 0.796
29.155 75.2| 0.757
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29.155 77 0.763
29.155 79 0.773
29.155 80 0.815
29.155 80.2| 0.838
29.155 80.3] 0.848
29.155 80.4 0.85
29.155 80.5| 0.861
29.155 80.6| 0.867
29.155 80.7] 0.884
29.155 80.8| 0.903
29.155 80.9| 0.915
29.155 81 0.921
29.155/ 81.08| 0.963

Table A.55. Centerline water surface data for 8abath training walls q = 0.052%s.

Run # 19 recorderf RW
BM-0
Date 10/24/2007 rd. x=24.68| y=65.02| z=2.873
time X y z
ft ft ft
12.00|{ 75.21] 2.381
16.00{ 75.21| 2.381
20.00f 75.21| 2.381
24.87| 75.21| 2.300
25.44| 75.21| 2.058
26.50, 75.21| 1.661
27.61| 75.21| 1.293
28.69| 75.21| 0.902
29.16| 75.21| 0.747

Table A.56. Run-up water surface data for 3:1 simt@iining walls q = 0.052 frs.

Run # 19 recordery RW
BM-0
Date 10/24/200] rd. x=24.68| y=65.02| z=2.873
time X y z comment
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ft ft ft
14:18 24.40| 68.88] 2.334
24.76] 68.95] 2.313
24.87| 68.96] 2.310
25.10f 68.98] 2.302
25.30] 69.02] 2.290
2542 69.04] 2.284
25.55| 69.07] 2274
25.69| 69.11] 2.258
25.83| 69.16] 2.241
2597 69.21] 2.222
26.11| 69.27| 2.202
26.24| 69.33] 2.181
26.39| 69.41] 2.154
26.51| 69.48| 2.128
26.65| 69.56] 2.099
26.79| 69.64| 2.067
26.93| 69.74] 2.035
27.06] 69.84] 1.998
27.20] 69.93] 1.961
27.34] 70.04] 1.921
15:00 2747 70.14, 1.883
15:08 27.61] 70.25| 1.843
27.75 70.36] 1.804
27.89| 7047 1.767
28.04| 70.57] 1.734
28.16| 70.64] 1.710
28.30{ 70.78] 1.665
28.43| 70.88] 1.634
28.58| 71.00] 1.595
28.71| 71.10] 1.564
28.85| 71.20] 1.529
28.89| 71.24] 1.519
29.13| 71.43] 1.460
29.16] 71.45] 1.455
29.50{ 71.70] 1.375
30.00f 72.04] 1.266
15:29 30.50] 72.40| 1.145
31.00f 72.78] 1.021
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31.50{ 73.17] 0.888

32.36] 73.87] 0.665

31.40{ 70.54] 1.380

31.7] 70.63] 1.333

32.00f 70.82] 1.236

32.30] 70.92] 1.191

32.60{ 71.02] 1.140

10:56 3294 71.10f 1.093

Table A.57. Cross section water surface data fbsrBooth training walls g = 0.052s.

Run # 19 recordery RW
BM-0
Date 10/24/200] rd. x=24.68| y=65.02| z=2.873
time X y z comment
ft ft ft
14:10 24.87| 68.96| 2.312
24.87| 69.20| 2.314
24.87| 69.40| 2.314
24.87| 69.60| 2.308
24.87| 70.00f 2.301
2487 71.00f 2.298
24.87| 73.00 2.297
24.87| 75.20] 2.300
2487 77.00] 2.299
24.87| 79.00/ 2.300
24.87| 81.00f 2.300
24.87| 81.50] 2.299
24.87| 82.00f 2.303
24.87| 82.20| 2.308
14:17 24.87| 82.41| 2.321
9:55 25.44| 69.04| 2.284
25.44| 69.30| 2.268
25.44| 69.50| 2.249
25.44| 69.70| 2.219
25435/ 69.90| 2.185
25435/ 70.10| 2.136
25.435/ 70.30| 2.083
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25435 70.50| 2.064
25435 71.00] 2.057
25435 73.00] 2.058
25435 75.20| 2.058
25435 77.00] 2.057
25435/ 79.00] 2.060
25435/ 81.00] 2.065
25435 81.50| 2.068
25435 82.00] 2.148
25435 82.30] 2.211
10:10 26.5| 69.45| 2.136
26.5| 69.70] 2.100
26.5| 69.90| 2.068
26.5| 70.10] 2.033
26.5| 70.30| 1.997
26.5| 70.50] 1.963
26.5| 70.70| 1.944
26.5| 70.90] 1.910
26.5| 71.10, 1.719
26.5| 71.30] 1.691
26.5| 7150 1.682
26.5| 72.00/ 1.669
26.5| 73.00] 1.659
26.5| 75.20/ 1.661
26.5| 77.00] 1.660
26.5| 79.00/ 1.661
26.5| 81.00f 1.677
10:22 26.5| 81.40] 1.743
26.5| 81.50] 1.795
26.5| 81.70, 1.797
26.5| 81.89| 1.822
10:25 27.61] 70.25| 1.847
27.61] 70.50] 1.807
27.61] 70.90] 1.740
2761 71.10] 1.711
2761 71.30] 1.677
2761 71.50] 1.651
2761 71.70] 1.665
27.61] 71.90] 1.508
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27.61] 72.10] 1.432
2761 72.30] 1.307
27.61] 7250 1.293
27.61] 73.00] 1.276
27.61] 75.20] 1.271
2761 77.00] 1.270
27.61] 79.00] 1.275
27.61] 80.50] 1.298
27.61] 80.90] 1.339
27.61] 81.00] 1.385
27.61] 81.20] 1.398
27.61] 81.52| 1.445
10:43 28.69| 71.07| 1.573
28.69| 71.30] 1.545
28.69| 71.50] 1.521
28.69| 71.70] 1.494
28.69| 71.90| 1.462
28.69| 72.10] 1.426
28.69| 72.30] 1.375
28.69| 72.50] 1.386
28.69| 72.70] 1.352
28.69| 72.90] 1.266
28.69| 73.10] 1.100
28.69| 73.30] 0.950
28.69| 73.50] 0.942
28.69| 74.00] 0.909
28.69| 75.20] 0.902
28.69| 77.00] 0.903
28.69| 79.00f 0.915
28.69| 80.00] 0.939
28.69| 80.50] 0.982
28.69| 81.00] 1.053
28.69| 81.22] 1.112
10:58 29.155| 71.45] 1.457
29.155] 71.90] 1.405
29.155| 72.10| 1.376
29.155| 72.30| 1.344
29.155] 7250 1.313
29.155 72.70] 1.270
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29.155] 72.90| 1.271
29.155] 73.10] 1.233
29.155 73.3| 1.149
29.155 73.5| 1.026
29.155 73.7| 0.957
29.155 73.9| 0.799
29.155 74.1] 0.778
29.155 74.3 0.77
29.155 74.5| 0.768
29.155 75.2| 0.747
29.155 77 0.751
29.155 78 0.757
29.155 79 0.764
29.155 80 0.805
29.155 80.5| 0.833
29.155 80.7| 0.877
11:09 29.155| 81.07] 0.954
29.155| 70.98| 1.203
29.155] 71.17| 1.153
29.155| 71.36| 1.105
29.155| 71.55| 1.087
29.155] 71.75] 1.054
29.155] 71.93| 0.982
29.155 72.1] 0.924
29.155 72.5| 0.787
29.155 73 0.763
29.155 75.2] 0.756
29.155 77 0.752
29.155 79 0.774
29.155 80 0.81
29.155 80.5| 0.845
29.155| 80.75| 0.885
29.155 81 0.906
16:17 29.155| 81.07] 0.945
29.155 73 0.782
29.155 75.2] 0.7583
29.155 77 0.751
29.155 79 0.763
29.155 80 0.799
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29.155 80.5| 0.834
29.155 80.6| 0.855
29.155 80.7] 0.873
29.155 80.8] 0.885
29.155 80.9| 0.896
29.155] 81.07| 0.954

Table A.58. Centerline water surface data for Babath training walls g = 0.039%s.

Run # 20 recordern RW
BM-0
Date 8/31/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

24.87| 75.21| 2.258
25.44| 75.21] 2.017
26.50] 75.21] 1.634
27.61| 75.21] 1.248
28.69| 75.21] 0.883
29.16] 75.21] 0.729

Table A.59. Run-up water surface data for 3:1 simt@iining walls q = 0.039 frs.

RW,
Run # 20 recordern BS
BM-0
Date 8/31/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

13:11 24.40] 69.01] 2.290

24.76] 69.07] 2.275
24.87| 69.09] 2.269

25.10] 69.12] 2.258

2530 69.16] 2.245
2542 69.19] 2.235
25.55| 69.23] 2.222

25.69| 69.28] 2.204
25.83| 69.34] 2.185
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2597 69.41] 2.159

26.11| 69.480] 2.135

26.24| 69.550| 2.109

26.39| 69.65| 2.073

26.51| 69.73] 2.043

26.65| 69.82] 2.010

26.79] 69.93] 1971

26.93| 70.03] 1.936

27.06| 70.12] 1.901

27.20{ 70.21] 1.866

27.34| 70.33] 1.823

27.47| 70.430] 1.785

13:10 27.61] 70.53| 1.748
13:29 27.75| 70.64] 1.706
27.89| 70.74] 1.671

28.04| 70.86] 1.632

28.16] 70.94] 1.609

28.30{ 71.08] 1.565

28.43| 71.18] 1.532

28.58| 71.29] 1.495

28.71| 71.40] 1.463

28.85| 71.50] 1.430

28.89| 71.54| 1.417

29.13| 71.71] 1.366

29.16| 71.72] 1.363

29.30{ 71.83] 1.326

29.60{ 72.03] 1.264

2990 72.28] 1.183

30.50{ 72.74] 1.034

31.10f 73.21] 0.877

31.70 73.75] 0.695

13:47 31.93] 73.93] 0.633
31.40{ 70.72] 1.284

317/ 70.81] 1.231

32.00f 71.00] 1.142

32.30{ 71.10] 1.095

32.60{ 71.19] 1.050

9:34 32.90] 71.28| 1.005
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Table A.60. Cross section water surface data fbsrBooth training walls g = 0.03%fs.

