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RESPONSE TO NUCLEAR REGULATORY COMMISSION.

REQUESTS FOR INFORMATION
NOVEMBER 29,1993

ENCLOSURE 1 - FAULTING, SEISMIC

AND GEOMORPHIC CONSIDERATIONS
ENCLOSURE 2 - OTHER CONSIDERATIONS

JANUARY 3,1994
ADDITIONAL QUESTIONS AND COMMENTS

SURFACE WATER HYDROLOGY AND EROSION PROTECTION
RECLAMATION PLAN

,

URANIUM MILL TAILINGS SITE
MOAB, UTAH

INTRODUCTION

Canonie Environmental Services Corp. (Canonie) has prepared a response to the
Nuclear Regulatory Commission's (NRC's) November 29,1993, and January 3,1994,
requests for information. This response is a partial response to the information
requested and completes our submittal requirements for these information requests.
A previous partial response to the November 29, 1994, request for information
submitted to NRC on January 28,1994, addressed erosion protection at Moab Wash
and the Lower impoundment Drainage Channel, construction specifications, and

settlement. The responses to Enclosure 1, the remainder of the responses to
Enclosure 2, and the responses to the January 3,1994, request for information are
provided in this document. In the following pages, each request for information is
restated verbatim and a response to each request is provided. Calculation briefs and

other back-up data for these responses are included as appendices.

ENCLOSURE 1 - REQUEST FOR INFORMATION - FAULTING, SEISMIC

AND GEOMORPHIC CONSIDERATIONS

A. Potential Faulting and Seismic Considerations

New geologic information brought to our attention requires a reassessment of the
stability of the site. Please analyze the structural stability and liquefaction potential |

,
,
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of the disposal area using current state-of-the-practice methodology by providing
responses to the following:

Comment

1. There is evidence that a fault runs under the disposal site. Evaluate the extent

of faulting under the disposal site and determine if there is capability for
surface rupture.

Resnonse

This response has been prepared by Woodward-Clyde Federal Services Corp.,
,

Oakland, California, under a consulting agreement with Canonie Environmental
Services Corp. (Canonie) and is submitted under separate cover.

Comment

2. Evaluate the seismic potential for faults adjacent to the site, including the
potential for fault movement due to salt dissolution and changes due to the
development of oil resources.

Response

The response to the first part of this comment (i.e., seismic potential for faults
adjacent to site and potential for fault movement due to salt dissolution) is provided
with the response to Comment 1. The response to the second part of the comment
concerning the development of oil resources is provided below.

|
t

j The nearest oil production to the Atlas mill and tailings area is near Dead Horse State

Park, approximately 12 miles southwest of the Atlas mill (Hunt, 1994). The

production in this area comes from several fields that produce from the " Cane Creek"

zone of the Paradox formation (Morgan,1992a). The Cane Creek zone is a shale zone

with production coming from depths ranging from 7,000 to 8,000 feet in the vicinity !

| of Dead Horse State Park (Mathews,1994).
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The nearest oil exploration activity to the Atlas mill was just west of Arches National

Park at a field designated the Coors West Moab Valley Unit (Morgan,1992a). This

area is about five miles northwest of the Atlas mill. Several test wells were drilled in
this area. Morgan (1992a) and other investigators in the region do not designate this
area as a viable field, even though oil shows were indicated in a couple of units.

One test well (Embar Oil Well) was drilled on the Atlas mill site. Available information
indicates that the well was drilled into the Paradox formation of the Hermosa Group;

however, no information is available with respect to oil and gas shows. Morgan
(1993) indicated that the " Cane Creek" shale is highly contorted in the area of large
salt-cored anticlines making identification and correlation extremely difficult and
regional exploration unpractical at this time. As the Atlas millis located in the vicinity
of the collapsed crest of the Moab anticline,it is expected that the shale zones of the

Paradox formation are quite contorted in this area and the area will not be targeted
for oil exploration.

Expanded development of the hydrocarbon resources at the oil fields in the vicinity of
Dead Horse State Park (12 or more miles from the site) would not create a potential
for affecting the integrity of the Atlas tailings embankment. Drilling operations
conducted in this area are far removed from the embankment. Theoretically,

withdrawal of hydrocarbons from reservoir horizons through wells can lead to
subsidence. However, as the production zones in this area are generally below a
depth of 7,000 feet and at a considerable distance from the Atlas mill, subsidence
related to this production will not affect the Atlas site.

Even if production were to occur in the vicinity of the Atlas Mill site, it is expected
that subsidence would not be noted at the surface. The " Cane Creek" shale is
naturally fractured iss a result of folding and salt flowage) and is characterized by
large " vertical" fractures with related microfractures (Morgan, 1993). The

microfractures provide most of the fracture porosity in the reservoir. The " Cane
Creek," having no available pore space and sealed above and below by salt, had to
self-fracture to make room for hydrocarbons (Morgan,1993). The result of this is
that the " Cane Creek" shale is overpressured. The high fluid pressure helps to hold

the formation fractures open (Morgan,1993). A rapid drop in fluid pressure could

CanonteEnvironmental_ .... _ _ . m ., -
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cause closure of the fracture network around a borehole (Morgan,1992b); however,
the " plastic" nature of salt and its ability to creep and flow due to overburden
pressures would only result in creep deformation of the overburden salt and would not

be transmitted through the more rigid cap rock and the alluvium to the surface.

It is unlikely that the process of drilling an exploration hole and development of a
production well could enhance dissolution of the salt. Steel casings are set into the

t

salt and cemented in place from the surface to the salt. This prevents the upward or
downward flow of fluids along the annular space of the borehole. Also, as mentioned

above, the fluids in the salt are overpressured, creating an upwcrd hydraulic gradient,
so it unlikely that fresh water occurring in the alluvial aquifers will come in contact
with salt formations.

Comment

3. Include in your analyses the earthquake loading considering the more recent
information on Maximum Credible Earthquakes for the Colorado Plateau, which

appears to require a value larger than you have used in the past. Consider in

your reevaluation the information on geologic and geologic hazards for the
Moab area that the State of Utah is currently preparing.

Response

The reclaimed embankment was analyzed under seismic loadings with both dry and
partially saturated tailings. Factors of safety for the reclaimed embankment were
computed using the computer program PCSTABL5 (Carpenter,1986). Stability of the

reclaimed embankment under the following scenarios was analyzed:

1. Critical circular failure surface with 250-year earthquake loading without
phreatic surface in coarse tailings

2. Critical circular failure surface with 250-year earthquake loading with phreatic
surface in coarse tailings

CanonteEnvircnmental_ . . . . - - . . . . . , . . -
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3. Critical circular failure surface with earthquake loading corresponding to the
Maximum Credible Earthquake (MCE) for the Colorado Plateau without phreatic
surface in coarse tailings

4. Critical circular failure surface with earthquake loading corresponding to the
MCE for the Colorado Plateau with phreatic surface in coarse tailings

5. Trial failure surface between sand and tailings on embankment with earthquake
loading

6. Same conditions as Scenario 1, but maximum earthquake loading under which

the reclaimed embankment is stable is determined

7. Same conditions as Scenario 2, but maximum earthquake loading under which

the reclaimed embankment is stable is determined

Dewatering of the existing tailings pile is currently ongoing. In the event that water
is present in the tailings a phreatic surface is assumed for Scenarios 2,4,5, and 7 as

| a short term condition. The phreatic surface is assumed based on water level readings
in piezometers at the tailings pile recorded on October 30,1993, and provided to
Canonie by Atlas Corporation (Atlas). Using the piezometers nearest the critical cross

section, the phreatic surface has been extrapolated on Figure 1.

The longest return period for which horizontal earthquake acceleration maps are
available is 250 years. United States Geological Survey Map MF-2120 (Algermissen,

et al.,1990) is the most current map showing the mean honzontal earthquake
acceleration which has a 90% probability of nonexceedance. For Moab, Utah, the
250-year horizontal acceleration is approximately 0.05 gravity (g). The 0.05 g value
was confirmed by Utah Geological Survey personnel (Low,1993).

The reclaimed embankment design life is a minimum of 1000 years. During this period
an earthquake of larger magnitude could potentially occur, in discussions with Joel
Grimm, Project Manager with the NRC on December 28,1993, the MCE used for a

nearby Colorado Plateau Green River Title 1 site was 6.2 on the Richter scale,

CanonteEnvironmental_..m__....,.,...,
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corresponding to a horizontal earthquake acceleration of 0.21 g (Department of
Energy,1989). This value is used for Scenarios 3, 4, and 5 along with a vertical
earthquake acceleration of 0.05 g. The purpose of Scenarios 6 and 7 is to account
for a potential earthquake of even greater magnitude during the design life of the
reclaimed embankment. Under these scenarios, the maximum horizontal earthquake

acceleration under which the reclaimed embankment is stable was determined.

Failure surfaces predicted by PCSTABL5 for the scenarios listed above are shown

graphically on Figure 1. Soil properties and strength properties used in the analysis
are also presented on Figure 1. Details of the stability evaluation are provided in
Appendix A. Appendix A also contains the piezameter coordinates and the most
current water level information.

The factor of safety against slope failure is greater than 1 for Scenarios 1,2, and 3.
For worst case Scenarios 6 and 7, the impoundment could withstand an earthquake
with a horizontal earthquake acceleration of 0.25 g. This is 400 percent larger than
the 250-year earthquake acceleration predicted for Moab, Utah, and 19 percent larger

than the MCE loading. Based on the results of the stability analysis and the low
probability of the MCE being exceeded, the reclaimed embankment design will provide

an adequate factor of safety against shear failure.

B. Geomorphic Stability

Comment

1. From the available data and our observations, there appears to be no basis to

conclude that the Colorado River cannot erode in the direction of the tailings
pile. There is also insufficient information currently available to us to
determine the rate of erosion. We therefore conclude that this erosion could
adversely affect the stability of the tailings pile during the project design life.

Accordingly, provide information to show that the Colorado River will not
erode and migrate to the tailings embankment, or substantiate that your
proposed design has considered and accounted for the potential for long-term

CanonteEnvircnmental_ ...., - . - ,.,.."
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bank erosion and changes in the river's position in the valley. Include
consideration of both structural stability and erosion protection.

If you cannot substantiate that the river will not migrate toward the tailings or
that your design accommodated this condition, provide a revised design for our

review and approval that considers a complete range of river conditions and
positions that could be experienced in the project design life.

Include in your substantiation or redesign the estimated location, depth, and
dimensions of the channel and any revised designs and analyses of the riprap

to be placed along the sides of the toe of the pile. Also consider potential
future channel locations, estimated depth of the channel, depth of scour,
Probable Maximum Flood (PMF) water surface elevation, and other factors

which enter into the erosion protection design. Since a new channel could
possibly occur in a number of locations along the face of the pile, address in
detail the areal extent of the erosion protection for the pile side slopes and
toes. Include information to demonstrate that erosion protection is adequate
to the scour depth that could be expected for the conditions described above.

Note

Additional comments concerning surface water hydrology and erosion protection were

submi; ad to Atlas on January 3,1994. The comment is repeated below.

Comment

2. It appears that the cross-sections and other estimated hydraulic parameters
used in your water surface profile analyses to assess flooding on the Colorado

| River may not be appropriate. Preliminary review of your data and analyses
| indicates that the computations presented may not reflect actual conditions,

j as indicated by direct staff observations of the Colorado River. We have
questions and concerns in the following areas:

t

|
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Topographic and Colorado River cross-section data*

Underprediction of flow velocities in the river channela

* Changes to river channel cross-sections during flood events
* Use of Manning's 'n' values

it appears that the topographic and cross-section data provided for determining

water surface evaluations and velocities are not adequate for assessing flow
,

velocities in the river channel. Based on an examination of the topographic
and cross-section information provided, more detailed and correct cross-
sections are required to correctly analyze the flows in the Colorado River,
particularly with regard to determining flood velocities. For example, the
cross-section data provided with the HEC-2 analyses (Appendix F) do not
agree with topographic data provided in D awing 88-067-E64 (Sheet 2 of 10).

Specifically, cross-section 800 in the immediate site vicinity, does not reflect
the elevations or channel widths indicated on the drawing. Further, direct
observations and approximate staff measurements of the river depth indicate

that the depths from the top of the bank to the channel bottom are greater '

than indicated in the HEC-2 data at cross-section 800 and at other cross-
sections. These apparent errors could significantly affect the flow profiles
computed using HEC-2, particularly if the channel bottom elevations and

4

bottom slope are not well-defined. The calculations take on added significance

if the river channel is assumed to migrate toward the pile (see previous
questions on geomorphology, dated November 29,1993). Additionalevidence

to substantiate that the cross-section data are not correct is provided by direct -
observations of the flow velocities in the river, which indicate that the
maximum predicted PMF channel velocity of about two to three feet per
second has apparently been underestimated. The staff observed surface

velocities of two to three feet per second in November 1993 during a low-flow

period in the river. Channel velocities are likely to increase significantly as the
discharge increases during flood events.

In addition, based on map studies, this reach of the river is known to change

geometry during and after major flood events, since erosion and deposition
occur in various places. Therefore, the flood analyses should assume that

CanonteEnvironmental_ ... _ _ . ... ...,
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changes will occur to the river geometry during a flood event. These changes
would include erosion of channel bars and deepening of the channel during a
large flood event. This assumption could be extremely important at cross-
sections near the " portal" area, for example, where it appears that significant
constriction of flows occur and backwater effects are produced by constricted

cross-sections. These sections may not be a significantly constricted during
the course of a flood event. in particular, cross-section 200 indicates the

presence of a sandbar which constricts flows, but could be eroded by high
velocities during a major flood event. In addition, it becomes very important
to define stable channel bottom elevations in these constricted sections, since

the bottom elevations and bottom slope can have a great effect on velocities
and depth of flow.

lAlso, the Manning 'n' values should be more conservative than those
assumed. For example, the channel and overbank 'n' values are assumed to

be 0.03. It is likely, particularly during large floods, that channel 'n' values
would be less than this, it is also likely, based on the presence of significant
amounts of vegetation, that overbank 'n' values would be greater than 0.03.
The overall net effect of using lower channel 'n' values would likely be to
increase channel velocities and possibly lower water surface elevations. This

| is significant if the riprap on the pile side slopes needs to be designed for river

channel velocities, if the river is assumed to migrate toward the pile (see staff

questions on geomorphology). If the river is not assumed to migrate, use of
overbank 'n' values of 0.03 is likely to be acceptable, but should be checked

and verified using appropriate equations for estimating 'n' values.

During our field visit to the area in November, the National Park Service
pointed out high-water marks at the Highway 191 bridge for floods which
occurred in the early 1980s. You should attempt to duplicate these historic
profiles by adjusting Manning 'n' values, expansion and contraction losses,
river geometry, etc. for the flows which occurred. These high-water marks
should be surveyed and provided in the analyses as justification for the HEC-2
input parameters selected.

CanonteEnvironmental_ ..m _ _ . m ,.,.."
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Accordingly, please provide revised and accurate cross-sections to properly
model flood flows in the Colorado River. The new data should include
surveyed cross-sections which accurately portray river geometry. Also, submit

revised HEC-2 analyses using these new data to substantiate the adequacy of
the proposed erosion protection on the pile side slopes.

Alternately, it may be possible to conservatively estimate the river depth and
velocities to be used for the design of erosion protection using a minimal
amount of data. Such estimates could be developed for:

1. Overbank velocities for the case which the river channelis assumed
to be stable and does not migrate toward the pile

2. Channel velocities for the case where the channelis assumed to
migrate toward the pile

In preparing these " bounding" calculations however, a certain amount of new
information will need to be developed. While some river channel widths and

; bank elevations could possibly be estimated from topographic maps already
available, the slope and elevation of the river bottom will need to be accurately

determined by surveys. It may be possible to use such measured river slopes
and overbank/ channel geometry taken from maps in a worst-case analysis to

estimate velocities in the vicinity of the pile using simple slope-area methods i

and conservative estimates of Manning 'n' values for the channel and '

overbank. This type of worst-case calculation could possible be acceptable,

if adequately justified as being appropriate and/or conservative, using
sensitivity analyses, for example. This analysis should also attempt to
duplicate historic profiles and high water marks.

ROSRQDie

This response has been prepared by Mussetter Engineering, Inc., Fort Collins,
Colorado, under a consulting agreement with Canonie and is provided under separate
cover.

CanonteEnvironmental_ .. , _ _ .. ,,.....,
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ENCLOSURE 2 REQUEST- FOR INFORMATION - OTHER-

CONSIDERATIONS

A. Erosion Protection

_Qomment

1. Based on examination of the design and observation of nearby cliffs, we
consider that a potential exists for sediment and large rocks to block or
severely restrict Southwest Runoff Drainage Channel, the lower reaches of the

Upper impoundment Drainage Channel, and the upper reaches of the Lower

impoundment Drainage Channel. This could reduce their flow capacity and

result in increased water surface elevations and flow velocities in the channels.
Critical areas of potential sedimentation are at locations where concentrated

flows in relatively well-defined natural channels enter the drainage channels.

Critical areas of potential rock falls and blockage occur throughout the length
of the Southwest Runoff Drainage Channel, along the last several hundred feet

of the Upper impoundment Drainage Channel, and along the first several
hundred feet of the Lower impoundment Channel.

Accordingly, provide a detailed analysis to demonstrate how the drainage
channels will either safely store or flush out the expected rock falls and
sediment load, if your analyses conclude that the channels will safely store
the expected debris load, demonstrate that changes in the water surface
profiles and flow velocities will not adversely affect the stability of the riprap
in the channels or on the adjacent tailings pile side slopes, if your analyses I

conclude that channel velocities will naturally flush out the expected sediment
'

and large rocks, you should demonstrate that flow velocities in the drainage

i channels will be high enough to accomplish this for a range of flood events.

I

in your analyses, consider that rocks weighing several tons may enter the
drainage channels from the cliffs to the west. Rocks of this size would
probably not be moved out of the channels, even during a Probable Maximum

Flood. In this case, the design of the drainage channels may need to be

CanonteEnvironmental_...,__....m.."
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revised to accommodate the increased water surface elevations and velocities
caused by these blockages. One possible desian solution you may want to
consider would be to eliminate the Southwest Drainage Channel and design {
the erosion protection on the tailings pile side slopes, assuming that large 1

1

amounts of sediments and rocks are transported to areas immediately adjacent
to the side slopes. I

l

Respongg

Utah State Highway Number 279 (Highway 279) is located between the subject cliffs
and the Atlas tailings embankment. To get a reasonable assessment of the frequency
and size of rock falls from the cliffs, Canonie contacted the Utah Highway
Department. Mr. Lloyd McKinley, Maintenance Supervisor for the Utah Highway
Department, Moab District, was contacted with respect to the frequency of rock
clearing operations along Highway 279 adjacent to the tailings embankment. Mr.
McKinley indicated that he has worked in the Moab district for 28 years and has never

cleaned rocks along this section of Highway 279. He indicated that they have only
had to remove small rocks from the ditch along the cliff side of the highway. Mr.
McKinley indicated that the talus slope generally stops at a bench or road cut in
bedrock above the highway and most large rocks hang up above this point. A major
portion of the cliff adjacent to the tailings embankment is covered with talus. The

talus is composed of mostly large-sized material and is maintaining a fairly steep slope

(i.e., approximately 25 to 35 degrees). The toe of the slope (at ditch on cliff side of
the highway) is approximately 140 to 170 feet from the proposed Southwest Runoff
Dreinage Channel (SWRDC) and at a greater distance from the lower reaches of the

Upper impoundment Drainage Channel and upper reaches of the Lower impoundment

Drainage Channel. As rockfalls along this cliff are infrequent and the distance from

the toe of the slope to the channelis such that rockfalls will probably not reach the
channel, it is unlikely that rockfalls will reach the channel and restrict flow.

However, because of NRC's concerns that a potential exists for sediment and large
rocks to block or severely restrict the SWRDC, the previously designed trapezoidal

channel has been replaced by a natural drainage way. Riprap erosion protection along

the base of the tailings pile side slopes has been redesigned to withstand flows down

CanonteEnvironmental_ _ ... _ _ . ~ .."
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the natural drainage channel. Sheet 4 of 10 and Sheet 6 of 10 of the Reclamation

Plan drawings have been revised to reflect the design changes to the SWRDC. These

figures are included in the Figures section of this document. Appendix B of this
document contains a detailed analysis on the redesign of the erosion protection on the
tailings pile side slopes.

Sheet 4 of 10 of the drawings identifies the selected D50 riprap erosion protection and

the location of the riprap erosion protection along the base of the tailings pile adjacent
to the natural SWRDC. An actual (oversized for durability) D a of 9 inches has been3

designed for the base of the tailings pile adjacent to the SWRDC from the beginning

of the SWRDC to Station 10 +00 and from Station 12 +00 to Station 18 + 15
(beginning of the width transition). From SWRDC Station 10 + 00 to 12 +00, an
actual D o of 17.4 inches has been designed. These D values are sized adequately3 3a

to withstand a Probable Maximum Flood (PMF) event in the natural drainage channel.

Furthermore, the D30 values are adequately sized for flow conditions resulting from a

rock fall into the channel of a reasonable volume of rocks, based on engineering
judgement.

As illustrated on Sheet 4 of 10, a natural drainage way from Station 18 +15 to the
end of the SWRDC was not considered because existing contours adjacent to the
reclaimed tailings pile do not provide for adequate drainage nor does a natural channel

provide adequate protection at the outlet of the SWRDC. The designed trapezoidal

channel will be used from the start of the width transition to the end of the channel
including the rock cutoff wall. Rocks or sediments entering the lower reach of the
SWRDC should not severely restrict drainage because the lower reach is fairly wide
(50 feet) and the slope is steep (7.5 percent).

Cross Section J-J' on Sheet 6 of 10 of the drawings illustrates the vertical extent of

the riprap erosion protection. The riprap erosion protection extends sufficiently below

the existing grade to account for scour depth and sufficiently above existing grade to

account for the maximum expected PMF depth under flow conditions resulting from
falling rocks entering the channel. The maximum predicted PMF depth under flow

conditions resulting from rocks entering the channelis approximately 1.8 feet higher
than the PMF depth with no rocks in the channel.

CanonteEnvironmental_ .. _ _ .,. -
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The U. S. Army Corps of Engineers (COE) riprap sizing method (Hydraulic Design of !

Flood Control Channels, EM 1110-2-1601, 1970) was selected to size the riprap
erosion protection at the base of the tailings pile side slopes adjacent to the natural
SWRDC. The depth of flow in the channel, required to apply the COE method, was

,

determined through numerical modeling of the water surface profile using the COE
HEC-2 Water Surface Profile computer program (September 1990 version). The
redesigned channel was evaluated for both subcritical and supercritical flow using the |
HEC-2 computer program. Appendix B discusses in greater detail the COE method
input and results.

i

Both initial conditions in the channel (i.e., following construction when no rocks or
sediment may be blocking the channel) and future conditions (when sediment and

rocks may have entered the channel) were evaluated as part of the redesign of the
1tailings embankment riprap erosion protection. For the initial channel conditions, the

geometry of the natural side slope of the channel was determined from existing
ground contours. The geometry of the tailings embankment side of the channel was

;

determined by projecting upward from the channelinvert to the top of the reclaimed
tailings pile side slope.

For future conditions involving rocks or sediments entering the channel, approximately
500 cubic yards (cy) of rocks were distributed in the natural reach of the channel.

This rock volume was determined by measuring boulders which are presently located

in the vicinity of the southwest side of the tailings pile and north of Highway 279.
The resulting volume was approximately 25 cy. It was assumed that the boulders and

rocks had fallen in the past 50 years. To obtain a volume over the 1000-year design
life of the tailings embankment, the 50-year volume of 25 cy was extrapolated to
1000 years.

The 500-cy rock volume was distributed over approximately 250 feet of the channel

reach in areas of both subcritical and supercritical flow. Rocks were placed down the

natural side slope of the channel to the channel invert. Placement of the rocks only
on the natural side of the channelis consistent with currently observed rocks adjacent
to the southwest portion of the tailings pile.

,

d
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The final selected Dso sizes are recommended based on comparing evaluations of both

the initial conditions (i.e., no rocks or sediment) and future conditions (i.e., with rocks

and sediment) in the channel. As shown in Appendix B, placement of rocks in the
channel resulted in a larger Dso at certain locations in the channel than the D requiredso

for the designed trapezoidal channel. However, in other channel cross sections, the

Dso actually decreased depending on the distribution of the rocks. The Dso sizes finally

selected are a conservative recommendation due to uncertainties in how and where
rocks may enter the channel.

Between SWRDC Stations 10 +00 and 12 +00, a larger Dso is required because, in
both the initial conditions and future conditions scenarios, the HEC-2 model predicted
supercritical flow between these stations. As a result of the supercritical flow
conditions, velocities are higher than those encountered under subcritical flow and the

local boundary shear is increased. Therefore, a large D was required between theseso

stations.

B. Radon Attenuation

Comment

1. Please substantiate that your exploration and laboratory testing program
produced representative parameters that were used to model the radon
attenuation. In particular, the parameters associated with the ore and the

radiological parameters of all contaminated materials may not be
representative, considering the number of samples tested. Address the
activity of the coarse tailings that currently comprise the upper 10 feet of the

embankment sideslopes which will be relocated over the fine tailings. If you
cannot demonstrate that your procedures resulted in statistically valid
representative values, propose a program of additional data collection and

analyses, and submit the resultant revisions to the radon barrier design for
review and approval.

CanonteEnvironmental_...,_1.....,-
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Pesponse |

General Response

The collection and analysis of three composite samples for oach materialin the tailings

area (i.e., fine tailings, coarse tailings and ore) to determine engineering design
parameters is justified because each material is relatively homogenous in composition,
having been produced by identical processes or from similar sources. This
homogeneity within each material type is confirmed by the laboratory results from the

sampling program. Although the samples for each waste type were collected at test

pits located large distances apart, the laboratory data for each sample show only a
small variability for the parameters tested.

The radium concentrations reported by the laboratory are further validated by
calculating the radium concentration for the tailings area using the average ore grade
processed through the mill. This calculation results in an average radium
concentration which is consistent with the laboratory results used in the model for

radon attenuation design. Based on the tailings homogeneity and the ore grade
calculations, additional sampling would not be expected to produce results that would

significantly alter the design parameters or the proposed reclamation design.
Additional details of the mill and tailings processes, the 1992 sampling and testing
program, and the ore grade calculations are provided below.

Mill and Tailings Processes

The tailings produced by the Atlas mill resulted exclusively from the processing of
blended ore. The ore was blended to achieve a uniform feed into the mill, both in

terms of ore grade and physical characteristics. Table 1 presents a summary of the
ore processed at the mill from 1978 to 1984. Based on an average dry tailings
density of 90 pounds per cubic foot and a tailings area of approximately 100 acres,
the two million tons of ore processed during this period represent the top 10 feet of
the tailings in the tailings impoundment. As shown in Table 1, the combined ore

grade ranged between 0.157 wt percent U 0, and 0.394 wt percent U 0, with an )3 3

average grade of 0.228 wt percent U 0, for the seven-year period.3
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The tailings waste was divided by natural processes within the tailings area into two
components:

|

1. The coarse fraction located around the perimeter of the tailings area cnd
closest to the discharge points

2. The finer fraction located in the center of the tailings area

The areal extents of the fine and coarse tailings were delineated in 1988 by a
combination of visual observation at the site and a review of topographical maps of
the tailings area. The fine tailings, due to their fine-grained nature and high moisture

content, have a much lower angle of repose than the coarse tailings and
consequently, there is a clear topographical demarcation between the coarse and the

fine tailings. Based on this survey, the area of the coarse tailings was determined to
be 62.2 acres, representing 68 percent of the tailings area, and the area of the fine

tailings was determined to be 28.7 acres, representing 32 percent of the tailings area.

This natural division according to size of the tailings material was not completely
uniform, hence there is some variability in physical and chemical characteristics within

each of the two tailings areas. This variability is, however, small compared to that
observed at solid waste sites where waste streams from different processes are
collected and mixed and where a large number of samples is required to properly
characterize the waste.

Similarly, the low-grade ore used to cover a portion of the tailings area is also
relatively uniform in composition, having originated from a blended ore stockpile and

having been further mixed during loading and subsequent placement on top of the
tailings area.

1992 Sampling and Testing Program

The exploration and testing program for determining representative parameters for the

tailings and ore material consisted of excavating six test pits to a depth of 7 to
10 feet in the tailings area and collecting a composite sample over the entire depth

i
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of the pit for each type of material represented. Composite samples of fine tailings
we're collected from Test Pits TTP-3, TTP-5 and TTP-6, located in the center of the

tailings area. Composite samples of coarse tailings and ore were collected from Test

Pits TTP-1, TTP-2 and TTP-4, located along the west, southeast and north perimeters,

respectively, of the tailings area. The locations of the six test pits completed in 1992

are shown on Sheet 2 of 10 of the 1992 Reclamation Plan.

Table 2 presents the laboratory results for each of the three composite samples of fine
tailings and the mean averages for these data which were used for radon attenuation

i

modeling. Although the three test pits are located 600 to 1,000 feet apart, the
collected samples from each pit exhibited similar results for each parameter tested.
The uniformity of the results is evident by the low standard deviation for each
parameter compared to its mean value.

The only result not exhibiting uniformity was the radon diffusion value of 2.0 x 10~8
square centimeters per second reported for the sample from Test Pit TTP-5. This
value was much smaller than values reported for the other two samples and is
probably related to laboratory errorin the degree of moisture saturation. As discussed

on page 3-5 of " Radon Attenuation Handbook for Uranium Mill Tailings Cover Design"

(NUREG/CR-3533), small errors in moisture saturation will result in large apparent
errors in the measured diffusion coefficient for samples close to saturation. The

radon diffusion coefficient from this sample was not used in calculating the mean
average for this parameter Excluding this value is consistent with conservative
engineering design because a low diffusion coefficient in the source material requires
less soil cover than a material with a high diffusion coefficient.

Table 3 presents the laboratory results from each of the three composite samples of
coarse tailings and ore cover material and the mean averages for theses data which
were used for radon attenuation modeling. These data represent locations which are

up to 2,000 feet apart, yet the results are also very uniform with low standard
deviations for all parameters including the radium activity level for coarse tailings.

As shown in Table 2, the radium activity level for the coarse tailings ranged between

193.8 picoCuries per gram (pCi/g) and 278.6 with a standard deviation of only !
I
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43.2 pCi/g. The mean activity level of 241 pCi/g is also consistent with coarse l

tailings activity levels reported at other tailings facilities (e.g.,303 pCi/g at Western
Nuclear's Split Rock facility and 154 pCi/g at United Nuclear's Church Rock facility). 1

i

l

1

The only other radioactive material included in the reclamation design is the affected |
soll in the vicinity of the mill. This soil will be used as the initial cover over the
tailings material because it has radium activity levels an order of magnitude less than

those observed in the ore and coarse tailings. Because the affected soil's principal
i

purpose is as a cover material, the sampling and testing program was based on the i

collection and analyses of composite samples from the affected material exhibiting the
coarsest grain size. Using this coarse fraction to represent all of the affected material

is consistent with conservative engineering design because the coarse material has
i

the highest diffusion coefficient, which will result in an underestimation of the radon

that will be attenuated by the affected soil cover. Additional details of the sample I

selection for affected soils are provided in Attachment C of Appendix B of the 1992
Reclamation Plan on pages B-99 through B-111.

i

Ore Grade Calculations i

Several guidance documents were consulted to determine if statistical methods I

existed to determine the number of composite samples needed to adequately
characterize a relatively homogenous waste such as the Atlas tailings. These manuals

1

included the draft " Manual for Conducting Radiological Surveys in Support of License
Termination (NUREG/CR-5849)" provided by the NRC and the U.S Environmental

Protection Agency document " Test Methods for Evaluating Solid Waste." Both of
these manuals provide statistical methods for characterization and cleanup of hot-spot

type contamination requiring comparison of sample results to a " guideline value" or
" regulatory threshold." While these methods can be applied to the remediation control

survey conducted during cleanup of contaminated areas or the final status survey
conducted after cleanup is complete, they are not appropriate for characterizing a
homogenous waste for soil cover design purposes.

The document, " Radon Attenuation Handbook for Uranium ' il Tailings Cover Design"

(Nl.' REG /CR-3533) does, however, provide a second methodology for determining the
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radium concentration of the tailings based on the ore grade processed by the mill.
Comparison of the tailings radium concentration calculated by this method with the

sampling results allows for verification of the sampling results. The ore grade
methodology is conservative because it assumes that all of the radium-226 originally
present in the ore was deposited in the tailings. Given this assumption, the radium
concentration of the tailings is calculated using equation 18 of the handbook as
shown below.

Radium Concentration (based on ore grade) =

[ Ore Grade (wt% U-308)] x [2,812 (Ra-226) per gram soil /(wt% U-308)] =

0.228 x 2,812 pCi/g = 641 pCi/g

The analytical results obtained from the sampling of coarse and fine tailings can also

be used to calculate an average radium concentration for the tailings as shown below, i

I
!

Radium Concentration (based on sampling results) =

[Mean Fine Tailings Radium Conc. (pCi/g) x Proportion of Fine Tailings] +

[Mean Coarse Tailings Radium Conc. (pCi/g) x Proportion of Coarse Tailings] =

[1,275 pCi/g x .32] + [241 pCi/g x .68] = 572 pCi/g

The calculated upper bound value for the average radium concentration of the tailings

area of 641 pCi/g is only 12 percent higher than the 572 pCi/g concentration
calculated from the analytical results. This close correlation betwaen processed are
grades and sample results indicates that the sample results accurately represent the
radium concentrations for the tailings.

Additional sampling of the tailings may change the average concentration slightly.
Such a change would, however, have a negligible effect on the design of the tailings

cover. For example, if the radium concentrations for the fine and coarse tailings are
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increased by 12 percent to correspond with the ore grade calculation, the average
thickness of the sandy soil cover over the six-inch Mancos layer will increase by only
2.5 inches, from 6.0 inches to 8.5 inches. Because the soil cover design is not very

|

sensitive to small changes in radium concentrations, no additional sampling of tailings
;

material is recommended. '

Comment
|

2. Your reclamation plan does not establish a background concentration value of
Ra-226 in soil. This value is necessary to estimate the amount of material that

will be placed in the disposal area and the associated activity of that material.
The background activity of 5.5 pCi/g referenced in License Condition No. 39
(B) was authorized in conjunction with cleanup activities of a small, isolated

area. This value may not be appropriate for cleanup throughout the site area.

Accordingly, provide the background Ra-226 concentration for soil at your site
that was used for design purposes and your basis for that value for our review

and approval. If the background concentration cannot be substantiated, revise

your reclamation plan as necessary and submit it for review and approval.

Response

General Response

The methods used in the reclamation plan to astimate the amount of affected material

do not rely on the existing background concentration value for Ra-226, but rather are

( based on a qualitative comparison between background and contaminated levels.
These methods provide an approximate volume of affected materials which is

adequate for engineering design and cost estimating purpuses. Conducting additional

radiological surveys at this time will not provide any more definitive results regarding
the volume of affected material, because most of the affected materialis believed to j

be directly below the mill where sampling and analysis is precluded by the existing
structures and foundations.
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The validity of the existing background standard will become much more important
during actual reclamation when delineation and excavation of the affected soils will
be based on threshold gamma radiation levels. These threshold values will be
established in accordance with NRC regulations at 5.0 pCi/g above the background
radium concentration in the first 15 centimeters (cm) of soil and 15 pCi/g above
background for any 15 cm layer of soil below the first 15 cm. To address NRC's i

concerns regarding the currently established background level, Atlas proposes to
I

conduct a second background radiological survey prior to the implementation of the

reclamation plan. The results of this survey will be used to establish threshold gamma

radiation levels for excavation of affected soils and will be submitted to the NRC for
review and approval.

'Additional details regarding the estimate of affected soils and the use of this estimate

in the engineering design are provided below.

Affected Soil Estimate

The estimate of affected material to be excavated and placed in the disposal area
included 200,000 cy of contaminated soil in the mill area and 25,000 cy of

contaminated soillocated southeast of the tailings impoundment. Additionalamounts
of windblown tailings are also expected to be excavated on the north and west sides

of the tailings impoundment. Because most of this windblown material was removed

in earlier cleanup efforts, the estimated quantity of this material was not included in
the reclamation design calculations.

The 200,000 cy mill area estimate is based on 45 borings completed in the mill area

in 1987 by Dames and Moore. These borings extended to depths of approximately
10 feet and were completed with 1.5-inch PVC pipe. Gamma log surveys conducted
in the bore holes typically showed elevated gamma levels near the surface with levels

dropping and stabilizing at depth. Tia depth at which gamma levels first stabilized |

in a boring was considered the depth of contamination. Copies of the gamma log
surveys are provided in Appendix C and the inferred depths of contamination are

| summarized in Table 4.
l
|

|
t
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Dames and Moore grouped these borings into areas based on the depth of
contamination and assigned representative contamination depths to each area.
Appendix A provides the Dames and Moore figure showing the location of the borings

and the delineated areas. An estimate of the volume of affected material was then
calculated by multiplying each area by its depth of contamination. No borings were |

completed in the area adjacent to the Colorado River because only minimal
contamination was anticipated in this area. A six-inch depth of contamination was
assumed for this area when calculating the volume of affected material to be
excavated.

The Dames and Moore estimate relied on a qualitative comparison of contaminated
soil gamma levels to background levels. The estimate of affected material in the mill

area is considered conservative because NRC does not require excavation of soil to

background levels, but rather to threshold levels set at a prescribed level above
background. However, the Dames and Moore estimate may have underestimated the

volume of affected materialin the immediate vicinity of the mill because cement pads
and foundations precluded drilling in many of these areas.

The 25,000 cy estimate for contaminated soils southeast of the tailings impoundment

was developed by EnecoTech, Inc. with the results presented in their report
" Evaluation of Southeast Area, Atlas - Moab Mill Facility" dated June 30,1987. The

volume of contamination was based on soil sampling for uranium and radium-226 on

a grid system. Review of the maps generated from this sampling effort reveal that the

contamination is limited to a small area, approximately 1500 feet long by 400 feet
wide and that activity levels for radium-226 decrease rapidly to less than the site's

background standard in the surrounding areas. Because the contamination is very
localized, it appears unlikely that an adjustment in the background standard will result
in a significant change in the volume of affected material to be excavated.

The third area containing affected soils is the area west and north of the tailings
impoundment where windblown tailings accumulated. The majority of this area was

cleaned up by Atlas in 1987 with the excavated soils being placed within the tailings
impoundment. Some additionalcleanup is anticipated during final reclamation, but the

|
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volumes of remaining affected soil to be excavated are believed to be small compared
to those present in the mill area.

Affected Soil Cover Design

As discussed in the reclamation plan, the affected soils have radium concentrations

that are an order of magnitude lower than the coarse tailings and ore and almost two
orders of magnitude less than the fine tailings. Therefore, the affected soil can be

i used effectively as the initial cover over the tailings area. The reclamation design
'

stipulates that a minimum of 16 inches of affected material be placed over the tailings
area. This 16-inch depth is equivalent to approximately 200,000 cy of soil.

The use of a minimum of 16 inches of affected soil in the design and in the design
modelis conservative because the current estimate of 225,000 cy of affected soilin
the mill area and in the southeast area would produce a cover thickness in excess of

18 inches. Affected soil is also expected to be generated from the cleanup of
windblown tailings north and west of the tailings impoundment which would further
increase the thickness of the affected soil cover,

in summary, if the volume of affected soil excavated during reclamation exceeds
200,000 cy, the affected soil cover will be greater than 16 inches thick resulting in
additional radon attenuation. In the unlikely event that the affected soil excavated is

less than 200,000 cy, the affected soil will be augmented with clean soil to achieve
the minimum 16-inch thick soil cover stipulated in the design.

Comment

3. The estimated long-term moisture contents of the proposed clay material and
of the fine tailings are not considered acceptable. The estimated values for

these materials were based on the results from capillary moisture testing in
accordance with recommendations in NRC Regulatory Guide 3.64 (RG 3.64), j

1

" Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings !

Covers." It appears that the test procedure does not accommodate soils with
'

|
| large fractions of fines and may overestimate a long-term moisture. The !
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purpose of the capillary moisture test procedure is to establish a moisture
content - moisture tension relationship for soils or, metric potential to water
content, it was developed by the agricultural engineering disciplines to define
soil / plant interactions, not to estimate a long-term' moisture content in
modeling the radon flux from a contaminated source. Accordingly, the results

from this test should not automatically be applied in the modeling process and
should only be used after evaluating the results with other available means of
estimating the long-term moisture content.

The proposed long-term moisture content for the fine tailings was 30.9
percent. The in place moisture content you reported for the fine tailings was
27.7 percent. The average initial moisture content reported for the three
capillary moisture relationship specimens was 27.5 percent; and the average

calculated 100 percent saturation value was 35.0 percent the resulting
moisture of 30.9 percent under -15 bar pressure indicates that the test
procedure and/or test results may not be appropriate for consideration for fine
grained materials.

For the clay material, the proposed long-term moisture content resulting from
the capillary moisture test was 16.2 percent (average of three); but the
average optimum moisture for this material was 15.1 percent. As indicated
above, there is some question as to the validity of applying results from this
test procedure.

For the clay material, you have supported the use of the capillary moisture test

| results because the specifications require that the radon barrier material be

| placed 2 to 5 percent greater than optimum moisture, making the projected
minimum placement moisture approximately 17.1 percent. This argument is
not considered valid. There is no basis to expect a soil to retain a moistu're

content above optimum over the 1000-year design life in a semi-arid climate. |

Evapotranspiration greatly exceeds precipitation at the Moab site. Even

though the material will be insulated to some extent by the erosion protection
layers and the sandy soil portion of the radon barrier, the assumption that thei
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long-term moisture content will be above optimum over the design life is not
realistic nor conservative.

It is our position, based on the information that you have currently submitted,

that acceptable estimates of the long-term moisture content for the fine
tailings and the clay material are 20 percent and 10 percent by weight,
respectively. Therefore, modify the long-term moisture contents and
associated parameters in the model for the clay and fine tailings, or !

substantiate that your proposed values will provide reasonable assurance that

the radon flux criteria will not be exceeded during the project design life.

|
|
'

Reso_pnse

General Response

The comment regarding long-term moisture contents is similar to NRC's comment in

the previous review of the 1992 Reclamation Plan which was addressed by Atlas
under Response No.14 of the April 1993 Response to NRC Comments. A

compromise was reached on this issue with Atlas agreeing to increase the sandy soil
layer of the radon barrier to one foot over the coarse tailings and two feet over the
fine tailings. This modification to the plan provides an ample safety factor in the
cover design because the added soil cover will further insulate the clay cover from the

effects of evapotranspiration as well as providing additional attenuation capacity.

The moisture contents proposed by NRC appear to be set arbitrarily low and are not

technically justified for either the encapsulated tailings material found at 'the site or for
the compacted clay cover. The use of these moisture contents for attenuation
modeling would result in a substantial change in the calculated diffusion coefficient
for both the fine tailings and clay material. This in turn would result in an
unnecessarily high soil thickness for the engineered cover. According to information
provided by NRC during the June 21,1993, meeting with Atlas, the proposed NRC
clay moisture content of 10 percent was developed from an empirical equation for in-
situ soils present in uranium mining regions of the western United States. The use of

such an equation to characterize an engineered soil cover ignores the following
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mechanisms which result in increased moisture contents for an engineered soil cover
compared to natural undisturbed soils:

1. Water is added to the clay during placement and compaction to increase the

moisture content to slightly above optimum, thereby providing the best degree

of compaction. The compaction process also causes a higher degree of
saturation due to reduced porosity.

2. The water is held in the clay after placement and compaction by capillary
tension, which is much higher in fine-grained soils such as the Mancos Shale
clay.

3. The clay cover is protected from the effects of evapotranspiration by the
overlyin0 sandy soil cover and the erosion protection layer. The sandy soll
cover and erosion protection layer have relatively large pore diameters
indicating that they have low potential for capillary action (i.e., low potential
to draw water away from the clay layer).

4. The erosion protection layer consists of a soil-rock matrix which, because of

its coarse nature, will intercept runoff and channel it downward to the clay
cover. This mechanism will help to maintain the lon0-term moisture content

! in the clay cover.

i The use of the 15-bar permanent wilting point test to approximate long-term moisture

content in the tailings and soil cover is one of the methods that NRC has accepted as

providing conservative results. In fact, the NRC Regulatory Guide 3.64 (RG 3.64)
states unequivocally that "The NRC staff will accept the moisture content at which
permanent wiltin0 occurs as a reasonable value of the long-term moisture content."

The Mancos Shale clay is ideally suited for use in an engineered clay cover because

it has a relatively high 15-bar moisture content. To arbitrarily assume an extremely
low moisture content for this material to compensate for what appears to be too high
a 15-bar moisture content is overly conservative and not representative of an
engineering designed cover.
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Atlas recommends that the previously agreed-upon solution of increasing the design
thickness of the sandy soil cover to minimize moisture loss in the clay layer be
implemented. This type of design provides an additional safety factor for radon
attenuation without unfairly penalizing a cover material for having excellent moisture

|
retention characteristics. Alternately, Atlas is agreeable to reducing the moisture
contents for the fine tailings and clay in the radon attenuation model by approximately
10 percent to provide additional confidence in the design. !

Comment

4. Because of the previous requests for information, it will be necessary to revise
the design of radon barrier thickness and submit it for review and approval.
The expected performance of the revised barrier over the design life should be

included in the evaluation. For example, this should include such things as the
potential for cracking and freeze-thaw effects,

lhtsp_Qns_e

Responses to Comments 1 and 2 above do not propose any change in the design of
radon barrier thickness. Regarding Comment 3, Atlas is agreeable to modifying the

reclamation plan to increase the sandy soil cover to one foot over the coarse tailings
and two feet over the fine tailings consistent with Condition 41.A of the 1993 draft
license. This modification will provide for additional moisture retention in the
underlying compacted clay cover and is shown on the attached revised Sheet 5 of 10

of the reclamation plan, " Reclaimed impoundment Cross Sections and Soil Cover
Details."

As discussed in the 1992 reclamation plan, the potential for frost heaving is low
because the material below the cover material is relatively free draining and will not
support the capillary action required for frost heaving to occur. The additional 6 to
18 inches of sandy soil cover will not change this characteristic of the reclamation
design. The additional cover will enhance the stability of long-term moisture content
in the underlying clay cover layer by isolating the clay further from the ambient
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climate and attendant drying. This will reduce the possibility for shrinkage in the soil
cover.

At the present time, Atlas is in the process of placing an interim cover over the
tailings area as required by the NRC. It is anticipated that all but approximately 10
to 15 acres of the tailings area will be covered this spring with the remainder to be

completed after the central area of the tailings dries up and consolidates sufficiently
to allow placement of the interim cover. The interim cover consists of low-grade ore

;

and affected soils and has averaged approximately 18 inches in thickness over the '

coarse tailings and 36 inches over the fine tailings. The affected soils used for the
interim cover were excavated from the southwest portion of the mill area based on

visual evidence of contamination. The excavated depths have, to date, either equaled

or exceeded the projected depths of affected soils used for reclamation planning
purposes.