Run # 20 recordery RW
BM-0
Date 8/31/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comment
ft ft ft
24.87| 69.08| 2.270
24.87| 69.30] 2.272
24.87| 69.50| 2.269
24.87| 70.00| 2.256
24.87| 71.00| 2.256
24.87| 73.00] 2.256
24.87| 75.20] 2.258
24.87| 77.00f 2.258
24.87| 79.00] 2.257
24.87| 81.00f 2.258
24.87| 82.00f 2.260
10:08 24.87| 82.37| 2.280
10:37 25.44| 69.19| 2.233
25.44| 69.30| 2.231
25.44| 69.50| 2.210
25.44| 69.70] 2.181
25.44| 69.90| 2.152
25.44| 70.10| 2.095
25.44| 70.50| 2.019
25.44| 71.00] 2.017
25.44| 73.00f 2.016
25.44| 75.20| 2.017
25.44| 77.00] 2.016
25.44| 79.00f 2.020
25.44| 81.00f 2.021
25.44| 81.50| 2.024
25435/ 82.00| 2.103
25435 82.24| 2.155
26.5| 69.72| 2.049
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26.5| 69.90| 2.023
26.5| 70.10f 1.990
26.5| 70.20] 1.954
26.5| 70.50, 1.921
26.5| 70.70| 1.889
26.5| 70.90| 1.876
26.5| 71.00/ 1.830
26.5| 71.10, 1.679
26.5| 71.30] 1.660
26.5| 7150/ 1.650
26.5| 73.00/] 1.635
26.5| 75.20] 1.634
26.5| 77.00f 1.634
26.5| 79.00] 1.635
26.5| 81.00| 1.647
26.5| 81.30] 1.668
26.5| 81.50| 1.742
26.5| 81.83] 1.764
11:12 2761 70.53| 1.748
27.61] 70.80] 1.715
2761 71.00] 1.675
2761 71.20] 1.643
27.61] 71.40] 1.610
2761 71.60] 1.588
27.61] 71.80] 1.552
27.61] 72.00] 1.450
27.61] 72.20] 1.339
27.61| 72.40| 1.267
2761 72.60] 1.257
27.61] 73.00] 1.254
27.61| 75.20] 1.248
2761 77.00] 1.252
27.61] 79.00] 1.252
27.61| 80.50] 1.272
27.61] 81.00] 1.323
27.61] 81.20] 1.340
27.61] 81.49| 1.412
11:29 28.69| 71.38] 1.467
28.69| 71.60] 1.442
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28.69| 71.80] 1.415
28.69| 72.00] 1.384
28.69| 72.20] 1.348
28.69| 72.40] 1.304
28.69| 72.60] 1.293
28.69| 72.80] 1.248
28.69| 73.00] 1.133
28.69| 73.20] 1.071
28.69| 73.40] 0.940
28.69| 73.60] 0.908
28.69| 75.20] 0.883
28.69| 77.00] 0.884
28.69| 79.00] 0.894
28.69| 80.50] 0.947
28.69| 81.00] 1.012
28.69| 81.16] 1.055
29.155 71.73] 1.358
29.155| 72.00] 1.326
29.155| 72.20| 1.296
29.155| 72.40| 1.263
29.155| 72.60| 1.220
29.155] 72.80| 1.188
29.155| 73.00] 1.168
29.155| 73.20] 1.126
29.155| 73.40| 1.038
29.155| 73.60| 0.978
29.155| 73.80| 0.867
29.155| 74.00/ 0.751
29.155] 7450 0.741
29.155 75.2| 0.729
29.155 77 0.733
29.155 79 0.741
11:52 29.155 80.5| 0.804
29.155| 81.03] 0.912
29.155] 70.25| 1.533
29.155| 70.48| 1.439
29.155| 70.63| 1.347
29.155| 70.82| 1.257
29.155] 70.98| 1.182
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29.155 71.17| 1.118
29.155] 71.36| 1.052
29.155| 7155 1.017
29.155| 71.75| 0.972
29.155] 71.93] 0.934
29.155 72.1 0.89
29.155| 72.35| 0.764
29.155 73 0.734
29.155 75.2 0.73
29.155 77 0.73
29.155 79 0.74
29.155 80 0.764
29.155 80.5| 0.804
10:53 29.155 81 0.888

Table A.61. Centerline water surface data for Sepped training walls q = 0.07&4s.

Run # 21 recorder BS
BM-0
Date 11/13/2007 rd. x=24.68| 65.02|z=2.873
time X y z comments
ft ft ft
24.87| 75.21 2.363| Centerline
25.435| 75.21| 2.114
26.5| 75.21 1.7
27.61| 75.21| 1.303
28.69| 75.21 0.93
29.155| 75.21| 0.779

Table A.62. Run-up water surface data for 3:1 stdgpaining walls q = 0.078s.

Run # 21 recordern BS
BM-0
Date 11/13/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft
11:43 24.87| 68.74| 2.402
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25.10] 68.86] 2.396

25.30{ 68.86] 2.304

25.42| 69.02] 2.354

25.69| 69.02| 2.349

2597 69.02] 2.345

26.24| 69.02] 2.342

26.51| 69.02] 2.339

26.79| 69.02] 2.334

27.06] 69.020] 2.328

27.34| 69.150] 2.286

27.61] 69.15] 2.285

27.89| 69.29] 2.235

28.13] 69.45| 2.183

28.43| 69.58| 2.132

28.71| 69.86] 2.052

28.89| 68.86| 2.047

29.16] 69.98| 2.010

29.30{ 69.98] 2.010

29.60| 70.130] 1.971

29.90 70.26] 1.923

30.20] 70.26] 1.922

30.50{ 70.55| 1.837

30.80 70.68] 1.790

31.10f 70.68] 1.788

31.40{ 70.82] 1.736

31.70f 71.09] 1.654

32.00, 71.22| 1.609

32.30] 71.35] 1.555

32.60f 71.49| 1514

12:08 32.93] 71.62| 1.463

Table A.63. Cross section water surface data fbst8pped training walls q = 0.078/m