Use of affected soils as the interim cover over the fine tailings is not included in the
reclamation plan or in the evaluation of the attenuation capacity of the reclamation

cover. The placement of this layer of affected soil directly over the fine tailings adds

additional conservatism to the cover design because this material has low radioactivity |

compared to the fine tailings and provides increased radon attenuation capacity. |

Atlas will prepare as-built drawings of the tailings area after the interim cover is
completed. At that time, Atlas may elect to amend the reclamation plan to minimize
re-excavation of the interim cover during reclamation. This modification of the
reclamation plan would minimize exposure of the tailings material during final
reclamation plus provide cost savings by eliminating some rehandling of the interim

cover. Any amendment to the reclamation plan would be developed using the same
engineering parameters and methods used in the current reclamation plan as approved
by the NRC.
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TABLE 1
!

SUMMARY OF ORE PROCESSED |
'ATLAS MILL

1978 THROUGH 1984

|

i4

Acid Plant Alkaline Plant Combined
Year Tons Grade -Tons Grade Tons Grade

1978 229,079 .181 152,432 .131 381,511 .161
1979 250,753 .169 181,859 .139 432,612 .157
1980 275,918 .256 172,993 .139 448,911 .211
1981 267,835 .326 139,232 .170 407,067 .273
1982 164,337 .396 2,021 .212 166,358 .394
1983 171,936 .313 - - - - --- 171,936 .313
1984 39,899 .298 ---- - - - 39,899 .298

TOTAL 1,399,757 .266 648,537 .144 2,048,294 .228

Notes:

1. Data obtained from the daily plant summaries.
2. The alkaline circuit did not operate af ter January 1982.
3. Grade is shown as weight percent U 308.

|

l

!
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TABLE 2

DATA USED TO DETERMINE FINE TAILINGS PARAMETERS
FOR RADON ATTENUATION MODELING (a)

Radium Radon Radon Diffusion
Concentration Emanation Coefficient Specific Dry Density

Material Sample I.D. (pCilg) Coefficient (cm /s) Gravity (g/cm')2

Fine TTP-3/Comfine-192 1,09413 0.36 i 0.1 1.3 E-4 2.97 1.32
Tailings

TTP-5/Comfine-292 1.270 i 3 0.32 i .01 2.0E-6(c) 2.84 1.28

TTP-6/Comfine-392 1,461 4 0.36 .01 4.0 E-4 2.92 1.13

Mean 1,275.0 0.35 2.65E-04 2.91 1.24(b)

Standard Deviation 184 0.02 NA 0.07 0.10,

4 Notes:
(a) The data listed are from Rogers & Associates Engineering Corp. lab reports for composite samples dated 3/5/92 and 3/31/92 except for dry'

density which are from 1.incoln DeVore, Inc.'s lab report for split-spoon samples dated 1/2o/92.

(b) The dry density for fine tailings was adjusted to 89.8 lb/ft' (1.44 g/cm ) to account for overburden stress during placement of the cover.2

Refer to Appendix B of the June 1992 reclamation plan.

(c) This value was not used in calculating the mean value because it was not consistent with the data reported for the other two samples.

CanonteEnvironmental
RMiW:\884670uDFTP 2.TBL IMey.31.19941
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TABLE 3 '

DATA USED TO DETERMINE COARSE TAILINGS AND ORE PARAMETERS
FOR RADON ATTENUATION MODELING (a)

Radium Radon Radon Diffusion !

Activity Level Emanation Coefficient Specific Dry Density
Material Sample I.D. (pCi/g) Coefficient (cm /s) Gravity (g/cm')2

iCoarse TTP-1/Comcoarse-192 250.6 i 1.3 0.28 i 01 2.3E-02 2.72 1.54
Tailings

TTP-2/Comcoarse-292 278.6 i 1.4 0.20 .01 2.8 E-02 2.72 1.48

TTP-4/Comcoarse-392 193.811.2 0.22 .01 2.3E-02 2.69 1.58 i

i' Mean 241.0 0.23 2.47E-02 2.71 1.53

Standard Deviation 43.2 0.04 0.29 E-02 0.02 0.05
'

Ore TTP-1/Comore-192 180.4 1.1 0.25 i .01 8.8 E-03 2.70 1.59

TTP-2,4/Comore-292 250.1 1.3 0.32 .01 8.8E-03 2.70 1.73

TTP-2,4/Comore-392 207.7 1.1 0.28 .01 7.3E-03 2.71 1.83

Mean 212.7 0.28 8.3E-03 2.70 1.72 |

Standard Deviation 35.1 0.04 0.9 E-03 0.01 0.12
:

Note:
i

(a) The data listed are from Rogers & Associates Engineering Corp. lab reports for composite samples dated 3/5/92 and 3!31/92 except for dry
density which are from Lincoln DeVore. Inc.'s lab report for split-spoon samples dated 1/20/92.

CanonteEnvironmental -
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TABLE 4

SUMMARY OF JULY 1987
GAMMA SURVEY RESULTS

ATLAS MILL SITE
MOAB, UTAH

Borehole Estimated Depth Borehole Estimated Depth l
No. of Contamination (Feet) No. of Contamination (Feet) |

1 7.5 24 0.0
2 0.0 25 6.5

3 7.5 26 0.0
4 5.0 27 7.5 +

5 7.5 28 0.0
6 7.5 29 4.0
7 0.0 30 3.0
8 8.0 31 0.0
9 6.0 + 32 6.5
10 8.5 + 33 6.0
11 0.0 34 0.0
12 0.0 35 0.0
13 0.0 36 7.0

,

14 0.0 37 0.0
15 0.0 38 ---

16 8.0 39 0.0
17 8.5 40 7.5 |

18 0.0 41 5.0
19 8.0 42 3.0
20 7.5 43 3.5
21 4.5 44 6.5
22 0.0 45 6.0
23 0.0

|
|

|
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Purpose. The purpose of this calculation brief is to verify the stability of the Atlas

Minerals Reclaimed Tailings impoundment design presented in the Reclamation Plan

(Canonie, June 1992 and April 1993). Figure 1 (sheet U ) shows the location of the

existing tailings pile near Moab, Utah. The stability of the reclaimed impoundment will

be analyzed under seismic conditions with (short term) and without (long term) a

phreatic surface in the Tailings Pile.

Methodology. The computer program PCSTABL5 (Carpenter,1985) is used to

determine the critical failure surfaces and corresponding factor of safety (FOS) against

instability. The stability computation methods used in PCSTABL5 are the simplified

Janbu, the Simplified Bishop, and the Spencer's method of slices. The Simplified

Bishop method is used in this analysis.

Critical Cross Section

The most criticallocation for stability is on the southeast side of the impoundment as

shown on the plan view of the impoundment in Figure 2 (sheet R). The southeast

as well as the northeast embankment slopes are the steepest slopes and longest

slopes on the Reclaimed Impoundment. However, the southeast slope is selected as

being more critical because the existing ground elevation is lower and slopes slightly

downward toward the Colorado River and away from the 10:3 embankment.

Figure 3 presents a generalized cross section of the impoundment and existing ground

corresponding to the location shown on Figure 2. For purposes of modelling the

impoundment with PCSTABLS, the cross section has been divided into four soil types:

the natural soil beneath the tailings pile, the coarse tailings, the sandy soil along the

embankment and top of the impoundment, and the cover material (consisting of ore,

affected soil, and clay) on top of the coarse tailings.
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The erosion protection layer is not simulated as a separate soil type in the stability

analysis. However, the weight of the erosion protection layer is accounted for by

applying a surcharge load on the 10:3 embankment and on top of the impoundment.

According to the Atlas Reclamation Plan (Canonie,1992), an 8" riprap layer is along

the 10:3 embankment and a 6" soil rock matrix layer is on top of the impoundment.

Using a specific gravity of the riprap is 2.47 (specified in Atlas Reclamation Plan), and

assuming a porosity of 40%, the bulk unit weight of the riprap is:

2.47 x 62.4 x (1-0.4) = 92.5 pcf

For an 8", riprap layer, the surcharge load is:

92.5 pcf x 8" x 1 ft/12" = 61.7 osf

Conservatively assuming the same bulk unit weight for the soil rock matrix, the

corresponding surcharge load is: '

92.5 pcf x 6" x 1 ft/12" = 40.3 osf

The individual 6" layer of clay,16" layer of affected soil, and 6" layer of ore placed
'

on top of the coarse tailings are not modeled as separate layers but rather as a single

layer. Soil properties required by PCSTABL5 for this layer are determined as an

average weighted by thickness. Soil properties are discussed further below.

Stability Scenarios

The following stability scenarios are analyzed by the PCSTABL5 model:

1) Long term - Critical circular failure surface with a 250 year earthquake

return period loading and without phreatic surface in the coarse tailings.

2) Short term - Critical circular failure surface with a 250 year earthquake |
i

return peried loading and with phreatic surface in the coarse tailings.

'

!



Canonie Environmental
By_ JWS Date11/12/93 SubjectStability Analvsis-Reclaimed Sheet 1of N
Chkd By Date Tallinos Imooundment ATLAS Proj No 88-067-11

|

3) Critical circular failure surface with earthquake loading corresponding to the

Maximum Credible Earthquake (MCE) for Colorado Plateau without phreatic

surface in coarse tailings.

4) Critical circular failure surface with earthquake loading corresponding to the

MCE for Colorado Plateau with phreatic surface in coarse tailings. j

5) Trial failure surface between sand and tailings on embankment with

earthquake loading corresponding to the MCE for Colorado Plateau with

phreatic surface in coarse tailings. I

I

6) Same conditions as Scenario 1 but maximum earthquake loading under

which the reclaimed impoundment is stable will be determined.
|

|

|
7) Same conditions as Scenario 2 but maximum earthquake loading under

which the reclaimed impoundment is stable will be determined.

For the circular failure surfaces, PCSTABL5 randomly searches for the most critical

failure surface. For the trial failure surface in scenario 5, PCSTABL5 calculates a FOS

for a user defined surface.

Earthauake Loads

To simulate earthquake loads, the PCSTABL5 model requires horizontal and vertical

earthquake accelerations. The largest return period for which horizontal earthquake

acceleration maps are available is 250 years. Figure 4 (sheet 14 ) is the most

current map showing the mean horizontal earthquake acceleration which has a 90%

probability of nonexceedance. For Moab, Utah the 250 year horizontal acceleration

is approximately 0.05g (g is acceleration due to gravity) (The 0.05g value was
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confirmed by Utah Geological Survey Personnel- see Phone memo in Attachment A).

For vertical earthquake acceleration, a conservative estimate of 0.05g is assumed

The reclaimed impoundment design life is a minimum of 1000 years (i.e. greater than

the 250 year return period) and potentially during this period an earthquake of larger

magnitude could occur. In correspondence with Joel Grimm, Project Manager with

the Nuclear Regulatory Commission on 12/28/93, the Maximum Credible Earthquake

used for a nearby Green River Title 1 site was 6.2 on the Richter scale corresponding

to a horizontal earthquake acceleration of 0.21g. This value is used for scenarios 3,

4, and 5 along with a vertical earthquake acceleration of 0.05g. The purpose.of

scenarios 6 and 7 is to account for an earthquake of greater magnitude than the 250

year earthquake during the design life of the reclaimed impoundment. Under these

scenarios, the maximum horizontal earthquake acceleration under which the reclaimed

impoundment is stable will be determined.

Phreatic Surface

Dewatering of the existing tailings pile is currently on going. In the event that water

is present in the tailings, a phreatic surface is assumed for scenarios 2,4, 5, and 7

as a short term condition. The phreatic surface is assumed based on current water

levelinformation readings in piezameters at the tailings pile. Attachment B contains ,

l

piezometer coordinates and the most current water level information. From the '

information in Attachment B, water levels in the piezometers have been transferred
1

to Figure 2 and using the piezometers nearest the critical cross section, the phreatic '

surface is extrapolated on to Figure 3.

I
1

j

i
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Soil Pronerties

Table 1 provides the soil properties used in the stability analysis. The derivation and

reference for the soil properties are included with Table 1. Attachment C contains

excerpts from the references listed in Table 1 from which soil properties were 4

determined.

PCSTABi5 Inout and Outout.

The PCSTABL5 input files are included in Attachment D. Output files are provided in

Attachment E. Boundary numbers and soil type numbers assigned are shown on

Figure 3. Initiation and termination points of circular failure surfaces were adjusted

until the minimum FOS was determined.

RESULTS. The factor of safety for the critical cross section for each of the scenarios

discussed above are provided on Table 1 (sheet 8 of #1 ). The circular failure

surfaces have been sketched on Figure 1. The factor of safety are greater than 1 for

scenarios 1 through 5. For the worst case scenarios 6 and 7, the impoundment could

withstand an earthquake with a horizontal earthquake acceleration of 0.25g (400 %

larger than the 250 year earthquake loading predicted for Moab, Utah and 19% larger

than the MCE loading)

|

l
4

1

:

|
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Table 1

Q6M
N Factor of Safety Results - ATLAS Reclaimed impoundmentg

Horizontal
Earthquake

Scenario Failure Surface Minimum FOS Acceleration
1. Dewatered Tailings Circular 1.6 0.05g

2. Partially Saturated Tailings. Circular 1.6 0.05g

3. Dewatered Tailings Circular 1.1 0.21 g

4. Partially Saturated Tailings. Circular 1.1 0.21 g

5. Partially Saturated Tailings with
Failure Surface Between sand and Trial 1.4 0.21 g
tailings on embankment.

6. Dewatered Tailings Circular 1.0 0.25g

7. Partially Saturated Tailinas Circular 1.0 0.250

|

1

| \
'

l
!
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TABLE 2

SOIL PROPERTIES - ATLAS MILL SITE STABILITY ANALYSIS

Long Term Specific Density (pcf) Cohesion Angle of Internal
Material Porosity Moisture (%) Gravity Dry M oist Saturated (psf) Friciton (deg)

NATURAL SOILS 125 125 50 38
CLEAN SANC 0.3368 2.8 2.70 112 115 133 0 30
COVER MATERIAL 0.3302 7 2.73 114 122 135 0 30
COARSE TAILINGS 0.4350 4.4 2.71 96 100 123 0 37

Notes
1) NATURAL Soil PROPERTIES

- Properties taken from Dames and Moore (1977) - see Attachment C for excerpt.
- Natura: soils are granular (sand and gravels, silts) and are within range of properties presented below for granular soils.

2) CLEAN SAND PROPERTIES
Clean sand and Affected Sand angle of internal friction assumed as 30 deg. based on typical value for sands.
Values of angle of internal friction for sands from several sources are presented below:

Source Anole of internal Friction
Bowels (1988) 32 - 34 deg. (average value for sands)
Das (1985) 27 to 45 deg.(Drained angle for Sands)

Terzaghi, Peck, and Skempton 30 to 40 deg. (SC and SM soil types)
Pile Buck inc. (1987) 28 to 41 deg. (loose to dense granular soils)

- Attachment C contains excerpts from these sources.

- Porosity, long term moisture, and specific gravity of Clean Sand based on geotechnical testing performed on three
representative samples from Clean Moab Wash Soils. Results are reported in ATLAS Reclamation Plan (Canonie,1992) -
See Attachment C for excerpts. Qm

- Zero cohesion in sand is assumed.

ATL.XLS 1/5/94
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TABLE 2

SOIL PROPERTIES - ATLAS MILL SITE STABILITY ANALYSIS

- Moist density = Dry Density (1 + moisture content)
From Pile Buck Inc. (1987) moist density for granular soil ranges from 95 to 140 pcf.

- Saturated Density = ((1-n)Gs + nl x Density of Water (62.4 pcf)
From Pile Buck inc. (1987) moist density for granular soil ranges from 120 to 150 pcf.

4) COARSE TAILINGS PROPERTIES
- Properties based on geotechnical testing performed on three representative samples from Coarse Tailings.

Results are reported in ATLAS Reclamation Plan (Canonie,1992) - See Attachment C for excerpts.

5) COVER MATERIAL PROPERTIES

Cover material consist of a 6" clay layer,16" affected sandy soil layer, and a 6" ore layer. Properties of each layer are
averaged (thickness weighted) together to provided properties for on e composite layer. Properties for each are summarized
below for each individual layer. Properties are from Canonie (1992) - See attachment C for excerpts.

Thickness Porosity Long Term Specific Dry Density
Material (in) Moisture (%) Gravity (pcf)

Clay 6 0.3897 16.2 2.80 106.7
Affected Soil 16 0.2954 2.8 2.72 119.2
Ore 6 0.3637 9.0 2.70 107.3

-Weighted Avg. = 0.3302 7.0 2.73 114.0

- Zero Cohesion for the cover material is conservatively assumed. An angle of internal friction of 30 deg. is assumed
for the cover material based on typical literature values for sands and clays (see Attachment C) .

~

N
a 3
&

ATL.XLS 1/5/94
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RADIUK !!ARAfl0X LONG-f!RE DIffUSI01 .;Rf
XAftt!AL COIC. FRACfl0! MOISTURI C0!!. POROSIf! DII!!!!

(;Cilglici ici (i VIIGHf) (en'2/s)(c) (d) Igles*31 i

.............................................................................................

IIIIfAILINGS 1275.0 0.35 39.9 a 2.65164 0.5457 :.44 e

C0AR!! fAILIIGS 241.0 0.23 4.4 a 2.478 02 9.4350 1.53 e !
l
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ILORDIIIILAfSCLAT 9.9 0.66 16.2 a 1.081 03 0.3897 1.71 f

Illf0XIf! AHIRDID SOIL 6.0 0.06 8.9 a 5.63I-63 6.3162 :.84f

la)Xtasured15barMoistureContent
(b)!stinated15-tarMotstartcontentusingRavl's!quationIIqn.5/RG3.64)
tc)Averagtseasuredlabvalnes
(diCalculatebasedonn=1-(rhoisilGs'tho(vi)(Ign. 4/16 3.641
tel anrege seasured in situ drf densit!
!!! Average cry density of based en 951 of Standard Proctor
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LAB TEST RESULTS;

| ATLAS CORPORATION
MOAB, UTAH

Geotechnical Radiological

Gradetion and Hydrometer

| Ave. bi-Place | |

* '' "dPeroent Percent Optimum Moleture flodium Diffusion
Poesing Smaller then Uquid Ploetto Meleture Centent et Specific Content Coefficient Emenetion - '

% FCF)
Meterial Description 200 Steve (%) 0.005 mm 1%) Limit inden Content (%) 15 Bar (%) Porosity Growity (pCl/Gemmi tem'tsael Coefficient

; Fine Tainnge

i CemFine - 192 74 20 42 15 89.8 NT 31.9 0.516 2.97 1094 1.3E-04 0.36 .

'

ComFine - 292 34 IS NP NP 89.8 NT 27.5 0.493 2.84 1270 2.0E-06 0.32-
ComFine - 392 70 21 44 21 89.8 NT 33.3 0.507 2.92 1461 4.0E-04 0.36 .

I Coeroe Tallines
ComCoeree - 192 21 9 NP NP 95.6 NT 5.4 0.437 2.72 250.6 2.3 E-02 0.28
ComCoeroe - 292 14 7 NP NP 95.6 NT 4.7 0.437 2.72 278.6 2.8E-02 0.20
ComOeerse - 392 11 5 NP NP 95.6 NT 3.2 0.431 2.69 193.8 2.3E-02 0.22

Ore Platine '

ComOre - 192 26 11 NP NP 107.4 avT 9.6 0.363 2.70 180.4 8.8E-03 0.25
Con Oro - 292 30 12 NP NP 107.4 NT 3.8 0.363 2.70 250.1 8.8E-03 0.32
Comore 392 31 16 NP NP 107.4 NT 8.6 0.365 2.71 207.7 7.3E-03 0.28 *

SN-Site Affected Sea
| 1 17 6 NP NP 125.8 8.1 2.8 * 0.259 2.72 18.2 2.3 E-02 0.27

2 17 6 NP NP 125.8 8.4 2.8 * 0.259 2.72 20.8 1.4E-02 0.29 '

3 17 7 NP NP 125.8 8.1 2.8 * O.256 2.71 19.5 2.2E-02 0.29

N-Site Moab Weeh Soil
i 1 11 5 NP. NP 118.0 9.9 2.8 * 0.294 2.68 hT 2.3E-02 NT

2 12 6 NP- NP 117.3 10.3 2.8 * 0.304 2.70 fni 2.6E-02 NT
3 11 8 NP NP 117.3 10.5 2.8 * 0.306 2.71 NT 1.4E-02 NT

Mencue Snele
(Klondike Flet)

! 1 96 42 34 18 113.3 15.7 16.11 0.352 2.80 NT 7.4 E-04 NT
2 82 42 37 20 112.4' 14.8 16.32 0.358 2.80 NT 1.5E-03 NT I

3 81 42 38 21 111.9 14.9 16.21 0.362 2.81 NT 1.0E-03 NT
,

Atlas Property
1. 11 6 NP NP 129.0 9.3 7.19 0.248 2.75 NT 8.9E-03 NT
2 16 7 NP NP 129.0 9.5 7.54 0.243 2.73 NT 1.3E-02 NT
3 18 9 NP NP 128.8 9.8 7.61 0.244 2.73 NT 9.3E-03 NT

Bentonite Amended gN WMoab Wash SoA
1 16 8 120.3 10.9 9.07 0.286 2.70 NT 5.4 E-03 NT . I

2 15 8 120.7 10.9 8.94 0.201 2.69 NT 7.9E-03 NT ' ''i '-

Ii#3 16 8 121.2 10.7 8.57 0.273 2.67 NT 3.6E-03 NT

Note:. NT = not tested.
_ _ _ _ _ _ _ _ . _ _ _ _ . _ __________ _ __ _ ___________ - __ _______-_ - - ___ _ __-__ - _ _ _ _ - _____ -_ _-_ ____ - _ __ ___ _________-____ _-



,,,.; , - . . 1... .*- .t
* :.,.'-"s . t y ~ . '- . . s..6, . . . . . . - < -. < . . - - - - s. '- - ' : .: - - '- < '' . .. .

*
..

. . ' k8,c.,*.,n,'.?; p.* *g e : ,.v,4,..0..- .j.,.,s. .=.,:-* - f . ' .. ":e, '. 'f,- n .*".;*:,

.
.,r-

. : . ',t.".'.,.m.;,',. '[ [ A .',,. . ,p s.
.#.1,< .[, p U. .f.,,,'.' ,,d i;r

* f r,*I '. * ' . '*. i
* 3 - I - *. ,,g' r s,

*

.t '',3

'.'.',,*'[.**/ *. ,j',{.' '. ( * *::...,...,..'.:2,u. ' ks ..a., ' '. ..
' # *

p' J
-

,/s*

.

', , ,\ .

.^!,

* , . ' ' ,,

*

**>'f,a,.'--| o.'.,.',e-y-'.,,.*-
g:

.

V
. ,-r - ,:.. ., ./r>. , g' 4 .

k ., .1, ..,,.J-o f.s *. ':,*. " . . . -;\
., ,y.

,; ?, , ; - , a :.( -*{*-
, . ,

= .-s,,- +

. p.1. . ;. .,.';..- *s <, :. '::. . a ' .:. . * b ,:.. ,; , , . ... : > ,.. -

+ ,. ,h.,
'. J .

1, . . , ; 4 ,u,,
4

s , . . + , . , y s. :.a
,.

' , . , .* ,,,e qq * > * ' <1 .) , s - T.' ; y', a

.Y l
'

e , ...

;N ' _ .

.

, Y f:?f..b 'j'. *$. *. { e,$,1. , ' y , + . *,..!s, : y , ,. 't |y , .., . .f* , $' 4*h.,1; . ;y ; . ; .;., ; , ' * ~= : Yk .k'. >; & ,'. . .'.' , ' .; '; . . . , , ;,',j'. 6 ':' j * .,k)' | ,'s*.,.'..'=*:,;'.-|.,_:,.'.y''.
E s ':. ,.'s |.' ' ' ' * . i-s '. -^- .u

4*t . A, : ). ,**
.4 , i.- 1 . , -

p +.,I , '
Ih'.,,=..y'!..'{,'*.

,,, 3 . g, sg s :

f: *) 2*
;; ,0, * 'I ;|.

. (g/. p ..,,.p'.,,s
* Eb - ?,, E, . . ' :

'

I . '. ? , f.~ ;|'. 8. ', g'f' , 'y ..' ,

4,;,,,j..,'.,.7,.'s,*, ' .';| .y I *

-| .' '.: .o'.

(.,j,",.*, ,,...s..,'s,.t,, w, .4,e . . .. . :.-,.sIe..,, .4.' .. je' >^ ,o
f-

.P. ..,i/4 's . - , * - r *s . t, ,/ ' , , . ,.,.,f,..i,-

' , * p f 's ' ',
4,',*.

, ' ' , , , | ,.; , [' 1
=..

s- 1 s.
, 3 .D ,' {J

-

'v3

,|v} ', j L
* ."..|.-

,,gs.., e; ,, , e r,,. ,.*g p , f. ,
.

'C "[1,e , .4: | , = A |t-*.<
.*'|,:... ' , * ,H: -',..T.'

. . , - - -.e

.; , ; ;, .,,
z.4 ...

.* *u., ' .5,' f; . |o ' }). :.
. 97 y, 4'-.;

. g , *,',s.;
.

'n > ,

'. ::-, o-L e. 'j ' \ . ::, ' <-
.

,g..', -' :'*. '.

, :> . . . : . .''.;;G.f .,)*:, *,: ,.,~. .e ;.: "4*%.',!:..'<'....,.,..s
',,.V..

. . ); . - ": ; 'y , ',%. }. . ..
, ., 9

.. , ,;j , ) : e ',* L D,, ). : % >y
.. ..

, 1
.,+...''.Qt'. .. . ;,. ?' 'i:. L :,: i,

. ; Q;.,, ,'.. :: ,1. '.s:-. . .. . . , |,; < s .'. :n. %.-l '. ;.G:~ ,, q ,, g" . . - .

: * : . ' . -; ',i'. .'.:< ", c,
, ;-.a - . .t.*,,:; *- , ' , , ' - _' . ' .;, ,( g ::r, ...: ,n,,, ,; :. ,

,,%., ,:} :" - n} . '.,;,';:.*
,.

'<;~..*...,:.o. '..;. . . . . - ,

j 'V:
,. . * .' :,': ,o e

e . ,. e* * ,. .
'.',4...-

' . .
-;

.: ' . c.',;'.:) 4 ~{ %| ey s.,.",a''.,p
.

. ; :. - n,-

.',4.,..u'. . .' . .;. ,, .;c i .,: u.,.
. _.\ ; ' i

. , .v. . h. - ' .. ' l '. i ,..c'..a..';.,;. .e ; ' ~ ., b. , ,, . . ; ,? ,;.,.T.. . . -* . ,.,;.,;.,*
. :, * * 7, g. ..,,:, ' r .rp. *. , ,

' '.* " , -,. " - s, .- :y
, ,'.,3 .- , , .:e , , ,* , :

. .' . ;a
', . .b .: .A . , ., -(. . -

y,'
r ',', t :. b ,;.. * * :3, ; .. , '

..,,s.. . s: v.
.; 2,.,. :%p

' . ' y.}' { .. y _ ., ., y||:U.' ^jo.*'.?," I'|N*,y*it.|',| i ,Q'd.[ I.' * .~- '-

,'?.:r'-.
'% -

, ,, . ' .|. : . : . . .e . .n - .-

.,;.,...,.,.~,....o
. . .

-
, , , .

'.s *,,. ' * e:s; . .: * . ,,, '
*n '. ... ,

. ..

v, 'b,2., : . .sQ, ,, . ; :, -
,. ,.

s,, ;, , s . ,..,q, '} , . . . s >. j ,: ,
...- c -~ *y < ;,;. - | , .. , , . . } y .,4 9 ,',)

.;- ... ......:,;, . ,. 9 .:, N. ,;* | ",; ; . ,'..; .- ,;, - - q:, .

' |; \:%
, , .: vsv ., . ;

? ",,|'" ':.. '*', ^'|'U .}' :1 & ||. 4:|| -
s . . . . < .- --

>,^ .'. . : .3.; n .{ Q,|. ' '!
, T - *

3 c,;! $ S,| : .d.; (: f,5c'."M :

,':|||. ;
-

- nY,' "
; q ,' ,f, , '; q. ., '' e t v ..,i,,- , ,'f: 1,

I'.p...,'*. -

- t ,. :.- '- ',- - , d
,, , y ,' ' |,; . . '; ;. ' :

, . ' ' . ' a;
s.

4 . . , { ,' .. :, , , ,. ) *
. f; . . ' .4 ' ' . ,

:.,,_' .t s:s . . *.

.i - '.,2

.i . .' ,, *, ''5,,4 . :i v , ' ,- >,..t: ' '* . " , .

-|: |. . .',, ? : y.1, - , * . ,j:' ,. =, '- f (:Y. * * ' . * . i. ' .' u,[. ' . :.V '':'
s .:. .

*-: : M '"':,
- .:

'.*-s-'.,s' .- ..,

' ;.

_<.k~,, . _7 :'| , * ~.';';,,,, 1,} N ,'. ' *}}-}; {*2:... . ' . ,* :'i J , : . * % :; ;' r. . 1

-l . ', ',f.',|j.; jy ,, . ., .' }*(, .

' . * , '
. .:: ... -

. i *

,o,' . ' .
,

j , '3% |; , '. ;;
'

i..,.'.: - . *,-
, ,; , , ' ,:s

.

' * , _,,..'|.... : - < . . '.2 y , ':.! , y,q 4. 6, ,.:-' t. ,:,,'',e, - '. * .;. g' . t', . . . , . . .,; _r,..,_ ?. ' . '
.. . .q \, ", _ . ' . ' .: ?. . ", *. - y . p . .. ,: ;g, ; ,

l -' ' ', o:, . '

~..'e'.f.s.- .|,.: Y. ,.' ,}s[* : - f. b - .;f''' }m' .;',, ,||'; . ,|:b . \a }, 5.' i |k r * | ;} ', , .r_ '.R;'. ? f,.. h E
.

".,',},. - ( [|..; . ?; ,,?'. .?,,a'' a' - ,', .,.'.''f..s . g ,' | '|,' .; . .** . , , " . ' ',
'. . j .r,

y; P'< . "
. . . .;- ,. . .,e, .

i-

.; g,, i ' ,:z ; 4, .
..' . , .. ;_ .e .

i.,%'.**,' .;','.' '' '
, , . ,

,, ,.:: | : * . ..
.g...- .

*. 4- .. - ** <..,|, ,.....,..,,,<,.e*.. -

. , ' . . ..- ....,....:f,.:'.,u,,.:..'l,.:..,'''... ..',[ f,',., ..s,;*.'3.''.,'*...''.I,'*,
.:. ic z,. . - .- . . . . .

.,3.'.,+ -y . :.,' t i: *:,.,., ,s
^ y

. -: .....
;

; : ~ . .', ' . q | p : L.| 9.,|.|. 5,.
,.e, ...,..,f. -* . . . .. g. .; A .N. .',:, J. . ' , , s | : ' ; t. s . - - .: " .c

,

s,'...: :. ..,* ' '. , ', ;. . . . ,': ...ss.(:'.
: . :. v.. .

.'.-V..i*.'s,.',',."....y .: '. ., i 'e
,':: |' . 3'

.. -.,, ;: .
' 4 l' ,. .h ,,e.. *. .. ., : .. ,.

.y $,,..', ' .. .x . :
'*,

: .
a,y ,-:, , . >: .. . . , . . , , - *, . ,

: !-
,.,. , , . * .t ..

.',': s:<. , , . . ,, u , .v :, ; ';.e.;'' ..y, *; . , ' . . '; ;'.',; ,v
,

. | ,. V.. : .

*

t!

- :
'....n:j ' ,'. : '. '. ' .: s,

: .
y

% .. y - . - .-*' ' . ,, i. - . * (;e .." . '"- . . , ~ - -s.k ,& .c : *-

^*,,.,.'*'.|'.''..;.;
*i,, ,*...: .. ,, ; , ..L

..'.:.-
:s, s

* , - ':-; %''. . '.;
* . '',,.y *

,,...,.u.'i._...,., '...'.Y..',..,h,:''..* i e~ . *; . t*:*
.

, .,-,....; '; , f .,8 . . '..._,,s. , +. ::- . .n,*..\ . : e' ."
;

s. *
. ' . ,;T , , , ,.-;.

..,;.
...,": ; ';-- *:. c. :

.: L* ,:;7 ::, ~ : ,..

. *
.. ,

' ., <;.,.. . , .
. | ,: .._

e<- :

*
. ,:

. . :. | . - . |
.

[,',~s.'.'.; ; . < - |.. ~ : - ; .: .< :e' * .
:.,. .

v. -.- , " | * . |
,

*. - w:,*

, * . u. . : v'e.'.|
ag -( >| ... , . . , n . <. :. ' , ' 4 ~.s [.'. ' . .: ' ,7, 7| ), .~ . .

%
.!''

*
s'..'

'

-u.: : , ,,: -
-

, ,

',,. . . ; ; - . . . . . . ,.; , . ' *a'''
^

.'-|.-- ~ ' .?<t.t
- - ,; ||;.,:

.: :t s., .' ' ."r.
, . ' - * ,,'{..,>_,,,'.,r, 4 . f. . : ', '. , '. ,: . . f. J' ;f" .' .'., , , . ,;. ' y,3

<- ?

*: . [.', . @k-|. >|,'; b- .s -
; g . .. :., | 7 . .p. - ~ ;. " f.,,, -'

- ;. -": . " 1 . ' :. .
-

.. - C .y ' . s.' i .;
'

.. <'.; , , , ,
. - i. e

,

;, ' ', .,:. Q. , :.i.' , ? _ v r,.

-

; 4 d s. #
,

;: *. ; :.. - . h .,. -' . . u . 7,g, f:' ,. .. ,: .. . . "n. f .' '.,.o. 9
'

:: ,. . : . >.. ";- " ,p ,,. . ?:, ;
.- ,

' . , e - -:
, - .:; . ' ..m .i.'| , (:- . ;, , r .'.c F : ,, .

?.,|.'';,,*',g.'.
_|,, ;e .: ..x

:.- : * . , , . . - ,,, < .,.,,,;", .,,.'..:^,.".,- . ;s . : . v *;

.',n,,'.','1-
t

,

V".*......
,.

. , '' , y- . , .

*a. . - ' ' ' . > -
;.. . , ; .e.g. . . , f-,'"; ' .c _ , ' "?. , \ : ':'', .,: , ;;

' :'., '.: . : q. g . .. .. . .:... ; .. .

-' .,

-b.q,., ;;., s.* .:.... .. ..

,,; - , .f:
. . L. .: ; ,- ,;, e.' , :, '- - . 7

,
s..,* . .. 3. g..

b.; q, : *.: * ;; . . s, ; ;- *:

q . . , ,* .. . , ; ',.E . .
".s',: < , , ' . -. , . . . .

,,v,''....,.:
- 7: .. r' a ,: V. ( .. i,;. ,%,; - 56.,',*.,,...,...-,,..;,,,...f-t,

:. .. , ;
,:. :, i.

-'.,,'.,%,_ n .
.a.

:
. , - :::,'

.
,w- . ., *m:

-

.; , . 4. r. , . : .,,_ :..',
,s,:. . . " . - _ , , . .t . : ,. , .2

,,. - ,
,. , . . ;' . 3. <.;s,.,

. . . . ,

.

.,,i.':.. ;, -; ,: , , _ . .

.

.s
.<,e. .s.

. - . . . .
,.:.

... 1 . . ' , ,, - _ , .-n._ v .: : : . : .~ < .v,..q .. - ;; . . . . . .
- ,, ,: .n..

,
, . y, " i: ,: 'f..-

-,,g...,..g*;. * ' ?. V. . : -. . , . ,
.,,,.r

< ..
: . e.

,,,r.'... ,, - a . ' " ...v,.. .. ...,s, ''....; ,;...''....;
. ,

- * .: ,, ,-

f .n , .. : , - , . . . ' ;, + ,,,.:^- -,C,"_.o.,|,,'.y: : . ... 4 m . < | r; L '' : , ? .,, ;, ! . . , * , y, ' , . . _ % - ':. - . *' . ' . ., ** g 3 *,. |.

,

s :
.

...,.'.,.,.-|;,:-..,y.1.. J..c , ,.

. ; _ 'y, , ~..,*..\.,.'.'...: . ,a -. . , * . . . . > .. , -. ... . , ~ .
- . .*m.,; ,, .. ,

;V
.,

.' . . - ' ..;',, + .-: q ; ,; , f L .. . '*: , .e , .;*

., ,., ~ , . . , , , '
. 4. ; . . , , ,; c,.s.

-
, :

,

: *L ,-.3.b'-:. ,:, _'[- ,. . , . - ;,,_.>.-%,,.,

.
. .

. , .
.',

, } .'
-

. f,_ f'* |: |{.'|'. :.$ '* *|'' ' '$ .:. ' . . ' ' L ' . . ? h .|. }- |''f..f'. ;

f.. . ' {' . : ,. . .. . . -
''

f, |? j. ', :' , . :' , ,, . 5, '.' |J.||_'.,f ; . . , ,, , , ; , . ;.,' ' i ., ; !.g...,,.','- *. ;, -" . ,* ; . ,i; . ', i

'

'_'* ,. |
-

' '

.c.. .. , , -

i r . , - . .
.

. e
'. -, ?..;

., , (* '.;....,..,'s,, ,4* f .g. i,.Rjn1.'- ,.' .- =|j , ,, . . ,; ' ( ', q ;.- ;, . , s .,;<,', .,, ,{[#
- , ' .,J... :*

. '
:

. , ? '- . | . . ., .;, , ,, ,( - .- .
:

,

:,q ' ...
- > .,

. , , '- . , ,' ' _ -. * ; >, , . , . * * . , , , ..,,

- -
,,

:.. ) v ..; .;,. $ , | . -|, ' *: :-. , . . , .
. , :. ' , . - ( *, s.'.,,,-

. '- . . .( ,-N . . , ' , . -
s ..

e's. ',:'u' . ) ;-,,;.-
f., ' , ' , , ' c :pg . s f r ,, '. . -' ,',_,n.: . # . .. .'...e, *'.',: S , : ! . 1 1 ' ''.''..%* ' f gg, '.r . J '- . ' ' . .

. .t - . . ' . . ...: -

:;.-9.'t, '< . :-.<..s.<m,.9 .

-

. .. . -
':

,, ',.,

.. .
'

. ;. .
. .. ,

. .
.

. , ' .
,

.- '.

. . ,. . . .. . ... . n. .

.,g) ,.; .. - . 's- ...,c . , , . . > . . .:...';.,,,.
.

.- . . . .
". ,...L, . , . , . .

:. <.'...;':".,.(... . ..'..~ . ...'.n...<.'..,....:.'..v:. .:.. '..
.. . , . . . i. : , . , , , , ;;:s v..., . . . u ., ,'..O....,_ . .

'

. .%. L:
'

. . ' ..;..',.-~.
.: : ..

. . . . . . .
: ,.

, ;
r. . .i. ' p ;'. .) n..,: . . ..*, . , ,^

.

,.7- .. | :" . ._ t, .,:, . ' .
1 ..

.

'

;; " ; ?,. .o. . _ , L,. || :
*;._. ,y,, ; . .: y . , .. . . . o ;_ : . .:t . ( |

: - . (,
. .

y .;.
_n

_ ' :; ',. .. ..- ,' 3 .,, . ,:[: . . . * ' , . . _.y*'.,,.*.:n..
,

:
,,,

~m. - . . * . . . - . . . .., ..:..;.,,.< , , . . . ~ , . , . . . - ..r....._. ,.., 4 n .w \>
-

| c .; ,s ; } ,s .. .

. . : ;. . . ,
-

..;.,... ..<..1..

;Q:G.. | , ' . ', .: :* .,: .
.....a

.

'.,. , -g.., ,. .... - _ . s...a:. . :

. ' ..'i; 1,f. ; j;'y . .. .', e. ,3 e .-a; .;,,:. . . , :[ ;' . ..~.*.,,;;.';,, . _ _ , __ _;,,...-. o ,, .} ;' ,.j ., * , ~
*: .,'q,.....:.,.,;: ' . * ;. - . ,a, . ' , -

- - .. . .,_ i. ,. .:
. '

J'
.-:;; , _ . - . . -, ' ' , . . . ~ . , . , ,- .;. :

_ .[ . ,; .n l. . ... .z.. . ;
., ;.,.,- .

.
.

K';i'.,......a.,. Q N-
-:_s~. ,,c_ ,

. - | , _y : ;.,.''.||'..,... -| ; * n.M , y ,. :,', ..[ . ; ' f:. | ' '' ,. 3.s d y
.

.,.,.,.,,,,.'..'..:. , . .:'., ' ;- .i
. ', " ;j ,,:,..

.

_ f~ :;,:', .y", ,, . , f (, _ ' . .,.,:... } :, ._, , . ). . &.: ; ,''s.b
' i '

>'* '
. . . , . . , :;$ ; :. ;:

{ . . . , | ; L,',Y. . . . . ._ . p '., ; ::,
,

;

' j [ . ,\ ; .!..s, ,. .,'|,?II ;b 'i
s A .. .....6 . . . . ' . . <. 't . .-. ,.?*. _ ' ." -, *9'.-:..- , . , ., ' . ; 4. . ; : ' .- - . . ,,o.n,.-t

- , - .- .';, -. s:> - '.,..h=.......,.,. - ., . . ,. . _ . . . . . ,.

,
1 | , *Y. S'

.1 'l.
.; ';.h f ': ?.. \'j _[ f G ' ') ' '.: I, :s [ N '. ' ^ | 2.$ ' f 'N ' '? .'' : . @< .: : . .;; .. . ;. , } 'i. '!;). . :'. : <' ' ,'. :q 'r' .: ;. : f.

' ' :

.h' '; ':' ' ,' \
'.s'.''|"'.-''-['.'.':

_,-.

' :.'t i',. ! _* ;; N d .| ' ": Y,,'i._..'
'

-

:*
'

[*. A 'N'
_

E.b. '.g*: '' i
''E': L? ;.; ? ', . 5;| b.|, . { .~ :

'

~ #ab |:' ; :.
. , , ' :nv:% '..;'' ; .' ' . . ' 'P' ',

' ' '

:" : '

. K:. .. r. . ;^''h.':
. :

,

16. , . :''\,' ~,

-.''("." * i. - ' - L'' o ' . 'c | * : ' s .' -'. -: . :? --
- '

, . .q . :; r t;
- ; ' . .

t
. i ' :" .7.. ...,;. . . , .. . . ::.

* : :
c' .'G.I, . -

. . . . -,.

.a '4y '.;..
,

); i.j
" v: ... J .,;.* 3 .f,: . . f ),y . 'i .,. ! ;p f". y! ' " .,4;:, [. . ; Q: -

4> : n: : '. , '- -
. '

. . ,, . ] ' _ y r ; ' . , . . ,,.,i,. ._.,- |T. , , ; . .; ,

(, , . . + , :n
.

. ; .. ;
a !. ; y i_ : { _ .. .:, ._ ;; - Y _ ;;;p: '

: . ' g ; ''. e" ;' ' ! _

t . ' | '. ,. '. :. ( *. . ::
_ g 33 y:;

-p' . ; .-

W . * 'q. . '|. . .'.:m.^.,.y ,: '.;f, . .' , ,Vle.- |
: 1: '|,L., Q. b. - - + ', : . ' 4V..'..','s..;..

h {{j . :. .. '. . [ . z. ''' ' _' ' | ' .':|. Y .. , ' ;,;,i y ' . / , i J.f. \
%,'. . :|

'

. . "i t

; :.l' ;-"'
: : . u

-

;
:.a, ,*;?.f.+, . ,t , .; . . . . ') ; .v'1' .n; .F..; h

.

,-.'..C:.' - ~*. ; p. ' ; '. ': i.'. '

:::;% :,. ., f. '
Q. '|+f, y,,1:( : ].'n:p,. .~. i., .:: . .;, [.;, . _ &:, \ .;. ;Q ??.|..? j.i.;,,,'.Dk .|.)5(p._, u:,';;

. :. . g: .: -
. *: - y

- a . . . . l'~._-

t..' / q._;.7,l;:. '
..:,, ;. : #; A

. 7.:y .Qf..; : : m .. . ' ,". . ' ;;', ,. . ; :.
:

, , " ? : :. .$ .s. '.
T ,: . 3, : .

s ->.
t .

': . . . i .y a :::,; :';:

| |(5 . .v-
.: .. : .- : ..V'rav :,. ::

.' v: ' :G.:.;j i 6: :\,. ',. ';;',* y ) y z:. ? '. .; . . * ' ; .:s:;k,'.' ." :-;.. .:q;_ :

? , . , .. Y.|;,:|,f'.|:: "(y .?;&., Q||fgh&. ;(:';|.,:.|; .,)fr|f.. N .. .Vj.|:.[N;;.
.;,

4' ;&:- . , .
s.9

..4.|t?.f);f;j Q|.i::g|:
'

,

'
,

'

.. .J.. :.',Q:; :\,,. :)j | s 4|. .
.. ., .. s _. . - ,; , ,.

;f.f. .. , .. . ,,.,:f N;|.', j': f?.[:: , i..? h.u,|4.; ;;f.|y': . ? f.,,,'|j'}$ 'hh"a'',{,''. , ;.

.

, , . . . . . . .

.f .. | ',f',;j
. , . .- ,;. . 4 , . ,. : .. , t4.

. ..
4- ..s 6 y , .y;..- ....:

|| ,$. . . } .',:,;f. f. ''f. : y: 3.'4.,
.

; ,, . f::f . |,,:;,|g: . s. _
," , . . , , . ' .;

;
. h ' .; . 3 ,.;. . :, s . . '. '..

. . . . .:s% .jg .- : r . . . . . fg. . ,, , .. %,-: m c. ;c.s r; f-v . . W: ' 0.a. n ,,,,:n . , . 6. ;.

> ; ,e ',g. ~ .. ; '. , ., L. t. ,. ... .. ; .3.:,s, ;q h e ;x. , 3:|2
.., ,.-

r,

. - :' : .. ..:;......
.; ..

,- i. <. .,. ?: , ,: < %:i; .
.

.. .. : .cs . 9.r :
A !: ;N ||| Y:% $' ' d ; ^ :: ' :j Yl ''' Y. '. .: '' |r. W''!I.'.'Y N. ?. . ~ .: " L.g' ?;Y, Y;-C;j f ' . b | ; f '. , :: ,.!":.Q",: .

'

t. , s . :, , < , . . .

' N.s EW. ..'..';,<? ^|',N'. ;$.?.1:': } O:.Y::? .. Y \ .' '| 'l.h.".',Y. y. | ' Ifi$''N Or *? "i '
'

b W:&., :] ':t"ifa:!;. MN|,W l.
-

'? 4:.Qx *, ': k,'..( .U.G.M &;f:? . T: .|:.:, t '' . 'E '0* :. I,;,; Y.0:] \ $|S.'QNT ;.'.W|. ; hi.h ','.. sif;; z .| ,Y:g:p y|;.%.';%.'. N;:
_

W.|dq y. v,' g%%;p??
' w . (.

"

. .f.. f .|.5g _;.. ;y.p3.y.u.,..y. ;:L ;.g: .;4.,, g ,,. ej .y g y y.i.7. ..g.:4. . . g;Q. y_,y' ,.; %;g :y.g., .,3,.;. ,9 q'. :,; T /, po7 3:]g:ff,, . y:L:
.:. :

, % ~ ;t . i' . . ~. . .. ,, .r:
jr

:... ,
,:..., .. <6 -

% se:~j
s.5 ,g-3,.,. ,. . . . , . . , s. . , ;. .;.; ,.

y. t . r s. ;; .. . .] ,,. v. .s' ::. . .;(..,... ,. * . -. . . . .s-)..., . ,c;. . , ,. . , . . . . . .

,1 ;.. e. . , . ,' . . . . . . . . . . . . . -
-

. . - .
..c. r. ..*4

.
, . ;; .,f x. . . .' ;: :,f j '. :. .. .1.: yY, : |..t

. . . . .. , . , . .
.

.

; ~,. . , .:q '.. i.v:% :.1;: r,. . V !'. w. ]:
m :.i,

.. -m , <, . . . w u , ' . . '. ,A: >. . 4 .: , ., \. U,, . : U . ,. , ,
. :.. .u s: .; :. w,

o .%.% o
:

I|Yh..:y:; yb;,..g' .M.
: .

:Ag; .'";- :..'
'.,y. |,.,'s .\;N ? , i : . :~|" .: .f, M ?,'s v.0.'.: ?. ?. :,r). . '| ',|* ' h~.f,.':*

.

' I '., k ";; . -|'
. :. A . -.

?.!: ' .. ' .,' . ~ :||i. ''.''|: ' .'; _,: .E.||t.q.&.q !',.&. <''y &.'.~..<* ?. i f: ','; . ; ||,,'. ..";, :'s.{:f..' .:;| ?.G;
.v. 1 - ..v ., >: . . hnc t. .< > . v: ..

',.. |t ",'. \. .: y ':s.s. .s,. '' '.,. N. .,. :. ), . ;:' < , . , . , .' . . . . .-r....':.. . : . .} s.
. f . . '].v.. }

,.,.'g.,.3,.
:

, r g _e. ; .>.a:-:9
*.\.:*; f. . f. .v. - fy .,o,,q, {r . [\.,;. 7:%.t .

> _ , , . . .f ;s ,.. . .. a . . .; ; . s.- ..>;

. , W: g.,n. 1 s ' 3. 3 ;,. , .. c, b . ., g'. ,^. yY.g.
; ::.: . ~ , . . .; - . . ; 7,

' ' 4 :.. ;. ".2."y,..,;*'.,', o

c :.: ..' n. :,, c.}, .* n. ',:' : :: . 9. m ~,W . ,:..,.,', '|:- ), ;_ .r . |.|. . ";.: w - . .?,

..
; .; ;. ;:. i.;Q. . '.e.

k r

y '.;

, b , :~ , ' :.<. , :::' . ' = . ., v ,n . . . .q -

. < .

; _ _ ., ;. : 'Y :;.e .':e ..v c' ",:.. . * ,v..3 .. ;w e ,
..

." ? .v:;
' :

'_'' }.'' j .':;|'.}.| _;f .; f:?: Q':' A . 3, ! .:f},;,j,)f^!'Q... ;.';.jf, . .: . ,;'7
. ::,~* . .;; :

, . , .- , . . ; :.:

| *.W.] ..'::k' _y 1[, ;[Q '; ;.Q. [fc f:,f}. T.;,4 ?.) ; 7): .
,,:.: y;. .. ./ ;

". .:: ;,, .. ; :. ; ., " . ,' *;;? '. { : :.;;; . s
.

*

,
t.-y .;'.',. . : . .; [1. '., .' j e :' . ; . .. . ...

.;f|,|| .'
,, : y ,': .s . . . ;,:::,.. - y.:

''c' .6;' ,) .. z. . |, Q |' ':|; '|'j_,4 & ;;j[ N f.hQ ' .i I: . :)'

. : }(. .'||". f, s. ({y :;'[.: ;; V,|f..L;,.

:,[: *, f] | ,'' r ; ,:h :. _ _. :.

'}:.J.]'< ^ j'& ! k|'f'.Q |:; **;;*'f:pj.f;| 'fh h sy .|;| .h'p ? .t.';sh .'.,' ... ;.[',|:G:?.':.. . .. .w , Q ':: ., ',f. ?%...._'
^

.c:._.:..,......-.f;b* :} |,'9:|| 'If.f_ r
| , .

: . . .. , ,. .; :. . ,- .,L
; .. ,. .

. .. . . . > . _ . ..t, y . g , . . .,_
3 . :

.

::.. , ., ; .3
.

_

_,. , :,

?. , a,'
_ :- ;.,... . . . , y u ,, . .;

. 3...

. .J.:: ..:: :; . 9 1. *. m.. ., ,. c . L . . .. . . ; ,s, ., ; s . _ m. a ; . . , . . .. y ;. _ 4 . :. y' t. . c.t o ... .; : , . . . . v _ . p ,.,, c.h __'.y. y~. : ;. ;;u .x ,p< - -
, ,,

u; - ' - ):: s ;. w. ;,7 1. ._ , .,. . ,e,(
,

..r:' q. "c.;.- ::. - : . -
'

. , > v . . :7 .- .b7: . .. :q. . .. _ . .u.-

-

:.... < .. v., .: ..e..: v ..;v< :n ;q ;; , . : . ~L,:.... ;.~Pc...i . c.r : ; . s.. 9 , ::: < ,. ;: ., :'..p. 3,,::
~..

.: . :: <..t.. . : .
..

|.&:,$ ':;' ' I *, , .-
, . . . ..

e:w V . .r .*~
~ . c . . . . '. ; , . . ' ,. . ;: w|. . . ..s,' .

- .c. % - . d a .v >: :: . : ~; ' : - .v.>
' . \. ,. m .' m, . . ,> . . i n'

. .
v' i-

:
: .. .'v":,~...-q.. ; ::..m...:.I,'..M.:."...,t.

-

b. ][*.'o
' .;| ''!*Y;.. ., ,t .;. .. o - . .. ,.'j:':Q, . y,i.N:\,N. [ S ,,, . .. 3.:..'.|\ ._'k y W N:''':| !,.

,w. . .

. . ., . . .g.e.
.

. i
.S. :

.. u.;..e ,-. >r ,, .: ...<;.,.... :.o

......r.''c'... w; - 1 ,
-.

.. : . . , .. :. . v.c . , , .

:''.jN. |;,h,N^^ ,{.-- . i ?';b:, .. f Y . | -|' d .'!S'$ ''.O.$|$ L ."; i ||O * .| ?,9 ..{;tg.'.
:; : . t ... .

'

0:
. ..

' . ?.* ?'[ $ |d :; b;;:|.;\,- .& l;y|.;,;'. QY. I
I: 1 !

''. _ .3,j', ' . . ;. r.; '.', .~. . ,': .

.'|. f |
.

V : ;. , .:* t :; j; * ' /. . -:=,. ..: q ., .:. .

y. [ ; , |. } '. 5. ;f {:: * r i,'_.*|,_);';'';[,' ';.'.
. ;' ;f Q. : . . . ? a . :,. . ,'y . ' :; ? ..::':::: j'. | ; . _''', . ;

, y; '.L.'\. h ',
' , 4,; . :J ;

f : . : : ; '; L... .,[ .' , M;|..',:X' ( :.,):||),; ; i ''(:
:.,. .

. . . , ~ . . ; y. . . .< 3 ' ':j ' ), f,;, . |.'. .. :| ' , .[; ',, N .Q_ h.;., , |:
-

'

. : ... nv .. ~ . .'.f:' :i;; , %_.Y.. .i .,[: :?s ..':.:* ;- b
s _Q ;. .' ;: ,. ..

:- ... , ,. . . , .. .:
, ;c z . . . , . ,, . .

~ .. ,. . :

..c. .. ':; , . : .. x' : z . , .
. . . . , , . , . ' : . . . . . . e....-.~~.:.. . ;. ; .

;, G. . ;, ;c ,,.c. . g; ( , ;,,' _.. . . .: ..v. : . '. :., :: ? . . . .. -.|q, "..y' ' . . . ,, 'vi : s, :? ; . . . . , . , ,; z.. ,7 :g <., . -
. .

~:
-,;.e,'.--, . ' , . . .

,
. s .: ....J:

_*
. . . . - ., .. .,:y',...' ,j

.s. )7 . . . . . . ;'.. ~ , .;.. . ,. ' ,: 3 :.; . .: :; .n,:-
.

.

.u.a. .-

,

., _ .,
. -

._c , . .., 4 . : . ; ?. . :: ; . . . . :. . 3,:- s e. > _a s - ->.
'

:. 9. . . .r .
..

.
..

, !..* .. v.. : ; ".; . ., r, . . a. ,. ;,gv_s; : 9.;.; ;,_
,.

, y, x q :,'_ , . . . .. . 3..g ,:;; .. ,;r:. ..-, s . .a.y,; p. _,;; ,. :r :3 . , . - .
.; : y .- * -

, ,

.....p...,<'...a,.-
_

.: - .
.i .y ....:,. 8 : ... e:., :A .. .. . :.:e . , y .y . . .? . .;, . (. :. ,',,;.;. _ . , . . ; . g. ., , s,;

: .. .: c .. _; ; .: .:.. . p . . ? .;... y . ';,:. ,.~;.. _
..

. _; p. ,, ; . . . , ::; - .a;; y: , .3 . . ;_ . . .:.% y . >y __.
. . ....; - . . . ;

. ,.

, ;,
,_ 3.: ,.,q, . --:: ,g. ';. ., ( ._ , : ,_; .; ..

.4.
,.

*..
, ,

_c* ,
-

, , . . , . , , .,- w.: _ , _

.. . ,s : .:. ., .;., .:.;). '. . s .: .f . ^ ., .. . ;p.%'f ,q
,

.'t-. ....;*;m.~ . , . .. . .-.v., y. . .:, . a ;... :. .. ... ~. . . : .,_;; . , ,.
.

- n.x, .

, ; , :: .:-: . .- .;

... y,t . . _
.< .: . . . . .

*

:

. ... . . ...'1.:,., .s. . ' . . . , . ::., . 9 ; c ;,,, ,,., ,. : . . . . .' :. . , ;_. : : ..!' . .:
.n_,..'...,.,..; , ,,s..,_(.,,

s. .

{...
_.,;; s;; .;; _. .*_..;,:.....,._a_. , . . -,.. ,

_ . _h, ! . .. .v, .. ...:,.:._.... . . , -.n.,S ,. .e , . |w. . ,e. _ . .s, ,. :...; ::_..n.,... _ _
, , ; y.;; ;..:y.,,,..>.. .,.. .; .;. . . ~ :. . . . . , .. , . , . . . -. - , , ; , . ; - - . . . . , .

.

< .,.:.. w ",9 y : . ...g. y ~;. _ ..a

. .? |2. . < ,;.. _ f: , ;._. . ' '.d ': ' .| fx: ':.%'.<;,. ' ' d. . . c: ,'''|t N. .. p, L. . .^.: , ,4 T ', .f . .'%. ''., . . ,). | , ',. ' : . . ... .,) ; p : . . T. | 's .... . .' ,|. ;:
.

,,.

,.
. ', . .. .,

_ ' :,;. .
.

:: . - 7. .|: ., ,. '+ T,,. ..; j.. - | ; . .;*
_

2 ,' : T- ,f: .,'f'
_

*

,

}|':, ; ' ,' ' .' . , ...Li.r,.:- .L. . !:m.WM. . ..
.,c . . . , s , ;: , .;.[. U,. '. .

.:k;, my.:. . . . ..

[ y',. :, : 7.|.: ::. W. .M ,:~. .. Wi.:: i:um4. .% ',a ;; f if .T: T.:,:P. |.::4.f.b:. ;;M. , s&. . . F : : : ,, . ' T.;:= . ,\. :, b, .i
' . . ,

' ' '. ;.W:.g ,. . '. ::
.

.,CN:$ %. g. . ,,,. :n>.j . - .S.-s .s,.. $ ,
.f. e.- t

.

..n.,f, 4, f .r. ."c. ". (., .:,.s".,1''-, :,. .. j .W.H . c ..** p
; 4

+

....sm'.'.. g|\
, ..3f. ..

;.j. . . ' , ,.,, g.
,,., *. ,. c,., ,c g

.'n~.c.,,'.
... ..z :*-

.e'-;.j t c; . A; , . . , . . . .. ... ,_ _ .4.y'W.., ' "J:a , s .
,,.,,,..r...,,,-ee..,,..,,..:,.;.,.,.e.,.. . , q,n:

, , . . .- ,,g..,.. ; . ,. .,,,7. ;,..,..,'* y. s .v . . , , ., >
,

, .:: :. ;..- ,-

r. ,.fi ,3,. g t. ;;,, . . , o .y, .; - ; -
; .y :,.

.

.c..-.
.-

,y'......J. q, p .;,i.%, y,,g.:..., . . , , . . , ~ . g. , . ..;, , g,
, . , . . . .,g..,,c ..,

:
. . . s.',,..

y:s' , . ..;n jut, ,:; "L.,y . ,, .y:,,r . .p u , . :'. , ! . . . ,s.
, f,:..,y.,-

. .r. ., 'f. . .,;; .>:.,a ,y . ,... ,
.

.,':,n., ' .,. .- :; . . , . ,n 4 ,, ., . ; ..|- . .n . .:

,.: :. .: : . ,., . .

; :: . ) .:- s . , ,' . . % . 0 ;, .;.., . . ' . . . . , . ,
,

.... ...: .,* ; ..
, . ..,7. 4. ; . . .. . .n, , . . ; .w

.

l'h. 5 5'M,) ' y[,f $;[,,1:w;h, f
.n... ..- . , . . :.....y,.

$[m
m . : s . . -

7[3 Q '.y ],e;:[:.h. . .,"#;. . [ ;. '.[.; . [[ ',- [i,h, ,'[..;['' h b[,)|:. Q').;:.\;,'.,<[ , c..; Y f.[,. / ;Y,YML '...; ~p[9.
: . .;-.....:.

O. ,'., ,

r

,

':,. ,. f:;; g. w . o @ ,, ,. ._ . .:. . d . ?. ,:y
* ,

.. : t.. .u ;., ,. s . i;.,y o' ' . .

. . h.. .Y
..,o..; ., p - :, . : ;.y., . y- .> -

(.. f , ?Iof :_:*,s 'h, y^ . . . ,
. . y .,y.k,,b.;.,sieh.;,'. ' yf'k< '.h.fq.;b.?:f;,h.a.Y * ? I. ' { ! Y. ,'Ih.. .,: a s ,., . .. W ' . > . " . . ' , s. , : ';- f|k .:L

'

.% N05. | N Y
. -

- I
y , :v.\f; ,n, ' ,: ,.q..;,'.'..*...<,s;r

.g; ,p: ,.; , s .w.y r.. f g.;., , (, . , .,, og . , e : .Q' g.,. ,. , 'u,4y. .; . ;,.. ,9.,-;
-

. . . ,: . 4, s . ,y. y..
.

.,y~.as
;

.
. r:, <. e :

.

, ..,, , ;;;.,

s,.a- r , : V,,y y.;,, n .9 ; ,:.p
,

.. _
8,,.e*

*h.'
' :

'

' , , "-[.! '- - 8 , ': '7''' .,' [ 7.h 3, . 9 N.' . 'i " '[b , "' : '[. . r., ,.[ $' ',',',Y-[ 6
' '

. ! ':' , ' i'' ./:1. i. *- ..|# -[,.'* .3..- %,. 8 ' . ' ', '' .c , ' . '' ; 'i '-[ . ' . 'e ' ' . ' (; ' f ' ' ". '' l '' ".,, .[{ ; - *. , ' 1- . ' . ' ' . * 5
.

- '



- - _ - - - - - - -
' "

\

|

84 '|, N'

FOUNDATION ANAu$l$ AND DE11GN
.

xt' y
/^ UE triaxial tests and s.,o is from the direct simple shear test. According to Aas e

al. (1986)(who also cite others) this may be the best value and is applicable foy ,"
4

embankments. excavations, and shallow foundations. This strength parameter is
also the most costly to obtain.

While the above comments may be used as a guide, each project must
evaluated separately for the strength recornmendation. There are simply too man ..

project dependent considerations to make a blanket recommendation to use eithe
this or that particular strength value in any general use publication such as this.

2-11.9 Shear Strength Correlations and the s /p', Ratioa
-

Shear strength correlations or parameters are widely used for both preliminary and
[fmal design studies. For example, shear tests on cohesionless soils are seldom mad

to obtain p. Instead tabulated values as in Table 2-6 or values from in situ testin
as in Table 3-4 are commonly used. 'n

I
The drained angle ofinternal friction of cohesive soils can be estimated from

TABLE 24
Representative values for angle ofinternal friction $

I
Type of test'

Unconsolidated- Consolidated- Consolidated-

. , 'undrained andrained drainedSoil U CU CD
t'
4

Gravel
Medium size 40-55' 40-55*Sandy 35-50" 35-50' N'Sand

Loose dry 28-34*
Loose saturated 28-34* f

Dense dry 35-46* 4 b50" '

y
Dense saturated 1-2* less than 4b50' g

dense dry
Silt or silty sand

Loose 20-22* 2b30*Dense 25-30* .

34-35*Clay 0* if saturated b20* 20-42*

* see a laboratory manual on sod tentmg for a complete desenptwn of these tests. e g, Bowles
(1986bk

Norcs- (!
1 Use larger values as y mcreases

2. Use larger values for more angular partsses

1 Use larger values for well-graded sand and gravel mistures (EGw. sw)
4 Average values for

Gravela 35-38*
Sandr 32-34*

,

i

-
--

|

r

,w,,, .-- - - - - . . . , , , . -
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$
%

N1V u '

vw
V k/ ' |-Ottawa sanddr 2-Mol sand [De Beer (1970)]'

3-Dune und [D'Appolonia et al. (1968)]~5 5,,
4-Very coarse sand (Peona, Ill.)
5-Mediurn coarse sand (Moline, Ill)

y 6-Fme grasned [Plantema (1957)] _

7-Very coarse [Plantema (1957)] C4
. 6 5 7

y 45' y j --- /

p- /2 40" '

a / -
,

E / r.c 35'
f5 A /

s, / A '? .

N ! . f N)W || h/,y
- f*

|| t,
,

13 14 1.5 16 1.7 1.8 1.9 2.0 2.1 FIGUI
3Una weight y, g/cm i

(a) $ vs y for several scrit [from Bowles (1974a)) Y

I46 i i i i i i i i I
i|r

e*
: M -

I'E

B 42 -

gs -

!
g.9*0'pi ", s90

gi p@*

,s '- 38 8 ~

coAot* c *
e 6%7 5 6

'

\\4,se6g* ocE c

H g 36 5 _ <

6 '

o 34 -

0*' o(@<*6'6#
-D

{
be'# -

N2 32 - 4t
i /g % - C -

'

28 1 1 1 I i i i i f

0 10 20 30 40 50 60 70 80 90 100
Relatne density, %

(b) $ vs D,. [from Schmertmann (1978) who modifedfrcme
,

D M. Burmurer (1948), "& Importance and Practscal Use
of Relatuts Densory sn Soul Mechanscs". ASTM Proceedsnos, vol 48 )

FIGURE 2 24 Relationships between angle of internal fnction $ and unit weight y or relative density D,.

L
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_

s2 usenmen os snew weep wromees o som rana urmenk
f g_ 4 Ilowever, the preceding equation could also have been easily derived using Normal force

Mohr s circle and simple geometry.

Shear Foilure Low in Saturated Soil Loading m

Dg g;fg//g/fyM %MN
- - - - -

plate fin saturated soil, the total normal stress at a point is the sum of the ** *
effective stress and the pore water pressure, or, .

Porous h ' , ,e = a' + u - j -2
stone w' -

The effective stress, a', is carried by the soil solids. So, to apply to soil
- - . . - ".:v ,4. r,_

.
-

'
. :

mechanics, Eq. (8.2) needs to be rewritten as
. u- r ry

rf = c + (a u) tan 6 = c + o' tan 4 (8.8)
, ; ~ f.9 . W*'

_

..,~1|y.

The value of c for sand and inorganic silt is zero. For normally etmsolidated . -
, .

* '

i Porous y. W. - M. _ , -
.

clays, c can be approximated at zero. Overecmsolidated clays have values of c
* "

that are greater than zero. The angle of friction, 6, is sometimes referred to as . f' stone gK1

the drained angle offriction. Typical values of 6 for some granular soils are - -c - '-

given in Table 8.1.

Figure 8 4 Diagram of dired shear test arrangement

Determination of Shear Strength Porcrneters for Soils in the laboratory
ie shear strength parameters of a soil can he determined in the labora- ccmsists of a metal shear imx in which the soil sample is pla<

tory primarily by two types of tests: direct shear test and triaxial test' The
almut 3 or 4 ." "2 (19E48 or 2580.64

. " '" t** 9"* " . " "''

m. mm-) across and alir com ucting each of these tests are explained in detail in the
.

p ures
following sections. high. 'lhe imx is split horizontally m. to two halves. Normal

is applied from the top of the shear los by dead weights.
Direct Shear Test the samples obtained by the application of dead weight c

T1u.s is the oldest and simplest form of shear test arrangement. A diagram Iblin.2 (1934.2 kN/m ). Shear force is applied to the side. 2

.
- Imx to cause failure .m the soil sample.o tiie (irect s near test apparatus is shown in I,igure 8.4. The test equipment

Depending on the equipment, t[ie s}icar test ca
-

etmtrolled or strain-controlled.
Tot >le 83 Typical Votues of in stress-controlled tests, the shear force is lied
DW An@ of Friction for
Sands and Sitts etIual increments until the sample fails. The failure takes

of spht of the shear imx. After the application of each is
soa twe .Macg> shear displacement of the top half of the box is measurer

gauge. The change in the height of the sampic (thus the sSa d. flou,ded grains
sample) during the test can he obtained Inun the reading

tune 27-30 measures the vertical movement of the upper hiad,.i:t pie
hfethum 30-35 m in strain-esmtrolhxl tests, a constant rate of sheer dis
Dense 35 4

to the top half of the box hy a motor acting through gea sy'

Jand Angular grains
_

shear displacement is observed by a horizontal dial gauge
force of the soil corresponding to any shear displacement .

} @ horizontal proving ring. The volume change of the sam
,

1""e 30 m

obtained in a manner similar to the stress-contrulh d test,

photograph of strain-contrulhxl dircet shear test egiipnpyGravel uith some sand 34-49 The advantage of the strain-controlled tests is that,
silts 26-3s sand, peak shear resistance (that is, at failure) as well as I.

| t,1,* i< 2, n imine noer failure called oltimate strenetId -
.. ._



i f i& o Umsturbed sod, ,,g

j 0.8 e Remolded soil f

= a3 + (Aga)f = 50 + 3&l 37
' * * 48.37 kN/m 0.6 -%

,

3, -

l's are overronsolidated. Using the relationship given by Eq. (3 7) } g~ #e.,
- .. >g.M-0.4 4

45 + 2 + 2c tan 45 + 2tan m e
,

\
en 1

'00 tan' 45 + + 2c tan 45 + (8.14a) - |

>2 0
5 10 15 20 30 40 60 80 100 150

50 1 45 + + 2c tan 45 + (8.14b)
Plasticity index

Heure aMe Variatum d sin 4 mth plastuity indes im a numlier of smis
(after Kenney.1959)8.14b) from Eq. (8.14a)4

= 50 tan' 45 + (that is, u, = Bo = 0), the deviator stress, dag, on the sample is increased toa
eause shear failure. During this phase of the test, the drainage line from the

= tan-8 = 51* }
sample is kept closed. Since drainage is not permitted, the pore water pres-A23
sure, Aug, will increase. During the test, simultaneous measurements of Aga'

50

and Aud are made. The increase of pore water pressure, Ana, can be expressed
in a nondimensional form as,

'

- 12' in Eq. (8.14a) A = Aua (8.15) e

d
100 tan [45 + (12/2)] + 2c tan [45 + (12/2)} f

' 2

where A = Skempton's pure pressure parameter (Skempton,1954)I

The general patterns of variation of Ao and Anawith axial strain for sands
and clay soils are shown in Figure 8.19d, e, f, and g In h>ose sand and normally-

1515 + 2.47c
consolidated clay, the pore water pressure increases with strain. In dense sand

,

,
and overconso idated clay, the Imre water pressure increases with strain up to a

(
kN/m- certain limit, beyond which it decreases and bemmes negative (with respect to

the atmospheric pressure). %is is due to a tendency of the soil to dilate.
Unlike the consolidated drained test, the total and cifective principal

stresses are not the same in the consolidated-undrained test. Since the poree of Friction for Normally Consolidated Cicy .
water pressure at failure is measured in this test, the prinsipal stresses may be

,

' ni angle of friction, 4, generally decreases with the plasticity ,
analyzed as follows: .his is shown in Figure 8.18 for a number of clays as reported by hlajor principal stress at failure (total):

Although there is a considerable scattering, the general pattern
a3 + (das)f = wi"e-

hlajor principal stress at failure (effedite) gUndroirted Test,

M'*
lidated-undrained test is the most common type of triaxial test. a - (dua)f = an

i%4e saturated soil sample is first consolidated by an all-around hlinor principal stress at failure (total); a
pressure, a3, resulting in iainage. After the pore water pres- I

! I by the application of confining pressure is completely dissipated g3

,

_ _ _ _ _ _ _ _ _ . _ _ . . _ _ . _ . _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _
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Soil Pr:pertie' - Independ:nt of the th ory used t' >mpute earth pressure on
retaining structuru., the results can be no more accurate 1. n the soil properties used in
the calculations. Because of the wide variations of subsurface conditions at various sites,
the soil constants should be determined on the basis of an exploratory boring program
and laboratory tests of representative samples. Only then can a safe and economical
design be assured. However, for the purpose of preliminary desian it is often necessary to /,

assume appropriate soil properties. The following tables and graphs are included for this ,I, f
purpose merely as a guide.

Table 3 shows an approximate relationship between the relative density, standard
penetration resistance, angle of internal friction, and unit weight of granular soils.

-

Compactness Very Loose Loose Medium Dense Very Dense

,', | I! Relative density D 0 IQ% 35% 65% 85% 100%+ r
Starxiard penetre- 0 4 10 30 50

,' tion resistance,

f f Nano, of blows

M per f oot i

{
,

Q (degrees) * 28 30 36 41

unit weght, pcf
moist <100 95-125 110 130 110-140 >130

. ,

submergod < 60 55-65 60-70 65 85 > 75

\ * highly dependent on gradation

Table 3 - Relationship between relativo density, standard penetration resistance, angle of internal friction
and unit weight for granular soils (after Teng9

|

Table 4 shows an approximate relationship between the unconfined compressive
strength, standard penetration resistance and the unit weight of cohesive soils,

e

|

Consistency I'ery Soft Soft Medaam Stiff Very Stiff Hard |*

Qu = unconfined 0 0.25 0 50 1.00 2.00 4.00
compression

strength, tons
per square ft

S.andard penetre. 0 2 4 8 16 32

tion resistance.
Nano of blows
per f t

unit weight, pcf 100-120 110-130 120-140 13o+

insturated)

identification E x udes Molded Molded Indented indented oifficult

characteristics from by light by strong by thumb by thumb to indent

between finger finger nail by thurrb

fangers pressure presure nail
when

maueezed [
6n hand /

Table 4 - Relationship between unconfined compressive strength, standard penetration resistance and unit
weight for cohesive soils (after Tengh.

26
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-

1

- SCENARIO 1 DATA FILE - '

W
- h PROFIL ,,

0 3 EMBANKMENT SLOPE ATLAS MINERALS
,

0. 60. 560. 69. 1 1

560. 69. 863. 160. 2 1
863, 160. 1000. 157.5 2
560, 69. 584. 69. 1

584. 69. 874. 155.7 4
874. 155.7 882. 158.2 3
882. 158.2 1000. 156.5 3
874. 155.7 1000. 154. 4
584. 69, 1000. 69. 1

SOIL
6
125. 125. 50. 38. O. O. 0
115. 133. O. 30. O. D. 0
122. 135. O. 30. O. O. 0
100.123. O. 37. O. O. 0 I
LOADS
7
560. 610. 61.7 0.
610. 660. 61.7 0.
660. 710. 61.7 0.
710. 760. 61.7 0.
760. 810. 61.7 0.
810. 863. 61.7 0.
863, 1000, 46.3 0.

EQUAKE
.05 .05 0.
CIRCL2
50 50
525. 625. 700, 950.

O. 10. O. O.

1
i

|

!
!

I
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* SCENARIO 2 DAT.L FILE -,

PROFIL
qr 1023 EMBANKMENT SLOPE VITH WATER * ATLAS MINERALS

,, j, , [), k,s 93 , 4

/ /\ 0. 60. 560. 69. 1
560, 69. B63. 160. 2

863. 160. 1000. 157.5 2
560. 69. 584. 69. 1
584. 69. 874. 155.7 4
874. 155.7 882, 158.2 3

882. 158.2 1000. 156.5 3
874, 155.7 1000. 154. 4
584. 69. 1000. 69, 1

Soll
4
125. 125. 50, 38. O. O. 1

115. 133. O. 30. O. O. 1
122. 135. O. 30. O. D. 1
100. 123. O. 37. O. O. 1
WATER
1 0.
4
795. D.
850. 85.
950. 102.5
1000. 108.
LOADS
7
560. 610. 61.7 0,

610. 660. 61.7 0.
660. 710, 61.7 0.

710. 760. 61.7 0.
760. 810, 61.7 0,
810, 863. 61.7 0.

863. 1000. 46.3 0.
EQUAKE
.05 .05 0.
CIRCL2
50 50
525. 650. 700. 950.
O. 10. O. O.

_-__ __ _-- -- __
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)

I
SCENAR10pINPUTOATAFILE-

|

PROFIL

ig k 10:3 EMBANKMENT SLOPE ATLAS MINERALS NO WATER 0.21g EQUAKE
93 e(g' [fi D. 60. 560. 69. 1h .-

\,~ '560. 69. 863, 160. 2

' 863. 160. 1000. 157.5 2
560. 69. 584. 69. 1~.

584. 69. 874. 155.7 4

8 | 8$2 b. 653
)874. 155.7 1000. 154. 4 j

584.'69. 1000. 69. 1
SOIL
4
125. 125. 50. 38. O. O. 0
115. 133. D. 30. D. O. 0
122, 135. O. 30. O. O. 0
100, 123. O. 37. O. O. O

LOADS
T
560. 610. 61.7 0. 1

610. 660. 61.7 0.
660. 710, 61.7 0.
710, 760, 61.7 0.

. 760. 810. 61.7 0.
G10, 863. 61.7 0.
863. 1000. 46.3 0.
EQUAKE

.21 .05 0.
CIRCL2
50 50 "

525. 625. 700. 950.
-0. 10. O. O.

|

1

1

3
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SCENARIO p INPUT DATA FILE - - - )
PROFIL ,

f(. \6'
1023 EMBANKMENT SLOPE WITH WATER - ATLAS MINERALS 0.21g EQUAKE |

I" v 93 i
'Ep 0. 60. 560. 69. 1 / !p

7 j [f *,[A 560. 69. 863. 160. 2
N 863. 160. 1000. 157.5 2 - ' I'560. 69. 584. 69. 1

584. 69. 874. 155.7 4
874. 155.7 882. 158.2 3
882. 158.2 1000. 156.5 3
874. 155.7 1000. 154. 4
584. 69. 1000, 69, 1

Soll
4
125. 125. 50, 38. O. O. 1

115. 133. O. 30. O. O. 1
122, 135. O. 30. O. O. 1

100.123. O. 37. O. O.1
WATER
1 0.
4
795. O.
850. 85.
950. 102.5
1000. 108.
LDADS
T
560. 610. 61.7 0.
610. 660. 61.7 0.
660. 710. 61.7 0.
710. 760. 61.7 0.
760. 810. 61.7 0,
810, 863. 61.7 0.

863. 1000. 46.3 0.
EQUAKE

.21 .05 0.
CIRCL2
50 50
525. 650. 700. 950.
O. 10. O. O.

i

|
|

4

|



- - SCENARIO 5 INPUT DATA FILE ---- --

' > PROFIL

, 9gf' 1023 EMBANKMENT SLOPE ATLAS MINERALS TRIAL FAILURE SURFACE
93

, bt' go
O. 60. 560. 69. 1 ^

'Y 560. 69. 863. 160. 2
863, 160. 1000. 157.5 2 "

(g'560. 69. 584. 69. 1
>584. 69. 874. 155.7 4 - >

874. 155.7 882. 158.2 3
882. 158.L 1000. 156.5 3
874. 155.7 1000. 154. 4
584. 69. 1000. 69. 1
SOIL
4
125. 125. 50, 38. O. O. 1

115. 133. O. 30. O. O. 1
122. 135. O. 30. O. O. 1
100. 123. O. 37. O. O. 1
LOADS
7
560. 610. 61.7 0.
610. 660. 61.7 0.
660. 710. 61.7 0.
710, 760. 61.7 0.

760. 810. 61.7 0.
810. 863. 61.7 0.
863. 1000. 46.3 0.
WATER
1 0.
4
795. 0,

850. 85.
950. 102.5
1000. 108.
EQUAKE

.21 .05 0.
SURFAC
5
560. 69.
615, 78.

735. 114.
855. 150.
863. 160.
EXECUT

. _ _ _ _ _ - _ _ _ _ _ - - _ _ _ - -



b

-SCEUAR104OATAFILE-

0 MBANKMENT SLOPE ATLAS MINERALS pf /t Y 2fh' Akg

0. 60. 560. 69. 1 A/ 8 su A N b
560. 69. 863. 160. 2 -

863. 160. 1000. 157.5 2
h (!560. 69. 584. 69. I

584. 69. 874. 155.7 4 '7 h/874. 155.7 882. 158.2 3
882. 158.2 1000. 156.5 3
874. 155.7 1000. 154. 4
584. 69. 1000. 69. 1
SOIL
4
125. 125. 50, 38. O. O. 0

115. 133. O. 30. O. O. 0
122. 135. O. 30. O. O. 0
100. 123. O. 37. O. O. O
LOADS
7
560. 610. 61.7 0.
610. 660. 61.7 0.
660. 710. 61.7 0.
710. 760, 61.7 0.

760. 810. 61.7 0.
810. 863. 61.7 0,

863. 1000. 46.3 0.
EQUAKE

.25 .05 0. ;

CIRCL2 I

50 50 l
525. 625, 700. 950. l

0, 10. O. O. ;
,

!
l
|

I

i
l
I

I

.



[
-SCENARIO $DATAFILE- [d[ *

PROFIL (/ d)Sil
$b'e 10:3 EMBANKMENT SLOPE WITH WATER - ATLAS MINERALS

[[h kl 93p
% 0. 60. 560, 69. 1

SI 560. 69. 863. 160. 2
863. 160. 1000. 157.5 2
560. 69. $84. 69. 1
584. 69. 874. 155.7 4

'f)( [)6
874. 155.7 882. 158.2 3
882. 158.2 1000. 156.5 3
874. 155.7 1000. 154, 4
584. 69. 1000, 69. 1

SOIL
4
125. 125. 50. 38. O. O. 1
115. 133. O. 30. O. O. 1
122, 135. O. 30. O. D. 1

100. 123. O. 37. O. O. 1
WATER
1 0.
4
795. D.
850. 85.
950. 102.5
1000. 108.
LOADS
7
560. 610. 61.7 0.
610. 660. 61.7 0.
660, 710. 61.7 0.

710. 760. 61.7 0.
760. 810, 61.7 0.

810. B63. 61.7 0.
863. 1000. 46.3 0.
EQUAKE
.25 .05 O.
CIRCL2
50 50
525. 650. 700. 950.
O. 10. O. O.

|

l
1

1
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** PCSTABLSM **

by
h|IPurdue University

lf f [f1

l'g
\ Y( -Slope Stability Analysis--

((1 gS Simplified Janbu, Sirplified Bishop
gA or Spencer's Method of Slices )

N

Run Date: 11-10 93
Time of Run: 3:00
Rm By: JWS
Input Data Filename: H:st|1.IN
Output Filename: H:jnk

PR08LEM DESCRIPTION 10:3 EMBANKMENT SLOPE ATLAS MINERALS

BOUNDARY COORDINATES

3 Top Boundaries
9 Total Boundaries

Boundary X Left Y-Left X Right Y Right Soll Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1000.00 157.50 2
4 560.00 69.00 584.00 69.00 1

5 584.00 69.00 874.00 155.70 4
6 874.00 155.70 882.00 158.20 3
7 882.00 158.20 1000.00 156.50 3
8 874.00 155.70 1000.00 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

ISOTROP!C Soll PARAMETERS

4 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez. |
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface '

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.
|

1 125.0 125.0 50.0 38.0 .00 .0 0
2 115.0 133.0 .0 30.0 .00 .0 0
3 122.0 135.0 .0 30.0 .00 .0 0
4 100.0 123.0 .0 37.0 .00 .0 0

1

|

._.



BOUNDARY LOAD (S)

7 Load (s) Specified

f
f bLoad X Left X Right Intensity Deflection *

gj L' )No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710,00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0

NOTE - Intensity is Specified As A Uniformly Distributed
Force Acting Dn A Horizontally Projected Surface.

A Horizontal Earthquake Loading Coefficient
Of .050 Has Been Assigned

A Vertical Earthquake Loading Coefficient
of .050 Has Been Assigned

Cavitation Pressure = .0 psf
1

A Critical Failure Surf ace Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

2500 Trial Surfaces Have Been Generated.

50 Surfaces initiate From Each of 50 Points Equally Spaced
Along The Ground Surface Between X = 525.00 ft.

and X = 625.00 ft.

Each Surface Terminates Between X = 700.00 ft.
and X = 950.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation I

At Which A Surf ace Extends is Y= .00 ft. |

|

10.00 ft. Line segments Define Each Trial Failure Surface.
1

Following Are Displayed The Ten Most critical of The Trial
failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

I

I

1
|

i

1

l
1
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Failure Surf ace Specified By 25 Coordinate Points

Point X Surf Y-Surf f
No. (ft) (ft) h

l{ i
1 569.90 71.97
2 579.73 73.78
3 589.55 75.68
4 599.35 77.67 l
5 609.13 79.76 l

6 618.89 81.95
7 628.62 84.23
8 638.34 86.61
9 648.03 89.09

10 657.69 91.65--4,

11 667.33 94.32
12 676.94 97.08
13 686.53 99.93
14 696.08 102.87
15 705.61 105.91--
16 715.11 109.04
17 724.57 112.27
18 734.01 115.59
19 743.41 119.00
20 752.77 122.50 - -
21 762.10 126.09
22 771.40 129.78
23 780.66 133.56
24 789.88 137.42
25 794.60 139.46

circle Center At x = 391.0 ; Y = 1075.8 and Radius, 1019.7

*** 1.649 ***

Individual data on the 28 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 9.8 650.9 .0 .0 .0 .0 32.5 32.5 606.9
2 9.8 1891.7 .0 .0 .0 .0 94.6 94.6 605.8
3 9.8 3012.7 .0 .0 .0 .0 150.6 150.6 604.6
4 9.8 4014.3 .0 .0 .0 .0 200.7 200.7 603.4
5 .9 402.5 .0 .0 .0 .0 20.1 20.1 53.7
6 8.9 4494.2 .0 .0 .0 .0 224.7 224.7 548.4
7 9.7 5660.5 .0 .0 .0 .0 283.0 283.0 600.7
8 9.7 6305.9 .0 .0 .0 .0 315.3 315.3 599.3
9 9.7 6833.6 .0 .0 .0 .0 341.7 341.7 597.8

10 9.7 7244.3 .0 .0 .0 .0 362.2 362.2 596.3
11 2.3 1782.6 .0 .0 .0 .0 89.1 89.1 142.5
12 7.3 5755.9 .0 .0 .0 .0 287.8 287.8 452.2
13 9.6 7717.2 .0 .0 .0 .0 385.9 385.9 593.1
14 96 7781.2 .0 .0 .0 .0 389.1 389.1 591.4
15 9.6 7731.3 .0 .0 .0 .0 386.6 386.6 589.6
16 9.5 7568.7 .0 .0 .0 .0 378.4 378.4 587.8
17 4.4 3410.0 .0 .0 .0 .0 170.5 170.5 270.9
18 5.1 3884.5 .0 .0 .0 .0 194.2 194.2 315.1
19 9.5 6909.7 .0 .0 .0 .0 345.5 345.5 5 84.0
20 9.4 6415.7 .0 .0 .0 .0 320.8 320.8 582.0
21 9.4 5813.7 .0 .0 .0 .0 290.7 290.7 580.0
22 9.4 5105.1 .0 .0 .0 .0 255.3 255.3 577.9'

23 7.2 3397.8 .0 .0 .0 .0 169.9 169.9 445.9
24 2.1 893.7 .0 .0 .0 .0 44.7 44.7 129.9
25 9.3 3374.3 .0 .0 .0 .0 168.7 168.7 5 73.6 l

26 9.3 2355.1 .0 .0 .0 .0 117.8 117.8 571.3
27 9.2 1235.7 .0 .0 .0 .0 61.8 61.8 569.0 )
28 4.7 167.3 .0 .0 .0 .0 8.4 8.4 291.3

|
|
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** PCSTABL5M **

by
Purdue University

1

--Stope Stability Analysis-- h
L f (/ IgfSinplified Janbu, Simplified Bishop f t

or Spencer's Method of Slices )|

U u A

( l[N
' Run Date: 11 10 93

N Time of Run: 3:00 )Run By: JWS

Input Data Filename: H:attw.IN
Output Fi(ename: H:jnk

PROBLEM DESCRIPTION 10:3 EMBANKMENT SLOPE WITH WATER ATLAS
MINERALS

BOUNDARY COORDINATES

3 Top Boundaries
9 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1000.00 157.50 2
4 560.00 69.00 584.00 69.00 1

5 584.00 69.00 874.00 155.70 4
6 874.00 155.70 882.00 158.20 3
7 882.00 158.20 1000.00 156.50 3
8 874.00 155.70 1000.0U 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

ISOTROPlc SOIL PARAMETERS

4 Type (s) of Soit

Soit Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 125.0 125.0 50.0 38.0 .00 .0 1

2 115.0 133.0 .0 30.0 .00 .0 1

3 122.0 135.0 .0 30.0 .00 .0 1
4 100.0 123.0 .0 37.0 .00 .0 1

1

1 PIEZ0 METRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)



1 795.00 .00
2 850.00 85.00
3 950.00 102.50
4 1000.00 108.00

1

L!') JBOUNDARY LOAD (S)

7 Load (s) Specifled

Load X Left X Right intensity Deflection
No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710.00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0

NOTE - Intensity is Specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.

A Horizontal Earthquake Loading Coefficient
of .050 Has Been Assigned

A Vertical Earthquake Loading coefficient
of .050 Has Been Assigned

Cavitation Pressure = .0 psf
1

A Critical Failure Surface Searching Method, Using A Random
Technique for Generating Circular Surfaces, Has Been Specified.

2500 Trial Surfaces Have Been Generated. |

50 Surfaces Initiate From Each Of 50 Points Equally Spaced
Along The Ground Surface Between X = 525.00 ft.

and X = 650.00 ft.

Each Surface Terminates Between X = 700.00 ft.
and X = 950.00 ft.

Unless Further Limitations Were Imposed, The Minimtn Elevation
At Which A Surface Extends is Y= .00 ft.

10.00 f t. Line segments Define Each Trial f ailure Surf ace.

1 |

1

| Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most critical
First.

1

i

* * Safety Factors Are Calculated By The Modified Bishop Method * *

I

i
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Failure surface Speelffed By 24 Coordinate Points

Point X-Surf Y Surf
No. (ft) (ft)

1 560.71 69.21. >

([k (2 570.56 70.96
3 580.39 72.80 s
4 590.20 74.76
5 599.98 76.82 -c

6 609.75 78.98
7 619.48 81.25
8 629.20 83.63
9 638.89 86.10

10 648.55 88.69 -
11 658.18 91.37
12 667.78 94.16
13 677.35 97.06
14 686.90 100.05 <

15 696.40 103.15 ~~-
16 705.88 106.35
17 715.32 109.66
18 724.72 113.06
19 734.08 116.57
20 743.41 120.17
21 752.70 123.88
22 761.95 127.68
23 771.15 131.59
24 777.20 134.23 -

Circle Center At X = 404.0 ; Y = 983.9 and Radius, 928.0

*** 1.650 ***

Individual data on the 27 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Hor Ver Load :
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 9.8 688.1 .0 .0 .0 .0 34.4 34.4 607.6
2 9.8 1997.0 .0 .0 .0 .0 99.8- 99.8 606.4
3 9.8 3174.3 .0 .0 .0 .0 158.7 158.7 605.1
4 9.8 4220.3 .0 .0 .0 .0 211.0 211.0 603.8 '

5 9.8 5135.2 .0 .0 .0 .0 256.8 256.8 602.4
6 .3 145.3 .0 .0 .0 .0 - 7.3 7.3 15.7
7 9.5 5 774.3 .0 .0 .0 .0 288.7. 288.7 585.2
8 9.7 6574.0 .0 .0 .0 .0 328.7 328.7 599.4
9 9.7 7099.0 .0 .0 .0 .0 354.9 354.9 597.7

10 9.7 7495.4 .0 .0 .0 .0 374.8 3 74.8 596.1
11 9.6 7764.1 .0 .0 .0 .0 388.2 388.2 1594.3 .

12 1.8 1490.7 .0 .0 .0 .0 -74.5 74.5 112.3
13 7.8 6415.3 .0 .0 .0 .0 320.8 320.8 480.2
14 9.6 7922.3 .0 .0 .0 .0 396.1 396.1 590.6

- 15 9.5 7813.9 .0 .0 .0 .0 390.7 390.7 588.7 .!
16 9.5 7582.4 .0 .0 .0 .0 379.1 3 79.1 586.6

-17 9.5 7229.0 .0 .0 .0 .0 361.4 361.4 5 84.5
18 4.1 3013.4 .0 .0 .0 .0 150.7 150.7 254.4

,

19 5.3 3741.8 .0 0 .0 .0 187.1 187.1 328.04

20 9.4 6162.5 .0 .0 .0 .0 308.1 308.1 580.1
21 9.4 5452.7 .0 .0 .0 .0 2 72.6 272.6 5 77.9
22 9.3 4627.4 .0 .0 .0 .0 231.4 231.4 5 75.5
23: 9.3 3688.6 .0 .0 .0 .0 1 84.4 1 84.4 5 73.1
24 7.3 2173.8 .0 .0- .0 .0 108.7 108.7 450.5
25 1.9 464.4 .0 .0 .0 .0 23.2 23.2 120.1
26 9.2 1478.2 .0 .0 .0 .0 73.9 73.9 568.0
27 6.0 287.1 .0 .0 .0 .0 14.4 14.4 3 73.0

, _ _ .-_ _ u . __ _ . - _ . - _ ,. . __ ____ _ _ ___ _
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** PCSTABL5M **

Purdue U Iversity f

ff,fn1 N

--Slope Stability Analysis--v

Sinplified Janbu, Simplified Bishop h]or Spencer's Method of Slices

Y !