Run # 21 recordern BS
BM-0
Date 11/13/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft
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8:44 24.87| 68.74| 2.402
24.87| 68.87| 2.398
24.87| 69.01] 2.379
24.87| 69.20] 2.376
24.87| 69.40] 2.372
24.87| 69.60] 2.366
24.87| 69.80] 2.367
24.87| 70.00] 2.366
24.87| 71.00] 2.365
24.87| 73.00] 2.368
24.87| 75.20] 2.365
24.87| 77.00] 2.364
24.87| 79.00] 2.363
24.87| 81.00] 2.360
24.87| 81.50] 2.358
24.87| 82.00] 2.365
8:51 24.87| 82.46] 2.382
8:55 2544 68.74| 2.400
2544 68.87] 2.394
25.44| 68.88] 2.363
2544 69.01] 2.354
2544 69.03] 2.349
25.44| 69.14] 2.343
25.44| 69.20] 2.338
2544 69.40] 2.325
2544 69.60] 2.304
25.44| 69.80] 2.274
25.44| 70.00] 2.230
2544 71.00] 2.122
2544 73.00] 2.128
25.44| 75.20] 2.121
2544 77.00] 2121
2544 79.00] 2.121
2544 81.00] 2.123
2544 81.50] 2.134
2544 81.75] 2.155
25.44| 82.00] 2.210
9:07 25.44| 82.36| 2.286
9:13 26.50| 68.89] 2.349
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26.50 69.00] 2.345
26.50{ 69.03] 2.301
26.50 69.15] 2.301
26.50 69.17| 2.252
26.50{ 69.30] 2.256
26.50 69.40| 2.221
26.50 69.60] 2.189
26.50{ 69.80] 2.156
26.50{ 70.00] 2.121
26.50 70.20] 2.085
26.50{ 70.40] 2.050
26.50{ 70.60] 2.026
26.50{ 70.80] 1.988
26.50{ 71.00] 1.883
26.50{ 71.20] 1.773
26.50{ 71.40] 1.735
26.50, 71.60] 1.723
26.5| 71.80) 1.719
26.5| 72.00) 1.712
26.5| 73.00/ 1.705
26.5| 75.20] 1.704
26.5| 77.00f 1.705
26.5| 79.00] 1.704
26.5| 81.00] 1.728
26.5| 81.30| 1.769
26.5| 81.60] 1.868
9:22 26.5| 81.97| 1.917
9:24 27.61] 68.89] 2.336
27.61] 69.00] 2.332
27.61] 69.03] 2.292
27.61] 69.15] 2.283
27.61] 69.17| 2.242
27.61] 69.30] 2.234
27.61] 69.32] 2.187
27.61] 69.44| 2.190
27.61] 6947 2141
27.61| 69.58] 2.144
27.61] 69.60] 2.138
27.61] 69.80] 2.067
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27.61] 70.00f 2.008
27.61] 70.20] 1.959
27.61] 7040 1.914
27.61] 70.60] 1.877
27.61] 70.80] 1.838
27.61] 71.00] 1.807
2761 71.20] 1.772
27.61] 71.40] 1.746
2761 71.60] 1.745
2761 71.80] 1.732
2761 71.90] 1.683
27.61] 72.00] 1.443
2761 72.20] 1.373
27.61| 72.40| 1.342
2761 72.60] 1.330
2761 7280 1.319
2761 73.00] 1.318
27.61] 75.20] 1.309
2761 77.00] 1.312
27.61] 79.00] 1.312
27.61] 80.50] 1.351
27.61] 80.90] 1.406
27.61] 81.00] 1.485
27.61] 81.30] 1.481
9:43 27.61] 81.56| 1.492
10:19 28.69| 69.44| 2.141
28.69| 69.57| 2.138
28.69| 69.60] 2.100
28.69| 69.72] 2.096
28.69| 69.75] 2.072
28.69| 69.85] 2.066
28.69| 70.00f 2.014
28.69| 70.20] 1.946
28.69| 70.40] 1.885
28.69| 70.60] 1.838
28.69| 70.80] 1.751
28.69| 71.00] 1.691
28.69| 71.20] 1.656
28.69| 71.40| 1.629
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28.69| 71.60] 1.603
28.69| 71.80] 1.575
28.69| 72.00] 1.539
28.69| 72.20] 1481
28.69| 72.40| 1.473
28.69| 72.60] 1.488
28.69| 72.80] 1.446
28.69| 72.90| 1.347
28.69| 73.00] 1.272
28.69| 73.20] 1.141
28.69| 73.40] 1.004
28.69| 73.60] 0.957
28.69| 73.80] 0.946
28.69| 74.00] 0.943
28.69| 75.20] 0.934
28.69| 77.00] 0.934
28.69| 79.00] 0.944
28.69| 80.00] 0.981
28.69| 80.40] 1.021
28.69| 80.60] 1.082
28.69| 80.80] 1.085
28.69| 81.00] 1.109
10:35 28.69| 81.22| 1.134
10:38 29.16] 69.75| 2.063
29.155] 69.85| 2.059
29.155] 69.87| 2.015
29.155| 69.97| 2.012
29.155| 70.01] 1.982
29.155| 70.11| 1.967
29.155 70.2] 1.934
29.155 704, 1.879
29.155 70.6| 1.827
29.155 70.8| 1.758
29.155 71 1.695
29.155 71.2| 1.647
29.155 714 1.588
29.155 71.6| 1.546
29.155 71.8] 1.525
29.155 72 1.498
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29.155 72.2 1.458

29.155 724 1.423

29.155 72.6| 1.373

29.155 728 1.391

29.155 73 1.396

29.155 73.1] 1.361

29.155 73.2| 1.312

29.155 73.4| 1.147

29.155 73.6 1.123

29.155 73.8] 0.904

29.155 74 0.819

29.155 745 0.789

29.155 75.2 0.78

29.155 76 0.784

29.155 77 0.785

29.155 79 0.801

29.155 80 0.857

29.155 80.5| 0.925

29.155 80.6| 0.925

29.155 80.9| 0.964

10:43 29.155| 81.09] 0.985

Table A.64. Centerline water surface data for Sepped training walls q = 0.060fs.

Run # 22 recorder BS
BM-0 y
Date 11/9/2007 rd. x=24.68| =65.02 | z=2.873
time X y z comments
ft ft ft

14:53 12.00| 75.20 2.409| Centerline

16.00f 75.20, 2.409

20.00{ 75.20] 2.406

24.00 75.20] 2.367

24.87| 75.20] 2.318

2544 75.20] 2.072

26.50| 75.20] 1.677

27.61) 75.20] 1.283

28.69| 75.20] 0.909
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29.16] 75.20] 0.756

15:02 29.30] 75.20f 0.725

Table A.65. Run-up water surface data for 3:1 stdppaining walls q = 0.060 7s.

Run # 22 recordern BS
BM-0
Date 11/9/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

9:53 24.87| 69.15] 2.332

25.10] 69.15] 2.324

2530 69.15] 2.313

25.42| 69.15] 2.308

25.69| 69.15] 2.305

25.97| 69.15] 2.302

26.24| 69.15] 2.295

26.51) 69.15| 2.292

26.79| 69.150] 2.287

27.06] 69.150] 2.278

27.34| 69.29] 2.235

27.61] 69.44| 2.185

27.89| 69.58] 2.139

28.13] 69.58| 2.126

28.43| 69.86] 2.044

28.71] 69.98] 2.009

28.89| 70.13] 1.960

29.16] 70.26] 1.919

29.30] 70.260] 1.915

29.60{ 70.40| 1.876

29.90| 70.54| 1.837

30.20] 70.54| 1.830

30.50{ 70.68] 1.789

30.80, 70.82| 1.739

31.10f 71.08] 1.650

31.40, 71.22| 1.607

31.70f 71.35] 1.560

32.00f 71.49] 1.509
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3230 71.76] 1.422
3260 71.91] 1.374
32.92| 71.98] 1.326

Table A.66. Cross section water surface data fbst8pped training walls q = 0.06F/m

Run # 22 recorder BS
BM-0
Date 11/9/2007 rd. x=24.68| 65.02| z=2.873
time X y z comments
ft ft ft
11:32 24.87| 68.90| 2.355

24.87| 69.02] 2.351
24.87| 69.16] 2.332
24.87| 69.40] 2.330
24.87| 69.60] 2.329
24.87| 69.80] 2.322

24.87| 70.00] 2.319

24.87| 71.00] 2.316
24.87| 73.00] 2.318
24.87| 75.20] 2.318

24.87| 77.00] 2.317
24.87| 79.00] 2.317
24.87| 81.00] 2.318

24.87| 81.50] 2.318

24.87| 82.00] 2.324
11:39 24.87| 82.41| 2.336
11:39 25.44| 68.90| 2.354

2544 69.02] 2.348
25435 69.16| 2.307
25435 69.40| 2.286

25.435] 69.60| 2.263

25435 69.80| 2.232
25.435] 70.00 2.194

25.435] 70.50] 2.089

25435 71.00] 2.075

25435 73.00] 2.071

25435 75.20] 2.073
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25435 77.00] 2.071

25435 79.00] 2.076

25435/ 81.00] 2.080

25435 81.50| 2.086

25435 82.00] 2.115

11:48 25.435| 82.30] 2.227
13:02 26.5| 68.90| 2.343
26.5| 69.02) 2.339

26.5| 69.16| 2.287

26.5| 69.30] 2.245

26.5| 69.45| 2.210

26.5| 69.50| 2.175

26.5| 69.60] 2.165

26.5| 69.74] 2.128

26.5| 69.80| 2.122

26.5| 70.00f 2.084

26.5| 70.20| 2.046

26.5| 70.40, 2.011

26.5| 70.60/ 1.981

26.5| 70.80] 1.962

26.5| 70.93] 1.925

26.5| 71.00| 1.847

26.5| 71.20f 1.730

26.5| 71.40| 1.696

26.5| 71.60/ 1.689

26.5| 71.80| 1.682

26.5| 72.00] 1.678

26.5| 73.00] 1.672

26.5| 75.20] 1.673

26.5| 77.00f] 1.674

26.5| 79.00] 1.674

26.5| 80.50, 1.681

26.5| 81.00/ 1.691

26.5| 81.40| 1.765

26.5| 81.60] 1.816

26.5| 81.80] 1.830

13:18 26.5| 81.90] 1.842
13:23 2761 68.90] 2.335
27.61] 69.00] 2.333
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27.61] 69.14] 2.284
27.61] 69.29] 2234
27.61] 69.44| 2.184
27.61] 69.58| 2.137
27.61] 69.73] 2.091
27.61] 69.87] 2.040
27.61] 70.00] 2.003
27.61] 70.20] 1.946
27.61] 70.40] 1.883
27.61] 70.60] 1.836
2761 70.80] 1.797
2761 71.00] 1.763
2761 71.20] 1.728
27.61] 71.40] 1.696
2761 71.60] 1.677
2761 71.80] 1.675
2761 71.90] 1.649
27.61] 72.00] 1551
2761 72.20] 1.374
27.61| 72.40] 1.303
2761 72.60] 1.293
27.61] 72.80] 1.287
27.61] 73.00] 1.284
27.61] 75.20] 1.280
2761 77.00] 1.283
27.61] 79.00] 1.287
27.61] 80.50] 1.314
27.61] 80.90] 1.360
27.61| 81.00] 1.427
27.61| 81.30] 1.427
13:41 27.61| 81.52| 1.447
13:47 28.69| 69.31| 2.194
28.69| 69.42] 2191
28.69| 69.57| 2.140
28.69| 69.72] 2.093
28.69| 69.84] 2.045
28.69| 69.98] 2.013
28.69| 70.12] 1.963
28.69| 70.20] 1.932
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28.69| 70.40| 1.873
28.69| 70.60] 1.825
28.69 70.8| 1.758
28.69 71 1.683
28.69 71.2| 1.622
28.69 714 1.572
28.69 71.6] 1.548
28.69 71.8] 1.523
28.69 72 1.484
28.69 72.2] 1.446
28.69 72.4 1.4
28.69 726 1411
28.69 72.8| 1.353
28.69 73 1.306
28.69 73.2 1.15
28.69 73.4| 0.957
28.69 73.6] 0.933
28.69 73.8 0.92
28.69 74 0.917
28.69 75.2] 0.913
28.69 77 0.913
28.69 79 0.924
28.69 80.5| 0.996
28.69 80.7| 1.032
28.69 81 1.072
14:04 28.69| 81.18, 1.087
14:33 29.155| 70.01] 1.958
29.155| 70.12| 1.959
29.155| 70.26 1.91
29.155 70.4] 1.875
29.155| 70.54| 1.834
29.155 70.6| 1.817
29.155 70.8| 1.7583
29.155 71 1.688
29.155 71.2] 1.636
29.155 714 1.574
29.155 716 1.519
29.155 71.8| 1.461
29.155 72 1.441
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29.155 72.2 1.404