Run Date: 12 30 93 1

Time of Run: 8:00 |

Run By: JWS I

Input Data Filenames histl3.in i

Output Filename: HJnk )

PROBLEM DESCRIPTION 10:3 EMBANKMENT SLOPE ATLAS MINERALS - I

NO WATER 0.21g EQUAKE
l

BOUNDARY COORDINATES

3 Top Boundaries
9 Total Boundaries

Boundary X Left Y Left X Right Y Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1000.00 157.50 2
4 560.00 69.00 584.00 69.00 1

5 584.00 69.00 874.00 155.70 4
6 874.00 155.70 882.00 158.20 3
7 882.00 158.20 1000.00 156.50 3
8 874.00 155.70 1000.00 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

ISOTROPIC Soll PARAMETERS

4 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 125.0 125.0 50.0 38.0 .00 .0 0
2 115.0 133.0 .0 30.0 .00 .0 0
3 122.0 135.0 .0 30.0 00 .0 0
4 100.0 123.0 .0 37.0 .00 .0 0

1

BOUNDARY LOAD ($)

7 Load (s) Specified

Load X-Left X Right Intensity Deflection
No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710.00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0



NOTE - Intensity Is Specified As A Uniformly Distributed
Force Acting on A Horizontally Projected Surface.

A Horizontal Earthquake Loading coef ficient
of /210 Has Been Assigned

A Vertical Earthquake Loading Coefficient
of .050 Has Been Assigned

t|
Cavitation Pressure = .0 psf '

1

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

2500 Trial Surf aces Have Been Generated.

50 Surf aces initiate From Each Of 50 Points Equally Spaced
A.ong The Ground Surface Between X = 525.00 ft.

and X = 625.00 ft.

Each surface Terminates Between X = 700.00 ft.
and X = 950.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends is Y= .00 ft.

10.00 ft. Line segments Define Each Trial Failure Surface.

1

Following Are Displayed The Ten Most critical of The Trial
Failure Surfaces Examined. They Are Ordered - Most critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surf ace Specified By 25 Coordinate Points

Point X Surf Y Surf
No. (ft) (ft)

1 569.90 71.97
2 579.73 73.78
3 589.55 75. 68
4 599.35 77.67
5 609.13 79.76
6 618.89 81.95
7 628.62 84.23
8 638.34 86.61
9 648.03 89.09

10 657.69 91.65
11 667.33 94.32
12 676.94 97.08
13 686.53 99.93
14 696.08 102.87
15 705.61 105.91
16 715.11 109.04
17 724.57 112.27
18 734.01 115.59
19 743.41 119.00
20 752. 77 122.50
21 762.10 126.09
22 771.40 129.78
23 780.66 133.56
24 789.88 137.42
25 794.60 139.46

Circle Center At X = 391.0 ; Y = 1075.8 and Radius, 1019.7

*** 1.099 ***
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1
'D

Stope Stability Analysis--
Si milfied Janbu, Si gtified Bishop /p -

M ~

or Spencer's Method of Stices
/' $ JD Run Date: 12-30 93g

Time of Run: 8:00
Run By: JWS
Input Data Filenames hiatlW3.in
Output Filenames Hajnk

PROBLEM DESCRIPTION 10:3 EMEANKMENT SLOPE WITH WATER ATLAS
MINERALS 0.21s EQUAKE

,

BOUNDARY COORDINATES

3 Top Boundaries
9 Total Boundaries

Boundary X Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1000.00 157.50 2
4 560.00 69.00 584.00 69.00 1

.

5 584.00 69.00 874.00 155.70 4 '

6 874.00 155.70 882.00 158.20 3
*

7 882.00 158.20 1000.00 156.50 3
8 874.00 155.70 1000.00 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

ISOTROPIC SOIL PARAMETERS

4 Type (s) of Soil

.

Soit Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 125.0 125.0 50.0 38.0 .00 .0 1

2 115.0 133.0 .0 30.0 .00 .0 1

3 122.0 135.0 .0 30.0 .00 .0 1

4 100.0 123.0 .0 37.0 .00 .0 1

1,

'

!

1 PIEZ0 METRIC SURFACE (S) HAVE BEEN SPECIFIED
l
! '

Unit Weight of Water = 62.40'

Pierometric Surface No. 1 Specified by 4 Coordinate Points

|
-1

I

| |

|'
_. . .



Point X Water Y Water
No. (ft) (ft)

1 795.00 .00
2 850.00 85.00
3 950.00 102.50 f
4 1000.00 108.00 (gj

/

BOUNDARY LOAD ($)

7 Load (s) Specified

Load X Left X Right Intensity Deflection
No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710.00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0

NOTE Intensity la Specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.

,

I

A Horizontal Earthquake Loading Coefficient
of .210 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .050 Has Been Assigned

Cavitation Pressure = .0 psf
|

1 1

I

A Critical failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified. '

2500 Trial Surfaces Have Been Generated.

50 surfaces initiate From Each of 50 Points Equally Spaced
Along The Ground Surface Between X = 525.00 ft.

and X = 650.00 ft. !

|

Each surface Terminates Between X = 700.00 ft.
and X = 950.00 ft.

Unless Further Limitations Were imposed, The Minimum Elevation
At Which A Surface Extends is Y= .00 ft.

10.00 f t Line segments Define Each Trial Falture Surf ace.

1

Following Are Displayed The Ten Most Critical of The Trial
Failure Surf aces Examined. They Are Ordered Most Critical
First.

* * Safety Factors Are calculated By The Modified Bishop Method * *
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.

Failure surface specified By 24 Coordinate Points

Point X Surf Y Surf f
No. (ft) (ft) y| f

1 560.71 69.21 \
2 570.56 70.96
3 580.39 72.80
4 590.20 74.76
5 599.98 76.82 4

l6 609.75 78.98
7 619.48 81.25
8 629.20 83.63
9 638.89 86.10

10 648.55 88.69
11 658.18 91.37
12 667.78 94.16
13 677.35 97.06
14 686.90 100.05
15 696.40 103.15
16 705.88 106.35
17 715.32 109.66
18 724.72 113.06
19 734.08 116.57
20 743.41 120.17
21 752.70 123.88
22 761.95 127.68
23 771.15 131.59
24 777.20 134.23

circle Center At X = 404.0 ; Y = 983.9 and Radius, 928.0

*** 1.099 ***

.
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by fhPurdue University L

/W i /

b --Slope Stability Analysis - ffQb Sinplified Janbu, Simplified Bishop

(L(M[|f
e or Spencer's Method of Slices
\

Run Date: 12-30-93
Time of Run: 8:00 J
Run By: JWS
Input Data Filename: histlT1.in
output Filename: H:jnk

PROBLEM DESCRIPTION 10:3 EMBANKMENT SLOPE ATLAS MINERALS
TRIAL FAILURE SURFACE

.-

BOUNDARY COORDINATES

3 Top Boundaries
9 Total Boundaries

Boundary X Left Y-Left X-Right Y Right soit Type [
No. (ft) (ft) (ft) (ft) Below Bnd /

/1 .00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1000.00 157.50 2
4 560.00 69.00 584.00 69.00 1 ,

5 584.00 69.00 874.00 155.70 4 1

6 874.00 155.70 882.00 158.20 3
7 882.00 158.20 1000.00 156.50 3 \
8 874.00 155.70 1000.00 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

ISOTROPIC S0!L PARAMETERS

4 Type (s) of Soll

soll Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 125.0 125.0 50.0 38.0 .00 .0 1

2 115.0 133.0 .0 30.0 .00 .0 1

3 122.0 135.0 .0 30.0 .00 .0 1

4 100.0 123.0 .0 37.0 .00 .0 1

1

BOUNDARY LOAD (S)

7 Load (s) Specified

Load X Left X-Right Intensity Deflection
No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710.00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0

- _ - _ - _ _ - - - _ _ - _ _ - _ _ _ - _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - _-



NoiE - Intensity is Specified As A Uniformly Distributed
/ (/ f

Force Acting On A Horizontally Projected Surf ace.
1 2

1 P!EZDMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 4 Coordinate Points

|

| Point X Water Y-Water
No. (ft) (ft)

1 795.00 .00
2 850.00 85.00
3 950.00 102.50
4 1000.00 108.00

A Horizontal Earthquake Loading Coefficient
of .210 Has Been Assigned

A Vertical Earthquake Loading Coefficient
of .050 Has Been Assigned

Cavitation Pressure = .0 psf
1

Trial failure Surface Specified By 5 Coordinate Points *

Point X Surf Y-Surf
No. (ft) (ft)

1 560.00 69.00
2 615.00 78.00
3 735.00 114.00
4 855.00 150.00
5 863.00 160.00

Factor Of Safety for The Preceding Specified Surf ace = 1.378
1

=

w

.. .

_ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ - _ _ _
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f ((fpA[v- Slope Stability Analysis--

g Simplified Janbu, Sinplified Bishop
or Spencer's Method of Slices ) ,

k e( Pun Oate: 11-10-93

{Qd
p

Time of Run: 3:00
Run By: JWS &
Input Data Filename: H:atl2.IN yh , p' r
Output Filename: H:jnk l' ' &

PROBLEM DESCRIPTION 10:3 EMBANKMENT SLOPE ATLAS MINERALS

BOUNDARY COORD!kATES

3 Top Boundaries
9 Total Boundaries

Boundary X-Left Y-Left X Right Y-Right Soit Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1000.00 157.50 2
4 560.00 69.00 584.00 69.00 1

5 584.00 69.00 874.00 155.70 4 .

6 874.00 155.70 882.00 158.20 3
7 882.00 158.20 1000.00 156.50 3
8 874.00 155.70 1000.00 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

!$0 TROPIC SOIL PARAMETERS

4 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piet.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.,

l

| 1 125.0 125.0 50.0 38.0 .00 .0 0
! 2 115.0 133.0 .0 30.0 .00 .0 0

3 122.0 135.0 .0 30.0 .00 .0 0
4 100.0 123.0 .0 37.0 .00 .0 0

1

BOUNDARY LOAD (S)

| 7 Load (s) Specified

Load X Left X-Right Intensity Deflection
No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710.00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0

_ - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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f
L

NOTE Intensity is Specified As A Uniformly Distributed [i /I'
]f

#Force Acting On A Horizontally Projected Surface, j

A HorI2Dntal Earthquake Loading Coef ficient ,-
Of .250 Has Been Assigned *

A Vertical Earthquake Loading Coefficient
of .050 Has Been Assigned

Cavitation Pressure = .0 psf
1

A Critical Failure Surf ace Searching Method, Using A Random ''

Technique For Generating Circular Surfaces, .as Been Specified.

2500 Trial Surfaces Have Been Generated.

50 Surfaces Initiate From Each Of 50 Points Equally Spaced
Along The Ground Surface Between X = 525.00 ft.

and X = 625.00 ft.

Each surf ace Terminates Between X = 700.00 ft.
and X = 950.00 ft.

Unless further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends is Y= .00 ft.

10.00 ft. Line segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical of The Trial
failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surf ace Specified By 25 Coordinate Points

Point X-Surf Y Surf
No. (ft) (ft)

1 569.90 71.97
2 579.73 73.78
3 589.55 75. 68
4 599.35 77.67
5 609.13 79.76
6 618.89 81.95
7 628.62 84.23
8 638.34 86.61
9 648.03 89.09

10 657.69 91.65
11 667.33 94.32
12 676.94 97.08
13 686.53 99.93
14 696.08 102.87
15 705.61 105.91
16 715.11 109.04
17 724.57 112.27
18 734.01 115.59
19 743.41 119.00
20 752.77 122.50
21 762.10 126.09
22 771.40 129.78
23 780.66 133.56
24 789.88 137.42
25 794.60 139.46

..

__-- __ _ _ _ _ _ _ _ _ _ _ _ ___



.- - _ _ - _ _ _ _ _ - - - _ _ _ - - - _ - - _ _____ - - __ _ _ . - -

Circle Center At X = 391.0 ; Y = 1075.8 and Radius, 1019.7

![ ;77-

*** 1.010 ***
.

Individual data on the 28 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 9.8 650.9 .0 .0 .0 .0 162.7 32.5 606.9
2 9.8 1891.7 .0 .0 .0 .0 472.9 94.6 605.8
3 9.8 3012.7 .0 .0 .0 .0 75 3.2 150.6 604.6

| 4 9.8 4014.3 .0 .0 .0 .0 1003.6 200.7 603.4
5 .9 402.5 .0 .0 .0 .0 100.6 20.1 53.7
6 8.9 4494.2 .0 .0 .0 .0 1123.6 224.7 548.4
7 9.7 5660.5 .0 .0 .0 .0 1415.1 283.0 600.7
8 9.7 6305.9 .0 .0 .0 .0 1576.5 315.3 599.3
9 9.7 6833.6 .0 .0 .0 .0 1708.4 341.7 597.8

10 9.7 7244.3 .0 .0 .0 .0 1811.1 362.2 596.3
11 2.3 1782.6 .0 .0 .0 .0 445.6 89.1 142.5
12 7.3 5755.9 .0 .0 .0 .0 1439.0 287.8 452.2
13 9.6 7717.2 .0 .0 .0 .0 1929.3 385.9 593.1
14 9.6 7781.2 .0 .0 .0 .0 1945.3 389.1 591.4
15 9.6 7731.3 .0 .0 .0 .0 1932.8 386.c 589.6
16 9.5 7568.7 .0 .0 .0 .0 1892.2 378.4 587.8

, 17 4.4 3410.0 .0 .0 .0 .0 852.5 170.5 270.9
| 18 5.1 3884.5 .0 .0 .0 .0 971.1 194.2 315.1

19 9.5 6909.7 .0 .0 .0 .0 1727.4 345.5 5 84.0
20 9.4 6415.7 .0 .0 .0 .0 1603.9 320.8 582.0
21 9.4 5813.7 .0 .0 .0 .0 1453.4 290.7 580.0
22 9.4 5105.1 .0 .0 .0 .0 1276.3 255.3 5 77.9
23 7.2 3397.8 .0 .0 .0 .0 849.5 169.9 445.9
24 2.1 893.7 .0 .0 .0 .0 223.4 44.7 129.9
25 9.3 3374.3 .0 .0 .0 .0 843.6 168.7 5 73.6
26 9.3 2355.1 .0 .0 .0 .0 588.8 117.8 571.3

| 27 9.2 1235.7 .0 .0 .0 .0 308.9 61.8 569.0
'

28 4.7 167.3 .0 .0 .0 .0 41.8 8.4 291.3

|

|

''
- - _ _ - - - - - _ _ . - - _ - . _ _ - - - . - - - - - . - - - . -
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- Slope Stability Analysis-- l(ISirrplified Janbu, Sirrplified Bishop gor Spencer's Method of Slices p
b'

g[j
Run Date: 11 10 93

v iime of Run: 3:00 r
.

hk Run By: JWS yi

k Input Data Filename: H:stlW2.!N h'Output Filename: H:jnk
\, N

PROBLEM DESCRIPTION 10:3 EMBANKMENT SLOPE WITH WATER - ATLAS
MINERALS

BOUNDARY COORDINATES

3 Top Bounciaries
9 Total Boundaries

Boundary X Left Y-Left X Right Y Right Soll Type
No. (ft) (ft) (ft) (ft) Selow Bnd

1 .00 60.00 560.00 69.00 1

2 560.00 69.00 863.00 160.00 2
3 863.00 160.00 1900.00 157.50 2
4 M0.00 69.00 584.00 69.00 1

5 584.00 69.00 874.00 155.70 4
6 874.00 155.70 882.00 158.20 3
7 882.00 158.20 1000.00 156.50 3
8 874.00 155.70 1000.00 154.00 4
9 584.00 69.00 1000.00 69.00 1

1

|

| ISOTROPIC SOIL PARAMETERS

4 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

.

1 125.0 125.0 50.0 38.0 .00 .0 1

2 115.0 133.0 .0 30.0 .00 .0 1

3 122.0 135.0 .0 30.0 .00 .0 1

4 100.0 123.0 .0 37.0 .00 .0 1

1

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Pierometric Surface No. 1 Specified by 4 Coordinate Points

_



_ _ _ _ - _ - _ _ - _ - - - - _ - _ _ _

Point X-Water Y Water P $No. (ft) (ft) )
1 795.00 .00
2 850.00 85.00
3 950.00 102.50
4 1000.00 108.00

1

BOUNDARY LOA 0(S)

7 Load (s) Specified

Load X Left X Right Intensity Deflection
No. (ft) (ft) (lb/sqft) (deg)

1 560.00 610.00 61.7 .0
2 610.00 660.00 61.7 .0
3 660.00 710.00 61.7 .0
4 710.00 760.00 61.7 .0
5 760.00 810.00 61.7 .0
6 810.00 863.00 61.7 .0
7 863.00 1000.00 46.3 .0

NOTE - Intensity is specified As A Uniformly Distributed
Force Acting On A Horizontally Projected Surface.

A Horizontal Earthquake Loading Coefficient
of .250 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .050 Has Been Assigned

Cavitation Pressure = .0 psf
1

A Critical Falture Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

2500 Trial Surfaces Have Been Generated.

50 Surf aces initiate From Each of 50 Points Equally Spaced
Along The Ground Surface Between X = 525.00 ft.

and X = 650.00 ft.

Each Surface Terminates Between X = 700.00 ft.
and X = 950.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y= .00 ft.

10.00 f t. Line segments Define Each Trial Failure Surf ace.

1

Following Are Displayed The Ten Most Critical Of The Trial
jFailure surfaces Examined. They Are ordered Most critical '

First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _
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Falture Surface Specified By 24 Coordinate Points |

Point X Surf Y Surf
No. (ft) (ft)

1 560.71 69.21
2 570.56 70.96
3 580.39 72.80
4 590.20 74.76
5 599.98 76.82
6 609.75 78.98
7 619.48 81.25
8 629.20 83.63
9 638.89 86.10

10 648.55 88.69
11 658.18 91.37
12 667.78 94.16
13 677.35 97.06
14 686.00 100.05
15 696.40 103.15
16 705.88 106.35
17 715.32 109.66
18 724.72 113.06
19 734.08 116.57
20 743.41 120.17

1 21 752.70 123.88'

22 761.95 127.68
23 771.15 131.59
24 777.20 134.23

Circle Center At X = 404.0 ; Y = 983.9 and Radius, 928.0

|
'

*** 1,009 ***

Individual data on the 27 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Stice Width Weight Top Bot Norm Tan Hor Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 9.8 688.1 .0 .0 .0 .0 1 72.0 34.4 607.6
2 9.8 1997.0 .0 .0 .0 .0 4 99.2 99.8 606.4
3 9.8 3174.3 .0 .0 .0 .0 793.6 158.7 605.1
4 9.8 4220.3 .0 .0 .0 .0 1055.1 211.0 603.8
5 9.8 5135.2 .0 .0 .0 .0 1283.8 256.8 602.4

| 6 .3 145.3 .0 .0 .0 .0 36.3 7.3 15.7
7 9.5 5 774.3 .0 .0 .0 .0 1443.6 2 88.7 585.2
8 9.7 6574.0 .0 .0 .0 .0 1643.5 328.7 5 99.4
9 9.7 7099.0 .0 .0 .0 .0 1 774.7 354.9 597.7

10 9.7 7495.4 .0 .0 .0 .0 1873.8 3 74.8 596.1
11 9.6 7764.1 .0 .0 .0 .0 1941.0 388.2 594.3
12 1.8 1490.7 .0 .0 0 .0 3 72. 7 74.5 112.3
13 7.8 6415.3 .0 .0 .0 .0 1603.8 320.8 480.2
14 9.6 7922.3 .0 .0 .0 .0 1980.6 396.1 590.6
15 9.5 7813.9 .0 .0 .0 .0 1953.5 390.7 5dS.7
16 9.5 7582.4 .0 .0 .0 .0 1895.6 3 79.1 586.6
17 9.5 7229.0 .0 .0 .0 .0 1807.2 361.4 5 84 .5
18 4.1 3013.4 .0 .0 .0 .0 753.3 150.7 254.4 '

19 5.3 3741.8 .0 .0 .0 .0 935.5 187.1 328.0
20 9.4 6162.5 .0 .0 .0 .0 1540.6 308.1 580.1
21 9.4 5452.7 .0 .0 .0 .0 1363.2 2 72.6 5 77.9
22 9.3 4627.4 .0 .0 .0 .0 1156.9 231.4 5 75 . 5
23 9.3 3688.6 .0 .0 .0 .0 922.2 184.4 5 73.1
24 7.3 2173.8 .0 .0 .0 .0 543.4 108.7 450.5
25 1.9 464.4 .0 .0 .0 .0 116.1 23.2 120.1
26 9.2 1478.2 .0 .0 .0 .0 369.5 73.9 568.0
27 6.0 287.1 .0 .0 .0 .0 71.8 14.4 3 73.0

s

_ _ _ _ _ _ _ . _ _ _



- _ - _ - _ _ _ - - _ - - _ - - - - - _ _ - - - _ _ - - - - - _ ----- -

|

|
|

!
1

APPENDIX B

SOUTHWEST DRAINAGE AREA
EROSION PROTECTION DESIGN

CALCULATION BRIEF

>

!

CanonteEnvironmental.

_
i



__ _ __ __ _ .. _ _ _ _ _ -

4

Canonie Environmental ,

of kBy JWS Date5/10/94 Subject Rioran Size Desian Natural Sheet L
Chkd By.142.Date $ncl4y Southwest Channel- Atlas Pro] No 88 067-12

EROSION PROTECTION ON BASE OF TAILINGS PILE SIDE SLOPES
ADJACENT TO NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL

ATLAS CORPORATION

88-067-12

TABLE OF CONTENTS

os 2/Background and Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . /.....!

. . . . .J. /c/R e s u l t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;.2.

M e t h o d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .[. f # #...

Army Corps of Engineers Riprap Sizing Method . . . . . . . . . . . . . f. . ('. .l.'

HEC-2 Computer Model and Required input . . . . . . . . . . . . . . . . h. . ',''. N

Calc ulatio n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G 61 3/'
.......

H EC-2 Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [ . . f f .Y
Dso Riprap Sizing Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . ./.4 .0f . Y.

Scour Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. ! f . Y.
Volume of Riprap Calculations . . . . . . . . . . . . . . . . . . . . . . . . . .o.F. 3 /

........................................./.?.. 063./. lReferences .

Ta b l e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,.2 2. . . O.c )/. i

1. ..

F i g u r e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ./.0. . o. c $d . |

)..

Attachments ;................................................
1

I
!

|

, - - , , , . . - . - . -



- - ___ _________ _ ______________ _______ _________ _

Canonie Environmental
By JWS Date5/10/94 Subject Rioran Size Deslan Natural Sheet / of k
Chkd ByM1f Date GRAM Southwest Channel- Atlag_Proj No 88-067-12

EROSION PROTECTION ON BASE OF TAILINGS PILE SIDE SLOPES

ADJACENT TO NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL

ATLAS CORPOR.11 TON

! 88-067-12

Background and Purpose. In this calculation brief, the previously designed trapezoidal

Southwest Runoff Drainage Channel (SWRDC) at the Atlas Corp. Tailings Pile in

Moab, Utah is replaced by a natural drainage way and, as a result, the riprap along the

base of the tallings pile is redesigned to withstand flows down the natural drainage

channel. Figure 1 shows the location of the SWRDC and the adjacent tailings pile.

The Nuclear Regulatory Commission considers that the potential exists for sediment

and large rocks from nearby cliffs to enter the SWRDC and block or restrict flow. As

a result of this concern, the analysis will evaluate the effects of rocks entering the

natural drainage way. Also, the necessary riprap toe protection based on the

maximum scour depth expected under Probable Maximum Flood (PMF) conditions will

be designed, in addition, in this calculation brief the volume of the designed riprap
,

erosion protection along the base of the tailings pile adjacent to the SWRDC will be

determined and compared to the riprap volume of the previously designed trapezoidal

channel.

A natural drainage way for the lower reach of the SWRDC will not be considered

because existing contours adjacent to the Reclaimed Tailings Pile do not provide for

adequate drainage nor does a natural channel provide adequate protection at the

outlet of the SWRDC. Instead, the previously proposed man-made channel from the

start of the width transition to the end of the channel and including the rock cutoff

wall is considered for the lower reach.

_ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ - - _ _ _ - - _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
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Results. Figure 1 identifies the selected Dso iprap erosion protection and the locationr

of the riprap erosion protection along the base of the tailings pile adjacent to the

natural SWRDC. An actual (oversized for durability) Dso of 9 inches has been I

designed for the base of the tailings pile adjacent to the SWRDC from the beginningi

of the SWRDC to station 10+00 and from station 12+00 to station 18+15
(beginning of the width transition). From SWRDC station 10 +00 to 12+00, an

actual Dso of 17.4" has been designed. These D50 values are sized adequately to

withstand a PMF flow in the natural drainage channel. Furthermore, the Dso values

are adequately sized for flow conditions resulting from a reasonable volume of rocks,

based on engineering judgement, falling into the channel.

Figure 2 shows a typical cross section through the channel illustrating the vertical

extent of the riprap erosion protection. The riprap erosion protection extends

sufficiently below existing grade to account for scour depth and sufficiently above

existing grade to account for the maximurr xpected PMF depth in the channel under

flow conditions resulting from falling rocks entering the channel. The maximum

predicted depth under flow conditions resulting from rocks entering the channel was

approximately 1.8 feet higher than PMF depth with no rocks entering the channel, j

i

Table 1 summarizes the selected Dso sizes, the PMF depth, the average scour depth,

and the width, area, and volume of riprap erosion protection throughout the natural

reach of the channel. Table 2 presents the channel invert, riprap invert, and top of

riprap elevations for the tailings embankment riprap erosion protection adjacent to the

natural SWRDC.

'
Tab!e 3 presents the required riprap volume of the previously designed man-made

, channel and compares the required riprap volume of the natural SWRDC to the riprap
1

volume of the previously designed man made channel. A total of approximately 6750

. _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ _ .
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cubic yards (CY) of riprap and filter material is required for the tailings embankment

erosion protection adjacent to the natural SWRDC. For the previously designed man-

made channel, a total of approximately 6850 CY of riprap and filter material is

| required. The volume calculation for the man-made channel assumed that riprap also

| would be placed 1.8 feet above PMF depth along the tailings embankment to account

for rocks entering the channel.

Method. The US Army Corps of Engineers (COE) riprap sizing method (Hydraulic

Design of Flood Control Channels, EM 1110-2-1601, 1970) was selected to size the
.

riprap erosion protection at the base of the tailings pile side slopes adjacent to the

natural SWRDC. Depth of flow in the channel, required to apply the COE method,

was determined through numerical modeling of the water surface profile using the US

Army Corps of Engineers HEC-2 Water Surface Profile computer program (SeptemLer

1990 version). The COE method and the HEC-2 model are descrioed are described

below.

.

Armv Coros of Enaineers Rioran Sizina Method .

Excerpts from EM 1110-2-1601 describing the COE method have been included in

Attachment A of this calculation brief. The main steps in the COE method and the

major equations are summarized below.

The general procedure followed when applying the COE method to determine the

riprap size at a channel cross section for a given channel discharge is, as follows:

1) Select a Dso (mean stone size of riprap in channel cross section).

2) Compute the local boundary shear at the channel cross section. (The local

boundary shear is the shear at the location of interest in the channel, in this

case, the local boundary shear will be computed for the tailings pile side of

channel.)

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - - _ _ _ _ - . _ _
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3) Compute the riprap design shear (the local boundary shear that the in-place

riprap can withstand).

4) Compare the local boundary shear to the design shear.

5) If the local boundary shear is more than the design shear, select a larger

D50 and repeat the steps until the local boundary shear is less than the design

shear. If the local boundary shear is less than the design shear on the first

iteration, verify that the selected Dso is the minimum practical Dso.

Figure 1 shows th9 locations of the channel cross sections selected for application of

the COE method. Attachment B of this calculation brief contains profiles of each of

the cross sections. E,teps 1,2 and 3 of the COE method are described in detail below.

Steps 4 and 5 are performed in the calculations section.

1. Se/ect/on of Dso. Dso values were selected based on previously designed riprap

gradations for the Reclaimed Atlas Tailings Pile. Table 4 presents the pre-designed

riprap gradations. For development of these gradations, see the Revised Riprap

Gradation Calc. brief hCanonie, April 1993) and f& Wash Channel Bank and

Northeast Debris Pit Erosion protection Calc. brief (Canonie,1994)]. The Dso values

shown on the table have been oversized by 2% based on the durability of the rock

source (see Rock Quality - Assessment of Oversizing Requirements (June 1992 Atlas

Crop. Rec. Plan). For application in the COE method, the raw or non oversized Dso

values (i.e. oversized Dso divided by 1.02) were selected as a more conservative

approach.
I

2. Loca/ Boundary Shear. The local boundary shear is determined with the following

equation:

where

,
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Y V*
'

,,

[32.6 LOG (12.2R)j2
k

v = average local velocity, fps ,

R = local hydraulic radius, ft
k = roughness dimension taken as the spherical diameter of the average size
bed material, ft (i.e. D )30

y = unit weight of water = 62.4 lb/ft* !

The procedure outlined in Appendix IV of EM 1110-2-1601 (see Attachment A for

excerpts) is followed to determine the average local velocity and the hydraulic radius.

A channel cross section is divided in subsections as presented in Figure 3. The mean
'

velocity, V , in subsection n is given by the following formula:n

0 (CR'R)"'7
V" =

{ [(Crit 2), j, j ,

The term in the denominator of the equation is summed from i=1 to the number of

subsections of the channel cross section. Each variable in the equation is defined

below:

Or = total discharge through entire channel cross section, cfs

A = channel subsection area,ft'

R = Hydraulic radius of subsection calculated as:

R = A/P

where P = wetted perimeter of channel subsection.

C = Chezy's coefficient = 32.6 log (12.2 R/k) for channel subsections lined with

riprap. For natural subsections, the Chezy's coefficient is estimated from * .snning's

n using the following formula from EM 1110-2-1601:

C = 1.486 R """ / n

,

,
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3. Riprap Design Shear. The riprap design shear for riprap placed on channel side

slopes is given by the following equation from EM 1110-2-1601:

y/ , ,(1 _ sin % )o.s
2sin e

where

T = a (y, - y)D3o

y, = unit weight of stone = 154.2 lb/ft from Surface Water Calc. (June 1992 Atlas

Rec. Plan)

y = unit weight of water = 62.4 lb/ft

a = coefficient = 0.04

@ = Tailings embankment side slope angle of channel

6 = angle of repose of riprap = 42 from Surface Water Calc. (June 1992 Atlas Rec.

Plan)

HEC-2 Comouter Model and Reauired Inout

To determine channel subsection area, wetted perimeter, and hydraulic radius for the

channel cross section locations shown on Figure 1, the depth of flow at each of these

cross sections must be determined. The HEC-2 model was selected to compute the

depth of flow at the cross section locations in the channel. The HEC-2 model is

applicable to steady gradually varied flow conditions and has the capability of

computing both subcritical and supercritical flow profiles. Friction losses in channels

are calculated with the Manning's equation and water surface profiles are computed
:

iteratively using the standard step method. Input required by the HEC-2 model is !
i

discussed below. |

|

|
|
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To compute a basic water surface profile in a channel, the HEC-2 computer program

requires the following input: channel discharge, Manning's n, channel cross section

geometry, and the distance between each cross section. A beginning water surface

elevation at the farthest upstream point in the channel reach for supercritical runs and

at the farthest downstream point in the channel reach for subcritical runs is also

required as part of the input. Separate supercriticaland subcritical HEC-2 simulations

must be performed, if both supercritical and subcritical flow conditions are present in

different reaches of the channel, because HEC-2 does not allow water surface profile

computations to cross critical depth. Each input parameter is discussed below:

Channe/ discharge. The discharge selected to compute the water surface profile in

the natural SWRDC was the PMF of 1605 cfs computed for the upper reach of

SWRDC in the Revised PMF Flow Calculation brief (Canonie, April,1993). The

discharge is still applicable to the natural SWRDC because the same amount of water

is expected whether the channel is man-made or natural.

Manning's n. The Manning's n is a coefficient of roughness for the channel. For the
.

1
natural SWRDC with erosion protection on one side of the channel and natural ground I

on the other side of the channel, Manning's n varies across the width of the channel.

For the tailings pile side (i.e. side with erosion protection), Manning's n was computed

with the following equation from NUREG/CR-4620 (see Attachment A for excerpt) |
relating Manning's n to the riprap D :30

n = 0.0395 (D )"*30

where D a is the mean rock size in feet. As an example, for a D o of 4.9 inches, the 13 3

corresponding Manning's n is 0.034. For the natural side of the channel, a Manning's

n of 0.035 was chosen based on typical values found in the literature (Linsley et. af,

1982, and Lindeburg,1992 - see Attachment A for excerpts) for natural channels

with stones and weeds.

I

i
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Channe/ Cross Section Geometry. Locations of selected cross sections are shown on

Figure 1 and profiles of the selected cross sections are presented in Attachment B.

The cross sections were selected at representative locations throughout the channel

reach and where water surface profile information was desired. Additional cross

sections between sections 4 and 6 were chosen to allow for a more detailed analysis

of the effects of rocks entering the channel. Looking downstream, the geometry of

the right hand side of the channel was determined from existing ground contours.

The geometry of the left hand side of the channel cross section (the tailings pile side

slope) was determined by projecting upward from the channelinvert to the top of the

reclaimed tailings pile side slope. The channel invert is the lowest point in the

channel. The only exception is cross section 10.0, the start of the width transition,

where the channel geometry is trapezoidal (the previously designed man-made

channel).

Channel inverts of the natural channel were aligned along the lowest point of the

existing ground contours (see Figure 1). A minimum amount of cut was assumed to

provide a uniform slope of 0.011 in the upper reach of the channel. Since the portion

of the channel downstream from cross section 10.0 remains unchanged from the

previously designed trapezoid, the invert elevation of 4010 feet at cross section 10.0

was held constant and the channel cross section invert elevations upstream of cross

section 10.0 were extrapolated using a slope of 0.011.

For input into HEC-2, each point where the cross section side slope changes must be

defined with a station number corresponding to the horizontal distance from a zero

point on the left bank and an elevation. The HEC-2 runs contained in Attachments

C and E present the station numbers and elevation for points in each of the selected

channel cross sections. These values are contained on the HEC-2 "GR" cards, i

l

!
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Distance Between Each Cross Section. Distance between cross sections are defined

as reach lengths. The left overbank, right overbank, and channel reach lengths are

required for input to HEC-2. The left and right over bank reach lengths are measured

along the anticipated path of the center of mass of the overbank flow. The channel

reach length is measured along the deepest portion of the channel.

Beginning Water Surface E/evations. Beginning water surface elevations were

specified as the elevations corresponding to critical depth at cross section 10.0 for

subcritical runs and at cross section 1.0 for supercritical runs. Beginning the HEC-2

simulations at critical depth is reasonable. At cross section 10.0, a flow transition

from subcritical to supercritical occurs because of the width transition in the channel

at this location. This flow transition was previously demonstrated in the " HEC-2

Simulations on the Southwest Drainage Channel and the impoundment Drainage

Channel" Calc. brief (Canonie, April,1993). Also, specifying critical depth at cross

section 1.0 for the supercritical runs is reasonable because HEC-2 subcritical runs (see

Attachment C) indicate that flow is subcritical at cross section 1.0. Since HEC-2

cannot pass a flow profile from subcritical to supercritical, the water surface elevation

corresponding to critical depth is chosen as the starting water elevation at cross

section 1.0.

Calculations. This section describes the HEC-2 simulations, Dso iprap sizing analysis,r

scour depth calculations, and riprap volume calculations.

HEC-2 Simulations

The following HEC-2 simulations are presented:

1) Subcritical Run not accounting for rocks entering the channel.

2) Supercritical Run not accounting for rocks entering the channel. )

i
|

|

|

l

l
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3) Subcritical Run accounting for rocks entering the channel at HEC-2 cross

sections 4.0, 4.1, 4.2, and 5.0.

4) Supercritical Run accounting for rocks entering the channel at HEC-2 cross

sections 4.0, 4.1, 4.2, and 5.0.

5) Subcritical Run accounting for rocks entering the channel at HEC-2 cross

sections 5.0, 5.1, 5.2, and 6.0.

6) Supercritical Run accounting for rocks entering the channel at HEC-2 cross

sections 5.0, 5.1, 5.2, and 6.0.

HEC-2 simulations 1 and 2: 3 and 4; and 5 and 6 are evaluated together when

selecting the depth of flow at selected cross sections in the channel. For example for

a given pair of simulations (i.e.1 & 2; 3 & 4; or 5 & 6), when the flow condition is

subcritical, depth of flow from the subcritical simulation is selected for sizing the Ds,

riprap protection. When the flow condition is supercritical, depth of flow from the

supercritical simulation is selected for sizing the Dso iprap protection. Each simulationr

is discussed below.

Simu/ations 1 and 2. HEC-2 output from simulations 1 and 2 is presented in

Attachment C. From the results of simulations 1 and 2, the flow condition is

subcritical between cross sections 1.0 and 5.0, supercritical from cross sections 5.0 |
through 6.0, and subcritical between cross sections 6.0 through 10.0. Table 5 |

summarizes the depth of flow in the channel computed by HEC-2 at each of the

selected cross sections. For cross sections 1.0 through 5.0 and 6.5 through 10.0 )

depth of flow is from simulation 1 (subcritical run) HEC-2 output. For cross sections

5.1 through 6.0, depth of flow is from simulation 2 (supercritical run) HEC-2 output. l

Simu/ations 3,4, 5, and 6. For simulations 3,4, 5, and 6, approximately 500 CY of

rocks were distributed in the natural reach of the channel. This rock volume was
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determined by measuring boulders which are presently located in the vicinity of the

southwest side of the tailings pile and north of highway 279. The resulting volume

was approximately 25 CY. It was assumed that the boulders and rocks had fallen in

the past 50 years. To obtain a volume over the 1000 year design life of the Tailings

Embankment, the 50 year volume of 25 CY was extrapolated to 1000 years.

Attachment D provides a detailed calculation of the predicted rock volume which may

enter the channel.

For HEC-2 simulations 3 and 4, the rocks were placed on the natural side of the

channelin between cross sections 4.0, 4.1, 4.2, and 5.0 from the lowest point the

channel cross section to an elevation of approximately 4030 ft. These cross sections

were chosen because they represent both subcritical and supercritical flow conditions.

Attachment D illustrates how the rocks were incorporated into channel cross sections

4.0,4.1,4.2, and 5.0. Placement of the rocks only on the natural side of the channel

is consistent with currently observed conditions adjacent to the southwest portion of

the tailings pile.

HEC-2 simulations 5 and 6 were performed to evaluate an additional possible scenario

af rocks entering the channel. For these simulations, the 500 CY of rocks were

distributed on the natural side of channel cross sections 5.0, 5.1, 5.2, and 6.0 from

the lowest point the channel cross section to an elevation of approximately 4030 ft.

Flow is supercriticalin these sections. Attachment D illustrates how the rocks were

incorporated into channel cross sections 5.0, 5.1, 5.2, and 6.0.

HEC-2 output from simulations 3,4,5, and 6 are contained in Attachment E. Depth

of flows computed by HEC-2 for these simulations are presented in Table 5.

Comparing the depths of flow from simulations 1 and 2 to those of simulations 3,4,

5 and 6, it is seen that by accounting for the effects of rocks entering the channel,

- -__ __ _. . . ..
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the depth of flow in the channel increases on the average approximately 1.2 feet.

The maximum predicted increase in depth of flow was observed in cross section 4.1. |

The depth of flow at this section increased 1.8 ft from a depth of 6.6 ft with no rocks

in the channel to a depth 8.4 ft when rocks were placed between sections 4.0 and

5.0. Accordingly, the tailings embankment riprap was extended by 1.8 ft above PMF

depth calculated with no rocks in the channel as shown in Figure 2 and discussed in

the riprap volume calculations.

Q30 Rioran Sizino Analysis

After determining the depth of flow at selected channel cross sections from the HEC-2

simulations, the D a riprap sizes to protect the southwest tailings embankment were3

determined by the COE riprap sizing method. Detailed calculations of the COE method

are contained in Attachment F using depths of flow computed from each of the HEC-2

simulations. Table 6 summarizes the results of the calculations in Attachment F. The

minimum raw D o values which were adequate to withstand a PMF flow down the3

natural SWRDC are presented in Table 6 for each of the HEC-2 simulations. Also

presented on Table 6 are the recommended D sizes to protect the southwest tailings3o

embankment based on comparing the results of the each of the HEC-2 simulations.

A 9" D a riprap size (oversized) is recommended from HEC-2 cross sections 1.03

through 5.0 (start of the natural reach of the SWRDC to station 10+00) and from

HEC-2 cross sections 6.5 through 10.0 (station 12 +00 through 18 + 15). The 9"

was selected for all sections except those between sections 5.0 and 6.0 as a

conservative recommendation due to uncertainties in how and where rocks may enter

the channel. When rocks were placed in HEC-2 sections 4.0, 4.1, 4.2, and 5.0

(Simulations 3 and 4) the necessary raw D o size increased from 4.9 and 8.8 in3

section 4.1 and 4.2. It is conceivable that a similar increase in D size could occur3a

had rocks been placed in sections 1.0, 2.0 and 3.0.

. _ _ _ _ _ _ _ __



Canonie Environmental
By JWS Date5/10/94 Subject Riorao Size Desian Natural Sheet /3 of N
Chkd Byjf_Date 5/2dN Southwest Channel- Atlas Proj No 88-067-12

A 17.4" D50 riprap size (oversized) is recommended from HEC-2 cross sections 5.0

and 6.0 (station 10+00 to station 12 +00). The 17.4" Dso was selected for the
channel reach between sections 5.0 and 6.0 because flow in these sections is
supercritical and velocities are higher than those encountered under subcritical flow.

Also, the raw Dso iprap sizes in sections 5.0 and 5.1 increased from 8.8" to 17.04"r

when rocks were placed in these sections. Therefore,17.4" Dso is recommended

between sections 5.0 and 6.0.

Scour Calculations

Depth of scour must be estimated to determine the depth the riprap toe protection

should extend below the existing grade. To estimate the scour depth resulting from

the PMF flow of 1605 cfs in the SWRDC, the applicable methods listed in Pemberton

(1984) (see Attachment A for excerpts) will be used. Specifically, equations for riprap

bank slope protection will be applied. Velocitiem from the HEC-2 simulations 1 and 2

(before the introduction of rocks into the channel) will be used to compute the depth

of scour. The selected depth of scour methods are summarized below:

Method 1. Field Measurement of Scour.

d, = K (q) .24 (eq. 24 in Attachment A)

where

K = 2.45 (constant)

q = discharge (ft /s) / topwidth of channel flow (ft). Total PMF discharge in

SWRDC is 1605 cfs. Topwidth of channel flow for the channel cross sections

are given as part of the HEC-2 output in Attachment C.

Method 2u Regime Equation by field measurement

a. Lacey Empiried Equation: |

d,, = 0.47 (Q/f)" (eq. 26 in Attachment A)

where

1

I
i
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'O = design discharge, cfs

f = Lacey silt factor = 1.76 D "2 where D, = mean grain size of bed

material. A D, of 2 mm is assumed based on grain size of soil material

which will be scoured.

d, = Z d where Z = .25 straight bends,m

b. Blench Equation for zero bed factor.

d,, = (q,)2/ajp,,ii (eq. 27 in Attachment A)
.

where

d,o depth for zero bed sediment transport, ft=

q, = design flood discharge per unit width (same as q in method 1)
2F,, = Blench's zero bed factor in ft/s . From Figure 9 in Attachment A

2using D = 2.0 mm, F , = 2.2 ft/s3

d, = z d,, where z = 0.6 for straight bends.

Method 3. Mean Velocity Method from field measurements:

d, = d Zm
where

2d, = mean channel depth, ft = area of flow (ft )/topwidth of flow (ft)

z = defined above as for method 2a.

Method 4. Competent or limiting control to scour method:

d, = d, (V /V, - 1) (eq. 32 Attachment A)m

where

d, = scour depth, ft

d mean depth as defined above in Method 3.=
m

V mean velocity, ft/s = Q/A=m

V, = competent velocity, f t/s a 3 ft/s (Fig.12 in Attachment A using
bed material size of 2 mm on the figure and depth of flow of 5 ft.)

- - _ _ _ _ _ _ - _ - - _ _ - _ _ -
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Scour depth calculations for each of the channel cross sections are summarized in

Table 7. The final scour depth is computed by averaging scour depths from each of

the methods. From the literature supplied in Attachment A, methods 1 and 4

presented above may not be entirely applicable because these methods are more

applicable for channels with coarser bed size material. However, by using all four

methods, the final averaged scour depth result is slightly more conservative.

Using the final averaged scour depths at each channel cross (Page 3 of Table 7), the

depth of riprap toe protection below grade was computed. The riprap toe protection

was designed to extend 1.5 times the estimated depth of scour below the existing

grade as recommended in NUREG/CR-4480 (see Attachment A for excerpts). Table

2 summarizes the riprap invert elevation computed by subtracting 1.5 times the scour

depth from the channelinvert elevation and Figure 2 illustrates the placement of the

riprap toe protection.