29.155 724 1.361

29.155 72.6] 1.336

29.155 72.8 131

29.155 73 1.3

29.155 73.2| 1.222

29.155 73.4| 1.136

29.155 73.6| 1.004
29.155 73.8| 0.873
29.155 74 0.786

29.155 745 0.764
29.155 75.2| 0.759
29.155 76 0.76

29.155 77 0.76

29.155 79 0.772
29.155 80 0.819
29.155 80.5| 0.868

29.155 80.7] 0.885
29.155 81 0.928
14:49 29.155| 81.04] 0.937

Table A.67. Centerline water surface data for Sepped training walls q = 0.052fs.

Run # 22 recorder BS
BM-0
Date 11/8/2007 rd. x=24.68| y=65.02| z=2.873
time X y z
ft ft ft

12.00f 75.20f 2.385
16.00| 75.20f 2.385
20.00{ 75.20] 2.383
24.00{ 75.20] 2.348
24.87| 75.20] 2.302
25.44| 75.20] 2.054
26.50] 75.20] 1.660
27.61] 75.20] 1.273
28.69| 75.20] 0.901
29.16] 75.20] 0.749
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11:16 29.30f 75.20) 0.711

Table A.68. Run-up water surface data for 3:1 stdgpaining walls q = 0.052 7s.

Run # 22 recorder BS
BM-0
Date 11/8/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comments
ft ft ft

8:47 24.87| 69.03] 2.317

25.10, 69.16] 2.309

2530 69.16] 2.305

2542 69.16] 2.305

25.69| 69.16] 2.300

2597 69.31] 2.257

26.24| 69.31] 2.252

26.51| 69.31] 2.245

26.79| 69.31] 2.239

27.06] 69.45| 2.196

27.34] 69.45| 2.189

27.61) 69.58| 2.134

27.89| 69.58] 2.133

28.13| 69.73] 2.085

28.43| 69.73] 2.084

28.71| 69.85] 2.046

28.89| 70.13] 1.960

29.16| 70.27] 1.915

29.30] 70.41] 1.874

29.60{ 70.55| 1.831

29.90{ 70.68] 1.787

30.20, 70.68] 1.785

30.50, 70.82] 1.743

30.80{ 70.95| 1.696

31.10f 71.21] 1.609

3140, 71.21] 1.610
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31.70f 71.35] 1.558
32.00{ 71.62] 1.470
32.30 71.77] 1421
32.60{ 71.91] 1.376
32.92| 72.10] 1.282

Table A.69. Cross section water surface data fbst8pped training walls g = 0.05%/m

Run # 22 recorder BS
BM-0
Date 11/8/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comment]

ft ft ft

9:00 24.87| 69.04| 2.318
24.87| 69.20| 2.314
24.87| 69.40| 2.314
24.87| 69.60] 2.312
24.87| 70.00/ 2.303
24.87| 71.00] 2.299
24.87| 73.00f 2.300
24.87| 75.20f 2.303
24.87| 77.00] 2.302
24.87| 79.00f 2.303
24.87| 81.00f 2.304
24.87| 81.50| 2.304

9:06 24.87| 82.40, 2.322

9:10 25.44| 69.03| 2.306
25.44| 69.16] 2.303
25.44| 69.30| 2.277
25.44| 69.45| 2.265
25.44| 69.60| 2.248
25.435] 69.80| 2.218
25.435] 70.00f 2.176
25.435] 70.25| 2.111
25.435] 70.50| 2.070
25.435] 70.75| 2.059
25.435] 71.00| 2.057
25.435] 73.00| 2.056
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25435 75.20] 2.058

25435 77.00] 2.059

25.435] 79.00] 2.063

25.435] 81.00 2.067

25435 8150 2.071

25435 81.90| 2.121

9:18 25.435| 82.27| 2.080
9:24 26.5| 69.04] 2.301
26.5| 69.15| 2.296

26.5| 69.30| 2.244

26.5| 69.45 2.202

26.5| 69.59| 2.160

26.5| 69.74] 2.118

26.5| 69.88] 2.092

26.5| 70.00] 2.066

26.5| 70.20) 2.021

26.5| 70.40] 1.994

26.5| 70.60| 1.965

26.5| 70.80| 1.947

26.5| 70.93] 1.922

26.5| 71.07] 1.773

26.5| 71.20) 1.711

26.5| 71.40, 1.682

26.5| 71.60| 1.675

26.5| 71.80] 1.669

26.5| 72.00) 1.666

26.5| 73.00/ 1.660

26.5| 75.20/ 1.661

26.5| 77.00/ 1.662

26.5| 79.00] 1.663

26.5| 80.50| 1.663

26.5| 81.00/ 1.679

26.5| 8150 1.798

9:33 26.5| 81.87| 1.814
9:35 27.61| 69.03] 2.287
27.61] 69.14] 2.302

27.61] 69.29| 2.227

2761 69.44| 2.182

27.61] 69.58| 2.136
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27.61] 69.73] 2.084
27.61] 69.87| 2.040
27.61] 70.00] 2.001
27.61] 70.13] 1.957
27.61 70.27| 1.913
27.61] 70.41] 1.868
27.61] 70.60] 1.822
27.61] 70.80] 1.774
27.61] 71.00] 1.746
2761 71.20] 1.711
27.61] 7140 1.678
27.61] 71.60] 1.653
27.61] 7180 1.658
27.61] 7195 1.596
27.61] 72.00] 1.517
27.61] 72.20] 1.387
2761 7240 1.287
27.61] 72.60] 1.280
27.61] 72.80| 1.275
27.61] 73.00] 1.273
27.61] 75.20] 1.272
2761 77.00] 1.272
27.61] 79.00 1.275
27.61] 80.00] 1.289
27.61] 80.50] 1.303
27.61] 80.80] 1.331
27.61] 81.00] 1.394
9:49 27.61] 8149 1.426
9:51 28.69| 69.88) 2.007
28.69| 69.98| 2.005
28.69| 70.12] 1.957
28.69] 70.26] 1.920
28.69] 7041 1.873
28.69] 70.60] 1.821
28.69 70.8| 1.764
28.69 71 1.682
28.69 71.2| 1.622
28.69 71.4| 1.565
28.69 71.6] 1.521
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28.69 71.8] 1.498
28.69 72 1.465
28.69 72.2| 1.437
28.69 72.4| 1.377
28.69 72.6| 1.376
28.69 72.8| 1.317
28.69 73 1.225
28.69 73.2| 1.073
28.69 73.4| 0.935
28.69 73.6]| 0.918
28.69 73.8| 0.907
28.69 74 0.905
28.69 75.2 0.9
28.69 77 0.902
28.69 79 0.913
28.69 80 0.94
28.69 80.5] 0.984
10:03 28.69| 81.15] 1.071
10:51 29.155 70 1.968
29.155] 70.11] 1.963
29.155] 70.27| 1.914
29.155 70.4| 1.872
29.155 70.6] 1.815
29.155 70.8| 1.744
29.155 71 1.685
29.155 71.2| 1.621
29.155 71.4| 1.566
29.155 71.6] 1.513
29.155 71.8| 1.457
29.155 72 1.423
29.155 72.2| 1.381
29.155 724 1.337
29.155 72.6| 1314
29.155 72.8| 1.275
29.155 73 1.261
29.155 73.2] 1.196
29.155 73.4| 1.092
29.155 73.6 0.99
29.155 73.8] 0.864
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29.155 74 0.77
29.155 75.2| 0.746
29.155 77 0.752
29.155 79 0.761
29.155 80 0.803
29.155 80.5| 0.836
11:09 29.155| 81.02 0.92

Table A.70. Centerline water surface data for Sepped training walls q = 0.03%fs.

Run # 24 recorderr RW
BM-0
Date 11/13/2007 rd. x=24.68| y=65.02| z=2.873
time X y z
ft ft ft comments
11:00 12 75.2 2.324
16.00 75.20| 2.324
20.00{ 75.20f 2.322
24.00{ 75.20f 2.298
24.87| 75.20f 2.260
25.44| 75.20f 2.015
26.50| 75.20 1.634
27.61| 75.20 1.254
28.69| 75.20f 0.880
29.16| 75.20f 0.721
11.08 29.30| 75.20| 0.688

Table A.71. Run-up water surface data for 3:1 stdgpaining walls q = 0.039s.

Run # 24 recorderf RW
BM-0
Date 11/13/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comment
ft ft ft
14:58 24.87| 69.17| 2.281
25.10| 69.17| 2.274
25.30{ 69.17| 2.265
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2542 69.31] 2.254
25.69| 69.31] 2.247
2597 69.31] 2211
26.24| 69.46| 2.189
26.51] 69.60] 2.152
26.79| 69.60] 2.147
27.06| 69.74] 2.096
27.34| 69.880] 2.039
27.61| 70.000] 1.997
27.89| 70.00] 1.996
28.13] 70.00] 1.996
28.43| 70.14] 1.953
28.71| 70.28] 1.906
28.89| 70.42] 1.859
29.16] 70.55| 1.828
29.30{ 70.55| 1.826
29.60, 70.69| 1.780
29.90| 70.820] 1.736
30.20{ 70.95] 1.694
30.50{ 71.21] 1.610
30.80{ 71.35] 1.564
31.10f 71.35] 1.562
3140 71.61] 1472
31.70| 71.76] 1421
32.00f 71.90] 1.378
32.30{ 72.04] 1.327
32.60 72.17| 1.283
15:25 32.92| 72.33] 1.233

Table A.72. Cross section water surface data fbst8pped training walls q = 0.03%/m

Run # 24 recorderf RW
BM-0
Date 11/13/2007 rd. x=24.68| y=65.02| z=2.873
time X y z comment
ft ft ft
11:48 24.87| 69.18| 2.278
24.87| 69.30] 2.275
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24.87| 69.50] 2.271

24.87| 70.00f 2.258

24.87| 71.00] 2.257

24.87| 73.00] 2.259

24.87| 75.20] 2.258

24.87| 77.00] 2.258

24.87| 79.00] 2.261

24.87| 81.00] 2.260

24.87| 82.00] 2.264

11:52 24.87| 82.36| 2.276
11:55 2544 69.18| 2.258
2544 69.31] 2.256

25.44| 69.34] 2.232

25.44| 69.50] 2.216

2544 69.70] 2.194

2544 69.90] 2.165

2544 70.10| 2.117

2544 70.50] 2.023

2544 71.00] 2.015

25.44| 73.00] 2.016

25.44| 75.20] 2.016

2544 77.00] 2.015

25.44| 79.00] 2.019

25435 81.00] 2.023

25435 81.50| 2.023

25435 82.00] 2.104

12:03 25.435| 82.23] 2.147
12:58 26.5| 69.18] 2.251
26.5| 69.30| 2.248

26.5| 69.33] 2.205

26.5| 69.45| 2.202

26.5| 69.48| 2.158

26.5| 69.60) 2.151

26.5| 69.63] 2.113

26.5| 69.75| 2.108

26.5| 69.80] 2.089

26.5| 70.00] 2.034

26.5| 70.20] 1.995

26.5| 70.40f 1.955
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26.5| 70.60/ 1.921
26.5| 70.80] 1.894
26.5| 71.00/ 1.874
26.5| 71.06] 1.846
26.5| 71.12) 1.699
26.5| 71.20] 1.675
26.5| 7140, 1.651
26.5| 71.60) 1.647
26.5| 71.80| 1.642
26.5| 72.00/ 1.641
26.5| 73.00f 1.635
26.5| 75.20] 1.636
26.5| 77.00/ 1.638
26.5| 79.00/ 1.639
26.5| 80.00/ 1.641
26.5| 81.00/ 1.651
26.5| 81.50] 1.738
26.5| 81.70| 1.746
13:16 26.5| 81.81] 1.755
13:16 27.61] 69.16] 2.240
27.61] 69.29] 2.234
2761 69.31] 2191
27.61] 69.43] 2.190
27.61] 69.46| 2.139
27.61] 69.58| 2.137
27.61] 69.61] 2.088
27.61] 69.72] 2.084
27.61] 69.75] 2.038
27.61] 69.86] 2.035
27.61] 69.89] 1.997
27.61] 69.99] 1.996
27.61] 70.02] 1.983
27.61] 70.14] 1.959
27.61] 70.20] 1.923
27.61] 70.40] 1.863
27.61] 70.60] 1.810
27.61] 70.80] 1.735
27.61] 71.00] 1.696
27.61] 71.20] 1.666
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2761 7140 1.631
2761 71.60] 1.597
27.61] 71.80] 1.586
27.61] 72.00] 1.473
2761 72.20] 1.377
27.61| 72.40] 1.266
2761 72.60] 1.262
27.61] 72.80] 1.254
27.61] 73.00] 1.253
27.61] 75.20] 1.251
2761 77.00] 1.254
27.61] 79.00] 1.256
27.61] 80.00] 1.268
27.61] 80.50] 1.283
27.61 81 1.331
13:38 27.61] 81.45 1.392
13:43 28.69| 69.46 2.14
28.69| 69.57 2.14
28.69 69.6| 2.094
28.69| 69.72| 2.087
28.69| 69.74] 2.052
28.69| 69.85 2.05
28.69| 69.88] 2.005
28.69| 69.98] 2.006
28.69 70 1.964
28.69| 70.12] 1.961
28.69| 70.15] 1.918
28.69| 70.27] 1.916
28.69| 70.31 1.89
28.69 70.4 1.87
28.69 70.6| 1.809
28.69 70.8| 1.741
28.69 71 1.688
28.69 71.2] 1.618
28.69 714 1.556
28.69 71.6| 1.486
28.69 71.8| 1.441
28.69 72 1.414
28.69 722 1.361
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28.69 724 1.326
28.69 72.6| 1.293
28.69 72.8| 1.245
28.69 73 1.194
28.69 73.2] 1.068
28.69 73.4| 0.953
28.69 73.6] 0.894
28.69 73.8| 0.891
28.69 74 0.886
28.69 75.2| 0.883
28.69 77 0.881
28.69 79 0.887
28.69 80 0.915
28.69 80.5| 0.954
28.69 81 1.014
14:04 28.69| 81.12 1.03
14:04 29.155] 70.29| 1.871
29.155] 70.41| 1.868
29.155| 70.43| 1.826
29.155| 70.54| 1.829
29.155| 70.58| 1.808
29.155 70.8 1.74
29.155 71 1.676
29.155 71.2| 1.617
29.155 714 1.556
29.155 71.6] 1.494
29.155 71.8| 1.441
29.155 72 1.396
29.155 72.2| 1.322
29.155 724 1.284
29.155 72.6| 1.242
29.155 72.8] 1.216
29.155 73 1.171
29.155 73.2| 1.117
29.155 73.4] 1.043
29.155 73.6| 0.982
29.155 73.8| 0.859
29.155 74 0.764
29.155 74.2] 0.735
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29.155 744 0.734
29.155 746 0.731
29.155 74.8 0.73
29.155 75 0.731
29.155 75.2 0.73
29.155 77 0.732
29.155 79 0.74
29.155 80 0.767
29.155 80.5| 0.805
14:18 29.155| 80.97| 0.872

Table A.73. Centerline bed surface.

)

Bed
data recorderRW
BM-0
rd. x=24.68| y=65.02| z=2.873
X y z comment
ft ft ft
23.84| 75.21 1.922| Centerline
24.00f 75.21| 1.918
2420 75.21| 1.916
24.40| 75.21| 1.909
24.65| 75.21| 1.907
24.76| 75.21 1.908
24.78| 75.21| 2.041
24.87| 75.21 2.076] crest
25.10|{ 75.21| 2.016
25.30{ 75.21| 1.952
25.42| 75.21| 1.916
2555 75.21| 1.868
25.70 75.21| 1.819
25.83| 75.21| 1.774
25.97| 75.21| 1.729
26.11| 75.21 1.684
26.25| 75.21| 1.639
26.39| 75.21| 1.591
26.52| 75.21| 1.545
26.65| 75.21| 1.499
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26.79| 75.21] 1.455
26.93| 75.21] 1.408
27.06| 75.21] 1.362
27.20{ 75.21] 1.316
27.34| 75.21] 1.269
2747 75.21] 1.223
27.62| 75.21] 1.178
27.75 75.21] 1.133
27.89| 75.21] 1.089
28.04| 75.21] 1.041
28.16] 75.21] 0.995
28.30] 75.21] 0.951
28.43| 75.21] 0.904
28.57| 75.21] 0.858
28.71] 75.21] 0.811
28.85| 75.21] 0.765
28.98| 75.21] 0.718
29.13| 75.21] 0.668
29.16] 75.21] 0.622
29.30 75.21] 0.624
29.60 75.21] 0.626
29.90| 75.21] 0.627
30.21] 75.21] 0.632

Table A.74. Cross section bed profiles for 1:1 stharaining walls.