Volume of Riorao Calculations

Vertically, the riprap erosion protection was placed 1.5 times the scour depth below

the existing grade and 1.8 feet plus the PMF depth (with no rocks in the channel)

above the existing grade as shown in Figure 2. The 1.8 feet above PMF depth was

the maximum predicted increase in depth of flow in the channel when rocks were

placed in the channel and is shown on Table 5. Volume of the riprap designed to
,

withstand flows in the upper reach of SWRDC along the base of the tailings pile side

of the channel was determined by rnultiplying the width of the riprap by the length of

the riprap by the thickness of the riprap layer. Table 1 summarizes the riprap volume |

calculations. Two riprap filters are required for the 9" and 17.4" Dso riprap |

gradations. Volume of filter material for the filters are also shown on the table.
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A corresponding volume of riprap and filter material for the previously-designed

trapezoidal channel is shown on Tabie 3. The trapezoidal channel requires slightly

more overall material to construct. Also, it is anticipated ti at construction costs

would be higher to build the trapezoidal channel than the natural channel,
i

l
,

l
|

,
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Trbis 1
N

SUMMARY OF TAILINGS EMBANKMENT EROSION PROTECTION DESIGN ALONG NATURAL SWRDC
o

Selected Average Filter i Voi, Filter il Vol,
SWRDC Station. HEC-2 D50, in PMF Scour Width of RR, Dist. btwn Avg. Area, Layer Riprap ft* ft*

vr. Sec.No. (oversized) Depth, ft. Depth, ft Z ft Sections, ft ft* Thick, in ' Volume, ft* (0.35* D50) (1.90* D50)
o + co - start of 1.0 9 5.37 3.17 3.00 37.73 250 9676.2 13.5 10885.8 4838.1 4838.1

chmn. 2.0 9 5.99 3.56 2.85 39.68 260 10622.5 13.5 11950.3 5311.2 5311.2
3.0 9 6.15 4.32 2.73 42.03 250 10897.5 13.5 12259.7 5448.7 5448.7
4.0 9 6.46 4.56 2.82 45.15 66 3037.3 13.5 3416.9 1518.6 1518.6
4.1 9 6.65 4.49 2.92 46.89 66 3080.5 13.5 3465.6- 1540.3 1540.3
4.2 9 6.71 4.57 2.85 46.46 120 5469.8 13.5 6153.5 2734.9 2734.9 i

to+oo 5.0 17.4 6.14 4.95 2.73 44.71 66 3023.9 26.1 6577.0 1511.9 1511.9
5.1 17.4 5.88 4.84 2.98 46.93 66 3083.9 26.1 6707.4 1541.9 1541.9 :
5.2 17.4 5.21 4.14 3.37 46.52 66 3072.2 26.1 6681.9. 1536.1 1536.1

12+co 6.0 17.4 4.33 3.79 3.81 46.57 75 3222.1 26.1 7008.0 1611.0 1611.0
6.5 9 4.28 2.60 3.81 39.35 72 2833.5 13.5 3187.7 1416.8 1416.8
7.0 9 4.49 2.61 3.72 39.36 150 5997.2 13.5 6746.9 2998.6 2998.6
8.0 9 4.4 2.95 3.69 40.60 160 8050.9 13.5 9057.3 4025.5 4025.5
9.0 9 5.2 2.75 5.30 60.03 150 7465.8 13.5 8399.0 3732.9 3732.9

18 + 15. start of 10.0 9 4.6 4.06 3.00 39.51
Wedth Transition

17.4* Total. CY 999.0
9* Total, CY 2797.1 '

{ Total Vol., CY 3796.2 1472.8 1472.8

i Grand Total Volurne of Riprap and Filter Material. CY| 6741.9|

Nota: *

1) SWRDC denotes Southwest Runoff Drainage Channel.
. 2) Riprap to be placed along base of Tailings Pile adjacent to Southwest Runoff Drainage Channel. !

3) R:ftr to Figure 1 for location and distance between HEC-2 sections and SWRDC Station No.
4) 1.8 feet is added to PMF Depth in computing width of riprap to allow for 1 ft. Free Board and potential depth increases due to rocks entering channel.
5) Z refers to side slope of Tailings Pile (Z - horizontal to 1 - vertical)
6) Sao Figure 2 for definition of Width of Riprap.
7) Average Area determined by multiplying average width of riprap by length between sections. (Avg. A =(Widthi + Width 2)/2 x Dist. btwn Sec.1 and 2)
8) Fcr Layer Thickness see Table 4.
91 Riprrp and Filter Volumes determined by multiplying area by layer thickness. Layer thickness is 6" for filter material.

_ _ _ _
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Table 2

Summary of Southwest Runoff Drainage Tailings Embankment Erosion Protection
Riprap Invert and Top Elevations.

Channel PMF Water
SWRDC HEC-2 Invert Scour Surface Riprap Invert Top of Riprap

SWRDC(1) Cross Elevation Depth (4) Elev (3) Elevation (5) Elevation (6)
Station. ft. Section(2) (3) , f t. msl. ft. ft f t. msl. ft. msl.

o + oo - start of 1.0 4030 3.17 4035.4 4025.2 4037.2
Channel 2.0 4027.2 3.56 4033.2 4021.9 4035.0

3.0 4024.4 4.32 4030.6 4017.9 4032.4
4.0 4021.6 4.56 4028.1 4014.8 4029.9
4.1 4020.9 4.49 4027.6 4014.2 4029.4
4.2 4020.2 4.57 4026.9 4013.3 4028.7

1o+oo 5.0 4018.9 4.95 4025.0 4011.5 4026.8
5.1 4018.1 4.84 4024.0 4010.8 4025.8
5.2 4017.4 4.14 4022.6 4011.2 4024.4

12+00 6.0 4016.7 3.79 4021.0 4011.0 4022.8
6.5 4015.9 2.60 4020.2 4012.0 4022.0
7.0 4015.1 2.61 4019.6 4011.2 4021.4
8.0 4013.4 2.95 4017.8 4009.0 4019.6
9.0 4011.7 2.75 4016.9 4007.6 4018.7

18 + 1s. start of 10.0 4010 4.06 4014.6 4003.9 4016.4
Width Transition

Notes:
1) SWRDC denotes Southwest Runoff Drainage Channel.
2) See Figure 1 for SWRDC Stations and HEC-2 Cross Sections.
3) See HEC-2 Simulations 1 and 2 for Channel Invert and PMF Surface Water Elevations.
4) Scour Depth from values computed on Table 7.

|
5) Channel invert Elevation - scour depth * 1.5 (Per NUREG 4480)

| 6) PMF Water Elev. + 1.8' For Free Board and sediments / rocks
7) Riprap to be placed along base of Tailings Pile adjacent to Southwest Runoff Drainage Channel.

.
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Table 3

RIPRAP VOLUME CALCULATION - M AN M ADE UPPER REACH OF SOUTHWEST RUNOFF DRAINAGE CHANNEL
,

PMF Bottom Ditch Perim. Channel Riprap Layer Riprap Vol, Filter i Vol.,
location Depth it Width, ft Side Slope ,ft Lenath, ft D50, in - Thick, in CY CY

_
j

Main Channel 4.7 20 3 61.1 1815 5 10 3423.3 2054.0 +

4.1" to Reach Areal Extent of Riprap 17.5 1815 4.1 8 784.3 588.2
.

Nota:

1.8 fast is added to PMF Depth to account for free board and for possible rocks entering channel.
+

Summary of Riprap Volume Requirements
,

t

Natural Man Made s

item Vol, CY Voi, CY

17.4" Riprap 999.0
9" Riprap 2797.1
5" Riprap 3423.3
4.1" Riprap 784.3
Filter i 1472.8 2642.2

e Filter 11 1472.8
I 'Difference

Totals 6741.9 6849.7 107.8
$.

k
1
-t Y

N
.
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TABLE 4

SUMMARY OF RIPRAP PREVIOUSLY DESIGNED GRADATION REQUIREMENTS
(A!!aw::bla Percent Pcezing Given Dimention)

Necessary Actual Riprap Layer

D50(al D50 Thickness Sieve Rock
Location (incheel Onchest (inches) 54" 48" 36" 24" 20" 15* 12* 10" 6" 4* 3* 2" 1' 3/4* 1/2" 3/8* No. 4 Type (b)

Lower Southwest 32.4 32.4 49 100 42-60 16-34 10-26 4-16 0-12 CD
Draincge Channel

Lowse impoundment 17.4 17.4 26 100 54-70 30-40 16-31 8-25 0-12 CD
Drainage Channel

IAomb Wash Channel 9.0 9.0 13.5 100 38-64 12-30 0-18 O-10 CD
Bank (sec. L-L* to N-N'l

Uppsr Southwest 4.9 CD
Dreirnge Channel

5.0 10 100 46-60 20-40 6-28 0-14
Upper impoundment 4.3 CD

Drainage Channel

Co!! action Ditches 3.3

10:3 Ernbankment 4.1 4.1 8 100 34-48 18-32 2-19 O-3 CD

10:1 Embankment 2.7

Mcab Wash 3.3
(Ssc P-P*)

Northsast Debris Pit 0.55 1.3 6 100 82-100 50-78 16-35 8-23 0-12 RA

N
Notw

(c) Necessary riprep D50 based on design requirements and includes overeiring for rock durabady and roundness tes necessary).' See Appendix E. %
(b) Gradation requirements are based on rock durabaity eatings for parimuler meteriet: "CD* denotes crushed diorite rock type.
(c) Oradation requiremente are based on rock durabdi . 4 tings for particular meterial: *RA* denotes round anuvial cobbles.

h\ ATLA $\SWCH\TBL4.XLS | rem 6/20/94)
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Tabla 5

Summary of Depth of Flow from HEC-2 Simulations

HEC -2 HEC-2 Simulations 1 & 2 HEC-2 Simulations 3 & 4 HEC-2 Simulations 5 & 6 Maximum
PMF Depth, PMF Depth, PMF Depth, increase in Depth

Cross Section Flow Cond? tion ft Flow Condition ft Flow Condition ft of Flow, ft
'

1.0 Subcritical 5.37 Suberitical 5.49 Suberitical 5.33 0.12
2.0 Subcritical 5.99 Subcritical 5.69 Suberitical 6.11 0.12
3.0 Subcritical 6.15 Suberitical 7.01 Subcritical 5.9 0.86
4.0 Subcritical 6.46 Subcritical 8.07 Subcritical 7.05 1.61
4.1 Subcritical 6.65 Suberitical 8.43 Suberitical 7.61 1.78
4.2 Subcritical 6.71 Suberitical 8.31 Subcritical 8.17 1.6
5.0 Critical 6.14 Critical 7.47 Subcritical 7.76 1.62
5.1 Supercritical 5.88 Supercritical 5.26 Subcritical 7.48 1.6
5.2 Supercritical 5.21 Supercritical 5.29 Critical 6.97 1.76
6.0 Supercritical 4.33 Supercritical 4.32 Supercritical 5.66 1.33
6.5 Suberitical 4.28 Suberitical 4.28 Suberitical 4.28 0
7.0 Subcritical 4.49 Subcritical 4.49 Subcritical 4.49 0
8.0 Suberitical 4.4 Subcritical 4.4 Subcritical 4.4 0
9.0 Subcritical 5.2 Suberitical 5.2 Suberitical 5.2 0
10.0 Suberitical 4.6 Subcritical 4.6 Subcritical 4.6 0

Average Maximum increase in Depth of Flow in Sec.1.0 to 6.0 = 1.24
Overall Maximum increase in Depth of Flow = 1.78

Notes

1) HEC-2 Simulations 1 & 2 are initial conditions with no rocks or sediment in Channel.
(1 is based on subcritical flow calculations , 2 is based on supercritical calculations)

2) HEC-2 Simulations 3 & 4 have rocks / sediment in Channel Sections 4,4.1,4.2, and 5.0.
(3 is based on suberitical flow calculations ,4 is based on supercritical calculations)

| 3) HEC-2 Simulations 5 & 6 have rocks / sediment in Channel Sections 5.0, 5.1, 5.2, and 6.0.
(5 is based on suberitical flow calculations , 6 is based on supercritical calculations),

4) Increase in depth of flow refers to the maximum amount the depth of flow was increased from Simulations 1 & 2
| { to Simulations 3,4, 5, and 6. N
{
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Tabis 6

l Summary of D50 Riprap Sizing Analysis for 7 J/Tailings Embankment Erosion Protection

SWRDC Minimum Required Raw D50, in Recommended Recommended
HEC 2 HEC -2 Simulation Raw Oversized
Section 1&2 3&4 l 5&6 D50, in DSO, in

1.0 4.02 4.02 4.02 8.8 9
2.0 4.9 8.8 4.9 8.8 9
3.0 8.8 4.02 8.8 8.8 9
4.0 8.8 4.9 4.02 8.8 9
4.1 4.9 4.02 4.02 8.8 9
4.2 4.9 8.8 4.02 8.8 9
5.0 8.8 17.04 8.8 17.04 17.4
5.1 8.8 17.04 8.8 17.04 17.4
5.2 17.04 17.04 8.8 17.04 17.4
0.0 17.04 17.04 17.04 17.04 17.4
6.5 4.02 4.02 4.02 8.8 9
7.0 4.02 4.02 4.02 8.8 9
8.0 4.9 4.9 4.9 8.8 9
9.0 4.02 4.02 4.02 8.8 9
10.0 8.8 8.8 8.8 8.8 9

Notes
1) See Attachment F for COE method calculations for each HEC-2 simulation.
2) Raw D50 is not oversized for durability
3) Oversized D50 is oversized by 2% based on durability of rock source.
4) D50 conservatively recommended due to uncertainties in how and where

falling rocks may enter the channel.

!

sl2&t

DEPSUM.XLS 5/20/94



Table k

Scour Depth Calculations [4 $
Method 1

Top Width.
Section 0;ft'/s(2) f t. (2) ,..su t ds, ftf

1.0 1605 66.4 24.17 5.26
2.0 1605 56.24 28.54 8i.48

3.0 1605 42.91 37.40 5.84
4.0 1605 39.77 40.36 5.95
4.' 1605 40.37 39.76 5.93
4.2 1605 39.4 40.74 5.96
5.0 1605 36.17 44.37 6.09
5.1 1605 37.45 42.86 6.04
5.2 1605 47.33 33.91 5.71
6.0 1605 54.18 29.62 5.53
6.5 1605 91.6 17.52 4.87
7.0 1605 90.81 17.67 4.88
8.0 1605 76.39 21.01 5.09
9.0 1605 81.47 19,70 5.01
10.0 1605 47.61 33.71 5.70

Method 2a
Section Bend Type Z (3) Dm, mrn f dm,ft ds,ft

All Straight 0.25 2 2.49 4.06 1.02

|

Method 2b
Section Fbo, ft/s' dfo, ft Z (3) ds, ft

1.0 2.2 6.43 0.6 3.86
2.0 2.2 7.18 0.6 4.31
3.0 2.2 8.60 0.6 5.16
4.0 2.2 9.05 0.6 5.43
4.1 2.2 8.96 0.6 5.37
4.2 2.2 9.10 0.6 5.46
5.0 2.2 9.64 0.6 5.78
5.1 2.2 9.42 0.6 5.65
5.2 2.2 8.06 0.6 4.83
6.0 2.2 7.36 0.6 4.42
6.5 2.2 5.19 0.6 3.11
7.0 2.2 5.22 0.6 3.13
8.0 2.2 5.85 0.6 3.51
9.0 2.2 5.61 0.6 3.37
10.0 2.2 8.02 0.6 4.81

,

|

1
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Tabla 2

Scour Depth Calculations h#

Method 3
Area (2) Top Width (2)

Section Bend Type ft* ft dm, ft r(3) ds, ft

1.0 Straight 205.18 66.4 3.09 0.25 0.77
2.0 Straight 187.61 56.24 3.34 0.25 0.83
3.0 Straight 163.75 42.91 3.82 0.25 0.95
4.0 Straight 160.94 39.77 4.05 0.25 1.01
4.1 Straight 167.37 40.37 4.15 0.25 1.04
4.2 Straight 165.71 39.4 4.21 0.25 1.05 '

5.0 Straight 141.7 36.17 3.92 0.25 0.98
5.1 Straight 139.59 37.45 3.73 0.25 0.93
5.2 Straight 136.32 47.33 2.88 0.25 0.72
6.0 Straight 136.67 54.18 2.52 0.25 0.63
6.5 Straight 222.94 91.6 2.43 0.25 0.61
7.0 Straight 226.16 90.81 2.49 0.25 0.62
8.0 Straight 190.5 76.39 2.49 0.25 0.62 '

9.0 Straight 238.02 81.47 2.92 0.25 0.73
10.0 Straight 155.57 47.61 3.27 0.25 0.82

Method 4
Area (2)

Section 0,ft'/s ft V m ,ft/s2 Vc, ft/s' dm,ft ds, ft

1.0 1605 205.18 7.82 3 3.09 4.97
2.0 1605 187.61 8.55 3 3.34 G.18
3.0 1605 163.75 9.80 3 3.82 8.65
4.0 1605 160.94 9.97 3 4.05 9.41
4.1 1605 167.37 9.59 3 4.15 9.11
4.2 1605 165.71 9.69 3 4.21 9.37-
5.0 1605 141.70 11.33 3 3.92 10.87
5.1 1605 139.59 11.50 3 3.73 10.56
5.2 1605 136.32 11.77 3 2.88 8.42
6.0 1605 136.67 11.74 3 2.52 7.35

,

6.5 1605 222.94 7.20 3 2.43 3.41
7.0 1605 226.16 7.10 3 2.49 3.40
8.0 1605 190.50 8.43 3 2.49 4.51
9.0 1605 238.02 6.74 3 2.92 3.65
10.0 1605 155.57 10.32 3 3.27 7.97

41 5/49 i
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Tabis_h

Scour Depth Calculations

- Summary of Methods Scour Deoths. ft -

Average
Scour Depth,

Section Method 1 Method 2a Method 2b Method 3 Method 4 ft
1.0 5.26 1.02 3.86 0.77 4.97 3.17
2.0 5.48 1.02 4.31 0.83 6.18 3.56
3.0 5.84 1.02 5.16 0.95 8.65 4.32
4.0 5.95 1.02 5.43 1.01 9.41 4.56
4.1 5.93 1.02 5.37 1.04 9.11 4.49
4.2 5.96 1.02 5.46 1.05 9.37 4.57
5.0 6.09 1.02 5.78 0.98 10.87 4.95
5.1 6.04 1.02 5.65 0.93 10.56 4.84
5.2 5.71 1.02 4.83 0.72 8.42 4.14
6.0 5.53 1.02 4.42 0.63 7.35 3.79
6.1 4.87 1.02 3.11 0.61 3.41 2.60
7.0 4.88 1.02 3.13 0.62 3.40 2.61
8.0 5.09 1.02 3.51 0.62 4.51 2.95
9.0 5.01 1.02 3.37 0.73 3.65 2.75
10.0 5.70 1.02 4.81 0.82 7.97 4.06

: Notts:
1) Sse main text for description of methods and equations.
2) From HEC-2 Runs with no " rocks" in channel (See Attachment D)
3) From Table 7 in Pemberton et. al.
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the interaction of the local boundary shear and the size and gradation of the

riprap material.
(2) Average boundary shear. The average boundary shear over the

wetted perimeter of a channel cross section (from ref 3) is given by

t = YRS (30)o

where
Y = average boundary shear, psf
g

y = unit weight of water, pcf
R = hydraulic radius, it
S = slope of energy gradient

By utilizing equations i and 6, equation 30 becomes

2yV
(31)Y =

! (32.6 logio

where

V = average cross-sectional velocity, fps
k = equivalent channel boundary surface roughness, it

.

(3) Local boundary shear. In a straight trapezoidal channel with equal
bottom and side roughness, the boundary shear varies over the wetted perim- ,

eter as shown in plate 31. By substituting in equation 31 the depth Y (in
feet) for R , the average local velocity in the vertical V (in feet per second)
for V , and the average stone theoretical diameter D50 (in feet) r k,the

local boundary shear at any point on the wetted perimeter can be determined
by the equation

! 2
"

(32)r =

32.6 log 01 50

.

14g(3) 40 |I

i

!

I I

I

|
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The average local velocity in the vertical at any point should be determined

as illustrated in Appendix-IV. The subsection width used to determine v

should not be too great. Where there is a significant difference in roughness

over the wetted perimeter, as may occur in a channel with riprap bank revet-

ment and a natural invert, a local effective friction coefficient as determinedr

from Hydraulic Design Chart 631-4 or Appendix IV should be used in comput-

ing values of v. A graphic solution of equation 32 is presented in plate 32.

(4) Boundary shear in bends. The dis'tribution of local boundary shear

in a bend of a trapezoidal channel with equal bottom and side roughness-is

indicated in plates 33 and 34 (compiled from data in refs 53, 54, and 55).

O Average boundary shear values obtained by equation 31 should be multiplied *

by the ihdicated ratios of T / t btain local boundary shear values in ab o

bend.

(5) Riprap design shear. The riprap design shear is defined as that

amount of local boundary shear that the in-place riprap will safely withstand.

The design shear for riprap placed on an essentially level channel bottom is
_

given by reference 56. j. ,AQ,

f

= a (y, - y)D50 (33)t

where

y, = the unit weight of stone saturated surface dry (SSD)

coefficient "a" = 0.040

The design shear for riprap placed on channel side slopes is given by the

following equation taken from reference 3

.5
y _ sin'2+ -(34)t

ey , ,
2

( sin 6
where ,

, = the angle'of the side slope; wit.h the. horizontal

e = the angle of repose of the riprap, normally about 40 deg

41
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APPENDIX IV
|

Notes on Derivation and Use of Hydraulic
Properties by the Alpha Method

1. General. Appendix A of reference 89t is reproduced here, with minor
modifications and rearrangements, to illustrate use of the ' Alpha" method
for determining the local boundary shear and composite roughness. The
Alpha computations are applicable to uniform and gradually varied flow prob-
lem s . Computations for effective average channel roughness k with and
without considering the energy correction factor are included as well as com-

putations for Manning's n. The necessary basic equations and a computation
procedure are given in the paragraphs that follow. Illustrations of the
Alpha method applied to the effective channel roughness problem are given in
plates IV-1 through IV-4.
2. Basic Procedure and Equations. a. The cross section (plate IV-1) is
divided into subsections bounded by vertical 11nes extending from water sur-
face to the wetted perimeter. The mean velocity in the vertical of the sub-

p section is given by V, and the subsection discharge 'by V,A *'"**8'#*
n

subscript n defines the channel subsection. As explained in Chow (para 6-5), -

a simplifying assumption becomes necessary. It is assumed that the energy
grade line has the same slope across the entire cross section, that S in the
familiar Chesy equation (V = C (RS) / ) is constant at each subsection, and
that the following proportion may be written

I/ (IV-1)V , :: CR

where C is Chesy's coefficient and R is the hydraulic radius.

t Raised numbers refer to similarly numbered references in Appendix 1.

IV-1
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b. The resistance equation for hydraulically rough channels (para 8c) is

C = 32.6 log 10

whe re

C = Chezy's coefficient
R = hydraulic radius, it
k = equivalent roughness dimension, ft

This equation is plotted in plate IV-2.
then (CRI/),A(CRI!) is proportional to V 18 Propor-c. As , n

tional to Q. From this the following equations are derivedt

I/ )nAO CRT n
= - (IV-2)O .

Ai g
_ _

T(CRf/2)n gQ 2- (IV-3 )V =

.(CR1/2)A
or Ar

" n
_

= - )(ACR g" IIY" 4)(CR1/2) A
g

Y (IV- 5 )S= .

I! I

.

2

CR
me an ..

g(CRt/2)g g-
-

R A
_R= - - (IV- 6 )

CR Agg
, _

\

t The subscript i ar sumes all values of n . ,

ic IV-2

2



._ ___

|

|

h ' -]

EM 1110-2- 1601
Appendix IV

i July 70

3. Backwate r Computation. a. All the cross-section hydraulic param-
eters necessary for backwater computations are computed in plates IV-1 and
IV-3. Computing the same parameters at several water-surface elevations

1and plotting the results permits ready interpolation for intermediate values.
89*90The method is programmed for digital computer use if manual computa-

tions for a particular project are too time consuming.
b. The boundary and hydraulic characteristics of a channel reach are

assumed to be those obtained by averaging the conditions existing at each end
I
~

of the reach. This procedure implies that the roughness dimensions k as-
signed to the upstream and downstream sections extend to the midsection of

the reach. Therefore, it is important that the reach limits be carefully-
selected. Two different sets of subsection roughness values should be as-
signed in cases where the boundary condition changes abruptly such as at the
beginning or end of an improved reach. One set of values would apply in the
improved reach and the other in the natural channel.
4. Roughness Relation. The rc,ughness dimension k may be taken as

4equivalent spherical diameter of the average size bed material when the hy-
draulic losses in the flow regime are attributable to friction alone. In a flow
regime where hydraulic losses in addition to friction are present, k may
still be used if the losses result in a reasonably uniform slope of the energy-
grade line. In this case, k will be larger dimensionally than the equivalent
spherical diameter of the average size bed material. As Chezy C and

are equatable (g,486 * ) ,"k may be determined from aCManning's n

knowledge of Manning's coefficient n. While k remains fairly constant

with changing R, n varies with the one-sixth power of R . Therefore, it is
better to extrapolate from known conditions to unknown by the use of k
rather than n. The k must be evaluated for each subsection. Subsections
should be chosen with this in mind so that differing bed materials or bed con-
ditions producing frictionlike losses, such as ripples, dunes, or other ir-
regularities will appear in separate subsections. Hydraulic losses tending to
cause breaks in the energy grade line, such as expansion and contraction,

IV-3
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profiles can be estimated. The somputational procedure is based on the
solution of the one-dimensional energy equation with energy losses due to
f riction. The HEC-2 procudure is similar to the Standard Step Method for
computing water surface elevations. The program was developed for flood
plain management, floodway encroachment evaluation and flood hazard
designations.

4.7 DETERMINATION OF THE MANNING ROUGHNESS COEFFICIENT

The greatest difficulty in applying the Manning formula and other flow
models such as HEC-2 is the determination of the boundary roughness coeff t-
cient, n. The n value is an estimate of flow resistance. There is not-an |
exac. procedure or method for determination of flow resistance. It is i

imperative to recognize that the selection of an appropriate n value
requires careful judgment and reason.

The n values connonly svail:bla were formulated for flow; in natural
and artificial channels. Factors affecting Manning's roughness coefficient
include surf ace roughness, vegetation, ctannel irregularity, channel align-
ment, flow depth, silting and Scouring, obstructions and channel shape.
Chow (1959) and Barnes (1967) present a comprehensive list of n values for
open channel applications. Values of n range from 0.017 for smooth
channels f e from growth to 0.07 for cobble bed strewis (Chow,1959). j

Equations 4.39 and 4.40 are extremely sensitive co the n value. Therefore
the selection of an appropriate n value may require several iterations.

The Manning formula is comonly used to estimate discharge for over-
land flow, particularly over large areas in which runoff channelization has
not yet initieted. Overland or sheet flow is characterized by a flow depth
less than 1.0 f t. and is significantly influenced by the boundary shear or
resistance to flow. The n value may vary with flow depth.

Morris and Wiggert (1972) published a list of n values that have been
adopted by the U.S. Bureau of Reclamation and are presented in Table 4.2.
These values apply to well-seasoned, straight channels on mild slopes wit:-
flow depths less than 3.0 f t.

A series of values for the Manning Coefficient, n, were adopted by the
Deoartment of the Interior (001, 1975) for natural channels and streams.

,

| These values are presented in Table 4.3.
\

One of the most difficult Manning's roughness valuars to determine is
for riprap. Riprap serves as an alternative surf ace stability technique
that provides considerable resistance to flow resulting in velocity and

r energy dissipation. An expression for determining .he value of the Manning
coefficient, n, for riprap was presented by the Ccrps of Engineers (COE,
1970) and by Anderson et al. (1970) is:,

n = 0.0395 (d50)1/6 (4,41)

h
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cannot satisfy these criteria, two or more filter layers may be necessary.
The finer filter overlies the top layer of the radon suppression cover and the
coarser filter lies between the finer filter and the riprap.

The grain-size curve of the filter material should have a smooth s-shape
without pronounced breaks and should be roughly parallel to the grain-size
curve of the soil being protected, although other smooth shapes may be used.

Thickness of Filter. The filter layer should have a minimum thickness of r' " ' "-12 in, and be at least equal to one-half the riprap layer thickness. Where ' '

two filter layers are required, the finer filter layer should have a minimum
thickness of 12 in. and be at least equal to one-half the coarser filter layer
thickness.

The use of these layer thicknesses assumes that the underlying radon
suppression cover is structurally stable and capable of supporting the loads
imposed by the construction equipment and the filter and riprap layers. If

this is not the case, larger filter layer thicknesses may be needed to support
construction equipment or the riprap. Larger filter layer thicknesses may
also account for larger differential settlements caused by consolidation of
the underlying materials. The greater layer thickness should be determined in
the field based on the actual condition of the radon suppression cover.

Toe Protection

A riprap toe protection is required at the base of all impoundment side
slopes. In general, the toe protection can be one of two types as shown in |
Figure 10. (

1

For Method A, the riprap layer constructed on the slope may extend below
grade to a depth of 1.5 times the estimated depth of scour at the impoundment
perimeter. The angle of the below-grade protection may be steeper than the
relatively flat slope angle, if the stability of the impoundment after scour
is adequate. The sizing of the riprap is based on the actual slope used,
assuming that the full design-estimated depth of scour has occurred.

bT T

i%

N 'tf)b o

1.5a1.5ak 's, b21.5TC

q 'q97c "Hg

Tg9,7 4-c 21.5a+ ,

1

a = Depth of Scour

T = Bed Thickness

Method A Method B
|

FIGURE 10. Toe Protection Methods
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A second approach, Method B, includes a horizontal ripra ||
of the horizontal protection should be at least equal to the estim t d dp toe. The widthof scour times 1.5.

The thickness of the layer should be at least 1 5 times
,

the thickness of the riprap on the slope.
ae epth {}.

Gully Erosion Protection
,

elevation require protection from gully erosion.The remaining unprotected side slope surfaces above ma i.

x aum flood

most vulnerable to gullying because of their steepnessinitiated, the process can proceed rapidly (one year or .Once gullies are
These surface areas are the

>

i

a breach in the impoundment.

of preventing gully erosion. thickness of rock riprap completely covering the side slEach impoundment will require some minimumseveral years) toward,

This will be the case irregardless of whetheropes for the purposeflooding is a consfr
destructive process, aration. Because of the threat of this potentially

the application of rock riprap is recommended for thelong-term protection of the side slopes.
'

by other factors.
However, the problem is complicated

Gullies that fom from land surface depressions and rills
,

prevented by rock riprap applied to the side slopes of impoundmcan actively be
are the direct result of overland flow. ents since they
ment, slope failure, and piping cannot always be prevented bGullies caused by differential settle-
because they are not the direct result of rainfall-runoffy rock riprap
situations, the presence of an engineered rock cover co.However, in these

L

would help prevent further erosion by surface runoff by the shiftieffects of these processes by self-adjustment of the rock cover it
uld mitigate the

self. This
vidual rocks to accommodate the new surface configurationng of indi-

armor may prevent further damage caused by differential settlAlthough rock
failure, and eiping, it is best that preventive measur

.

failures be considered in the design of the embankme t fes for these types of
ement, slope

Cover. n
oundation and earthen

pesign Suggestions for Gully Erosion Protection'

A study by Walters and Skaggs (1986) determined that th
cedures available to design rock riprap to protect against overlThe study results indicated that movement of runoff overe are no pro-erosion.

and and gully
cover armored by rock may involve both .nterflow through the rock lfilter and cascading flow over the rock surface

er a soil

available at this time to indicate whether the movement of theNot enough information is
ayer and

.

the rock layer can be described by the equations of p
interstitial voids in the rock layer can be extremely lar

runoff through
orous eMa flow. Therunoff to move through rapidly, y ad would allow

over the rock surface poses another problem.The lack of information on the hydraulic roughness (Manni
,

tng's n) for flow
for rock surfaces. tory testing are very limited for unprotected soilThe results of field and labora-i

istics over and through the rock layer would limit any analTherefore, the inability to predict the flow charactersurfaces and nonexistentassumptions. -

ysis to very rough
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A second approach, Method B, includes a horizontal riprap toe. The width
of the horizontal protection should be at least equal to the estimated depth

|

,

of scour times 1.5. The thickness of the layer should be at least 1.5 times
the thickness of the riprap on the slope.

Gully Erosion Protection

The remaining unprotected side slope surfaces above maximum flood
elevation require protection from gully erosion. These surface areas are themost vulnerable to gullying because of their steepness. Once gullies are
initiated, the process can proceed rapidly (one year or several years) towarda breach in the impoundment. Each impoundment will require some minimum

,

thickness of rock riprap completely covering the side slopes for the purposeof preventing gully erosion. This will be the case irregardless of whetherflooding is a consideration. Because of the threat of this potentially
destructive process, the application of rock riprap is recommended for the
long-term protection of the side slopes. However, the problem is complicatedby other factors.

Gullies that form from land surface depressions and rills can actively be
prevented by rock riprap applied to the side slopes of impoundments since they
are the direct result of overland flow. Gullies caused by differential settle-
ment, slope failure, and piping cannot always be prevented by rock riprap
because they are not the direct result of rainfall-runoff. However, in these
situations, the presence of an engineered rock cover could mitigate the
effects of these processes by self-adjustment of the rock cover itself. This
would help prevent further erosion by surface runoff by the shifting of indi-
vidual rocks to accommodate the new surface configuration. Although rock
armor may prevent further damage caused by differential settlement, slope
failure, and piping, it is best that preventive measures for these types of
failures be considered in the design of the embankment foundation and earthen
Cover.

Design Suggestions for Gully Erosion Protection

A study by Walters and Skaggs (1986) determined that there are no pro-
cedures available to design rock riprap to protect against overland and gullyerosion. The study results indicated that movement of runoff over a soil
cover armored by rock may involve both interflow through the rock layer andfilter and cascading flow over the rock surface. Not enough information is
available at this time to indicate wheiter the mnvement of the runoff through
the rock layer can be described by the equations of porous media flow. The
interstitial voids in the rock layer can be extremely large and would allow
runoff to move through rapidly.

The lack of information on the hydraulic roughness (Manning's n) for flow
over the rock surface poses another problem. The results of field and labora-
tory testing are very limited for unprotected soil surfaces and nu. xistent
for rock surfaces. Therefore, the inability to predict the flow character-
istics over and through the rock layer would limit any analysis to very roughassumptions.
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Inch-pound units .;
,

Metric units
-

t
37.05 I e

L = 1.625 (6.94),

g 0.00112
!"

g 0.00112
| ,. Lg = 33100 f t Lg = 10100 m

- and for the subreaches:
'

Inch-oound units Metric units

l
l*2( bO112) = 10 200 ft L

,

g=2(0bo12) - 3 100 m

2*8 0.005 J * k"8 0.0b )= 00 m,

I

L3*4 0.005 ) = 15 E M L3* ) = 4 700 m

CHANEL SC0lR DURING PEAK FLOODFLOWS

The design of any structure located either along the riverbank and flood
plain or across a channel requires a river study to determine the response of
the riverbed and banks to large floods. A knowledge of fluvial morphology
combined with field experience is importtnt in both the collection of ade-
quate field data and selection of appropriate studies for predicting theerosion potential . In most studies, two processes must be considered,
(1) natural channel scour, and (2) scour induced by stru::tures placed by man

!

either in or adjacent to the main river channel.

Natural scour occurs in any moveable bed river but is more' severe when
associated with restrictions in river widths, caused by morphological
channel changes, and influenced by erosive flow patterns resulting from
channel alinement such as a bend in a meandering river. Rock outcrops'along
the bed or banks of a stream can restrict the normal river movement and thus
effect any of the above influencing factors. Manmade structures can have
varying degrees of influence, usually dependent upon either the restriction
placed upon the normal river movenent or by turbulence in flow patterndirectly related to the structure. Examples of structures that influence
river movenent would be (1) levees placed to control flood plain flows, thus
increasing mair channel discharges; (2) spur dikes, groins, riprapped banks,
or bridge abutments used to control main channel movement; or (3) pumping!

plants or headworks to canals placed on a' riverbank. Scour of the bed or
banks caused by these structures is that created by higher local velocities
or excessive turbulence at the strucutre. Structures placed directly in the
river consist of (1) piers and piling for either highways or railroad bridges;
(2) dams across the river for diversion or storage, (3) grade control struc-
tures such as rock cascades, gabion controls or concrete baffled apron drop

|
'
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structures; or (4) occasionally a powerline or tower structure placed in the
flood plain but exposed to channel erosion with extrane shifting or movement
of a river. All of the above may be subject to higher local velocities, but
usually are subject to the more critical local scour caused by turbulence and
helicoidal flow patterns.

The prediction of river channel scour due to floods is necessary for the
design of many Reclanation structures. These Reclanation guidelines on scour
represent a summary of some of the more applicable techniques which are
described in greater detail in the reference publications by T. Blenen
(1969), National Cooperative Highway Research Progran Synthesis 5 (1970),
C. R. Neill (1973), D. B. Simons and F. Senturk (1977), and S. C. Jain
(1981). The paper by S. C. Jain (1981) sumnarized many of the empirical
equations developed for predicting scour of a streambed around a bridge pier.
It shouid be recognized tbst the many equations are empirically developed
from experimental studies. Some are regime-type based on practical condi-
tions and considerable experience and judgment. Because of the complexity of
scouring action as related to velocity, turbulence, and bad materials, it is
difficult to prescribe a direct procedure. Reclamation practice is to
compute scour by several methods and utilize judgment in averaging the
results or selection of the most applicable procedures.

The equations for predicting local channel scour usually can be grouped into
those applicable to the two previously described processes of either a
natural channel scour or scour caused by a manmade structure. A further
breakdown of these processes is shown in table 6 where Type A equations are
those used for natural river erosion and Types B, C, and D cover various
manmade structures.

The importance of experience and judgment in conducting a scour study cannot
be overemphasized. It should be recognized that the techniques described in
these guidelines merely provide a set of practical tools in guiding the
investigator to estimate the amount of scour for use in design. The collec-
tion of adequate field data to define channel hydraulics and bed or bank
materials to be scoured govern the accuracy of any study. They should be
given as much emphasis as the methodology used in the analytical study.
Field data are needed to compute water surface profiles for a reach of river
in the determination of channel hydraulics for use in a scour study. With no
restrictions in channel width, scour is computed from the average channel
hydraulics for a reach. If.a structure restricts the river width, scour is
computed from the channel *h~ydraulics at the restriction. In all cases, scour

| estimates should be based upon the portion of discharge in and hydraulic'

characteristics of the main channel only.

.
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Table 6. - Classification of scour equation for various structure designs
' ',

"
__

Equation Scour Design
~i

type>

!

A Natural channel for restric- Siphon crossing or any buried
tions and bends pipel ine. Stability study of .

a natural bank. Waterway for'~
one-span bridge. '

B Bankline structures Abutments to bridge or siphon
) crossing. Bank slope protection
'

such as riprap, etc. Spur
dikes, groins, etc. Pumpingi

pl ants. Canal headworks.
C Midehannel structures Piling for bridge. Piers for

fiume over river. Powerline
footings. Riverbed water intake

- structurts.
D Hydraulic structures

Dams and diversion dans.across channel Erosion controls. Rock cascade
drops, gabion controls, and
concrete drops.

Although each scour problen must be analyzed individually, there are some
!general flow and sediment transport characteristics to be considered in

making the judgmental decision on methodology. The general conclusion t

reached by Lane and Borland (1954) was that floods do not cause a general
lowering of streenbed, and rivers such as the Rio Grande may scour at the
narrow sections but fill up at the wider downstrean sections during a majorflood. Another general sediment transport characteristic is the influence of

'

a large sediment load on scour dich includes the variation of sediment
i

transport associated with a high peak, short duration flood hydrograph. The !large sediment concentrations usually of clay and silt size material will
occur on the rising stage of the hydrograph up and through the peak of the
flood while the falling stage of the flood with deposition of coarser sedi-
ments in the bed of the channel may be accompanied by greater scour of the
wetted channel banks. Diannel scour also occurs when the capacity of
flow with extrane high velocities in portions of the channel cross sec. stream-tion iwill transport the bed material at a greater rate than replacanent mateeials
are supplied. Thus, maximum depth of channel scour during the flood is a
function of the channel geometry, obstruction created by a structure (if
any), the velocity of flow, turbulence, and size of bed material.

i

Design Flood

IThe first step in local scour study for design of a structure is selection of-
design flood frequency. Reclanation criteria for design of most structures {

i31 s
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shown in table 6 varies from a design flood estimated on a frequercy basis /
from 50 to 100 years. This pertains to an adequate waterway for passage of
the floodflow peak. The scour calculations for. these same structures are
always made for a 100-year flood peak. The use of the 100-year flood peak
for scour is based on variability of channel hydraulics, bed material, and
general complexity of the erosive process. The exception in the use of
the 100-year flood peak for estimating scour would be the scour hole imedi-
4tely below a large dan or a moor structure where loss of structure could
involve lives or represent a catastrophic event. In this case, the scour for
use in design should be determined for a flow equal to 50 percent of the
structure design flood.

Ecuation Types A and B (See Table 6)

Natural river channel scour estimates are required in design of a buried
pipe, buried canal siphon, or 'a bankline structure. For most siphon cross-
ings of a river, the cost of burying a siphon will dictate either the selec-
tion of a natural narrow reach of river or a restriction in width created by
constructing canal bankline levees across a portion of the flood plain. A
summary of available methods for computing. scour at constrictions is given by
Neill (1973). The four methods for estis.ating general scour at constricted
waterways described by Neill (1973) are considered the proper approach for
estimating scour for use in either design of a siphon crossing or dere
general scour is needed of the riverbed for a bankline structure. The four ;

methods supplemented with Reclamation's procedure for application are given
below: )

Field measurments of scour method. - This method consists of observingi

or measuring the actual scoured depths either at the river under investi-

gation or a similar type river. The measurenents are taken during as high
a flow as possible to minimize the influence of extrapolation. '

A Reclamation unpublished study by Abbott (1963) analyzed U.S. Geological
Survey discharge measurement notes from several streams in the southwestern
United States, including the Galisteo Creek at Domingo, New Mexico, and
developed an empirical curye anyeloping observed seour at the gaging
station. This envelope curve for use in siphon design was further sup-
ported by observed scotr from crest-stage and scour gages on Gallegos,
Kutz, Largo, Chaco, and Gobernador Canyons in northwest New Mexico
collected during the period from 1%3 to 1969. The scour gages consisted
of a series of deeply anchored buried flexible tapes across the channel

isection that were resurveyed after a flood to determine the depth of scour
at a specific location. The results of these measurenents are shown on
figure 8 along with the envelope curve for Galisteo Creek that support
scour estimates for wide sandbad (Dr,o varying fra 0.5 to 0.7 mm) ephem-
eral streams in the southwestern United States by the equation.

ds = K (q)0.24 (24)
where:

ds = Depth of scour below streambed, ft (m)
K = 2.45 inch-poted imits (132 metric units)

3q = Unit water discharge, ft /s per ft of width (m3/s per m
ofwidth)

1
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~ The use of equation 24 except as a check on other methods would be limited i

to channels similar to those observed on relatively steep slopes ranging
from 0.004 to 0.008 ft/ft (m/m) . Because of shallow depths of. flow and
meditsn to coarse sand size bed material the bedload transport should also
be very high.

C Regime eauations supported by field neasurements method. - This approach
as suggested by feeill (1973) on recommendations by Blench (1%9) involves
obtaining field measurements in an incised reach of river from dich the

From the bankfullbankfull discharge and hydraluics can be determined.
hydraulics in the incised reach of river, the flood depths can be computed
by:

/qf) m
(25)df=dj

*ere:
dr = Scoured depth below design floodwater level
dj = Average depth at bankfull discharge in incised reach
gr = Design . flood discharge per unit width . . . . . .

qi = Bankfull discharge in incised reach per unit width
m = Exponent varying from 0.67 for sand..to 0.85 for coarse gravel

This method has been expanded for Reclanation use to include the empirical
regime equation by Lacey (1930) and the method of zero bed-sediment
transport by Blench (1969) in the fonn of the Lacey equation:

d, = 0.47 (h1/3 (26)

where: ,

dm = Mean depth at design discharge, ft (m)
Q = Design discharge,ft /s (m3 s)3 /
f = Lacey's silt factor equals 1.76 (Dm)1/2 where Dm equal mean-

grain size of bed material in millimeters

and the Blench equation for "zero bed factor":

q,2/3
( }d,=Fo#3f l

b

*ere:

d o = Depth for zero bed sediment transport, f t (m)f

F o = Blench's "zero bed factor" in ft/sgth,ft /s per ft (m3 s per m)
3 /gr = Design flood discharge per unit wi (m/s2) from figure 9

b

The maximtsn natural channel scour depth for design of any structure placed
below the streambed (i.e., siphon) or along the bank of a channel must-
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consider the probable concentration of floodflows in some portion of the t

natural channel.
Equations 25, 26, or 27 for predicting this maximum depth

are to be adjusted by the empirical multiplying factors, Z, showi forformula Types A and 8 (table 6), in table 7.
An illustration of maximumscour depth associated with a flood discharge is shom in a sketch of anatural channel, figure 10.

equals depth of scour below streambed.As shown in table 7 and on figure 10, the d5 1

)
ds = Z df (28)
ds=Zdm (29)
ds=Zdfo (30)

Table 7. - Multiplying factors, Z for use
in scour depths by regime equations

.

Value of ZCond ition i Neill Lacey Blench
ds = Z df ds = Z de ds = Z dro

Equation Types A and 8

Straight reach 0. 5 0.25 [Pbderate bend 0.6 0.5 g ~1/ 0. 6Severe bend 0.7 0.75 1Right angle bends
1. 0 1.25Vertical rock bank or wall 1.25

Equation Types C and D

Nose of piers 1. 0 0. 5 to 1. 0Nose of guide banks 0.4 to 0. 7 1.50 to 1.75 1. 0 to 1. 75Small dam or control 1.5 0. 75 to 1. 25across river

1] Z value selected by USBR for use on bends in river.

Rmr Section ACB

A
_.

8_

'

~

\ $ 4
p _.__ _ _ _
L __ _ ____L .__. _ __. __

7_ _./
v/

Mit: dm > dp > dm. hrnt C ts kw pont af notwel section.

Figure 10. - Sketch of natural channel scour by regime method.
'

,
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Although not shown on figure 10, the d f from Neill's equation 25 is '

usually less than the dfo
dm from Lacey's equation 26.from Blench's equation 27 but greater than the

The design of a structure under a river channel such as a siphon is based
on applying the scoured depth, ds, as obtained from table 7 to the low
point in a surveyed section, as shown by point C on figure 10. This
criteria is considered by Recimation as an adequate safety factor for usein design. In an alluvial streambed, designs should also be based on
scour occuring at any location in order to provide for channel shiftingwith time.