U)J

Bed
data recorderRW
BM-0
rd. x=24.68| y=65.02| z=2.873
X y z comment
ft ft ft
24.00 67.45| 2.836
24.00f, 68.00| 2.279
24.00f 68.39| 1.905|int
24.00 69.00f 1.905
24.00f 70.00| 1.907
24.00f 71.00f 1.906
24.00f 72.00f 1.908
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24.00f 73.00f 1.910
24.00f 74.00] 1.912
24.00{ 75.00] 1.915
24.00f 75.21] 1.918| CL
24.00f 76.00] 1.914
24.00f 77.00] 1.914
24.00f 78.00] 1.912
24.00f 79.00f 1.915
24.00f 80.00f 1.911
24.00f 81.00] 1.908
24.00f 82.00] 1.908
24.00f 82.01] 1.908
24.00f 83.01] 2.932
24.87| 67.45] 2.839
24.87| 68.00] 2.298
24.87| 68.24] 2.075]int
24.87| 69.00] 2.075
24.87| 70.00f 2.076
24.87| 71.00] 2.076
24.87| 72.00] 2.076
24.87| 73.00] 2.077
24.87| 74.00] 2.075
24.87| 75.00] 2.075
24.87| 75.21] 2.075|CL
24.87| 76.00] 2.077
24.87| 77.00] 2.078
24.87| 78.00] 2.077
24.87| 79.00] 2.078
24.87| 80.00f 2.078
24.87| 81.00] 2.077
24.87| 82.00] 2.076
24.87| 82.16] 2.076]int
24.87| 83.10] 2.924
25.55| 67.44| 2.845|step1
25.55| 68.00] 2.313
25.55| 68.49| 1.865|int
25.55] 69.00] 1.868
25.55| 70.00]f 1.867
25.55| 71.00] 1.867
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25.55| 72.00/ 1.869
25,55/ 73.00| 1.868
25.55| 74.00/ 1.868
25.55| 75.00| 1.868
2555 75.21| 1.867|cl
25.55| 76.00/ 1.869
25.55| 78.00| 1.870
2555 79.00f 1.871
25.55| 80.00f 1.871
25.55| 81.00| 1.873
25.55| 81.95| 1.869| int
25.55| 83.02| 2.920
25.97| 67.43| 2.845| Step 4
25.97| 68.00f 2.319
25.97| 68.64| 1.728| +
25.97| 69.00f 1.727
25.97| 70.00| 1.726
25.97| 71.00f 1.727
25.97| 72.00f 1.728
2597 73.00| 1.729
25.97| 74.00| 1.729
25.97| 75.00f 1.729
25.97| 75.21| 1.729| cl
25.97| 76.00| 1.728
25.97| 77.00f 1.729
25.97| 78.00f 1.729
25.97| 79.00| 1.728
25.97| 80.00| 1.733
25.97| 81.00f 1.730
25.97| 81.79| 1.728
25.97| 82.00| 1.925
25.97| 83.01| 2.927
26.50| 67.44| 2.839| Steps8
26.50, 68.00| 2.312
26.50| 68.82| 1.546| +
26.50, 69.00| 1.547
26.50, 71.00| 1.545
26.50, 73.00| 1.545
26.50, 75.00| 1.545
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26.50] 75.21] 1.546|c
26.50{ 77.00] 1.547
26.50] 79.00] 1.549
26.50 81.00] 1.548
26.50{ 81.61] 1.548| +
26.50{ 82.00] 1.928
26.50{ 83.01] 2.915
27.05| 67.42| 2.845 12
27.05| 68.00] 2.303
27.05] 69.00] 1.365| +
27.05| 71.00] 1.362
27.05| 73.00] 1.360
27.05| 75.00] 1.364
27.05| 75.21] 1.364
27.05| 77.00] 1.364
27.05| 79.00] 1.368
27.05| 81.00f 1.365
27.05| 81.43] 1.366
27.05| 83.01] 2915
27.61| 67.42] 2.850 16
27.61] 68.00] 2.306
27.61] 69.21] 1.182
2761 71.00] 1.182
2761 73.00] 1.176
2761 75.00] 1.178
2761 75.21] 1.179
2761 77.00] 1.180
27.61] 79.00] 1.183
27.61] 81.00] 1.182
27.61] 81.25] 1.181
27.61] 82.00] 1.913
27.61] 83.01] 2917
28.15| 67.42] 2.859 20
28.15| 68.00] 2.305
28.15| 69.00] 1.357
28.15| 69.37| 0.997
28.15| 71.00] 0.997
28.15| 73.00] 0.993
28.15] 75.00] 0.996
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28.15| 75.21] 0.996
28.15| 77.00] 0.996
28.15| 79.00] 0.999
28.15| 81.08] 0.996
28.15| 82.00] 1.903
28.15| 83.01] 2.920
28.69| 67.41] 2.859 24
28.69| 68.00] 2.302
28.69| 69.00] 1.337
28.69| 69.54| 0.813
28.69| 71.00] 0.812
28.69| 73.00] 0.811
28.69| 75.00f 0.812
28.69| 75.21] 0.812
28.69| 77.00] 0.813
28.69| 79.00f 0.815
28.69| 80.92| 0.814
28.69| 82.00] 1.900
28.69| 83.01] 2911
29.115 67.41| 2.858 27
29.115] 68.00| 2.295
29.115 69.00| 1.322
29.115 69.68| 0.674
29.115 71.00] 0.675
29.115 73.00| 0.668
29.115 75.00| 0.667
29.115] 75.21| 0.668
29.115 77.00] 0.671
29.115 79.00] 0.670
29.115 80.79] 0.671
29.115 82.00| 1.892
29.115 83.01] 2.914

Table A.75. Cross section bed profiles for 1:1 gégptraining walls.

Bed datal

recorder

RW

BM-0 rd.

x=24.68 | y=65.02

z=2.873

commen



ft ft
24.87 67.5C 2.78¢
24.81 67.59 2.78]
24.8 67.6Q 2.7371
24.87 67.64 2.69§
24.81 67.69 2.649
24.8 67.74 2.601
24.87 67.7§ 2.554
24.81 67.83 2.515
24.8 67.8§ 2.4671
24.87 67.97 2.422
24.81 67.971 2.376
24.81 68.07 2.334
24.87 68.06 2.289
24.81 68.11 2.249
24.81 68.16 2.194
24.87 68.27 2.147
24.81 68.26 2.09¢6
24.81 68.2§ 2.078
24.87 68.50 2.077
24.81 69.00 2.07§
24.81 75.20 2.078
25.44 68.03 2.287
25.44 68.10 2.273
25.44 68.2¢ 2.251
25.44 68.30 2.22§
25.44 68.40 2.209
25.44 68.50 2.176
25.44 68.60 2.155
25.44 69.00 2.12¢
25.44 71.00 2.116
25.44 73.0G 2.115
25.44 75.2@ 2.114
25.44 77.0C 2.114
25.44 79.0Q 2.115
25.44 81.00 2.117
25.44 81.5C 2.125
25.44 81.60 2.137
25.44 81.70 2.143
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25.44  81.80 2.155
25.44  81.90 2.17§
25.44  82.00 2.202
25.44  82.10 2.229
25.44  82.20¢ 2.248
25.44  82.37 2.282
26.50 68.45 1.897
26.50  68.60 1.873
26.50 68.70 1.861
26.50  68.80 1.85§
26.50  68.99 1.85]
26.50  69.05 1.79¢4
26.50  69.20 1.755
26.5Q  70.0d 1.71@
26.5Q  73.0d 1.702
26.5Q  75.20 1.703
26.5Q  77.00 1.700
26.5Q  79.00 1.701
26.5Q  81.0d 1.723
26.5Q  81.38 1.79¢
26.50  81.49 1.853
26.5Q  81.60 1.867
26.5Q  81.70 1.879
26.50  81.80 1.88(¢
26.5Q  81.99 1.91§
27.61  68.85 1.509
27.61  69.00 1.489
27.61 69.10 1.48]
27.61 69.20 1.474
27.61  69.43 1.482
27.61  69.53 1.414
27.61  69.60 1.393
27.61 69.70 1.373
27.61  70.00 1.35(€
27.61  73.00 1.304
27.61  75.20 1.305
27.61  77.00 1.306
27.61  79.00 1.309
27.61  80.0d 1.323
27.61  80.70 1.36(0
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27.61  80.93 1.39§

27.61] 81.0G 1.477

27.61 81.20 1.469

27.61  81.60 1.51§

28.69 69.21 1.139

28.69  69.4( 1.109

28.69 69.61 1.096

28.69  69.85 1.085

28.69 69.93 1.048

28.69 70.1d 1.024

28.69 73.00 0.941

28.69 75.2Q  0.940

28.69 77.00 0.939

28.69 80.00 0.984

28.69 80449 1.039

28.69 80.61  1.099

28.69 80.84 1.094

28.69  81.0€ 1.107

28.69 81.271 1.162

29.113 69.34 0.995

29.115 69.50 0.973

29.113 69.73  0.95¢

29.115 69.84 0.94

29.115 70.09 0.914

29.115 70.2  0.901

29.115 70.3  0.895

29.115 71 0.844
29.115 73 0.794
29.115 75.2 0.8
29.115 79 0.815

29.115 80.27  0.889

29.113 80.34 0.915

29.115 80.58 0.937

29.115 80.§ 0.964

29.115 81 0.98

29.115 81.125% 1.011

Table A.76. Cross section bed profiles for 2:1 sthadrining walls.
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(s