Mean velocity from field measurements method. - This approach represents1

an adjustment in surveyed channel geometry bas 2d on a extrapolated designflow velocity. In Recimation's application of this method, a series of at
least four cross sections are surveyed and backwater computations made

3

for the design discharge by use of Recimation's Water Surface ProfileComputer Progre.
In addition to the surveyed cross sections observed,

water surface elevations at a known or measured discharge are needed to
provide a check on Manning's "n" channel roughness coefficient. This
procedure allows for any proposed waterway restrictions to be analyzed for
channel hydraulic characteristics including mean velocity at the designdischarge. The usual Recimation application of this method is to deter-
mine the mean channel depth, dm, from the computer output data and apply
the Z values defined by Lacey in table 7 to compute a scour depth, ds,by equation 29 where ds = Z dm-

Examples of more unique solutions to scour problems were Reclamation
studies on the Colorado River near Parker, Arizona, and Salt River near
Granite Reef Diversion Dam, Arizona, where an adjustment in "n" based onparticle size along with a Z value from table 7 provided a method ofcomputing bad scour. The selection of a particle size "n" associated
with scour in the above two examples was computed from the Strickler
(1923) equation for roughness cf a channel based on diameter of particles*ere:

K=
1/6 (31)D90

C = 26 from Nikuradse (1933) and "n" = 1/K. The appropriate "n" values
for the two rivers based on particle size and engineering judgment wereselected as follows:

River D (mm) Particle size "n" Selected "n"
Colorado 0.2 0.01 0.0145 alt 18 0. 02 0. 02

In the Colorado River study, the existing channel "n" value of 0.022
was adjusted down to 0.014 due to bed material particle size to give a-
computed water surface at design discharge representative of a scouredchannel. With a Z value of 0.5, the scoured section in the form of atrianglular section combined with the accepted "n" of 0.022 provided a
close check on the water surface computeo without scour. An illustration

37
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of this technique is shows in sketch on figure lla. Another example is -|
shown on figure lib for a Salt River scour study W1ere the particle size
"n" of 0.02 gave a reduced mean depth. Scour was assumed to be in the
shape of a triangle where the average depth of scour would be equal the
depth at an "n" equal to 0.02 subtracted from depth at an "n" equal to,

0.03. (See example problen in subsequent paragraph.)

4 Competent or limiting velocity control to scour method. - This method
assunes that scour will occur in the channel cross section until the mean
velocity is reduced to that where little or no movenent of bed material is
taking pl ace. It gives the maximun limit to scour existing in only the ,

deep scour hole portion of the channel cross section and is similar to the
Blench equation 27 for a "zero bed factor."
The empirical curves, figure 12, derived by Neill (1973) for comoetent
velocity with sand or coarser bed material (>0.30 nun) represent a combining
of regime criteria, Shields (1936) criterion for material >1.0 mm,'and a
mean velocity formula relating mean velocity Vm to the shear velocity. The
competent velocities for erosion of cohesive materials recomended by Neill
(1973) are given in table 8. The scour depth or increase in area of scoured
channel section with corresponding increase in depth for competent velocity,
Ve, is determined by relationship of mean velocity, Vm, to Ve in the
equation:

/Vm I
d, = d, g - 1 (32)

*ere:

ds = Scour depth below strennbed, ft (m)
dm = Mean depth, f t (m)

Table 8. - Tentative guide to competent velocities for erosion of
cohesive materials * (after Neill,1973) -

Competent mean velocity
Low v al ues - Hig h v al ues - 1

Depth of flow easily erodible Average values resistant
ft m material ft/ s m/ s n.aterial

ft/ s m/ s ft/s m/ s

5 1.5 1.9 0.6 3.4 1.0 5.9 1.8
10 3 2.1 0.65 3. 9 1.2 6. 6 2.0
20 6 2. 3 0.7 4.3 1.3 7. 4 2.3
50 15 2.7 0.8 5.0 1.5 8. 6 2.6

* Notes: (1) This table is to be regarded as a rough guide only, in
the abserce of data based on local' experience. A: count must be taken
of the expected condition of the material after exposure to weather-
ing and saturation. (2) It is not considered advisable to relate the
suggested low, average, and high values to soil shear strength or
other conventional indices, because of the predominating effects of
weathering and saturation on the erodibility of many cohesive soils.
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Figure 11. - Sketch of scour from water surface profile computations and
reduced "n' for scour.
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_ The use of figure 12 and table 8 recomended by Neill (1973) has had

limited application in Recimation, but appears to be a potential useful
technique for many Reclanation studies on scour aid armoring of the
channel.

Ecuation Type C (See Table 6)

The principal references for design of midchannel structures for scour
such as at bridge piers are National Cooperative Highway Research Progra
Synthesis 5 (1970), C. R. Neill (1973), Federal Highway Mministration.
Training and Design Manual (1975), Federal Highway Mministration (1980), and
S. C. Jain (1981). The numerous empirical relationships for computing scour
at bridge piers include one or more of the following hydraulic paraneters:
pier widih and skewness, finw depth, velocity, and size of sediment. The
many relations available were further broken down by Jain (1981) to two
different approaches: (1) regime, and (2) rational.

The Federal Highway Administration has funded neerous research projects to
assist in improving their designs of bridge piers. This research has not
resultmi in any one recommended procedure. Reclamation's need for scour
estimates at midchannel structures is limited. The procedtres adopted are to
try at least two techniques and apply engineering judgment in selecting an
average or most reliable method. The regime approach is to use either
equations 26, 27, 28 or 30 and a Z value from table 7. An appropriate Z
value to use for piers is 1.0 as found for the railway bridge piers applied
to the Lacey equation 29 reported by Central Board of Irrigation and Power
(1971).

The rational equation selected for scour at piers is described by Jain (1981)
in the fom:

d

4 1.. g)o a (F )o 2s (33)
-

e

where:

ds * Depth of scour below streambed, ft (m)
b = Pier si ze , f t (m)
d = Flow depth, ft (m)

Fe = Vc/@ = Threshold Froude ntsnber
Vc = Threshold velocity, ft/s (m/s) from figure 12
g = Acceleration due to gravity, 32.2 ft/s4 (9.81 m/s2)

Equation Type D (See Table 6)

Immediately downstream from any hydraulic structure the riverbed is subject
to the erosive action created by the structure. Some type of stilling basin
or energy dissipator as described by Reclanation (1977) is provided in the
design of such structures to dissipate the energy thereby reducing the
erosion potential . 1here still remains at most structures, below the point
where the structure ends and the natural riverbed material begins, a poten-
tial for scour. The magnitude of this scour hole will depend on a combina-
tion of flow velocity, turbulence, and vortices generated by the structure.
Simons and Senturk (1977) describe many of the available equations.
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Table A 18 Values of n for the Manning Formula
;
" [Eq (4 7)]

. nt" Channel condition

@ 0.009
Plastic, glass, drawn tubing'

0.010

'I | Neat cement, smooth metal
0.011

'l . Planed timber, asbestos pipe
0.012

Wrought iron, welded steel, canvas
0.013*

,

Ordmary concrete, asphalted cast iron''

0.014
t L Unplaned timber, vitnfied clay, glazed brick

0.015
|

Cast iron pipe, concrete pipe'' 0.016Riveted steel, bnck, dressed stone* 1 0.017
' Rubble maenry

0.018,

Smooth earth 0.020
Firm gravel

9' 0.023: ;
Corrugated metal pipe and fiumes

) Natural channels:
4

,1 0.029
' Clean, straight, full stage, no pools

0.035, ,

F As above with weeds and stones 0.039
Windmg, pools and shallows, clean

0.047
[ As above at low stages

0.042
I Winding, pools and shallows, weeds and stones

0.052As above, shallow stages, large stones
0.065

Sluggish, weedy, with deep pools
^ 111

Very weedy and sluggish

+ Values quoted are averages of rnany determinations; varia-
tions of as much as 20 percent must be expected, especially in natural

channels.
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l OPEN CHANNEL FLOW 5-23

Appendix A: A r2/
Design Use Values of Manning's n

channel material n

clean, uncoated cast iron 0.013-0.015
clean, coated cast iron 0.012-0.014
dirty, tuberculated cast iron 0.015-0.035
riveted steel 0.015-0.017
lock-bar and welded 0.012-0.013
galvanized iron 0.015-0.017
brass and glass 0.009-0.013
wood stave I

small diameter 0.011-0.012 |
large diameter 0.012--0.013

concrete
with rough joints 0.016-0.017
dry mix, rough forms 0.015-0.016
wet mix, steel forms 0.012-0.014
very smooth, finished 0.011-0.012

vitrified sewer 0.013-0.015
common-clay drainage tile 0.012-0.011
asbestos 0.011
planed timber 0.011
canvas 0.012
unplaned timber 0.014
brick 0.016
rubble masonry 0.017 d |
smooth earth 0.018 {
firm gravel 0.023 4

I
corrugated metal pipe 0.022 o

'

natural channels, good condition 0.025 2-

natural channels with stones and weeds 0.035 (
-

E |
very poor natural channels 0.060 0 j
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CROSS SECTION NO. 7 - LOOKING DOWNSTREAM

4060

4050 s
s

BANWENT ExismG SOIL4.y,Y x4040
e g- /
g'4030

% 4020 -,...-.._........ag
w

4000

3990
50 100 150 200 250 300

STATION NO., FT

,

Page 1

. . _ _ __ -__ _.



. _ .

MSEC 1.XLS Chart 8

66
.

i

l

l

1

|

CROSS SECTION NO. 8 - LOOKING DOWNSTREAM !
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CROSS SECTION NO. 9 - LOOKING DOWNSTREAM
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CROSS SECTION NO.10 - LOOKING DOWNSTREAM
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SC2S/X: 1916530006 HMyersion: 6.50 Data File HISWSUS.IN

l

. eeeeee ................................ ......**............................... !

~ HEC 2 WATER SURFACE PROFILES * * U.S. ARMY CORPS OF ENGINEERS * -
* * HYDROLOGIC ENGINEERING CENTER *

VIrsion 4.6.2; May 1991 609 SECOND STREET, SUITE D* * '*
* * DAVIS, CAllFORNIA 95616 4687 *

R.UN D..A.T.E....19M. A.Y 94.....T.I M.E.. .16..: 4 8..: 05..*.
* - (
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'Run D:te: 19MAY94 Run Times 16:48:05 HMVersion: 6.50 Data Files HISWSUB.IN Page 1

L .............................
'"'S "u" E*5 " ' " ' 16''8 05

HEC 2 WATER SURFACE PROFILES

weeee**ee.4 6. 2..; ..M..ay 199.1..........Vsreton
. ....

"R
1 SOUTHWEST CHANNEL
2 ATLAS MINERALS 88 067 5/12/94
3 SUSCRITICAL RUN NO WEDGE

1 ICHECK INQ NINV IDIR - STRT METRIC HVINS Q WSEL FQ
|

0, 0. O. 0 1. O. 1.5 1605. 4014,61 0.

)2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE

0. O. O. 0 0 0 1

{c
0.03 0.03 0.03 i

M 2 0.038 204.2 0.035 325 0.00 0 0 0 0
$

1 10 8 0 325 0 0 0 0 0 0
4032 0 4015.7 150 4010 167.1 4010 187.1 4015.7 204.2
4020 240 4030 270 4037 325

yH 2 0.034 150 0.035 320 0 0 0 0 0
1 9 7 0 320 150 150 150 0 0 0

4040 0 4011.7 150.0 4011.7 160 4020 230 4030 255
4040 270 4040.0 320.0

'N 2 0.034 135.0 0.035 310.0 0 0 0 0 0
1 8 7 0.0 310.0 160.0 160 160 0 0 0-

4050 0 4013.4 135.0 4013.4 145 4020 220 4030 235
4040 250 4050.0 310.0

SH 2 0.034 130.0 0.035 290.0 0 0 0 0 0
1- 7 7 0.0 290.0 150.0 150 150 0 0 0

4050 0 4015.1 130.0 4015.1 140 4020 210 4030 225
4040 240 4047.0 290.0 '

e .,g j_,

'M 2' O.034' i 130.0' O.035 ' 290.0 0 0 0 0 0
1 6.5 y ,8' O.0 290.0 q 72.0 72 72

- (4050 '0 4015.9 130.0 f 4015.9 140 ,i -4020 205 4030 220

f
4040 < 240 4048.0 , 265.0 4048.0 290

\ % "/ /b ''4/ '*
,

# [' - ( N ' $1/-. s
i \ ) f1/

. f) 0 ' p,,9. S V

-

.

, 7- ,-4 ,< r .---~v -, , -- - - , - - - - - - - - - -



"

Run Dats: 19MAY94 Run Times 16:48:05 HMVersion: 6.50 Data Files H SWSUS.IN Page 2

.

lH 2 0.042 127.0 0.035 285.0
51 6 8 0.0 285.0 75.0 75 75
'

4050 0 4016.7 127.0 4016.7 133 4020 160 4030 205
4040 230 4050.0 245.0 4050.0 285

:H 2 0.042 110.0 0.035 280.0
#

1 5.2 7 0.0 280.0 66.0 66 66
4050 0 4017.4 110.0 4017.4 115 4030 175 4040 220
4050 230 4058.0 280.0

jH 2 0.042 95.0 0.035 280.0
'1 5.1 7 0.0 280.0 66.0 66 66

4050 0 4018.1 95.0 4018.1 105 4030 125 4040 205
4050 225 4058.0 280.0

yH 2 0.038 85.0 0.035 2 75 .0
1 5 7 0.0 275.0 66.0 66 66

4050 0 4018.9 85.0 4018.9 95 4030 112 4040 150
4050 200 4058.0 2 75.0

'H 2 0.038 85.0 0.035 275.0;

1 4.2 7 0.0 275.0 120.0 120 120
4050 0 4020.2 85.0 4020.2 95 4030 110 4040 125
4050 155 4058.0 275.0

!H 2 0.038 85.0 0.035 270.0
1 4.1 7 0.0 270.0 66.0 66 66

4050 0 4020.9 85.0 4020.9 95 4030 110 4040 125
4050 135 4058.0 270.0

;H 2 0.038 80.0 0.035 255.0
1 4 7 0.0 255.0 66.0 66 66

4050 0 4021.6 80.0 4021.6 90 4030 105 4040 120
4050 140 4058.0 255.0

'N 2 0.034 70.0 0.035 250.0 0 0 0 0 0
1 3 7 0.0 250.0 250.0 250 250 0 0 0

4050 0 4024.4 70.0 4024.4 80 4030 95 4040 115
4050 140 4058 250

k
jH 2 0.034 65.0 0.035 230.0 0 0 0 0 0
'1 2 8 0.0 230.0 260.0 260 260 0 0 0 i

4050 0 4027.2 65.0 4027.2 75 4030 85 4040 145
4050 1 75 4060.0 195.0 4060.0 230

W 2 0.034 60.0 0.035 220.0 0 0 0 0 0 ;
1 1 7 0.0 220.0 250.0 250 250 0 0 0 1

4050 0 4030.0 60.0 4030.0 70 4040 145 4050 155 i
'

4060 175 4060.0 220.0
i

|

h19
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Run DCto: 19MAY94 Run Time 16:48:05 HMVersion: 6.50 Data Files HISWSUB.IN Page 3

SECCD DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L BANK ELEV
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLC7E XLOBL XLCH XLOBR ITRIAL IDC 1 CONT CORAR TOPWID ENDST

PROF 1

sRITICAL DCPTH TO BE CALCULATED AT ALL CROSS SECTIONS

!

$90NHCARDUSED
(SECNO 10.000 l
]720 CRITICAL DEPTH ASSUMED l

10.000 4.60 4014.60 4014.60 4014.61 4016.25 1.65 0.00 0.00 4032.00 |
1605.0 0.0 1605.0 0.0 0.0 155.6 0.0 0.0 0.0 4037.00 '

O.00 0.00 10.32 0.00 0.000 0.038 0.000 0.000 4010.00 153.29 2

I0.016959 0. O. O. 0 4 0 0.00 47.61 200.91

{490NHCARDUSEDSECNO 9.000

302 WARCING: CONVEYANCE CHANGE OUTS!DE OF ACCEPTABLE RANGE, KRAT10 = 1.58
:

9.000 5.20 4016.90 4016.12 0.00 4017.60 0.71 1.35 0.00 4040.00 |
1605.0 0.0 1605.0 0.0 0.0 238,0 0.0 0.7 0.2 4040.00

I'0,01 0.00 6.74 0.00 0.000 0.035 0.000 0.000 4011.70 122.42
0.006000 150. 150. 150. 2 8 0 0.00 81.47 203.89 l

jo90NHCARDUSED
/SECCO 8,000

8.000 4.40 4017.80 4017.67 0.00 4018.91 1.10 1.30 0.00 4050.00 i
1605.0 0.0 1605.0 0.0 0.0 190.5 0.0 1.5 0.5 4050.00 1

0.01 0.00 8.43 0.00 0.000 0.035 0.000 0.000 4013.40 118.73
0.01165( 160. 160. 160. 3 15 0 0.00 76.39 195.12

l490 CH CARD USED
SSECNO 7.000

7,000 4.49 4019.59 4019.13 0.00 4020.37 0.78 1.46 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 226.2 0.0 2.2 0.8 4047.00

0.02 0.00 7.10 0.00 0.000 0.035 0.000 0.000 4015.10 113.29
0.0082FF 150. 150. 150. 2 11 0 0.00 90.81 204.10

1

490 NH CARD Uf.ED
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Run Dates 19MAY94 Run Times 16:48:05 HMVersion: 6.50 Data Files H:SWSUS.IN Page 4 |

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L* BANK ELEV
0 QLD6 QCH QR06 ALDS ACH AROS VOL TWA R BANK ELEV |

TIME VLOS VCH VRDB XNL XNCH XNR WTN ELMIN S3fA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

>$ECN0 6.500
6.500 4.28 4020.18 4019.82 0.00 4020.98 0.80 0.61 0.00 4050.00

1605.0 0.0 1605.0 0.0 0.0 222.9 0.0 2.6 1.0 4048.00
0.02 0.00 7.20 0.00 0.000 0.035 0.000 0.00C 4015.90 113.67

0.008784 72, 72. 72. 2 15 0 0.00 91.60 205.27

I

(490NHCARDUSEDSECNO 6.000
(185 MINIMUM SPECIFIC ENERGY
)720 CRITICAL DEPTH ASSUMED

6.000: 4.87 4021.57 4021.57 0.00 4023.01 1.43 0.84 0.00 4050.00
=1605.0 0.0 1605.0 0.0 0.0 167.1 0.0 2.9 1.1 4050.00

0.02 0.00 9.60 0.00 0.000 0.037 0.000 0.000 4016.70 108.41
0.014736 75. 75. 75. 0 8 0 0.00 58.67 167.08

[490MHCARDUSED
'SECNO 5.200
185 MINIMUM SPECIFIC ENERGY
;720 CRITlCAL DEPTH ASSUMED

5.200 -5.69 4023.09 4023.09 0.00 4024.65 1.56 0.97 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 160.2 0.0 3.1 1.2 4058.00

0.02 0.00 10.02 0.00 0.000 0.038 0.000 0.000 4017.40 90.80
0.014697 66. 66. 66. 0 8 0 0.00 51.31 142.10

j490NHCARDUSED
[SECNO5.100
/185 MINIMUM SPECIFIC ENERGY
J720 f;RITICAL DEPTH ASSUMED

5.100 6.00 4024.40 4024.10 0.00 4026.03 1.93 0.99 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 144.0 0.0 3.4 1.2 4058.00

0.03 0.00 11.15 0.00 0.000 0.038 0.000 0.000 4018.10 77.12
0.015295 66 66 66. 0 8 0 0.00 37.96 115.09

,

{490NHCARDUSEDSECNO 5.000
185 MINIMUM SPECIFIC ENERGY
T20 CRITICAL DEPTH ASSUMED

5.000 6.14 4025.04 4025.04 0.00 4027.03 1.99 0.96 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 141.7 0.0 3.6 1.3 4058.00

0.03 0.00 11.33 0.00 0.000 0.036 0.000 0.000 4018.90 68.22
0.013810 66. 66. 66. 0 8 0 0.00 36.17 104.40

i

|
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Run Dotor 19MAY94 Run Time: 16:48:05 HMyersion: 6.50 Data File: H:SWSUS.IN Page 5

SECN0 DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L BANK ELEV
Q QLOG QCH QR06 ALOS ACH AROB VOL TWA R= BANK ELEV
TIME VLOB VCH VR06 XNL XNCH XNR WTN ELMlN SSTA

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

$90NHCARDUSED
sSECNO 4.200

6.200 6.71 4026.91 4026.29 0.00 4028.37 1.46 1.34 0.00 4050.00
1605.0 0.0 1505.0 0.0 0.0 165.7 0.0 4.0 1.4 4058.00

0.03 0.00 9.69 0.00 0.000 0.036 0.000 0.000 4020.20 65.87
0.009306 120. 120. 120. 3 5 0 0.00 39,40 105.27

(490NHCARDUSED
SECNO 4.100

6.100 6.65 4027.55 4026.93 0.00 4028.97 1.43 0.60 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 167.4 0.0 4.3 1.5 4058.00

0.03 0.00 9.59 0.00 0.000 0.036 0.000 0.000 4020.90 65.59
0.009121 66. 66. 66. 2 11 0 0.00 40.37 105.95

(490NHCARDUSED
-SECNO 4.000

4.000 6.46 4028.06 4027.62 0.00 4029.61 1.54 0.63 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 160.9 0.0 4.5 1.5 4058.00

0.03 0.00 9.97 0.00 0.000 0.036 0.000 0.000 4021.60 61.78
0.010119 66. 66. 66, 2 11 0 0.00 39.77 101.55

@690NHCARDUSED
SECNo 3.000

3.000 6.15 4030.55 4030.17 0.00 4032.04 1.49 2.43 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 163.7 0.0 5.4 1.7 4058.00

0.04 0.00 9.80 0.00 0.000 0.035 0.000 0.000 4024.40 53.18
0.009348 250, 250. 250. 2 11 0 0.00 42.91 96.10

(690NHCARDUSEDSECNO 2.000
I 2.000 5.99 4033.19 4032.67 0.00 4034.33 1.14 2.29 0.00 4050.00

1605.0 0.0 1605.0 0.0 0.0 187.6 0.0 6.5 2.0 4060.00
0.05 0.00 8.56 0.00 0.000 0.035 0.000 0.000 4027.20 47.92

0.008319 260. 260, 260. 2 11 0 0.00 56.24 104.15

(690NHCARDUSEDSECNO 1.000
1.000 5.37 4035.37 4034.78 0.00 4036.32 0.95 1.99 0.00 4050.00

1605.0 0.0 1605.0 0.0 0.0 205.2 0.0 7.6 2.4 4060.00
0.06 0.00 7.82 0.00 0.000 0.035 0.000 0.000 4030.00 43.89

0.00701F 250. 250. 250. 2 15 0 0.00 66.40 110.29

.___.__ _.___ ___ _ _ _____________._. _
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PROFILE FOR STREAM SUSCRiflCAL RUN a NO WE

PLOTTED PolNis (BY PRIORITV) E-ENERGY,W-WATER SURFACE,l. INVERT,C CRITICAL W.S.,L LEFT BANK,R RIGHT BANK,M LOWER END STA
,

ELEVATION 4010. 4015. 4020. 4025. 4030. 4035. 4040. 4045. 4050. 4055.
SECNO CUMDIS

10.00 0. I W. E L R. . . . . . . . .

20. I W E L R. . . . . . . . .

40. .I W E L. R. . . , . . . .

60. .I CW E L R. . . . . . . .

80. .! .CW E L R. . . . . . . . .

100. .! .CW E L R.. . . . . . . .

120. 1 . CW E L R.. . . . . . . . .

140. I . CW E LR .. . . . . . . . . ,

9.00 160. ! . C WE L. . . . . . . . .

180. 1 CW E L. . . . . . . . . . .

200 ! CW E L. . . . . . . , , . .

220 I CW E L.. . . . . . . . . .

240. 1 CW E L. . . . . . . . . .

260. I CW E L. . . . . . . . . . .

280. l WE L. . . . . . . . . . .

300. ! WE L.. . . . . . . . . .

8.00 320 ! CW E . L. . . . . . . . .

340. 1 WE. RL. . . . . . . . .

360. !. CW E . RL. . . . . . . .

380. 1. W E. RL. . . . . . . .

400 1. CWE. R L. . . . . . . .

420. I. CW E R L. . . . . . . .

440. I WE R L. . . . . . . .

7.00 460. I CW.E R L. . . . . . . .

480 .I CWE R L. . . . . . . .

500 .I CWE R L. . . . . . . .

520. .I CW E R L. . . . . . . .

6.50 540. .I WE R L
560. .! .W E R L .-

. . . . . . . . .i

i
. . . . . . .

580 1 .WE RL |. . . . . . . . .

600. ! . CW E RL 1. . . . . . . . .

6.00 620. l W E L. . . . . . . . . .

640. ! W E L R.. . . . . . . . . .

660. ! W E. L R. . . . . . . .

5.20 680. 1 W E. L R. . . . . . . . .

700 I W E L R. . . . . . . . .

720. ! W .E L R. . . . . . . . .

5.10 740. 1 W.E L R. . . . . . . . .

760. l W. E L R. . . . . . . . ,

780. I W. E L R. . . . . . . . .

800. !. W E L R. . . . . . . .

5.00 820. !. W E L R. . . . . . , .

840. !. CW E L R.- . . . . . . .

860. 1. .W E L R-. . . . . . . .

880. I. .CW E R. . . . . . . .

900. 1 . CW E -L R. . . . . . , .

920. ! . CW E L R. . . . . . . .

6.20 940. 1 CW E L R.. . . , . . . . .

960 .I CW E'. L~ R. . . . . . . .

980. .I CWE L R-. . . . . . . . .

6.10 1000 .1 CW E. L R. . . . . . .

1020. .I CW E. L R, . . . . . . .

1040. ! CW E. L R. . . . . . . . .

6.00 1060. ! CW E. L R. . . . . . . . .

1080. ! CW E L R. . . . . . .. . .

1100 I CW E L R. . . . . . . . .

1120. 1 CW E L R. . . . . . . . .

1140 I CW .E L R. . . . . . . , .

1160.. . I CW .E L R. . . , . . . .

1180. I CW. E L R. . . . . . . . .

1200. 1 CW. E L R. . . . . . . . .

1220. I W. E L R. . . . . . . . .

1240 1 CW E L R. . . . . . . . .

1260. !. CW E L R. . . . . . . .

. -- ~ - . , _ . - , -. ., , , ., .-
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9280. I. CW E L R. . . . . . . .

1300. 1. CW E L R. . . . . . . .

3.00 1320. I. CW E L R. . . . . . . .

1340. 1. .CW E L R. . . . . . . ,

1360. 1 .CW E L R. . . . . . . .

1380. ! .CW E L R.,
. . . . . . ,

1400. .I . CW E L R. . . . . . , .

1420. .I . CW E L R,. . . . . . ,

1440. .I CW E L R.. . . . . . . .

1460. .! CW E L R.. . . . . . . .

1480. .! CW E L R,. . . . . . . .

1500. ! CW E L R.. . . . . . . . .

1520. ! CW E. L R.. . . . . . . .

1540. ! CW E . L R.. . . . . . . ,

1560. 1 CW E . L R. . . . . . . ,

2.00 1580. ! CW E. L R. . . . . . . .

1600. I CW E. L R. . . . . . . .

1620. ! CW E . L R. . . . . . . ,

1640. 1 CW E L R. . . . . . . ,

1660. 1 CW E L R. . . . . . . .

1680. I CW E L R. . . . . . . .

1700. ! CW .E L R. . . . . . . .

1720. I. CW.E L R. . . . . . ,

1740. !. CW.E L R. . . . , . .

1760. !. CWE L .R. . . . . . .

1780. 1. CW E L R. . . . . . .

1800. I. CW E L R. . . . . . ,

1.00 1820. I CW E L R. . . . . . ,

|

|

,
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Rui D:ts: 19MAY94 Run Time: 16:48:05 HMyersion: 6.50 Data File: H:SWSUB.lN Page 6

THIS RUN EXECUTED 19MAY94 16:48:07
3222eesesere........ ******e**** ....

HEC 2 WATER SURFACE PROFILES

.V;r s i .oness.4 6. 2. .; ..M. a.y 1991. . e* * * * * * *:2322 5 .. *

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

SUBCRITICAL RUN NO WE

pVMMARYPRINTOUTTABLE 150

SECNO XLCH ELTRD ELLC ELMIN Q CWSEL CRlWS EG 10*KS VCH AREA .01K

0.00 0.00 0.00 4010.00 1605.00 4014.60 4014.60 4016.25 149.59 10.32 155.57 131.23

C
10.000

9.000 150.00 0.00 0.00 4011.70 1605.00 4016.90 4016.12 4017.60 60.00 6.74 238.02 207.21

8.000 160.00 0.00 0.00 4013.40 1605.00 4017.80 4017.67 4018.91 116.56 8.43 190.50 148.66

7.000 150.00 0.00 0.00 4015.10 1605.00 4019.59 4019.13 4020.37 82.77 7.10 226.16 176.42

6.500 72.00 0.00 0.00 4015.90 1605.00 4020.18 4019.82 4020.98 8 7. 84 7.20 222.94 171.24

6.000 75.00 0.00 0.00 4016.70 1605.00 4021.57 4021.57 4023.01 147.36 9.60 167.12 132.2)

5.200 66.00 0.00 0.00 4017.40 1605.00 4023.09 4023.09 4024.65 146.97 10.02 160.23 132.39

5.100 66.00 0.00 0.00 4018.10 1605.00 4024.10 4024.10 4026.03 152.95 11.15 143.95 129.78

5.000 66.00 0.00 0.00 4018.90 1605.00 4025.04 4025.04 4027.03 138.10 11.33 141.70 136.58

4.200 120.00 0.00 0.00 4020.20 1605.00 4026.91 4026.29 4028.37 92.06 9.69 165.71 167.28

4.100 66.00 0.00 0.00 4020.90 1605.00 4027.55 4026.93 4028.97 91.21 9.59 167.37 168.05

4.000 66.00 0.00 0.00 4021.60 1605.00 4028.06 4027.62 4029.61 101.19 9.97 160.94 159.55

3.000 250.00 0.00 0.00 4024.40 1605.00 4030.55 4030.17 4032.04 93.48 9.80 163.75 166.01

2.000 260.00 0.00 0.00 4027.20 1605.00 4033.19 4032.67 4034.33 83.19 8.56 187.61 175.98

1.000 250.00 0.00 0.00 4030.00 1605.00 4035.37 4034.78 4036.32 76.17 7.82 205.18 183.90

|
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Run D:ts: 19KAY94 Run Times 16:48:05 HMVersion: 6.50 Data Files HISWSUB.IN Page 7

$U8 CRITICAL RUN * NO VE

W RY PRINTOUT TABLE 150

$ECN0 Q CWSEL OlFWSP DIFWSX DIFKWS TOPWID XLCH

10.000 1605.00 4014.60 0.00 0.00 0.01 47.61 0.00

9.000 1605.00 4016.90 0.00 2.30 0.00 81.47 150.00

8.000 1605.00 4017.80 0.00 0.91 0.00 76.39 160.00

7.000 1605.00 4019.59 0.00 1.78 0.00 90.81 150.00

6.500 1605.00 4020.18 0.00 0.59 0.00 91.60 72.00

6.000 1605.00 4021.57 0.00 1.40 0.00 58.67 75.00

5.200 1605.00 4023.09 0,00 1.52 0.00 51.31 66.00

5.100 1605.00 4024.10 0.00 1.01 0.00 37.96 66.00

5.000 1605.00 4025.04 0.00 0.94 0.00 36.17 66.00

4.200 1605.00 4026.91 0.00 1.87 0.00 39.40 120.00

4.100 1605.00 4027.55 0.00 0.63 0.00 40.37 66.00

4.000 1605.00 4028.06 0.00 0.52 0.00 39.77 66.00

3.000 1605.00 4030.55 0.00 2.48 0.00 42.91 250.00

2.000 1605.00 4033.19 0.00 2.65 0.00 56.24 260.00

1.000 1605.00 4035.37 0.00 2.18 0.00 66.40 250.00
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Run D:ts: 19MAY94 Run Time: 16:48:05 HMVersion: 6.50 Data Filer H SWSUB.lN Page 8

SLMMARY OF ERRORS AND f' fAL NOTES

CAUTION SECHO= 10.000 PROFILE = 1 CRITICAL DEPTH ASSUMED

WARNING SECN0= ?.000 PROFILE = 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANCE

CAUTION SECN0= 6.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
CAUTION SEC::0= 6.000 PROFILE = 1 MINIMUM SPECIFIC ENERGY

CAUTIC'2 SECN0= 5.200 PROFILES 1 CRITICAL DEPTH ASSUMED
CAUTION SECN0= 5.200 PROFILE = 1 MINIMUM SPECIFIC ENERGY

CAUT!DN SEC20= 5.100 PROFILE = 1 CRITICAL DEPTH ASSUMED
CAUTIC% SECN0= 5.100 PROFILE = 1 MINIMUM SPECIFIC ENERGY

CAUTION SECN0= 5.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
[.AUTION SECN0= 5.000 PROFILES 1 filNIMUM SPECIFIC ENERGY

|

|
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$C2S/N: 1916530006 MMyersion: 6.50 Data Files HISWSUP.IN
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HEC +2 WATER SURFACE PROFILES * * O.S. ARMY CORPS OF ENGINEERS *
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Run Orts: 19MAY94 Run Times 16:47 51 HMVersion: 6.50 Data File H SWSUP.IN Page 1

'.HIS RUN EXECUTED 19MAY94 16:47:51
>essessesese.........................

NEC 2 L'ATER SURFACE PROFILES

weeeeeeeeee 6. 2.;..M.ay 199.1..........V:rsion 4
. .....

|

't
1 SOUTHWEST CHANNEL
2 ATLAS MINERALS 88 067 5/12/94
3 $UPERCRITICAL RUN * NO WEDGE

1 ICHECK INQ N!NV ID!R STRT METRIC HVINS Q WSEL FQ

0. D. 0. 1 -1. 0 1.0 1605. 4034.8 0

K 0.03 0.03 0.03
.H 2 0.034 60 0.035 220
1 1.0 7.0 0.0 220.0 250.0 250.0 250.0 0.0 0.0 0.0

4050.0 0.0 4030.0 60.0 4030.0 70.0 4040.0 145.0 4050.0 155.0
4060.0 175.0 4060.0 220.0

jH 2 0.034 65 0.035 230
1 2.0 8 0.0 230.0 260.0 260.0 260.0

4050.0 0.0 4027.2 65.0 4027.2 75.0 4030.0 85.0 4040.0 145.0 )
4050.0 175.0 4060.0 195.0 4060.0 230.0

'M 2 0.034 70 0.035 250
1 3.0 7 0 250 250 250 250

4C50.0 0.0 4024.4 70.0 4024.4 80.0 4030.0 95.0 4040.0 115.0
4050.0 140.0 4058 250

H 2 0.038 80 0.035 255q
1 4.0 7 0 255 66 66 66

4050.0 0.0 4021.6 80.0 4021.6 90.0 4030.0 105.0 4040.0 120.0
4050.0 140.0 4058.0 255.0

2 0.03E 85 0.035 270
1 4.1 7 0 270 66 66 66

4050.0 0.0 4020.9 85.0 4020.9 95.0 4030.0 110.0 4040.0 125.0
4050.0 135.0 4058.0 270.0

2 0.038 85 0.035 275
1 4.2 7 0 2 75 120 120 120

4050.0 0.0 4020.2 85.0 4020.2 95.0 4030.0 110.0 4040.0 125.0
4050.0 155.0 4058.0 2 75.0

- .
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Run D ts: 19MAY94 Run Times 16:47:51 HMyersion: 6.50 Data Files HaSWSUP lN Page 2

9H 2 0.038 85 0.035 2 75.0
1 5.0 7 0 2 75 66 66 66

4050.0 0.0 4018.9 85.0 4018.9 95.0 4030.0 112.0 4040.0 150.0
4050.0 200.0 4058.0 275.0<

#'N 2 0.042 95 0.035 280.0
1 5.1 7 0 280 66 66 66

4050.0 0.0 4018.1 95.0 4018.1 105.0 4030.0 125.0 4040.0 205.0-

4050.0 225.0 4058.0 280.0-

:H 2 0.042 110 0.035 280.0
#

1 5.2 7 0 280 66 66 66
4050.0 0.0 4017.4 110.0 4017.4 115.0 4030.0 175.0 4040.0 220.0
4050.0 230.0 4058.0 280.0>

|H 2 0.042 127 0.035 285.0
1 6.0 8.0 0.0 285.0 75.0 75.0 75.0 0.0 0.0 0.0

4050.0 0.0 4016.7 127.0 4016.7 133.0 4020.0 160.0 4030.0 205.0
4040.0 230.0 4050.0 245.0 4050.0 285.0

H 2 0.034 130 0.035 290.0g
1 6.5 8.0 0.0 290.0 72.0 72.0 72.0

4050.0 0.0 4015.9 130.0 4015.9 140.0 4020.0 205.0 4030.0 220.0
4040.0 240.0 4048.0 265.0 4048.0 290.0

H 2 0.034 130 0.035 290
1 7.0 7.0 0.0 290.0 150.0 150.0 150.0 0.0 0.0 0.0

4050.0 0.0 4015.1 130.0 4015.1 140.0 4020.0 210.0 4030.0 225.0
4040.0 240.0 4047.0 290.0

H 2 0.034 135 0.035 310
31 8.0 7.0 0.0 310.0 160.0 160.0 160.0 0.0 0.0 0.0

4050.0 0.0 4013.4 135.0 4013.4 145.0 4020.0 220.0 4030.0 235.0
4040.0 250.0 4050.0 310.0

H 2 0.034 150 0.035 320.0
1 9.0 7.0 0.0 320.0 150.0 150.0 150.0 0.0 0.0 0.0

4040.0 0.0 4011.7 150.0 4011.7 160.0 4020.0 230.0 4030.0 255.0
R 4040.0 270.0 4040.0 320.0

H 2.0 0.038 204.2 0.035 325.0
1 10.0 8.0 0.0 325.0 0.0 0.0 0.0

4032.0 0.0 4015.7 150.0 4010.0 167.1 4010.0 187.1 4015.7 204.2
4020.0 240.0 4030.0 270.0 4037.0 325.0

.-
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Run DOto: 19MAY94 Run Time: 16:47:51 HMVersion: 6.50 Data Files H SWSUP.IN Page 3

'

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L* BANK ELEV
Q QLOS QCH QR08 ALDS ACH AR08 VOL TWA R* BANK ELEV
TIME 'VLOS VCH VR08 XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOSL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

'PR0f 1

1490 NH CARD USED
'SECNO 1.000
5730 CRITICAL DEPTH ASSUMED

-1.000 4.78 4034.78 4034.78 4034.80 4036.20 1.42 0.00 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 167.8 0.0 0.0 0.0 4060.00

0.00 0.00 9.56 0.00 0.000 0.035 0.000 0.000 4030.00 45.66
0.013059 0. O. O. 0 4 0 0.00 60.20 105.86

1490 NH CARD U$[D
'SECNO 2.000
485 20 TRIALS ATTEMPTED WSEL,CWSEL
L693 PRCABLE MIN! MUM SPECIFIC ENERGY
1720 CRITICAL DEPTH ASSUMED

2.000 5.49 4032.69 4032.69 0.00 4034.24 1.55 3.20 1.60 4050.00
1605.0 0.0 1605.0 0.0 0.0 160.4 0.0 0.9 0.3 4060.00

0.01 0.00 10.00 0.00 0.000 0.035 0.000 0.000 4027.20 49.35
0.012555 250. 250. 250. 20 8 0 0.00 51.79 101.14

1590 NH CARD USED
'SECNO 3.000
kb85 20 TRIALS ATTEMPTED WSEL,CWSEL
L693 PROBABLE MINIMUM SPECIFIC ENERGY
L720 CRITICAL DEPTH ASSUMED

3.000 5.77 4030.17 4030.17 0.00 4032.00 1.83 3.25 1.61 4050.00
1605.0 0.0 1605.0 0.0 0.0 147.8 0.0 1.9 0.6 4058.00

0.01 0.00 10.86 0.00 0.000 0.035 0.000 0.000 4024.40 54.22
0.012400 260. 260. 260. 20 8 0 0.00 41.12 95.34

IS90 NH CARD USED '

'SECNO 4.000
485 20 TRIALS ATTEMPTED WSEL,CWSEL
L693 PR OABLE MINIMUM SPECIFIC ENERGY
T20 CRITICAL DEPTH ASSUMED

6.000 6.02 4027.62 4027.62 0.00 4029.56 1.94 3.26 0.03 4050.00
1605.0 0.0 1605.0 0.0 0.0 143.5 0.0 2.7 0.8 4058.00

0.02 0.00 11.18 0.00 0.000 0.036 0.000 0.000 4021.60 63.05
0.013750 250. 250, 250. 20 8 0 0.00 37.70 100.75

)

)
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Run Dit3 19MAY94 Run Time: 16:47:51 HMVersion: 6.50 Data File: H:SWSUP.IN Page 4

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLD0 QCH QROB ALOS ACH AR08 VOL TWA R-BANK ELEV
TIME VLOS VCH VR00 XNL XNCH XNR WTN ELMIN SSTA

SLDPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

1190 NH CARD USED
'SECNO 4.100
E685 20 TRI ALS ATTEMPTED WSEL,CWSEL
I693 PRCIABLE MINIMUM SPECIFIC ENERGY
1720 CRITICAL DEPTH ASSUMED

4.100 6.05 4026.95 4026.95 0.00 4028.88 1.73 0.91 0.08 4050.00
1605.0 0.0 1605.0 0.0 0.0 143.9 0.0 2.9 0.9 4058.00

0.02 0.00 11.15 0.00 0.000 0.036 0.000 0.000 4020.90 67.34
0.013673 66. 66. 66, 20 5 0 0.00 37.62 104.96

1190 NH CARD USED
'SECNO 4.200
;685 20 TRI ALS ATTEMPIED WSEL,CVSEL
5693 PRCCABLE MINIMUM SPECIFIC ENERGY
1720 CRITICAL DEPTH ASSUMED

4.200 6.11 4026.31 4026.31 0.00 4028.27 1.95 0.90 0.38 4050.00
1605.0 0.0 1605.0 0.0 0.0 143.1 0.0 3.1 0.9 4058.00

0.02 0.00 11.22 0.00 0.000 0.036 0.000 0.000 4020.20 67.56
0.013659 66. 66 66. 20 5 0 0.00 36.80 1C4.36

(90 NH CARD USED
'SECNO 5.000
;685 20 TRIALS ATTEMPTED WSEL,CWSEL
i693 PRCCABLE MINIMUM SPECIFIC ENERGY
iT20 CRlilCAL DEPTH ASSUMED

5.000 6.15 4025.05 4025.05 0.00 4027.03 1.98 1.64 0.69 4050.00
1605.0 0.0 1605.0 0.0 0.0 142.1 0.0 3.5 1.0 4058.00

0.03 0.00 11.29 0.00 0.000 0.036 0.000 0.000 4018.90 68.19
0.013700 120. 120. 120. 20 5 0 0.00 36.22 104.42

t90 NH CARD USED
'SEC::0 5.100

5.100 5.88 4023.98 4024.12 0.00 4026.04 2.05 0.99 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 139.6 0.0 3.7 1.1 4058.00

0.03 0.00 11.50 0.00 0.000 0.038 0.000 0.000 4018.10 77.47
0.016606 66. 66. 66. 4 8 0 0.00 37.42 114.89

190 ::H CARD USED
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Run Date: 19MAY94 Run Time: 16:47251 HMyersion: 6.50 Data File: H:SWSUP.IN Page 5 i

|

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLOG QCH QR08 ALOS ACH AR08 VOL TWA R BANK ELEV
TIME VLOB VCH VR00 XNL XNCH XNR WTN ELMIN SSTA
SLCPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

|
*SECNO 5.200 1

5.200 5.21 4022.61 4023.09 0.00 4024.77 2.15 1.27 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 136.3 0.0 3.9 1.2 4058.00 ;

0.03 0.00 11.77 0.00 0.000 0.038 0.000 0.000 4017.40 92.43 |
0.022603 66. 66. 66. 4 8 0 0.00 47.36 139.79

1690 NH CARD USED
'SECNO 6.000

6.000 4.33 4021.03 4021.55 0.00 4023.17 2.14 1.59 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 136.7 0.0 4.2 1.2 4050.00

0.03 0.00 11.74 0.00 0.000 0.037 0.000 0.000 4016.70 110.47
0.025768 66. 66. 66. 5 11 0 0.00 54.18 164.65

l

1490 NH CARD USED
"SECNO 6.500 !

6.500 3.38 4019.28 4019.82 0.00 4021.15 1.88 2.02 0.00 4050.00 |
1605.0 0.0 1605.0 0.0 0.0 146.1 0.0 4.4 1.3 4048.00 1

0.03 0.00 10.99 0.00 0.000 0.035 0.000 0.000 4015.90 117.12
0.025247 75. 75. 75. 5 11 0 0.00 76.45 193.57

1490 NH CARD USED
"$ECN0 7.000
5685 20 TRIALS AffEMPTED WSEL,CWSEL
5693 PRC ABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED j

7.000 4.02 4019.12 4019.12 0.00 4020.28 1.16 1.39 0.02 4050.00 1

1605.0 0.0 1605.0 0.0 0.0 186.0 0.0 4.7 1.5 4047.00 |
0.03 0.00 B.63 0.00 0.000 0.035 0.000 0.000 4015.10 115.01 t

0.013958 72. 72. 72. 20 11 0 0.00 82.47 197.48

!490 NH CARD USED
fSECNO8.000
5685 20 TRIALS ATTEMPTED WSEL,CWSEL
5693 PRCIABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTii ASSUMED

8.000 4.27 4017.67 4017.67 0.00 4018.91 1.24 2.07 0.03 4050.00
1605.0 0.0 1605.0 0.0 0.0 179.7 0.0 5.3 1.7 4050.00

J.04 0.00 0.93 0.00 0.000 0.035 0.000 0.000 4013.40 119.26
0.013623 150. 150. 150. 20 8 0 0.00 74.23 193.49

)

|
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Qwi Date: 19MAY94 Run Time: 16:47:51 HMVersion: 6.50 Data File: H SWSUP.IN Page 6

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L BANK ELEV
Q QLOB QCH QROB ALOS ACH AROS VOL TWA R* BANK ELEV
TIME VLDS VCH VROB XNL XNCH XkR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC | CONT CORAR TOPWID ENDST

490 NH CARD USED
SEC W 9.000

5 20 TAIALS ATTEMPTED WSEL,CWSEL
93 PROBABLE MINIMUM SPECIFIC ENERGY

720 CRITICAL DEPTH ASSUMED
9.000 4.40 4016.10 4016.10 0.00 4017.38 1.28 2.16 1.10 4040.00

1605.0 0.0 1605.0 0.0 0.0 176.7 0.0 6.0 2.0 4040.00
0.04 0.00 9.08 0.00 0.000 0.035 0.000 0.000 4011.70 126.69

0.013320 160. 160. 160. 20 8 0 0.00 70.39 197.08

490 NH CARD USED
SECNO 10.000 -

5 20 TRIALS ATTEMPTED WSEL,CWSEL
693 PROBABLE MINIMUM SPECIFIC ENERGY

3720CRITICALDEPTHASSUMED
10.000 4.59 4014.59 4014.59 0.00 4016.25 1.66 2.12 0.90 4032.00
1605.0 0.0 1605.0 0.0 0.0 155.2 0.0 6.5 2.2 4037.00 1

0.05 0.00 10.34 0.00 0.000 0.038 0.000 0.000 4010.00 153.31
0.015046 150. 150, 150, 20 8 0 0.00 47.57 200.89

|
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)ROFILE FOR STREAM SUPERCRITICAL RUN NO

PLOTTED POINTS (BY PRIORITY) E ENERGY,W WATER SURFACE,1-INVERT,C CRITICAL W.S.,L LEFT BANK,R-RIGHT BANK,M LOWER END STA

ILEVAfl0N 4010. 4015. 4020, 4025. 4030, 4035, 4040. 4045, 4050. 4055.
SECNO CUMDIS

1.00 0. I WE L R. . . . . . .