Bed data recorder] RW
BM-0 rd{x=24.68 | y=65.02| z=2.873
y z commen
ft ft
24.87 68.00 2.637
24.87 68.30 2.479
24.87 68.41 2.377
24.87 68.60 2.302
24.87 68.80 2.227
24.87 69.00 2.126
24.87 69.10 2.075
24.87 70.00 2.07%
24.87 69.10 2.075
24.87 69.50 2.076
24.87 70.00 2.071
24.87 71.00 2.076
24.87 72.00 2.076
2487 73.00 2.077
24.87 74.00 2.078
24.87 75.00 2.07%
24.87 75.21 2.07%
24.87 76.00 2.077
24.87 77.00 2.078
24.87 78.00 2.077
24.87 79.00 2.078
24.87 80.00 2.078
24.87 81.00 2.077
24.87 82.00 2.07¢
24.87 82.16 2.076
24.87 83.10 2.924
25.44 68.20 2.521
25.44 68.30 2.495
25.44 6850 2.324
25.44 68.61 2.271
25.44 68.80 2.21(
25.44 69.00 2.109
25.44 69.20 2.025
25.44 69.30 1.974

211



25.44 6940 1.924
2544 69.51 1.869
2544 70.00 1.867
25.44 71.00 1.867
2544 72.00 1.869
2544 73.00 1.868
2544 74.00 1.868
25.44 75.00 1.868
25.44 75.21 1.867
2544 76.00 1.869
25.44 78.00 1.87C
25.44 79.00 1.871
25.44 80.00 1.871
2544 81.00 1.873
2544 8195 1.869
25.44 83.02 2.92(
26.50 68.20 2.525
26.50 68.80 2.21(
26.50 69.09 2.043
26.50 69.20 2.025
26.50 69.40 1.924
26.50 69.80 1.722
26.50 70.15 1.545
26.50 71.00 1.545
26.50 73.00 1.545
26.50 75.00 1.545
26.50 75.21 1.546
26.50 77.00 1.547
26.50 79.00 1.549
26.50 81.00 1.54§
26.50 81.61 1.548§
26.50 82.00 1.928
26.50 83.01 2.915
27.61 68.20 2.521%
27.61 68.40 2.42§
27.61 68.60 2.327
27.61 69.20 2.043
27.61 69.78 1.693
2761 70.50 1.369
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2761 71.00 1.182
2761 73.00 1.176
27.61 75.00 1.17§
2761 7521 1.179
27.61 77.00 1.18(
27.61 79.00 1.183
2761 81.00 1.182
27.61 81.25% 1.181
27.61 82.00 1.913
27.61 83.01 2917
28.69 68.20 2.521%
28.69 68.40 2.428
28.69 68.60 2.327
28.69 69.20 2.043
28.69 69.78 1.693
28.69 70.40 1.387
28.69 71.00 1.116
28.69 71.60 0.812
28.69 73.00 0.811
28.69 75.00 0.812
28.69 75.21 0.812
28.69 77.00 0.813
28.69 79.00 0.8115
28.69 80.92 0.814
28.69 82.0( 1.9
28.69 83.01 2911
29.11% 68.20 2.52%
29.11% 68.60 2.327
29.11%5 69.20 2.043
29.11% 69.78 1.693
29.11%5 70.40 1.387
290.11% 71.00 1.11¢
29.11%5 7150 0.864
29.11% 71.89 0.667
29.11% 73.00 0.66§
29.11% 75.00 0.667
29.11%5 75.21 0.668
29.11% 77.00 0.671
29.11%5  79.0(¢ 0.671
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29.11%5 80.79 0.671
29.11% 82.00 1.892
29.11% 83.01 2914

Table A.77. Cross section bed profiles for 2:1 gégptraining walls.

Bed data recorder | RW
BM-0 rd. [x=24.68 |y:65.02 7=2.873
X y z commen
S
ft ft ft
24.87 68.31 2.462
24.87 68.40 2.418
24.87 68.50 2.3772
24.87 68.59 2.319
24.87 68.69 2.285
24.87 68.77 2.23¢
24.87 68.87 2.197
24.87 68.95 2.153
24.87 69.05 2.108
24.87 69.14 2.075
24.87 70.0d 2.075
24.87 69.1Q 2.075
24.87 69.50 2.076
24.87 70.0d 2.075
24.87 71.0Q 2.076
24.87 72.00 2.07¢
24.87 73.00 2.077
24.87 74.0Q 2.075
24.87 75.00 2.075
24.87 75.21 2.075
24.87 76.0Q 2.077
24.87 77.00 2.078
24.87 78.00 2.077
24.87 79.0Q 2.078
24.87 80.0d 2.078
24.87 81.0d 2.077
24.87 82.0¢ 2.076
24.87 82.16 2.076
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24.879  83.1d 2.924
2544  68.31 2.462
25.44  68.40 2.415
25.44  68.50 2.372
25.44  68.59 2.319
25.44  68.69 2.285
2544  68.71 2.239
25.44  68.87 2.197
25.44  68.95 2.153
25.44  69.03 2.10§
25.44  69.14 2.062
25.44  69.25 2.027
25.44  69.37 1.974
25.44  69.47 1.922
25.44  69.5] 1.869
25.44 70.0G 1.867
25.44 71.0G 1.867
25.44 72.00 1.869
25.44 73.0Q 1.864
25.44 74.0Q 1.86§
25.44 75.00 1.86§
25.44 75.2] 1.867
25.44 76.0Q 1.869
25.44 78.00 1.870
25.44 79.0¢ 1.871
25.44  80.0d 1.871
25.44  81.00 1.873
25.44  81.95 1.869
25.44  83.07 2.92¢
26.50 68.31 2.462
26.50  68.40 2.415
26.50  68.50 2.372
26.50  68.59 2.319
26.50  68.69 2.289
26.50 68.771 2.239
26.50 68.87 2.197
26.50  68.99 2.153
26.50  69.05 2.108§
26.50 69.14 2.067
26.50  69.25 2.021
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26.50  69.37 1.974
26.50  69.47 1.927
26.50 69.51 1.877
26.50 69.61 1.83(¢
26.50 69.71 1.77§
26.50  69.80 1.733
26.50  69.89 1.687
26.50  69.99 1.636
26.5Q  70.07 1.609
26.5Q 70.15 1.545
26.5Q  71.0d 1.545
26.5Q  73.0d 1.545
26.5Q  75.00 1.545
26.5Q 75.21 1.544
26.5Q  77.00 1.5471
26.5Q  79.00 1.549
26.5Q  81.0d 1.54§
26.50 81.61 1.54§
26.5Q  82.0d 1.92§
26.5Q 83.01 2.915
27.61 68.31 2.462
27.61  68.40 2.415
27.61  68.50 2.372
27.61  68.59 2.319
27.61  68.69 2.289
27.61 68.771 2.239
27.61  68.87 2.197
27.61  68.99 2.153
27.61  69.05 2.10§
27.61 69.14 2.062
27.61 69.25 2.027
27.61  69.37 1.974
27.61 69.47 1.922
27.61 69.51] 1.8771
27.61 69.61 1.83(¢
27.61 69.71 1.77§
27.61 69.80 1.733
27.61  69.89 1.687
27.61  69.99 1.634
27.61  70.071 1.605
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27.61 70.15 1.554
27.61  70.25 1.51(@
27.61  70.35 1.464
27.61 70.44 1.417
27.61 70.94 1.367
27.61  70.63 1.32¢
27.61 70.74 1.269
27.61  70.82 1.237
27.61  70.90 1.184
27.61  71.00 1.179
27.61  73.00 1.174
27.61  75.00 1.17§
27.61 75.21 1.179
27.61  77.00 1.18@
27.61  79.00 1.183
27.61 81.00 1.187
27.61 81.25 1.18]
27.61  82.00 1.913
27.61 83.01 2.917
28.69 68.31 2.462
28.69 68.40 2.415
28.69  68.50 2.372
28.69  68.59 2.319
28.69 68.69 2.285
28.69 68.771 2.239
28.69 68.871 2.197
28.69 68.95 2.153
28.69  69.03 2.10§
28.69 69.14 2.062
28.69 69.25 2.027
28.69  69.37 1.974
28.69 69.47 1.927
28.69 69.51 1.877
28.69 69.61 1.83(¢
28.69 69.71 1.77§
28.69 69.80 1.733
28.69  69.89 1.687
28.69  69.99 1.636
28.69 70.07 1.609
28.69 70.15 1.554
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28.69 70.25 1.51@
28.69 70.35 1.464
28.69 70.44 1.412
28.69 70.94 1.367
28.69  70.63 1.32¢
28.69 70.72 1.269
28.69 70.84 1.237
28.69  70.90 1.184
28.69  70.99 1.139
28.69  71.08 1.094
28.69 71.171 1.05(¢
28.69 71.271 1.00(¢
28.69 71.3§ 0.951
28.69 7147 0.901
28.69 7158 0.853
28.69 71.60 0.817
28.69 73.00 0.811
28.69 75.00 0.817
28.69 75.21 0.817
28.69 77.00 0.819
28.69 79.00 0.815
28.69 8094 0.814
28.69 82.00 1.90(¢
28.69 83.01 2.911]
29.113 68.31 2.462
29.115 68.4C 2.415
29.115 68.5C 2.372
29.113  68.5¢ 2.319
29.113  68.69 2.289
29.113 68.77 2.239
29.113 68.871 2.197
29.113  68.95 2.153
29.113 69.05 2.108§
29.115 69.14 2.062
29.113  69.25 2.027
29.113 69.37 1.974
29.113  69.47 1.927
29.113 69.51 1.8771
29.113 69.61 1.83(¢
29.113 69.71 1.77§
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29.115 69.80 1.733
29.115 69.89 1.687
29.115 69.99 1.634
29.115 70.071 1.605
29.115 70.15 1.554
29.115 70.25 1.51(@
29.115 70.35 1.464
29.115 70.44 1.417
29.115 70.54 1.367
29.115 70.63 1.32¢
29.115 70.74 1.269
29.115 70.84 1.232
29.115 70.90 1.184
29.115 70.99 1.139
29.115 71.08 1.094
29.115 71.171 1.05(¢
29.115 71.271 1.00(¢
29.115 71.36 0.951
29.115 71.471 0.901
29.115 71.55 0.859
29.115 71.65 0.8071
29.115 71.74 0.768
29.115 71.81 0.723
29.115 71.91 0.675
29.115 73.00 0.669
29.115 75.00 0.6671
29.115 75.21 0.668
29.115 77.00 0.671
29.115 79.00 0.670
29.115 80.79 0.671
29.115 82.00 1.897
29.115 83.01 2.914

Table A.78. Cross section bed profiles for 3:1 stharaining walls.