20. I W. E L R. . . . . . .

40. 1. W. E L R. . . . . . ,

60. I. W.E L R. . . . . . .

80 !. W .E L R. . . . . . .

100. !. W .E L R. . . . . . ,

120. I W .E L R. . . . . . . .

140. 1 W E L R. . . . . . . ,

160. I W E L R. . . . . . . .

180. 1 W E L R. . . . . . . .

200. 1 W E. L R. . . . . . . .

220. I W E. L R. . . . . . . .

240. I W E. L R. . . . . . . ,

2.00 260. I W E. L R. . . . . . . .

280. 1 W E. L R. . . . . . . .

300. l W E. L R.. . . . . . . .

320. ! W E L R.. . . . . . . . ,

340. I W E L R.. . . . . . . . .

360. .! W E L R'.. . . . . . . .

380. .I W E L R.. . . . . . ,

400. .I W E L R,. . . . . . . .

420. .I .W E L R.. . . . . . .

440. .I .W E L R. . . . . . , .

460. 1 .W E L R, . . . . . . ,

480. ! .W E L R. . . . . . . .

500. 1. .W E L R. . . . . . . ,

3.00 520. 1. W E L R. . . . . . , ,

540. I. W E L R. . . . . . , .

560. 1. W E L R. . . . . . . .

580. ! W. E L R. . . . . . . . .

600. l W. E L R. . . . . . . . .

620. 1 W.E L R. . . . . . . . .

640. I W.E L R. . . . . . . .

660. I W .E L R. . . . . . . . .
,

680 ! W .E L R. . . . . . . . .

700. I W E L R. . . . . . . . .

720. I W E L R. . . . , . . . .

740. ! W E L R. . . . . . . . .

I 4.00 760. I W E. L R. . . . . . . . .

780. I W E. L R. . . . . . . , .

800. .! W E. L R. . . . . . . .

820. .I W E. L R. . . . . . . .

4.10 84 0. .I W E. L R. . . . . , .

860. .I W E L R. . . . . . . , .

880. .I W E. . . . . . . L R, ,

4.20 900. 1 W E L R. . . . . . . . ,

920. ! .W E L R. . . . . . , ,

940. 1 .W E L R. . . . . . . .

960. 1. .W E L R. . . . . . . .

980. I. .W E L R. . . . . . . .

1000. 1. .W E L R. . . . . . ,

5.00 1020. !. W E L R. . . . . . ,

1040. 1 WC E L R. . . . . . . . .

1060. 1 W. E L R. . . , . . . . .

5.10 1080. I W.E L R. . . . . . . . ,

1100. ! WC .E L R. . . . . . . . .

1120. ! WC .E L R. . . . . . . . .

1140. 1 WC E L R. . . . . . . . .

5.20 1160. I WC E L R A. . . . . . . . .

1180. 1 WC E. L .R. . . . . . . .

1200. I WC E. L R. . . . . . . . .

6.00 1220. I . WC E L. . . . . . . , .

1240. 1 .WC E RL. . . . . . . . .

1260. I WC E RL. . . . . . . . .

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ ._ ._. _ _ _ _ _ _ _ _ _ _
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1280 .I WC E R L. . . . . . . .

6.50 1300. .I WC E R L. . . . . . . .

1320. .I WC. E R L. . . . . . . .

1340. .I WC.E R L. . . . . . . .

7.00 1360. I W .E R L. . . . . . . .

1380. I WE R L. . . . . . . .

1400. I. W E R L. . . . . . . .

1420. I. W E. R L. . . . . . . .

1440. I. W E. R L. . . . . . . .

1460. I. W E. RL. . . . . . . .

1480. I WE. RL. . . . . . . . .

1500. I WE. L. . . . . . . . .

8.00 1520. t W E. L. . . . . . . . .

1540. 1 WE L.. . . . . . . . . .

1560. 1 WE L. . . . . . . . . . .

1580. ! W E L. . . . . . . . . .

1600. 1 WE L. . . . . . . , . .

1620. W F L.. . . . . . . . . . .

1640. ! W E L. . . . . . . . . . .

1660. 1 WE L. . . . . . . . . . .

9.00 1680. I .W E L. . . . . . . .

1700. I .WE LR.. . . . . . . . .

1720. .I .W E LR.. . . . . . . .

1740. .I .W E L R.. . . . . . . .

1760 .I .W E .L R. . . . . . . .

1780. .I W E L. R. . . . . . . .

1800. .I W E L R. . . . . . . . . ,

10.00 1820. I W. E L R !. . . . . . . . .

l
:
1

I

l

1
1
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Run Osts: 19MAY94-- Run Time: 16:47:51 HMyersion: 6.50 Data File: H:SWSUP.IN Page 7
,

I,
.

THIS RUN EXECUTFD 19MAY94 16:47:53
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

NEC-2 WATER SURFACE PROFILES

Vsrsion3eeeeeeeee.4 6. 2..; ..M*ay 1991........... * . . .
i

|

|
WOTE ASTERISK (*) AT LEFT OF CROSS SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST i

SUPERCRITICAL RUN - NO

BUMMARY PRINTOUT TABLE 150
,

SECNO XLCH ELTRD ELLC ELMIN Q CWSEL CRIWS EG 10*KS VCH AREA .01K

* 1.000 0.00 0.00 0.00 4030.00 1605.00 4034.78 4034.78 4036.20 130.59 9.56 167.83 140.45

2.000 250.00 0.00 0.00 4027.20 1605.00 4032.69 4032.69 4034.24 125.55 10.00 160.44 143.24)

) 3.000 260.00 0.00 0.00 4024.40 1605.00 4030.17 4030.17 4032.00 124.09 10.P6 147.79. 144.08
> 4.000 250.., 0.00 0.00 4021.60 1605.00 4027.62 4027.62 4029.56 137.59 11.18 143.54 136.83

|
4.100 66.00 0.00 0.00 4020.90 1605.00 4026.95 4026.95 4028.88 136.73 11.15 143.94 137.261

4.200 66.00 0.00 0.00 4020.20 1605.00 4026.31 4026.31 4028.27 136.59 11.22 143.06 .137.33'

5.000 120.00 0.00 0.00 4018.90 1605.00 4025.05, 4025.05 4027.03 137.00 11.29 142.13 137.13 .|
'

5.100 66.00 0.00 0.00 4018.10 1605.00 4023.98 4024.12 4026.04 166.06 1'1.50 139.59 124.55 '!

5.200 66.00 0.00 0.00 4017.40 1605.00 4022.61 =023.09 4024.77 226.03 11.77 136.32 106.76

6.000 66.00 0.00 0.00 4016.70 1605.00 4021.03 4021.55 4023.17 257.68 11.74 136.67 99.99

|6.500 75.00 0.00 0.00 4015.90 1605.00 4019.28 4019.82 4021.15 282.47 10.99 146.05 95.50

* 7.000 72.00 0.00 0.00 4015.10 1605.00 4019.12 4019.12 4020.28 139.58 8.63 186.04 135.85

* 8.000 150.00 0.00 0.00 4013.40 1605.00 4017.67 4017.67 4018.91 136.23 8.93 179.72 137.51-

9.000 160.00 0.00 0.00 4011.70 1605.00 4016.10 4016.10 4017.38 133.20 9.08 176.73 139.07*

*. 10.000 150.00 0.00 0.00 4010.00 1605.00 4014.59 4014.59 4016.25 150.46 10.n 155.24 130.85-

|
1

!
J

- , - . . _ _ , __ _ _ _ .
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Run Dsts: 19MAy94 Run Time: 16:47:51 HMyersion: 6.50 Data File: H:SWSUP.IN Page 8

SUPERCRITICAL RUN NO

pUMMARY PRINTOUT TABLE 150

SECNO Q CWSEL DIFWSP O!FWSX OlFKWS TOPWID XLCH

1.000 1605.00 4034.78 0.00 0.00 -0.02 60.20 0.00*

2.000 1605.00 4032.69 0.00 2.09 0.00 51.79 250.00'

3.000 1605.00 4030.17 0.00 -2.52 0.00 41.12 260.00*

4.000 1605.00 4027.62 0.00 2.55 0.00 37.70 250.00*

a 4.100 1605.00 4026.95 0.00 -0.67 0.00 37.62 66.00

4.200 1605.00 4026.31 0.00 -0.63 0.00 36.80 66.00a

5.000 1605.00 4025.05 0.00 1.26 0.00 36.22 120.00
*

5.100 1605.00 4023.98 0.00 -1.07 0.00 37.42 66.00

5.200 1605.00 4022.61 0.00 -1.37 0.00 47.36 66.00

6.000 1605.00 4021.03 0.00 1.58 0.00 54.18 66.00

6.500 1605.00 4019.28 0.00 -1.76 0.00 76.45 75.00

3 7.000 1605.00 4019.12 0.00 -0.15 0.00 82.47 72.00

6.000 1605.00 4017.67 0.00 -1.46 0.00 74.23 150.00

9.000 1605.00 4016.10 0.00 -1.57 0.00 70.39 160.00

10.000 1605.00 4014.59 0.00 -1.50 0.00 47.57 150.00

i

.

,
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Run Dates - 19MAY94 Run Tlire: 16:47:51 HMyersion: 6.50 pata Files H:SWSUP.lN Page 9

SUMMARY OF ERROR $ AND SPECIAL NOTES

CAUTION SECN0s 1.000 PROFILE = 1 CRITICAL DEPTH ASSUMED |

|AUTION SEC::0= 2.000 PROFILES '1 CRITICAL DEPTH ASSUMED |

|AUTION SEC:to= 2.000 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY
CAUTION M "a 2.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTION SECN0= 3.000 PROFILE = 1 CRITICAL DEPTH ASSUMED I

:AUTION SECNos 3.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY |

|:AUTICQ SECN0= 3.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
1

CAUTIC2 SECN0= 4.000 PROFILES 1 CRITICAL DEPTH ASSUMED .)
:AUTIC;# SECN0= 4.000 PROFILE = 1 PROBABLE MINIMUM $PECIFIC ENERGY ,

:AUTIC;d SECN0= 4.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL i
l

:AUTIC:i SECN0= 4.100 PROFILE = 1 CRITICAL DEPTH ASSUMED' |
'"AUTION SECN0= 4.100 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY

:AUTIC4 SECN0= 4.100 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL i

:AUTION SECN0= 4.200 PROFILE = 1 CRITICAL DEPTH ASSUMED
:AUTICd SECN0= 4.200 PROFILES 1 PROBABLE MINIMUM SPECIFlc ENERGY
:AUTICW SECN0= 4.200 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTicu SEC:0* 5.000 PROFILEn 1 CRITICAL DEPTH ASSUMED
:AUTICW SECN0= 5.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
AUTION SECN0s 5.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTION SECN0= 7.000 PROFILES 1 CRITICAL DEPTH ASSUMED ,

:AUTIC2 SECN0= 7.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY l

:AUTICW SECN0= 7.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTION SECN0= 8.000 PROFILfm 1 CRITICAL DEPTH ASSUMED .i
'

:AUTION SECN0= 8.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
MUT!03 SECNo= 8.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

MUTICH SECN0= 9.000 PROFILE = 1 CRITICAL DEPTH A$$UMED
:AUTICQ SECN0= - 9.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
MUTICW SECN0= 9.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTIC2 SECN0= 10.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
:AUTICW SECN0s 10.000 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY
|AUTICN SECN0= 10.000 PROFILEa 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

,

h

\

4
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Canonie Environmental
By JWS Date5/10/94 Subject Riorao Size Desian Natural SheetN of O'7
Chkd ByjMf_Date H?o/<M Southwest Channel- Atlas Proj No 88-067-12

ATTACHMENT D

PREDICTED ROCK VOLUME CALCULATIONS AND HEC-2 CROSS SECTIONS
ILLUSTRATING PLACEMENT OF ROCKS
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XSEC1.XLS Chart 4
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CROSS SECTION NO. 4 - LOOKING DOWNSTREAM
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XSEC1.XLS Chart 11
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CROSS SECTION NO. 4.1 - LOOKING DOWNSTREAM ,
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g,[XSEC1.MLS Chart 12

CROSS SECTION NO. 4.2 - LOOKING DOWNSTREAM
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CROSS SECTION NO. 5.1 - LOOKING DOWNSTREAM
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XSEC1.XLS Chart 14
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CROSS SECTION NO. 6 - LOOKING DOWNSTREAM
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Canonie Environmental
By JWS Date5/10/94 Subject Riorao Size Desian Natural Sheet E!of bII
Chkd Bylff_Date ShahW Southwest Channel- Atlas Proj No 88-067-12

ATTACHMENT E

HEC-2 SUBCRITICAL AND SUPERCRITICAL RUNS
(SIMULATIONS 3 AND 4; AND 5 AND 6) WITH ROCKS IN CHANNEL

I
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JC2 5/::: 1916530006 HMyersion: 6.50 Data Flie: H:SWSUB45.!N [ ,. 2<

e. .. .....................**......... ** ....................................

' HEC +2 WATER SURFACE PROFILES U.S. ARMY CORPS OF ENGINEERS ** *

* * HYDROLOGIC ENGINEERING CENTER *'
'VIrsion 4.6.2; May 1991 609 SECOND STREET,' SUITE D

'* * *
* * DAVIS, CALIFORNIA 95616 4687 *

e.RU.N.D..A.T E.. . .19.M. A. Y 94. .. . .T .I M.E. . ..17.: 3 0.: 0 3. . *.
*- (
.. ... . .... . 9.16. .) .756...1104.. . . ... ....**.*. . . . . . . . .

|

l

X X XXXXXXX XXXXX XXXXX
X X X X X X X
X X X X X

XXXXXXX XXXX X XXXXX XXXXX j
'X X X X 'X

X X X X X X
X X XXXXXXX XXXXX XXXXXXX

M L A 7/bd.

::::::::::::::::::::::::::::::::::::::::::::::
::::::::::::::::::::::::::::::::::::::::::::::
::: :::

::: FULL MICRO COMPUTER IMPLEMENTATION ::
18: :::

::::::::::::::::::::::::::::::::::::::::::::::
::::::::::::::::::::::::::::::::::::::::::::::
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HAE$ TAD METH0DS
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Run Osts: 19MAy94. pun Times 17:30:03 HMVersion: 6.50 Data File: HISWSUB45.IN Page -1

THIS RUN EXECUTED 19MAy94 17:30:03
yeeeeeeeeee..........................

HEC 2 WATER SURFACE PROFILES

)eeeeeeee. 4. 6. 2..; ..M.ay 199.1..... .....V1rsion
....

'

in i
'

1 SOUTHWEST CHANNEL ''
2 ATLAS MINERALS 88 067 5/13/94
3 SUBCRITICAL RUN WITH WEDGE SEC 4.0.4.1,4.2, and 5.0 ]

1'.ICHECK IkQ NINV IDIR STRT METRIC HVINS Q WSEL FQ

0. O. O. 0 1. D. 1.5 1605. 4014.61 0.

02 PROF IPLOT PRFVs XSECV XSECH FN ALLDC IBW CHN!M ITRACE

0. O. O. 0 0 0 1

jc 0.03 0.03 0.03

<M
-2 0.038 204.2 0.035 325 0.00 0 0 0 0!

1 10 8 0 325 0 0 0 0 0' 0
t 4032 0 4015.7 150 401C 167.1 4010 187.1 4015.7 204.2

4020 240 4030 2 70 4037 325

#'M - 2 0.034 150 0.035 320 0 0 0- 0 0
1 9 7 0 320 150 150 150 0 0 0

4040 0 4011.7 150.0 4011.7 160 4020 230 4030 255-e

4040 270 4040.0 320.0r

H 2 0.034 135.0 0.035 310.0 0 0 0 0 0
#

1 8 7 0.0 310.0 160.0 160 160 0 0 0
0 4013.4 135.0 4013.4 145 4020 220 4030 2354050

. 250 4050.0 310.04040

!M 2 0.034< 130.0 0.035 290.0 0 0 0 0 0 ' l#
~ 0.0 290.0 150.0 150 150 -0 0 -0 - 41 7 7

4050 0 4015.1 130.0 4015.1 140 4020 210 4030 225 . I
-

4040 240 4047.0 290.0 '

!N 2 0.034 130.0 0.035 290.0 0 0 0 0 0
1 6.5 8 0.0 290.0 72.0 72 72

4050 0 4015.9 130.0 4015.9 140 4020 205 4030 220
4040 240 4048.0 265.0 4048.0 290

l

-

,

4W |
.

.

.a
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Run DOto 19MAY94 Run Times 17:30:C3 HMVersion: 6.50 Data File: HisWsus45.lW Page 2

'N 2 0.042 127.0 0.035 285.0"

t 6 8 0.0 285.0 75.0 75 75
4050 0 4016.7 127.0 4016.7 133 4020 160 4030 205
6040 230 4050.0 245.0 4050.0 285'

H 2 0.042 110.0 0.035 280.0
#

1 5.3 7 0.0 280.0 66.0 66 66
6050 0 4017.4 110.0 4017.4 115. 4030.0 175 4040 220e

6050 230 4058.0 280.0-

#'M 2 0.042 95.0 0.035 280.0
1 5.1 7 0.0 280.0 66.0 66 66

i' 6050 0 4018.1 95.0 4018.1 105. 4030.0 125 4040 205
6050 225 4058.0 280.0+-

:M 2 0.042 112.0 0.035 2 75 .0
d

1 5 6 0.0 275.0 66.0 66 66
6050 0 4018.9 85.0 4030.0 112 4040 150 4050 200'

6058.0 2 75.0'

N 2 0.038 118.0 0.035 275.0
di 4.2 6 0.0 275.0 120.0 120 120

4050 0 4020.2 85.0 4035.0 118 4040 125 4050 155e

4058.0 275.0

;H 2 0.038 110.0 0.035 270.0
1 4.1 6 0.0 270.0 66.0 66 66

4050 0 4020.9 85.0 4030.0 110 4040 125 4050 135
4050.0 270.0

:H 2 0.038 105.0 0.035 255.0
1 4 6 0.0 255.0 66.0 66 66

6050 0 4021.6 80.0 4030.0 105 4040 120 4050 140
4058.0 255.0

H 2 0.034 70.0 0.035 250.0 0 0 0 0 0
1 3 7 0.0 250.0 250.0 250 250 0 0 0

4050 0 4024.4 70.0 4024.4 80 4030 95 4040 115
4050 140 4058 250

hN 2 0.034 65.0 0.035 230.0 0 0 0 0 0
1 2 8 0.0 230.0 260.0 260 260 0 0 0

4050 0 4027.2 65.0 4027.2 75 4030 85 4040 145
6050 175 4060.0 195.0 4060.0 230

:H 2 0.034 60.0 0.035 220.0 0 0 0 0 0
1 1 7 0.0 220.0 250.0 250 250 0 0 0

6050 0 4030.0 60.0 4030.0 70 4040 145 4050 155
6060 1 75 4060.0 220.0

i

!

eAM

._
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Run Otter 19MAY94 Run Time: 17:30:03 HMVersion: 6.50 Data File: H SWSUB45.IN Page 3

SECNO DEPTH CWSEL CRtWS WSELK EG HV HL OLOSS L BANK ELEV
Q QLOB QCH QR DB ALOB ACH AROB VOL TWA R BANK ELEV
TIME VLOS VCH VROB XNL XNCH XNR WTN ELMIN SSTA

SLOPE XLost XLCH XLOBR ITRIAL IDC ICONT CDRAR TOPWID ENDST

) PROF 1

111 CAL DEPTH TO BE CALCULATED AT ALL CROSS SECTIONS

[490NHCARDUSED
SECNO 10.000
(!720CRITICALDEPTHASSUMED

10.000 4.60 4014.60 4014.60 4014.61 4016.25 1.65 0.00 0.00 4032.00
1605.0 0.0 1605.0 0.0 0.0 155.6 0.0 0.0 0.0 4037.00

0.00 0.00 10.32 0.00 0.000 0.038 0.000 0.000 4010.00 153.29
0.014959 0. O. O. 0 4 0 0.00 47.61 200.91

,

(490 NH CARD USED
SECNO 9.000

302 WARN!'G: CONVEYANCE CHANGE DUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.582

9.000 5.20 4016.90 4016.12 0.00 4017.60 0.71 1.35 0.00 4040.00
1605.0 0.0 1605.0 0.0 0.0 238.0 0.0 0.7 0.2 4040.00

0.01 0.00 6.74 0.00 0.000 0.035 0.000 0.000 4011.70 122.42
0.006000 150. 150. 150. 2 8 0 0.00 81.47 203.89

490 NH CARD USED
'SECNO 8.000

0.003 4.40 4017.80 4017.67 0.00 4018.91 1.10 1.30 0.00 4050.00
1605.0 0.0 1605.0 0.0 U.0 190.5 0.0 1.5 0.5 4050.00

0.01 0.00 8.43 0.00 0.000 0.035 0.000 0.000 4013.40 118.73
0.011656 160. 160. 160. 3 15 0 0.00 76.39 195.12

690 NH CARD USED
'SECNO 7.000

7.000 4.49 4019.59 4019.13 0.00 4020.37 0.78 1.46 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 226.2 0.0 2.2 0.8 4047.00

0.02 0.00 7.10 0.00 0.000 0.035 0.000 0.000 4015.10 113.29
0.008277 150 150. 150. 2 11 0 0.00 90.81 204.10

690 NH CARD USED

u.

j

|

_ - - _ _ _ . . _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ -
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Rm Date 194AY94 Run Times 17:30:03 HMyersion: 6.50 Data Flie: H:SWSsB45.!N Page 4'

SECNO DEPTH CWSEL- CRlWS WSELK EG HV HL OLOSS L 8ANK ELEV
: Q QLOS QCH QR08 ALOS ACH AROB VOL TWA R BANK ELEV-
-TIME VLOS VCH VR08 XNL XNCH XNR WTN ELMIN SSTA>

' SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST-

>$EC o 6.500
6.500 4.28 4020.18 4019.82 0.00 4020.98 0.80 0.61 0.00 4050.00

-1605.0 0.0 - 1605.0 0.0 0.0 222.9 0.0 2.6 - 1.0 4048.00
0.02- 0.00 7.20 0.00 0.000 0.035 0.000 0.000 4015.90 113.67

0.008784 72. 72. 72. 2 15 0 0.00 91.60 .205.27

(490NHCARDUSED
(SECNO 6.000
'185 MINI M SPECIFIC ENERGYj

-)T20 CRITICAL DEPTH ASSUMED
6.000 4.87 4021.57 4021.57 0.00 4023.01 1.43 0.84 0.00 4050.00

1603.0 0.0 1605.0 0.0 0.0 167.1 0.0 2.9 1.1 4050.00
0.02 0.00 9.60 0.00 0.000 0.037 0.000 0.000 4016.70 108.41

0.014736 75. 75. 75. 0 8 0 0.00 58.67 167.08

(490NHCARDUSED
r$ECNO 5.200

[#20CRITICALDEPTHASSUMED
185 MINIMUM SPECIFIC ENERGY

5.200 5.69 4023.09 4023.09 0.00 4024.65 1,56 0.97 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 160.2 0.0 3.1 1.2 4058.00
:0.02. 0.00 10.02 0.00 0.000 0.038 0.000 0.000 4017.40 90.80

0.014697 66 66. 66. 0 8 0 0.00 51.31 142.10

490kNCARDUSED
CECNO 5.100
185 MINIMUM SPECIFIC ENERGY
720 CRITICAL DCPTH ASSUMED

'5.100 6.00 4024.10 4024.10 0.00 4026.03 1.93 0.99 -0.00 4050.00
1605.0 ' 0.0 1605.0 0.0 0.0 144.0 0.0 3.4 1.2 4058.00

0.03 0.00 11.15 0.00 0.000 0.038 0.000 0.000 4018.10 77.12
0.015295 66. 66. 66. 0 8 0 0.00 37.96 115.09

(490NHCARDUSED
(SECCO 5.000
185 ItlNIMLS4 SPECIFIC ENERGY

(720CRiflCALDEPTHASSUMED,

5.000 7.47 4026.37 4026.37 0.00 4028.30 1.92 1.11 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 144.2 0.0 3.6 1.3 4058.00

0.03 0.00 11.13 0.00 0.000 0.042 0.000 0.000 4018.90 64.58
0.018746 66. 66. 66. 0 11 0 0.00 38.60 103.17

.
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Run Dato: 19MAY94 Run Times 17:30:03 HMVersion: 6.50 Data File H:SWSUs45.IN Page 5

- SECNO . DEPTH CWSEL CRlWS WSELK EG HV' HL OLOSS L* BANK ELEV
Q. GLOB QCH QROS ALOS ACH AROS VOL TWA R BANK ELEV
TIME VLOS VCH VROB XNL XNCH' XNR WTN ELMIN SSTA

-SLOPE. XLOBL XLCH' XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

|490'NHCARDUSED
'SECNO 4.200

02 UARNING: CONVEYAl.CE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATJO = 1.44.

6.200 8.31 4028.51 4027.75 0.00 4029.81 1.30 1.51 0.00 4050.00
.1603.0 0.0 1605.0 0.0 0.0 175.2 0.0 4.0 1.4 4058.00

0.0! 0.00 9.16 0.00 0.000 0.038 0.000 -0.000 4020,20 61.31-
0.00905F 120. 120. 120. -3 5' 0 0.00 42.20 103.52

p90CHCARDUSE0
SECC3 4.100

6.100 8. *.3 4029.33 4028.10 0.00 4030.32 0.99 0.51 0.00 4050.00
' 1603.0 0.0 1605.0 0.0 0.0 201.4 0.0 4.3 1.5 4058.00

0.03 0.00 7.97 0.00 0.000 0.038 0.000 0.000 4020.90 60.37
0.006503 66. 66. 66. 2 15 0 0.00 47.79 108.16

'690 NH CARD USED
3ECN0 4.000

4.000 8.07 4029.67 4028.74 'O.00 4030.79 1.13 0.48 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 188.5 0.0 4.6 1.5 4058.00

0.04 0.00 8.51 0.00 0.000 0.038 0.000 0.000 4021.60 57.27
' O.007956 66. 66. 66. 3 15 0 0.00 46.74 .104.01

490 NH CAR 0 USE0

:SECCD 3.000
3.000 7.01 4031.41 4030.17 0.00 4032.38 0.97 1.59 0.00 4050.00

1605.0 0.0 1605.0- 0.0 0.0 202.7 0.0 5.7 1.8 4058.00
0.04 0.00 7.92 0.00 0.000 0.035 0.000 0.000 4024.40 50.82

! 0.005203 250, 250. 250, 2 19 0 0.00 47.01 97.83

690 NR CARD USED
SECNO 2.000

.302 PARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 0.70

2.000 5.69 4032.89 4032.66 0.00 4034.26 1.37 1.87 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 170.8 0.0 6.8 2.1 4060.00

0.05 0.00 9.40 0.00 0.000 0.035 0.000 0.000 4027.20 48.79
: 0.010645 260. 260. 260. 4 15 0 0.00 53.53 102.32

.

4
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Run D:te: 19MAY94 Run Time 17:30:03 HMversion: 6.50 Data File: H:SWSUB45.IN Page 6

SECNO DEPTH CWSEL CRlWS VSELK EG MV HL OLOSS L BANK ELEV
Q QLOS QCH QROS ALOS ACH AROS VOL TWA R BANK ELEV
TIME VLOS VCH VR08 XNL XNCH XNR WTN ELMIN SSTA
$ LOPE XLOBL XLCH XLOBR liRIAL IDC ICONT CORAR TOPWID ENDST

'490 NW CARD USED
SECNO 1.000

1.000 5.49 4035.49 4034.78 0.00 4036.37 0.88 2.11 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 213.2 0.0 7.9 2.5 4060.00

0.06 0.00 7.53 0.00 0.000 0.035 0.000 0.000 4030.00 43.53
0.006876 250. 250. 250. 2 15 0 0.00 67.65 111.18



{ .f
D WILE Ft3 STREAM SUBCRITICAL RUN WITH WE

? LOTTED. POINTS (BY PRIORITY) E* ENERGY,W WATER SURFACE,l INVERT,C CRITICAL W.S.,L LEFT BANK,R RIGHT BANK,M LOWER END STA

}LEVATICJ '6010, 4015, 4020. 4025. 4030. 4035. 4040. 4045. 4050 4055.
SECNO . CUMDIS

10.00 0. I W. E L R. . . . . . . . .

20. I W E L R. . . . . . . . .

40. .I W E L. R. . . . . . . .

60. .I CW E L R. . . . . . . .

30. .1 .CW E L R. . . . . . . . .

.00. .I .CW E L R.. . . . . . . .

120. l . CW E L R.. . . . . . . . ,
,

140 l . CW E LR. . . . . . . . .

9.00 160 l . C WE L. . . . . . . . .

180. l CW E L. . . . . . . . . . .

200. I CW E L. . . . . . . . . . .

220. I CW E L.. . . . . . . . . .

240. l CW E L. . . . . . . . . .

260. I CW E L. . . . . . . . . . .

280 I WE L. . . . . . . . . . .

300. I WE L.. . . . . . . . . .

8.00 320 1 CW E . L. . . . . . . . .

340. I WE. RL. . . . . . . . .

360. !. CW E. RL. . . . . . . .

380. I. W E. RL. . . . . . . .

400. I. CWE. R L. . . . . . , .

420. 1. CW E R L. . . . . . . .

440. I WE R L. . . . . . . .

F 00 460. I CW.E R L. . . . . . . .

480 .! CWE R L. . . . . . . .

500. .I CWE R L ;. . . . . . . .

$20. .I CW E R L !. . . . . . . .

6.50 540. .I WE R L. . . . . . . .

560. .! .W E R L |. . . . . . . .

580. I .WE RL |. . . . . . . . .

600. I . CW E RL '. . . . . . . . .

6.00 620. I W E L |. . . . . . . . . .

640. I W E L R. . . . . . . . . .

660. 1 W E. L R. . . . . . . .

5.20 680. 1 W E. L R. . . . . . . . .

'700. l W E L R. . . . . . . . .

720. I W .E L R. . . . . . . . ,

5.10 740. I W.E L R. . . . . . . . .

760. l W E L R. . . . . . . . .

780 ! .W E L R. . . . . . . . .

800. I. .W E L R. . . . . . , .

5.00 820. .- . 1. W E L R. . . . . . .

840. !. W E L R
,

I. . . . . . . . ,

i860. 1. W E. L R. . . . . . . .

880. I. CW E. L R. . . . . . . .

900. I CW E. L R. . . . . . . .

920. ! CW E. L R. . . . . . . .

4.20 940. I CW E L R. . . . . . . .

%0. .I CWE L R. . . . . . . .

980. .I CWE L R. . . . . . . .

4.10 1000 .I C W.E L R. . . . . . . .

1020. .l C W.E L R. . . . . . . .

1040. I C W.E L R. . . . . . . . .

6.00 1060. l C W. E L R. . . . . . . . .

1080. ! CWE L .R. . . . . . . .. .

1700. 1 CWE L R. . . . . . . , .

1120. l CWE L R. . . . . . . . .

1140. 1 CW E L R. . . . . . . . .

-1160. I C.W E L R. . . . . . . . .

'1150. 1 C.W E L R '.. . . . . . . .

1200. 1 C.W E L R.. . . . . . . . .

1220. 1 C. W E L R. . . ... . . . . .

1240. ! CWE L R. . . . . . . . .

1260. !. CWE L R. . . . . . . .

, ~ , , .- . ,,. . ., . . , , - -- ~ - . - - . , . - - ,- . - . - , ,=
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1280. I. CWE L R |. . . . . . , .

1300. I. C WE L R. . . . . . , .

3.00 1320. I. C WE L R. . . . . . . .

1340. 1. .C W E L R. . . . . . , .

1160. I .CWE L R. . . . . . . .

1380. 1 .C WE L R.. . . . . . . .

1400. .I .CWE L R |. . . . . . . .

1420. .! .CWE L R.. . . . . . .

1440. .1 CW E L R.. . . . . . . .

1460. .! CW E L R.. . . . . . . ,

1480. .I CWE L R.. . . . . . . .

1500. ! CW E L R.. . . . . . . . .

1520. I CW E. L R.. . . . . . . .

1540. l W E. L R.. . . . . . . ,

1560. ! CW E . L R. . . . . . . ,

2.00 1580. 1 CW E. L R. . . . . . . .

1600 I W E. L R. . . . . . . .

1620. 1 CW E. L R. . . . . . . .

1640. ! CW E L R. . . . . . . .

1660. ! W E. . . . . . . L R.

1680. 1 CW E L R. . . . . . . .

1700. I CW .E L R. . . . . . .

1720. !. CW.E L R. . . . . . .

1740. I. CW.E L R. . . . . . ,

1760. I. CWE L R. . . . . ,

1780. I. CW E L R. . . . . . .

1800. I. CW E L R. . . . . . ,

1.00 1820. I CW E L R. . . . . . .

.
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Run Date: 19MAY94' Run times 17:30:03 HMversion: 6.50 Data Fl(es H SWSUB45.IN Page 7

.

H R X D N 94 17:30:05
3eeeeeeeeeeeeeeeee...................

NEC+2 ' DATER SURFACE PROFILES j

.V rs i on.~ . 4. 6. 2..; ..M..ay199.1.......... |
seeeeee ....

20TE ASTERISK (*) AT LEFT OF CROSS SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERROFS LIST

SCCRITICAL RUN WITH WE

BUMMART PRINTOUT TABLE 150

EECNO XLCH ELTRD ELLC ELMIN Q CWSEL CRlWS EG 10*KS VCH AREA .01K

10.000 0.00 0.00 0.00 4010.00 1605.00 4014.60 4014.60 4016.25 149.59 10.32 155.57 131.23'

* 9.000 150.00 0.00 0.00 4011.70 1605.00 4016.90 4016.12 4017.60 60.00 6.74 238.02 207.21

8.000 160.00 0.00 0.00 4013.40 1605.00 4017.80 4017.67 4018.91 116.56 8.43 190.50 148.66

7.000 150.00 0.00 0.00 4015.10 1605.00 4019.59 4019.13 4020.37 82.77 7.10 226.16 176.42

6.500 72.00 0.00 0.00 4015.90 1605.00 4020.18 4019.82 4020.98 87.84 7.20 222.94 171.24 j

6.000 75.00 0.00 0.00 4016.70 1605.00 4021.57 4021.57 4023.01 147.36 9.60 167.12 132,21

5.200 66.00 0.00 0.00 4017.40 1605.00 4023.09 4023.09 4024.65 146.97 10.02 160.23 132.39

5.100 66.00 0.00 0.00- 4018.13 1605.00 4024.10 4024.10 4026.03 152.95 11.15 143.95 129.78

5.000 66.00 0.00 0.00 4018.90 1605.00 4026.37 4026.37 4028.30 187.46 11.13 144 19 117.23

4.200 120.00 0.00 0.00 4020,20 1605.00 4028.51 4027.75 4029.81 90.57- 9.16 175.24 168.65

4.100 66.00 0.00 0.00 4020.90 1605.00 4029.33 4028.10 4030.32 65.93 7.97- 201.44 197.67

4.000 66.00 0.00 0.00 4021.60 1605.00 4029.67 4028.74 4030.79 79.56 8.51 188.53 179.94
'

3.000 250.00 0.00 0.00 4024.40 1603.00 4031.41 4030.17 4032.38 52.03 7.92 202.65 222.52
4 2.000 260.00 0.00 0.00 4027.20 1605.00 4032.89 4032.66 4034.26 106.45 9.40 170.83 155.56'

o

1.000 250.00 0.00 0.00 4030.00 1605.00 4035.49 4034.78 4036.37 68.76 7.53 213.17 193.55 .

!
,

;

I

!

,- .. --- . .- - . . - - - . . . - , - . . .. - _.
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Run Dato: 19MAY94 Run Time 17:30:03 HMyersion: 6.50 Data file: H:SVSUB45.lN Page 8

SUBCRif! CAL RUN WifH WE

f;UMMARY PRINT 0UT TABLE 150

SECNO Q CWSEL DIFWSP DlFWSX DifKWS TOPW10 XLCH

10.000 1605.00 4014.60 0.00 0.00 -0.01 47.61 0.00*

9.000 1605.00 4016.90 0.00 2.30 0.00 81.47 150.00*

8.000 1605.00 4017.80 0.00 0.91 0.00 76.39 160.00

F.000 1605.00 4019.59 0.00 1.78 0.00 90.81 150.00

6.500 1605.00 4020.18 0.00 0.59 0.00 91.60 72.00

6.000 1605.00 4021.57 0.00 1.40 0.00 58.67 75 .0 0*

5.200 1605.00 4023.09 0.00 1.52 0.00 51.31 66.00*

5.100 1605.00 4024.10 0.00 1.01 0.00 37.96 66.00

5.000 1605.00 4026.37 0.00 2.27 0.00 38.60 66.00

4.200 1605.00 4028.51 0.00 2.13 0.00 42.20 120.00

6.100 1605.00 4029.33 0.00 0.82 0.00 47.79 66.00

6.000 1605.00 4029.67 0.00 0.34 0.00 46.74 66.00

3.000 1605.00 4031.41 0.00 1.74 0.00 47.01 250.00

) 2.000 1605.00 4032.89 0.00 1.48 0.00 53.53 260.00

1.000 1605.00 4035.49 0.00 2.60 0.00 67.65 250.00

___
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Run D:ts: 19MAY94 Run Time: 17:30:03 HMyersion: 6.50 Data File: H2SWSUB45.IN Page 9 I

I

1

|
SUMMARY OF ERRORS AND SPECIAL NOTES

CAUTION SECNO= 10.000 PROFILE = 1 CRITICAL DEPTH ASSUMED i

MANING SECN0= 9.000 PRCFILE= 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

CAUTION SECNO= 6.000 PROFILE = 1 CRITICAL DEPTM ASSUMED |

CAUTION SECN0= 6.000 PROFILE = 1 MINIMUM SPECIFIC ENERGY I

CAUTION SECN0= 5.200 PROFILE = 1 CRITICAL DEPTH ASSUMED
CAUTION SECN0= 5.200 PROFILE = 1 MINIMUM SPECIFIC ENERGY

CAUTION SECN0= 5.100 PROFILES 1 CRITICAL DEPTH ASSUMED
CAUTION SECN0= 5.100 PROFILES 1 MINIMUM SPECIFIC ENERGY |

CAUTION SECN0= 5.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
|

CAUTION SECN0= 5.000 PROFILE = 1 MINIMUM SPECIFIC ENERGY

MRNING SECN0= 4.200 PROFILE = 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

MRNING SECN0= 2.000 PROFILES 1 CONVEYANCE C.iANGE OUTSIDE ACCEPTABLE RANGE

l

I

l

|

|
1

|

l

!

i
|

|

|

_ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _
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WEC2 S/N: 1916530006 HMVersion: 6.50 Data File: H:SWSUP45.IN

(|#|
.. ..e$ 3s*...............*****....******. ..****....*********.***.. ....**......

* . HEC-2 WATER SURFACE PROFILES ~ * * U.S. ARMY CORPS OF ENGINEEdS *
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Run Datar' 19MAY94 Run Time: 17:29:47. HMVersion: 6.50 Data File: H:SWSUr45.IN 'Page 1

S N X D N 94 17:29:47
see ee......***..** .........**

HEC-2 WATER SURFACE PROFILES

w oe.on 4 6. 2.;..M..ay 199*1V1rsi . . .... **********

'R
1 SOUTHWEST CHANNEL
2 ATLAS MINERALS 88 067 5/13/94
3 SUPERCRt'ICAL RUN WITH WEDGE see 4,4.1,4.2,5

1 ICHECK INQ NINV IDIR STRT METRIC HVINS 0 WSEL FQ
,

O. D. O. 1 1, 0 1.0 1605. 4034.8 0.

y 0.03 0.03 0.03
'M 2 0.034 60 0.035 220
1 1.0 7.0 0.0 220.0 250.0 250.0 250.0 0.0 0.0 0.0
- 4050.0 0.0 4030.0 60.0 4030.0 70.0 4040.0 145.0 4050.0 155.0

4060.0 175.0 4060.0 220.0

jH 2 0.034 65 0.035 230
1 2.0 8 0.0 230.0 260.0 260.0 260.0

4050.0 0.0 4027.2 65.0 4027.2 75.0 4030.L 85.0 4040.0 145.0
4050.0 175.0 4060.0 195.0 4060.0 230.0

N 2 0.034 70 0.035 250
1 3.0 7 0 250 250 250 250

4050.0 0.0 4024.4 70.0 4024.4 80.0 4030.0 95.0 4040.0 115.0
4050.0 140.0 4058 250

N 2 0.038 105. 0.035 255
1 4.0 6 0 255 66 66 66

Cho.0 0.0 4021.6 80.0 4030.0 105.0 4040.0 120.0 4050.0 140.0
'.058.0 255.0

:H 2 0.038 110 0.035 270

|A
1 4.1 6 0 270 66 66 66

4050.0 0.0 4020.9 85.0 4030.0 110.0 4040.0 125.0 4050.0 135.0
4058.0 270.0

N 2 0.038 118 0.035 275
4.2 6 0 2 75 120 120 120

1 . 4050.0 0.0 4020.2 85.0 4035.0 118.0 4040.0 125.0 4050.0 155.0
4050.0 275.0

.