Bed datal

recorder

RW

BM-0 rd. [x=24.68 | y=65.01

17=2.873

X y z comment
ft ft ft
2487 68.00 2.6371
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24.879  68.30 2.53(¢
24.87 68.41 2.497
24.87  68.60 2.427
24.879  68.80 2.35§
24.879  69.00 2.289
24.87  69.50 2.117
24.87  69.64 2.076
24.89  70.00 2.079
24.87  71.00 2.074
24.89  72.00 2.076
24.89  73.00 2.0771
24.87  74.00 2.079
24.89  75.00 2.079
24.89  75.21 2.079
24.87  76.00 2.077
24.89  77.00 2.07§
24.89  78.00 2.0771
24.87  79.00 2.07§
24.879  80.0d 2.07§
24.879  81.0d 2.0771
24.87  82.00 2.074
24.879  82.16 2.076
24.879  83.1d 2.924
25.44  68.20 2.565
25.44  68.30 2.53(¢
25.44  68.50 2.461]
25.44  68.80 2.35§
25.44  69.00 2.289
25.44  69.20 2.221]
25.44  69.40 2.152
25.44  69.51] 2.114
25.44  70.00 1.944
25.44  70.22 1.869
25.44  72.00 1.869
25.44  73.00 1.86§
25.44  74.00 1.86§
25.44  75.00 1.864
25.44  75.21 1.867
25.44  76.00 1.869
25.44  78.00 1.87(¢
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25.44  79.00 1.871
25.44  80.0d 1.871
25.44  81.00 1.873
25.44  81.95 1.869
25.44  83.04 2.92(¢
26.4 68.2¢ 2.565
26.94  68.6C 2.421
26.94  69.0G 2.289
26. 69.2¢ 2.22]
26.9  69.4Q 2.157
26.94  69.8C 2.014
26. 70.0G 1.944
26.94 71.0€ 1.607
26.94 71.16 1.547
26.4 73.0€ 1.545
26.94  75.0€ 1.545
26.94 75.21] 1.544
26.4 77.0C 1.5471
26.94  79.0G 1.549
26.94  81.0€ 1.54§
26.4 81.61 1.54§
26.94 82.0€ 1.92§
26.94  83.01 2.915
27.61 68.20 2.565
27.61  68.40 2.49¢4
27.61  68.60 2.421
27.61  69.20 2.22]
27.61 69.78 2.021]
27.61  70.50 1.774
27.61  71.00 1.602
27.61 72.00 1.25§
27.61  72.23 1.17§
27.61  73.00 1.174
27.61  75.00 1.17§
27.61 75.21 1.179
27.61  77.00 1.18¢
27.61  79.00 1.183
27.61  81.0d 1.187
27.61 81.25 1.18]
27.61 82.00 1.913
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27.61 83.01 2.917

28.69 68.20 2.569

28.69 68.4Q 2.496

28.69 68.60 2.4271

28.69 69.20 2.221]

28.69 69.80 2.014

28.69  70.40 1.809

28.69 71.00 1.607

28.69 72.0C 1.258

28.69 73.00 0.914

28.69 73.29 0.814

28.69 74.00 0.817

28.69 75.00 0.817

28.69 75.21 0.814

28.69 77.00 0.813

28.69 79.00 0.815

28.69 80.94 0.814

28.69 82.00 1.90d

28.69 83.01 2.911

29.115 68.20 2.569

29.115 68.6Q 2.427

29.115 69.20 2.221

29.115 69.79 2.021]

29.115 70.4C 1.80§

29.115 71.00 1.602

29.115 72.00 1.25§

29.115 73.00 0.914

29.113 73.71  0.66¢

29.113 74.00 0.668

29.113 75.00 0.667

29.113 75.21  0.668

29.115 77.00 0.671

29.11 79.00 0.67C

29.115 80.79 0.671

29.115 82.00 1.897

29.115 83.01 2.914

Table A.78. Cross section bed profiles for 3:1 gégptraining walls.
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Bed data recorder | RW
BM-0 rd. [x=24.68 | y=65.02z=2.873
Yy YA comment
ft ft
24.81 68.74  2.436
24.81 68.81 2.388
2481 69.0] 2.342
2487 69.1  2.295
24.87 69.31  2.245
2481 69.46  2.196
2487 69.60  2.147
2487 69.74  2.108
2544 68.74  2.436
2544 68.81 2.38¢
2544 69.04 2.347
2544 69.14 2.296
2544 69.31  2.246
2544 69.46  2.196
2544  69.60  2.15(
2544 69.7§4  2.103
2544 69.89 2.051
2544 70.04 2.011
2544 70.1  1.968
2544 7029  1.925
265 68.74 2.437
265 68.87 2.383
265 69.04 2.335
265 69.1§ 2.29(
265 69.3]1 2.239
265 6945 2.194
265 69.60 2.144
265 69.74  2.099
265 69.89 2.046
265 70.04 2.00]
265 70.1§  1.955
265 7029 1.91]
265 7043 1.81]
265 7057 1.81§
265 7070 1.771
265 70.83 1.722
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26.94 70.96 1.685

26.94 71.07 1.641]

26. 71.2€ 1.60(¢
27.61 68.71 2.421
27.61 68.86 2.3771
27.61 69.01 2.322
27.61 69.15 2.274
27.61  69.30 2.229
27.61 69.44 2.177
27.61  69.59 2.125
27.61 69.74 2.079
27.61  69.89 2.027
27.61  70.00 1.985
27.61 70.14 1.94Q
27.61  70.28 1.89(¢
27.61 70.44 1.839
27.61  70.56 1.794
27.61  70.69 1.744
27.61  70.82 1.699
27.61  70.95 1.657
27.61  71.071 1.613
27.61 71.20 1.57¢
27.61  71.33 1.525
27.61 71.46 1.484
27.61  71.58 1.444
27.61 71.71 1.40]
27.61 71.84 1.357
27.61  71.95 1.30§
27.61 72.071 1.265
27.61 72.19 1.219
28.69 68.71 2.423
28.69  68.89 2.379
28.69  69.00 2.325
28.69 69.14 2.279
28.69  69.29 2.22§
28.69 69.44 2.181]
28.69  69.58 2.127
28.69 69.74 2.081]
28.69 69.86 2.034
28.69  69.99 1.994
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28.69  70.13 1.944
28.69 70.271 1.897
28.69 70.41 1.84§
28.69  70.55 1.805
28.69  70.69 1.755
28.69 70.82 1.70§
28.69 70.94 1.664
28.69 71.071 1.622
28.69 71.21 1.57§
28.69 71.34 1.53]
28.69 71.471 1.489
28.69  71.59 1.444
28.69 71.73 1.405
28.69 71.86 1.359
28.69  71.98 1.31§
28.69 72.10 1.274
28.69 72.24 1.2271
28.69 72.36 1.183
28.69 72.49 1.147
28.69 72.64 1.101
28.69 72.771 1.053
28.69  72.89 1.00¢4
28.69 73.04 0.956
28.69 73.19 0.903
28.69 73.33 0.854
29.113 68.71 2.429
29.113 68.85 2.377
29.113  69.0C 2.32§
29.115 69.14 2.282
29.115  69.28 2.232
29.113 69.44 2.187
29.113  69.58 2.134
29.113 69.77 2.087
29.113 69.86 2.043
29.113  69.99 1.999
29.113  70.13 1.95(@
29.115  70.28 1.903
29.113 70.41 1.855
29.113  70.55 1.817
29.113  70.69 1.762
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29.115 70.84 1.715
29.115 70.94 1.672
29.115 71.071 1.631]
29.115 71.21 1.584
29.115 71.34 1.54
29.115 71.47 1.495
29.115 71.60 1.452
29.115 71.73 1.413
29.115 71.86 1.367
29.115 71.99 1.32§
29.115 72.11 1.283
29.115 72.23 1.237
29.115 72.38 1.19
29.115 72.5( 1.149
29.115 72.64 1.109
29.115 72.78 1.061]
29.115 72.91 1.014
29.115 73.06 0.965
29.115 73.20 0.914
29.115 73.34 0.864
29.115 73.48 0.8171
29.115 73.64 0.764
29.115 73.71 0.721
29.115 73.93 0.668
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