,

t
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Run Osta: 19MAY94 Run Time: 17:29:47 HMVersion: 6.50 Data File: H:SWSUP45.IN Page 2

"H 2 0.042 112 0.035 275.0
#

1 5.0 6 0 275 66 66 66
4050.0 0.0 4018.9 85.0 4030.0 112.0 4040.0 150.0 4050.0 200.0
4058.0 275.0

E'N
2 0.042 95 0.035 280.0

1 5.1 7 0 280 66 66 66
|

4050.0 0.0 4018.1 95. 4018.1 105. 4030.0 125.0 4040.0 205.0 1

4050.0 225.0 4058.0 280.0 |

|H 2 0.042 110 0.035 280.0
1 5.2 7 0 280 66 66 66

4050.0 0.0 4017.4 110.0 4017.4 115. 4030.0 175.0 4040.0 220.0
4050.0 230.0 4058.0 280.0

i

.H 2 0.042 127 0.035 285.0
1 6.0 8.0 0.0 285.0 75.0 75.0 75.0 0.0 0.0 0.0

4050.0 0.0 4016.7 127.0 4016.7 133.0 4020.0 160.0 4030.0 205.0 1
4040.0 230.0 4050.0 245.0 4050.0 285.0 |

:H 2 0.034 130 0.035 290.0
1 6.5 8.0 0.0 290.0 72.0 72.0 72.0

4050.0 0.0 4015.9 130.0 4015.9 140.0 4020.0 205.0 4030.0 220.0
4040.0 240.0 4048.0 265.0 4048.0 290.0

H 2 0.034 130 0.035 290
0

1 7.0 7.0 0.0 290.0 150.0 150.0 150.0 0.0 0.0 0.0
4050.0 0.0 4015.1 130.0 4015.1 140.0 4020.0 210.0 4030.0 225.0
4040.0 240.0 4047.0 290.0

!H 2 0.034 135 0.035 310
1 8.0 7.0 0.0 310.0 160.0 160.0 160.0 0.0 0.0 0.0

4050.0 0.0 4013.4 135.0 4013.4 145.0 4020.0 220.0 4030.0 235.0
4040.0 250.0 4050.0 310.0

|H 2 0.034 150 0.035 320.0
6

1 9.0 7.0 0.0 320.0 150.0 150.0 150.0 0.0 0.0 0.0
4040.0 0.0 4011.7 150.0 4011.7 160.0 4020.0 230.0 4030.0 255.0
4040.0 270.0 4040.0 320.0

H 2.0 0.034 204.2 0.035 325.0

f1 10.0 8.0 0.0 325.0 0.0 0.0 0.0
tR 4032.0 0.0 4015.7 150.0 4010.0 167.1 4010.0 187.1 4015.7 204.2
h 4020.0 240.0 4030.0 270.0 4037.0 325.0

M dMQ
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Run D:ts: 19MAY94 Run Time: 17:29:47 HMVersion: 6.50 Data File: H:SWSUP45.IN Page 3

SECNO DEPTH CVSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLO8 QCH QROB ALOS ACH AROB VOL TWA R-BANK ELEV
TIME VLOS VCH VROB XNL XNCH XNR WIN ELMIN SSIA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

' PROF 1

190 NH CARD USED
'SECNO 1.000
iT20 CRITICAL DEPTH ASSUMED

1.000 4.78 4034.78 4034.78 4034.80 4036.20 1.42 0.00 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 167.8 0.0 0.0 0.0 4060.00

0.00 0.00 9.56 0.00 0.000 0.035 0.000 0.000 4030.00 45.66
0.013059 0. O. O. 0 4 0 0.00 60.20 105.86

090 NH CARD USED
SECNO 2.000
',685 20 TRIALS ATTEMPTED WSEL,CWSEL
;693 PROTABLE MINIMUM SPECIFIC ENERGY
L720 CRITICAL DEPTH ASSUMED

2.000 5.49 4032.69 4032.69 0.00 4034.24 1.55 3.20 1.60 4050.00
1605.0 0.0 1605.0 0.0 0. 0 160.4 0.0 0.9 0.3 4060.00

0.01 0.00 10.00 0.00 0.000 0.035 0.000 0.000 4027.20 49.35
0.012555 250. 250. 250. 20 8 0 0.00 51.79 101.14

S90 NH CARD USED
'SECNO 3.000
685 20 TRIALS ATTEMPTED WSEL,CWSEL
693 PROEABLE MINIMUM SPECIFIC ENERGY
720 CRITICAL DEPTH ASSUMED

3.000 5.77 4030.17 4030.17 0.00 4032.00 1.83 3.25 1.61 4050.00
1605.0 0.0 1605.0 0.0 0.0 147.8 0.0 1.9 0.6 4058.00

0.01 0.00 10.86 0.00 0.000 0.035 0.000 0.000 4024.40 54.22
0.01?4L? 260. 260. 260. 20 8 0 0.00 41.12 95.34

390 NH CARD USED
ZECNO 4.000
685 20 TRI ALS ATTEMPTED WSEL,CWSEL
693 PRCIABLE MINIMUM SPECIFIC ENERGY
F80 CRITICAL DEPTH ASSUMED

4.000 7.14 4028.74 4028.74 0.00 4030.57 1.84 3.44 1.63 4050.00
1605.0 0.0 1605.0 0.0 0.0 147.5 0.0 2.7 0.8 4058.00

0.02 0.00 10.88 0.00 0.000 0.038 0.000 0 000 4021.60 59.90
0.015319 250. 250. 250. 20 11 0 0.00 41.33 101.24
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Run D213: 19MAY94 Run Time: 17:29:47 HMVersion: 6.50 Data File: H:SWSUP45.IN Page 4

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLOS QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV
TIME VLOS VCH VROS XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPPID ENDST

1490 NH CARD USED
DSECNO 4.100

3685 20 TRIALS A1 TEMPTED WSEL,CWSEL
3693 FRDBABLE MIN!HJM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

4.100 7.23 4028.13 4028.13 0.00 4029.95 1.82 1.00 0.12 4050.00
1605.0 0.0 1605.0 0.0 0.0 148.3 0.0 2.9 0.9 4058.00

0.02 0.00 13.82 0.00 0.000 0.038 0.000 0.000 4020.90 63.87
0.014919 66. 66. 66. 20 5 0 0.00 41.00 104.87

|
p490NHCARDUSED
LSECNO 4.200
3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

4.200 7.52 4027.72 4027.72 0.00 4029.66 1.94 1.00 0.09 4050.00
1605.0 0.0 1605.0 0.0 a.0 143.7 0.0 3.2 1.0 4058.00

0.02 0.00 11.17 0.00 0.900 0.038 0.000 0.000 4020.20 63.55
0.015386 66. 66. 66. 20 8 0 0.00 38.21 101.77

1490 NH CARD USED

LSECHO 5.000
3685 20 TRIALS ATTEMPTED WSEL,CWSEL
$693 PRO 2ABLE MIN! MUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

5.000 7.47 4026.37 4026.37 0.00 4028.30 1.92 2.03 1.11 4050.00
1605.0 0.0 1605.0 0.0 0.0 144.3 0.0 3.6 1.1 4058.00

0.03 0.00 11.12 0.00 0.000 0.042 0.000 0.000 4018.90 64.5 7
0.018707 120. 120. 120. 20 5 0 0.00 38.61 103.18

1490 NH CARD USED
*SECNO 5.100

1645 INT SFC ADDED BY RAISING SEC 5.10, 0.400 FT AND MULTIPLYING BY 1.009

5301 HV CHANCED MORE THAN HVINS

|

|
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.h /[
Run Dste 19MAY94 Run Times 17:29:47 HMVersiont 6.50 Date File: H:SWSUP45.IN PeBe 5

~SECNO DEPTH ~
QCH QROS ALOS ACH AROS VOL TWA R-BANK ELEV
CWSEL CRlWS WSELK EG HV HL OLOSS L BANK ELEV

.Q QLOS
TIME VLOS VCH VROS .XNL XNCH XNR WTN ELMIN SSTA

' SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.54

1.010 4.62 4023.12 4024.47 0.00 4027.39 4.27 0.91 0.00 4050.40
1605.0 0.0 1605.0 0.0 0.0 96.8 0.0 3.6 1.1 4058.40

0.03 0.00 16.58 0.00 0.000 0.038 0.000 0.000 4018.50 82.01
'

0.044525 33, 33. 33, 6 15 0 0.00 31.81 113.83

)645INTSECADDEDBYRAISINGSEC 1.01, 0.400 FT AND MULTIPLYING BY 0.991

801HVCHA%GEDMORETHANHV!NS

5.100 5.26 4023.36 4024.11 0.00 4026.27 2.91 1.11 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 117.2 0.0 3.7 1.1 4058.00

0.03 0.00 13.69 0.00 0.000 0.038 0.000 0.000 4018.10 79.32
0.026483 33. 33, 33. 5 11 0 0.00 34.53 113.85

(490 NH CARD USED
/SECNO 5.200

5.200 5.29 4022.69 4023.06 0.00 4024.72 2.03 1.55 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 140.2 0.0 3.9 1.2 4058.00

0.03 0.00 11.45 0.00 0.000 0.038 0.000 0.000 4017.40 92.16
0.020971 66. 66. 66. 2 8 0 0.00 48.03 140.18

{490NHCARDUSED

J'SECNO6.U00
r

- 6.000 4.32 4021.02 4021.55 0.00 4023.18 2.16 1.54 0.00 4050.00
| 1605.0 0.0 1605.0 0.0 0.0 136.0 0.0 4.1 1.3 4050.00
t- 0.03 0.00 11.80 0.00 0.000 0.037 0.000 0.000 4016.70 110.52
| 0.026111 66. 66. 66. 5 11 0 0.00 54.08 164.60

'

~490 NH CARD USED
'SECNO 6.500

6.500 3.38 4019.28 4019.82 0.00 4021.15 1.87 2.03 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 146.2 0.0 4.4 1.4 4048.00

0.03 0.00 10.98 0.00 0.000 0.035 0.000 0.000 4015.90 117.11
0.028161 75. 75. 75. 5 11 0 0.00 76.49 193.60

,

'

,

!

|
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Run D:ts: 19MAY94 Run Time: 17:29:47 HMyersion: 6.50 Data File: H:SWSUP45.IN Page 6

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLOB QCH QRDB ALDB ACH ARDB VOL TWA R BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTW ELMIN SSTA

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

?.90 NH CARD USED
'SECN0 7.000
;685 20 TRIALS ATTEMPTED WSEL,CWSEL
L693 PRDBABLE MINIMUM SPECIFIC ENERGY
i720 CRITICAL DEPTH ASSUMED

7.000 4.03 4019.13 4019.13 0.00 4020.28 1.15 1.38 0.02 4050.00
1605.0 0.0 1605.0 0.0 0.0 186.2 0.0 4.6 1.5 4047.00

0.03 0.00 8.62 0.00 0.000 0.035 0.000 0.000 4015.10 115.00
0.013926 72. 72. 72. 20 11 0 0.00 82.51 197.51

490 NH CARD USED
'SECNO 8.000
;685 20 TRI ALS ATTEMPTED WSEL,CWSEL
L693 PROEABLE MINIMUM SPECIFIC ENERGY
;720 CRITICAL DEPTH ASSUMED

8.000 4.27 4017.67 4017.67 0.00 4018.91 1.24 2.07 0.02 4050.00
1605.0 0.0 1605.0 0.0 0.0 179.6 0.0 5.3 1.8 4050.00

0.04 0.00 8.94 0.00 0.000 0.035 0.000 0.000 4013.40 119.27
0.013649 150. 150. 150. 20 8 0 0.00 74.21 193.47

S90 NH CARD USED
'3@CNO 9.000
685 20 TRIALS ATTEMPTED WSEL,CWSEL
;693 PROCABLE MINIMUM SPECIFIC ENERGY
720 CRITICAL DEPTH ASSUMED

9.000 4.40 4016.09 4016.09 0.00 4017.38 1.28 2.16 1.10 4040.00
1605.0 0.0 1605.0 0.0 0.0 176.6 0.0 5.9 2.0 4040.00

0.04 0.00 9.09 0.00 0.000 0.035 0.000 0.000 4011.70 126.70
0.013348 160. 160. 160. 20 8 0 0.00 70.36 197.07

$70 NH CARD USED
?ECNO 10.000
685 20 TRIALS ATTEMPTED WSEL,CWSEL
693 PRC2ABLE MINIMUM SPECIFIC ENERGY
980 CRITICAL DEPTH ASSUMED

10.000 4.59 4014.59 4014.59 0.00 4016.25 1.66 1.90 0.87 4032.00
1605.0 0.0 1605.0 0.0 0.0 155.2 0.0 6.5 2.2 4037.00

0.05 0.00 10.34 0.00 0.000 0.034 0.000 0.000 4010.00 153.31
0.012045 150. 150. 150. 20 8 0 0.00 47.57 200.89
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t

PROFILE FOR STREAM SUPERCRITICAL RUN WITH

c.2 /,

PLOTTED POINTS (BY PRIORITY) E-ENERGY,W-WATER SURFACE,I INVERT,C-CRITICAL W.S. L*LEFT BANK,R RIGHT BANK,M LOWER END STA

ELEVATION 6010. 4015. 4020. 4025. 4030, 4035. 4040. 4045. 4050. 4055.
'SECNO CUMDIS

.1.00 0. I WE L R. . . . . . ,

20. I W. E L R. . . . . . .

40. I. W. E L R. . . . . . .

60. 1. W.E L R. . . . . . ,

80. 1. WE L R. . . . . . .

100. 1. W .E L R. . . . . . .

120. . . . . I W .E L R. . . .

140. I W E L R. . . . . . . ,

160. ! W E L R. . . . . . . .

180. ! W E L R. . . . . . . .

200. ! W E. L R. . . . . . . .

220. ! W E. L R. . . . . . . .

240. I W E. L R. . . . . . . .

3.00 260. 1 W E. L R. . . . . . . ,

280. 1 W E. . . L R. . . . . .

300. I W E. L R.. . . . . . . .

320. I W E L R.. . . . . . . . .

340 ! W E L R.. . . . . . . . .

360. .I W E L R".. . . . . . . .

380. .I W E L R.. . . . . . . .

400. .I W E L R,. . . . . . . .

420. .I .W E L R.. . . . . . .

440. .I .W E L R. . . . . . , ,

460. 1 .W E L R. . . . . . . .

480. ! .W E L R. . . . . . . .

500. I. .W E L R. . . . . . . .

3.00 520. 1. W E L R. . . , . . . .

540. !. W E L R. . . . . . . .

560. !. W E L R. . . . . . . .

580. ! W E L R. . . . . . . . .

600. I W. E L R. . . . . . . . .

620. ! W. E L R. . . . . . . . .

640. 1 W. E L R. . . . . . . . ,

660. ! W. E L R. . . . . . . . .

680. ! W. E L R. . . . . . . . .

700. ! W.E L R. . . . . . . . .

720. ! W.E L R-. . . . . . . . .

740. ! W .E L R. . . . . . . . .

6.00 760. 1 W .E L- R. . . . , . . . .

780. ! W .E L- R. . . . . . . . .

800. .! W E L R. . . . . . . . ,

820. .I W E L R ). . . . . . . .

6.10 840. .! W E L R I. . . . . . . .

860. .I W E L R. . . . . . . .

880. .I W E L R. . . . . . . .

4.20 900. 1 W E. L R '
. . . . . . . .

I920. I W E. L R. . . . . . . .

940. ! W E. L R. . . . . . . .

960. I. W E. L R. . . . . . . .

980. 1. W E. L R. . . . . . . . ,

1000. 1. W E L R j. . . . . . . . .

5.00 1020. !. W E L R
J

. . . . . . . . .

1040. 1 WC E L R -|. . . . . . . . .

1.01 1060. ! W C. E .L R. . . . . . . . .

5.90 1080. 1 WC . E L R. . . . . . . . .

1100. 1 WC.E L R. . . . . . . . .

1120. 1 WC .E L R. . . . . . . . .

1140. ! W E L R. . . . . . . . .

5.20 1160. I WC E. L R. . . . . . . . .

1180. I WC E. L .R. . . . . . . .

1200. ! WC E. L R. . . . . . . . .

6.00 1220. 1 . WC E L. . . . . . . . .

1240. 1 .WC E RL. . . . . . . . .

1260. ; WC E RL. . . . . . . . .

_ _ .__ _ - _.



{ '2 E-
1280. .I WC E R L. . . . . . . .

6.50 1300. .I WC E R L. . . . . . . .

1320. .I WC. E R L. . . . . . . .

1340. .I WC.E R L. . . . . . . .

7.00 1360. I W .E R L. . . . . . . .

1380. I WE R L. . . . . . . .

1400. I. W E R L. . . . . . . .

1420. I. W E. R L. . . . . . . .

1440. I. W E. R L. . . . . . . .

1460. 1. W E. RL. . . . . . . .

1480. I WE. RL. . . . . . . . .

1500. ! WE. L. . . . . . . . .

8.00 1520. I W E. L. . . . . . . . .

1540. ! WE L.. . . . . . . . . .

1560. 1 WE L. . . . . . . . . . .

1580. I W E L. . . . . . . . . . .

1600. ! WE L. . . . . . . . . .

1620. ! W E L. . . .. . . . . . .

1640. I W E L. . . . . . . . . . .

1660. 1 WE L. . . . . . . . . . .

9.00 1680. I .W E L. . . . . . . . ,_

1700. I .WE LR.. . . . . . . . .

1720. .I .W E LR.. . . . . . . .

1740. .1 .W E L R.. . . . . . . .

1760. .! .W E .L R. . . . . . . .

1780. .I W E L. R. . . . . . . .

1800. .I W E L p
. . . . . . . . .

10.00 1820. I W. E L R. . . . . . . . .

_ . _ _ _ _ . . _ _ _ _ _ _ _ .___________.__ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Run D:ts: 19MAY94 Run Time: 17:29:47 HMVersion: 6.50 Data File: H:SWSUP45.IN Page 7

.

THIS RUN EXECUTE 0 19MAY94 17:29:50w ee ..... *******.....******.

HEC 2 WATER SURFACE PROFILES

w.I.r.s.i.on4. 6 2.;..M.ay 199.1..........V
. .. ....

80TE ASTERISK (*) AT LEFT OF CROSS SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

SUPERCRITICAL RUN WITH

BUMMARY PRINTOUT TABLE 150

SECN0 XLCH ELTRD ELLC ELMIN Q CWSEL CRIWS EG 10*KS VCH AREA .01K

* 1.000 0.00 0.00 0.00 4030.00 1605.00 4034.78 4034.78 4036.20 130.59 9.56 167.83 140.45

* 2.000 250.00 0.00 0.00 4027.20 1605.00 4032.69 4032.69 4034.24 125.55 10.00 160.44 143.24

>~ 3.000 260.00 0.00 0.00 4024.40 1605.00 4030.17 4030.17 4032.00 124.09 10.86 147.79 144.08

4.000 250.00 0.00 0.00 4021.60 1605.00 4028.74 4028.74 4030.57 153.19 10.88 147.46 129.68

4.100 66.00 0.00 0.00 4020.90 1605.00 4025.13 4028.13 4029.95 149.19 10.82 148.30 131.40

4.200 66.00 0.00 0.00 4020.20 1605.00 40. 7.72 4027.72 4029.66 153.86 11.17 143.66 129.39

5.000 120.00 0.00 0.00 4018.90 1605.00 4026.37 4026.37 4028.30 187.07 11.12 '144.30 117.35

5.100 66.00 0.00 0.00 4018.10 1605.00 4023.36 4024.11 4026.27 264.83 13.69 117.24 98.63

5.200 66.00 0.00 0.00 4017.40 1605.00 4022.69 4023.06 4024.72 209.71 11.45. 140.21 110.83

6.000 66.00 0.00 0.00 4016.70 1605.00 4021.02 4021.55 4023.18 261.11 11.80 136.02 99.33

6.500 75.00 0.00 0.00 4015.90 1605.00 4019.28 4019.82 4021.15 281.61 10.98 146.22 95.64

7.000 72.00 0.00 0.00 4015.10 1605.00 4019.13 4019.13 4020.28 139.26 8.62 186.20 136.01
- 8.000 ' 150.00 0.00 0.00 4013.40 1605.00 4017.67 4017.67 4018.91 136.49 8.94 179.60 137.38

9.000 160.00 0.00 0.00 4011.70 1605.00 4016.09 4016.09 4017.38 133.48 9.09 176.59 138.92.

10.000 150.00 0.00 0.00 4010.00 1605.00 4014.59 4014.59 4016.25 120.45 10.34 155.24 146.24-
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Run Dets: 19MAY94 Run Times 17:29:47 HMVersion: 6.50 . Data File: H:SWSUP45.lN Page 8-

SUPERCRITICAL RUN WITH
,

.1

RJMMARY PRINTOUT TABLE 150
'

SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWID XLCH

1.000 1605.00 4034.78 0.00 0.00 -0.02 60.20 0.00''

2.000. 1605.00 4032.69 0.00 -2.09 0.00 51.79 250.00'

' 3.000 1605.00 4030.17 0.00 -2.52 0.00 41.12 260.00

4.000 1605.00 4028.74 0.00 1.43 0.00 41.33 250.00'

'4.100 1605.00 4028.13 0.00 0.60 0.00 41.00 66.00'

4.200 1605.00 4027.72 0.00 -0.41 0.00 38.21 66.00'-

5.000 1605.00 4026.37 0.00 -i.34 0.00 38.61 120.00'

' ' 5.100 1605.00 4023.36 0.00 0.25 0.00 34.53 66.00

5.200 1605.00 4022.69 0.00 -0.67 0.00 48.03 66.00

I. 6.000 1605.00 4021.02 0.00 -1.67 0.00 54.08 66.00

6.500 1605.00 4019.28 0.00 -1.74 0.00 76.49 75.00
|

7.000 1605.00 4019.13 0.00 -0.15 0.00 82.51 72.00

8.000 1605.00 4017.67 0.00 -1.46 0.00 74.21 150.00 i

9.000 1605.00 -4016.09 0.00 -1.57 0.00 70.36 160.00

10.000 1605.00 4014.59 0.00 1.50 0.00 47.57 150.00

|

,

-

|

!
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Run Date: 19MAY94 Run Time: 17:29:47 HMversion: 6.50 Data Files H:SWSU?45.14 PaBe 9

$UMARY OF ERRORS AND SPECI AL NOTES

CAUTION SECN0s 1.000 PROFILE = 1 CRITICAL DEPTH ASSUMED

;AUTION SECNoa 1.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
|AUTION SECN0= 2.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
CAUTION SECN0= 2.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

14UTION SECN0= 3.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
;AUTION SECN0= 3.000 PROFILES 1 PROBABLE MINIMUM $PECIFIC ENERGY
;AUTION SECN0= 3.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

LAUTION SECN0= 4.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
;AUTION SECN0= 4.000 PROFILES 1 PROBABLE MINIMUM $PECIFIC ENERGY
;AUTION SECN0= 4.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTION SECN0= 4.100 PROFILE = 1 CRITICAL DEPTH ASSUMED
;AUTICJ SECN0= 4.100 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY
JAUTION SECN0= 4.100 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
I
|AUTION SECN0= 4.200 PROFILE = 1 CRITICAL DEPTH ASSUMED
LAU710N SECN0= 4.200 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY
;AUTION SECN0= 4.200 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

AUTION SECNO. 5.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
AUTION SECN0= 5.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
'AUTION SECN0= 5.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUT10N SECN0= 5.100 PROFILE = 1 INTERPOLATED X SECTIONS USED

AUTICJ SECN0= 7.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
[AUTION SECN0= 7.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
;AUTICJ SECN0= 7.000 PROFILE = 1 20 IRIALS ATTEMPTED TO BALANCE WSEL

|AUTION SECN0= 8.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
AUTICJ SECN0= 8.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
ALHION SECNO. 8.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

AUTIC3 SECN0= 9.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
'AdTION SECN0= 9.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
hAUTION SECN0= 9.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

:AUTICJ SECN0= 10.000 PROFILES 1 CRITICAL DEPTH ASSUMED
:AUTION SECN0= 10.000 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY
|2DTION SECN0= 10.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
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Kun 0:tes- 19MAY94 Run Times 17:58:10 HMVersion: 6.50' Data Files H:SWSUB56.IN Page 1

- HIS N X MED 1M94 17:58:10
w eeeeeee*************************
NEC 2 WATER SURFACE PROFILES

|

.V:rsion 4.6.2;. May 1991
w eeeeeee*************************

I,

7R
1 SOUTHWEST CHANNEL 1

2 ATLAS MINERALS 88 067 5/1?/94
3 SUSCRITICAL RUN WEDGE SEC 5, 5.1, 5.2, 6

91 ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ
i

0. O. O. 0 1. O. 1.5 1605. 4014.61 0. |

02 NPROF' IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE

0. O. O. 0 0 0 -1

*C - 0.03 0.03 0.03
EH 2 0.038 204.2 0.035 325 0.00 0 0 0 0

1 10 8 0 325 0 0 0 0 0 0 i

4032 0 4015.7 150 4010 167.1 4010 187.1 4015.7 204.2 |

4020 240 4030' 270 4037 325

N 2 0.034 150 0.035 320 0 0 0 0 0N'
1 . 9 7 0 320 150 150 150 0 0 0 l

4040 0 4011.7 150.0 4011.7 160 4020 230 4030 255
'4040 270 4040.0 320.0 '- i

e 2 0.034 135.0 0.035 310.0 0 0 0 0 0'
1 8 7 0.0 310.0 160.0 160 160 0 0 0

4050 0 4013.4 135.0 4013.4 145 4020 220 4030 235 '
'

4040 250 4050.0 310.0+

)H 2 0.034 130.0 0.035 290.0 0 0 0 0 0 |

'1 7 7 0.0 290.0 150.0 150 150 0 0 0 4

4050 0 4015.1 130.0 4015.1 140 4020 210 4030 225 |

4040 240 4047.0 290.0 1

|H 2 0.034 130.0 0.035 290.0 0 0 0 0 0- |

'1 6.5 8 0.0 290.0 72.0 72 72 i
4050 0 4015.9 130.0 4015.9 140. 4020 205 4030 220 '

4040 240 4048.0 265.0 4048.0 290

|
|

R1D
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Run 0:ts: 19MAY94 Run Time: 17:58:10 HMVersion: 6.50 Data File: H:SWSUB56.IN Page 2 I

[H 2 0.042 160.0 0.035 285.0 )
01 6 8 0.0 285.0 75.0 75 75
0 4050 0 4016.7 127.0 4024 160 4023.0 160.1 4030 205
0 4040 230 4050.0 245.0 4050.0 285

IN 2 0.042 140.0 0.035 280.0
01 5.2 8 0.0 280.0 66.0 66 66
D 4050 0 4017.4 110.0 4028. 140. 4024.5 140.1 4030 175
32 4040 220 4050 230 4058.0 280.0

3H 2 0.042 125.0 0.035 280.0
21 5.1 6 0.0 280.0 66.0 66 66
32 4050 0 4018.1 95.0 4030 125 4040 205 4050 225
D 4058.0 280.0

H 2 0.042 112.0 0.035 275.0
'1 5 6 0.0 2 75.0 66.0 66 66]

$ 4050 0 4018.9 85.0 4030 112 4040 150 4050 200
D 4058.0 275.0

TH 2 0.038 85.0 0.035 275.0

h,e1 4.2 7 0.0 275.0 120.0 120 120
4050 0 4020.2 85.0 4020.2 95 4030 110 4040 125
4050 155 4058.0 2 75. 0

H 2 0.038 85.0 0.035 270.0
$1 4.1 7 0.0 270,0 66.0 66 66

4050 0 4020.9 85.0 4020.9 95 4030 110 4040 125
4050 135 4058.0 270.0

iH 2 0.038 80.0 0.035 255.0
31 4 7 0.0 255.0 66.0 66 66

4050 0 4021.6 80.0 4021.6 90 4030 105 4040 120
4050 140 4058.0 255.0

lH 2 0.034 70.0 0.035 250.0 0 0 0 0 0
1 3 7 0.0 250.0 250.0 250 250 0 0 0

4050 0 4024.4 70.0 4024.4 80 4030 95 4040 115
4050 140 4058 250

M 2 0.034 65.0 0.035 230.0 0 0 0 0 0
1 2 8 0.0 230.0 260.0 260 260 0 0 0

4050 0 4027.2 65.0 4027.2 75 4030 85 4040 145
4050 175 4060.0 195.0 4060.0 230

H 2 0.034 60.0 0.035 220.0 0 0 0 0 0
1 1 7 0.0 220.0 250.0 250 250 0 0 0

4050 0 4030.0 60.0 4030.0 70 4040 145 4050 155
4060 1 75 4060.0 220.0

|

1

D
,
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$ ~ ??
Run DCtG: 19 HAY 94 Run Time: 17:58:10 HMVersion: 6.50 Data File: H:SWSUB56.IN Page 3

SECNO DEPTH CWSEL CRIWS WSELK CG HV HL OLOSS L BANK ELEV
Q QLOS QCH QROS 1. LOB ACH AROB VOL TWA R BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

' PROF 1

!TICAL DEPTH TO BE CALCULATED AT ALL CROSS SECTIONS

@690NHCARDUSED
SECNO 10.000

(720 CRITICAL DEPTH ASSUMED0
10.000 4.60 4014.00 4014.60 4014.61 4016.25 1.65 0.00 0.00 4032.00
1605.0 0.0 1605.0 0.0 0.0 155.6 0.0 0.0 0.0 4037.00

0.00 0.00 10.32 0.00 0.000 0.038 0.000 0.000 4010.00 153.29
0.014959 0. O. O. 0 4 0 0.00 47 61 200.91

@d90 CH CARD USED
SECNO 9.000

d302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.58

9.000 5.20 4016.90 4016.12 0.00 4017.60 0.71 1.35 0.00 4040.00
1605.0 0.0 1605.0 0.0 0.0 238.0 0.0 0.7 0.2 4040.00

0.01 0.00 6.74 0.00 0.000 0.035 0.000 0.000 4011.70 122.42
0.006000 150. 150. 150. 2 8 0 0.00 81.47 203.89

Q490NHCARDUSED
-SECNC 8.000

8.000 4.40 4017.80 4017.67 0.00 4018.91 1.10 1.30 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 190.5 0.0 1.5 0.5 4050.00

0.01 0.00 8.43 0.00 0.000 0.035 0.000 0.000 4013.40 118.73
0.011656 160. 160. 160. 3 15 0 0.00 76.39 195.12

)690NHCARDUSED
JSECNO 7.000

7.000 4.49 4019.59 4019.13 0.00 4020.37 0.78 1.46 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 226.2 0.0 2.2 0.8 4047.00

0.02 0.00 7.10 0.00 0.000 0.035 0.000 0.000 4015.10 113.29
0.0082F7 150. 150. 150. 2 11 0 0.00 90.81 204.10

B90 CH CARD USED

l
l

|
|

,
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Run Dits: 19MAY94 Run Time 17:58:10 HMVersion: 6.50 Data Files H:SWSUB56.IN Page 4-

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL' OLOSS L BANK ELEV
Q QLOS QCH QROS ALOB ACH AROB VOL TWA R-BAhK ELEV
TIME' VLOS VCH VROS XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL- IDC ICONT CORAR' TOPWID ENDST

?SECNO 6.500
6.500 4.28 4020.18 4019.82 0.00 4020.98 0.80 0.61 0.00 4050.00

1605.0 0.0 1605.0 0.0 0.0 222.9 0.0 2.6 1.0 4C48.00
0.02- 0.00 7.20 0.00 0.000 0.035 0.000 0.000 '4015.90 113.67

0.008784' ' 72. 72. 72. 2 15 0 0.00 91.60 205.27

(490NHCARDUSEDSECNO 6.000
'185 MINIMUM SPECIFIC ENERGY

O CRITICAL DEPTH ASSUMEDe

6.000 6.16 4022.86 4022.86 0.00 4024.46 1.60 0.93 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 158.3 0.0 2.9 1.1 4050.00

0.02 0.00 10.14 0.00 0.000 0.042 0.000 0.000 4016.70 103.49
0.019009 75. 75. 75. 0 14 0 0.00 51.37 154.86

(490NHCARDUSED
SECNO 5.200
185 MINIMUM SPECIFIC ENERGY
720 CRITICAL DEPTH ASSUMED

5.200- 6.97 4024.37 4024.37 0.00 4026.13 1.76 1.23 0.00 4050.00-
1605.0 0.0 1605.0 0.0 0.0 150.6 0.0 3.1 1.1 4058.00

0.02 0.00 10.65 0.00 0.000 0.042 0.000 0.000 4017.40 86.49
0.018343 66. 66. 66. 0 8 0 0.00 43.24 129.72

(490NHCARDUSED
sSECNO 5.100

5.100 7.48 4025.58 4025.39 0.00 4027.27 1.69 1.14 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 154.1 0.0 3.3

.

1.2 4058.00
0.03 0.00 10.42 0.00 0.000 0.042 0.000 0.000 4018.10 72.71

0.016216 66. M. 66. 2 8 0 0.00 41.16 113.87-

(490NHCARDUSED
sSECNO 5.000

5.000 7.76 4026.66 40id.39 0.00 4028.31 1.65 1.04 0.00 4050.u0
1605.0 0.0 1605.0 0.0 0.0 155.7 0.0 3.6 1.3 4058.00

0.03 0.00 10.31 0.00 0.000 0.042 0.000 0.000 4018.90 63.78
0.015264 66. 66. 66. 2 5 0 0.00 40.11 103.89

i

|
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Run Dats: -19mAY94 Run Tire 17:58:10 HMVersion: 6.50 Data Filet H:SWSUB56.IN Page 5-

'SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEV
Q QLOS QCH QR06 ALOS ACH AR08 VOL TWA R BANK ELEV-
TIME VLOS VCH VROS XNL XNCH- XNR WTN ELMIN SSTA
SLOPE' XLOBL XLCH XLOBR ITRIAL 10C ICONT CORAR TOPWID ENDST

2490 NH CARD USED
*SECNO 4.200

3302 WARN!%G: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.97
,

-4.200 8.17 4028.37 4026.29 0.00 4029.14 0.77 0.83 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 227.9 0.0 4.1 1.4 4058.00

0.03- 0.00 7.D4 0.00 0.000 0.037 0.000 0.000 4020.20 61.70
* 0.003922 120. 120. 120. 2 15 0 0.00 45.80 107.50

1590 NH CARD USED
*SECNO 4.100

4.100 7.61 4028.51 4026.95 0.00 4029.43 0.92 0.29 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 208.3 0.0 4.4 1.5 4058.00

0.03 0.00 7.71 0.00 0.000 0.036 0.000 0.000 4020.90 62.78
0.005075 66. 66. 66. 3 15 0 0.00 44.76 107.54

Q490 NH CARD USEDrSECNO 4.000
4.000 7.05 4028.65 4027.62 0.00 4029.82 1.17 0.39 0.00 4050.00

1605.0 0.0 1605.0 0.0 0.0 184.9 0.0 4.7 1.5 4058.00
0.04 0.00 8.68 0.00 0.000 0.036 0.000 0.000 4021.60 60.14

0.006973 66. 66 66. 3 15 0 0.00 42.45 102.59

(490NHCARDUSED
SECNO 3.000

3.000 5.90 4030.30 4030.17 0.00 4032.00 1.70 2.18 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 153.3 0.0 5.7 1.8 4058.00

0.04 0.00 10.47 0.00 0.000 0.035 0.000 0.000 4024.40 53.86
0.011210 250. 250, 250, 3 15 0 0.00 41.75 95.61

{490NHCARDUSEDr$ECNO 2.000
2.000 6.11 4033.31 4032.66 0.00 4034.37 1.06 2.37 0.00 4050.00

1605.0 0.0 1605.0 0.0 0.0 194.5 0.0 6.7 2.1 4060.00 '
O.05 0.00 8.25 0.00 0.000 0.035 0.000 0.000 4027.20 47.57

0.007569 260. 260. 260. 2 11 0 0.00 57.31 104.88

|
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.Run Dits: 19MAY94 Run Times.17:58:10 HMVersion: 6.50- Data Files H:SWSUB56.IN Page. -6-

$ECN0 DEPTH CWSEL CRlWS WSELK EO HV HL OLOSS L* BANK ELEV
'Q -QLOS QCH QROS ALOS ACH AR08 VOL TWA . R BANK ELEV .)

TIME VLOS VCH VR08 XNL XNCH XNR WTN ELMIN SSTA |
SLDPE XLO8L XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST i

j

0490 NH CARD USED
?SECN0 1.000

1.000 5.33 4035.33 4034.78 0.00 4036.30 0.97 1.V3 0.00: 4050.00
1605.0 0.0 1605.0 0.0 0.0 202.8 0.0 7.9 2.4 4060.00

0.06 0.00 7.92 0.00 0.000 0.035 0.000 0.000 4030.00 44.00
0.007864 250, 250. 250. 2 15 0 0.00 66.01 110.01

l

:

-!

i

|
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!

PROFILE FOR STREAM SUBCRITICAL RUN WEDGE S '

f,?
4

PLOTTED POINTS (BY PRIORITY) E ENERGY,W-WATER SURFACE,1 INVERT,C CRITICAL W.S.,L LEFT BANK,R-RIGHT BANK,M LOWER END STA

ELEVA710N 4010, 4015. 4020. 4025. 4030, 4035. 4040, 4045, 4050. 4055.
SECNO CUMDIS

10.00 0 I W. E L R. . . . . . . . .

20. I W E L R-. . . . . . . . .

40. .I W E L. R. . . . . . . .

60. .I CW E L R. . . . . . . .

80. .I .CW E L R. . . . . . . . .

100. .! .CW E L R.. . . . . . . .

120. ! . CW E L R.. . . . . . . . .

140. ! . CW E LR. . . . . . . . .

9.00 160. I . C WE L. . . . . . . . .

180. ! CW E L. . . . . . . . . . .

200. 1 CV E L. . . . . . . . . . .

220. 1 CW E L.. . . . . . . . . .

240. I CW E L. . . . . . . . . .

260. 1 CW E L. . . . . . . . . . .

280. I WE L. . . . . . . . . . .

300. 1 WE L.. . . . . . . . . .

8.00 320. ! CW E . L. . . . . . . . .

340. ! WE. RL. . . . . . . . .

360. !. CW E. RL. . . . . . . .

380. 1. W E. RL. . . . . . , .

400. I. CWE. R L. . . . . . . .

420. 1. CW E R L. . . . . . . .

440. I WE R L. . . . . . . .

7.00 460. 1 CW.E R L. . . . . . . .

480. .! CWE R L. . . . . . . .

500. .I CWE R L. . . . . . . .

520. .I CW E R L'. . . . . . . .

6.50 540. .! WE R L. . . . . . . .

560. .l .CW E R L. . . . . . , .

580. ! W E RL. . . . . . . . . .

600. ! W E. RL. . . . . . . . .

6.00 620. 1 W E. L. . . . . . . . .

640. ! W E L R. . . . . . . . .

660. I W .E L R. . . . . . . .

5.20 680. 1 W. E L R. . . . . . . . ,

700. ! W. E . . . . L R. . . . .

720. ! W E L R. . . . . . . . .

5.10 740. 1 .W E L R. . . . . . . . .

760. ! .CW E L R. . . . . . . . .

780. 1 .W E L R. . . . . . . . .

800. 1. W E L R. . . . . . . . .

5.00 820. !. W E L R. . . . . . . . .

840. 1. CW E L R. . . . . . . . .

860. I. CW E L R. . . . . . . . .

880. 1. CWE L R. . . . . . . . .

900. 1 C WE. L R. . . . . . . .

920. ! C WE. L R. . . . . . . .

4.20 940. ! C WE . L R. . . . . . . .

960 .! C WE . L R. . . . . . . ,

980. .I C W E. L R. . . . . . . .

6.10 1000. .! C W E. L R. . . . . . . ,

1020. .! C W E. L R. . . . . . . .

1040. ! CWE. L R. . . . . . . . .

4.00 9060. ! CW E L R. . . . . . . . .

1080. 1 CWE L R. . . . . . . . .

1100. ! CWE L R. . . . . . . . ,

1120. 1 C W .E L R. . . . . . . . .

1140. I CW .E L R. . . . . . . . .

1160. I C W.E L R. . . . . . . . .

1180. ! CW. E L R. . . . . . . . .

1200 ! CW. E L R. . . . . . . . .

1220. 1 W. E L R. . . . . . . . .

9240. 1 CW E L R. . . . . . . . .

1260 1. CW E L R. . . . . . . .



f'" $' f
1280. 1. W E L R. . . . . . . .

. 1300. I. W E L R. . . . . . . .

3.00 1320. 1. CW E L R. . . . . . . .

1340. I. .W E L R. . . . . . , .

1360. I .CW E L R. . . . . . . .

1380. 1 .CW E L R.. . . . . . .

1400. .I .W E L R. . . . . . . .

1420. .I . CW E L R.. . . . . . .

1440. .I W E L R.. . . . . . . .

1460. .I CW E L R,. . . . . . . .

1480. .I CW E L R.. . . . . . . .

1500. ! CW E L R.. . . . . . . . .

-1520. I CW E.. . . . . . . L R.,

1540. ! CW E . L R.. . . . . . . .

1560. 1 CW E . L R. . . . . . . .

2.00 1580. ! C W E. L R. . . . . . . .

1600. 1 CW E.. . . . . . . L R.

1620. I CW E. L . R. . . . . . .

1640. ! CWE. . . . . . . L R.

1660. 1 CW E L R. . . . . . . .

1680. ! CW E . . L R. . . . . .

1700. I C W.E L R. . . . . . . .

1720. !. CW.E L R. . . . . . .

1740. 1. CW.E L R. . . . . . .

1760. !. CWE L R. . . . . . .

1780. I. CW E L R. . . . . . .

1800. I. CW E L R. . . . . . .

1.00 1820. I CW E L R. . . . . . .
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b35 i
Run D2ts: 19MAy94 Run Time: 17:58:10 HMVersion: 6.50 Data Files H:SWSUB56.!N Page 7

. . THIS RUN EXECUTED 19MA*.94 17:58:12
w eeeeeeee**************************

HEC-2 WATER SURFACE PROFILES

|Viralon 4.6.2; May 1991
weeeeeeeeee************************* ;

|

iWOTEa ASTERISK (*) AT LEFT OF CROSS SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

SUSCRITICAL RUN WEDGE S

EUMMARY PRINTOUT TABLE 150

SECNO XLCH ELTRO ELLC ELMIN Q CWSEL CRIWS EG 10*KS VCH AR6A .01K

1 10.000 0.00 0.00 0.00 4010.00 1605.00 4014.60 4014.60 4016.25 149.59 10.32 155.57 131.23 .!
> 9.000 150.00 0.00 0.00 4011.70 1605.00 4016.90 4016.12 4017.60 60.00 6.74 238.02 207.21

8.000 160.00 0.00 0.00 4013.40 1605.00 4017.80 4017.67 4018.91 116.56 8.43 190.50 148.66 -

1

7.000 150.00 0.00 0.00 4015.10 1605.00 4019.59 4019.13 4020.37 82.77 7.10 226.16 176.42

6.500 72.00 0.00 0.00 4015.90 1605.00 4020.18 4019.82 4020.98 87.84 7.20 222.94 171.24

6.000 75.00 0.00 0.00 4016.70 1605.00 4022.86 4022.86 4024.46 190.09 10.14 158.31 116.41
|

*

5.200 66.00 0.00 0.00 4017.40 1605.00 4024.37 4024.37 4026.13 183.43 10.65 150.64 118.50
'

5.100 66.00 0.00 0.00 4018.10 1605.00 4025.58 4025.39 4027.27 162.16 10.42 154.06 126.04

5.000 66.00 0.00 0.00 4018.90 1605.00 4026.66 4026.39 4028.31 152.64 10.31 155.73 129.91 '

|
* - 4.200 120.00 0.00 0.00 4020.20 1605.00 4028.37 4026.29 4029.14 39.22 7.04 227.89 256.29 I

4.100 66.00 0.00 0.00 4020.90 1605.00 4028.51 4026.95 4029.43 50.75 7.71 208.30 225.29

4.000 66.00 0.00 0.00 4021.60 1605.00 4028.65 4027.62 4029.82 69.73 8.68 184.90 192.20

3.000 250.00 0.00 0.00 4024.40 1605.00 4030.30 4030.17 4032.00 112.10 10.47 153.32 151.59

2.000 260.00 0.00 0.00 4027.20 1605.00 . 4033.31 4032.66 4034.37 75.69 8.25 194.46 184.49

1.000 250.00 0.00 0.00 4030.00 1605.00 4035.33 4034.78 4036.30 78.64 7.92 202.76 180.99

1

;

I

!

._ . . _ _ - _-. _ _ ..
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Run Dats: 19MAY94 Run Time: 17:58:10 HMVersion: 6.50 Data File: H:SWSUB56.IN Page 8 |

SUSCRITICAL RUN WEDGE S

SUMMARY PRINTOUT TABLE 150

SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWID XLCH

10.000 1605.00 4014.60 0.00 0.00 -0.01 47.61 0.00*

9.000 1605.00 4016.90 0.00 2.30 0.00 81.47 150.00*

8.000 1605.00 4017.80 0.00 0.91 0.00 76.39 160.00

7.000 1605.00 4019.59 0.00 1.78 0.00 90.81 150.00

6.500 1605.00 4020.18 0.00 0.59 0.00 91.60 72.00

6.000 1605.00 4022.86 0.00 2.69 0.00 51.37 75.00"

5.200 1605.00 4024.37 0.00 1.50 0.00 43.24 66.00'

5.100 1605.00 4025.58 0.00 1.21 0.00 41.16 66.00

5.000 1605.00 4026.66 0.00 1.07 0.00 40.11 66.00

4.200 1605.00 4028.37 0.00 1.71 0.00 45.80 120.00
'

4.100 1605.00 4028.51 0.01 0.14 0.00 44.76 66.00

4.000 1605.00 4028.65 0.00 0.14 0.00 42.45 66.00

3.000 1605.00 4030.30 0.00 1.65 0.00 41. 75 250.00

2.000 1605.00 4033.31 0.00 3.02 0.00 57.31 260.00

1.000 1605.00 4035.33 0.00 2.01 0.00 66.01 250.00

|
1

|
)

l,

|

l
i
1

__ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ .
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-Run Dits: 19MAY94- Run Time: 17:58:10 HMVersion: 6.50 Data File: H:SWSUB56.!N- Page- 9-

SLsIMARY OF ERRORS AND SPECIAL NOTES
i

CAUTION SECN0= 10.000 PROFILE = 1 CRITICAL DEPTH ASSUMED

DARNING SECNO= 9.000 PROFILE 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
'

CAUTION SECNon, 6.000 PROFILE =. 1 CRITICAL DEPTH ASSUMED
CAUTION SECNO= 6.000 PROFILE = 1 MINIMUM SPECIFIC ENERGY

|AUTION SEC::0= 5.200 PROFILE = 1 CRITICAL DEPTH ASSUMED ,

AUTION SEC20= 5.200 PROFILE = 1 MINIMUM SPECIFIC ENERGY |

,

JARNING SECNO= 4.200 FNOFILEs 1 CONVEYANCE CHANCE OUTSIDE ACCEPTABLE RANGE

i

i

e

1

5

, - - ..--. -_ --- - - - -
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h3C2S/N: 1916530006 HMVersion: 6.50 Data File: H:SWSUP56.1N-

[d[
0 ................................. .......................................

1

b HEC 2 WATER SURFACE PROFILES U.S. ARMY CORPS OF ENGINEERS .*i* *

* * HYDROLOGIC ENGINEERING CENTER *|?-
b Virsion 4.6.2; May 1991 609 SECOND STREET, SUITE D* * *

3 * * DAVIS, CALIFORNIA 95616-4687 * '

R UN DA.T.E....19.M. A..Y94... .T. .I M.E. ...17.: 5 7.:. .52..*. ........... 916..) . 756..1 104..............*
* (

.. .. . . . . .

X X XXXXXXX XXXXX XXXXX
X X X X X X X
X X X X X
XXXXXXX XXXX X XXXXX XXXXX
X X X X X

X X X X X X

X X XXXXXXX XXXXX XXXXXXX

/M9 /?s# 6
::::::::::::::::::::::: ::::::::::::::::::::.:
:::::::::::::::::::::::::::::::::::::::::4::::
::: :::

::: FULL MICRO-COMPUTER IMPLEMENTATION :::

::: :::

::::::::::::::::::::::::::::::::::::::::::::::
::::::::::::::::::::::::::::::::::::::::::::::

,

estsassssa:EssssERS.E.BesEEEE

HAESTAD METH0D$
=s=========== .......s=======

37 Brookside Road * Waterbury, Connecticut 06708 * (203) 755-1666

_ - - - - - _ _ _ - - - _ _ _ _ _ _ _ _ _ .
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Run Data: 19 MAT 94 Run Time: 1':57:52 HMVersion: 6.50 Data File: H:SWSUPS6.IN Page' 1

1

1HIS RUN EXECUTED 19MAY94 17:57:52b e ee.........................

' HEC 2 WATER SURFACE PROFILES j

peeeeeee 4. 6 2....M.ay 199.1..........V2rsion
. ..... ;

i

'A
1 SOUTHWEST CHANNEL
2 ATLAS MINERALS 88 067 5/12/94
3 SUPERCRITICAL RUN WITH WEDGE SEC 5, 5.1, 5.2, 6

Q1 ! CHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ

0. O. D. 1 1. 0 1.0 1605. 4034.8 0.
)

y 0.03 0.03 0.03
;H 2 0.034 60 0.035 220
1' 1.0 7.0 0.0 220.0 250.0 250.0 250.0 0.0 0.0 0.0

4050.0 0.0 4030.0 60.0 4030.0 70.0 4D40.0 145.0 4050.0 -155.0
4060.0 175.0 4060.0 220.0

:H 2 0.034 65 0.035 230
1 2.0 8 0.0 231.0 260.0 260.0 260.0

4050.0 0.0 4027.2 65.0 4027.2 75.0 4030.0 85.0 4040.0 145.0
4050.0 175.0 4060.0 195.0 4060.0 230.0

N 2 0.034 70 0.035 250
Il 3.0 7 0 250 250 250 250 .

-4050.0 0.0 4024.4 70.0 4024.4 80.0 4030.0 95.0 4040.0 115.0
4050.0 140.0 4058 250

fH 2 0.038 80 0.035 255
1 4.0 7 0 255 66 66 66

4050.0 0.0 4021.6 80.0 4021.6 90.0 4030.0 105.0 4040.0 120.0
4050.0 140.0 4058.0 255.0

:N 2 0.038 85 0.035 270I~ 4.1 7 0 ?TO 66 66 66l
4050.0 0.0 4020.9 85.0 4020.9 95.0 4030.0- 110.0 4040.0 125.0
4050.0 135.0 4058.0 270.0

,H 2 0.038 85 0.035 275
1 4.2 7 0 275 120 120 120

4050.0 0.0 4020.2 85.0 4020.2 95.0 - 4030.0 110.0 4040.0 125.0
4050.0 155.0 4058.0 275.0

.i



( VJ
Run Dato: 19MAY94 Run Time: 17:57:52 HMyersion: 6.50 Data File HisWsuP56.IN Page 2

1

'N 2 0.042 112 0.035 275.0
il 5.0 6 0 275 66 66 66

4050.0 0.0 4018.9 85.0 4030.0 112.0 4040.0 150.0 4050.0 200.0
6058.0 2 75.0'-

'N 2 0.042 125 0.035 280.0
1 5.1 6 0 280 66 66 66 |- 6050.0 0.0 4018.1 95.0 4030.0 125.0 4040.0 205.0 4050.0 225.0

'

0058.0 280.0

y 2 0.042 140 0.035 280.0
1 5.2 8 0 280 66 66 66

6050.0 0.0 4017.4 110.0 4028. 140. 4024.5 140.1 4030.0 1 75 .0
4040.0 220.0 4050.0 230.0 4058.0 280.0

H 2 0.042 160 0.035 285.0
1 6.0 8.0 0.0 285.0 75.0 75.0 75.0 0.0 0.0 - 0.0

4050.0 0.0 4016.7 127.0 4024, 160 4023.0 160.1 4030.0 205.0
6040.0 230.0 4050.0 245.0 4050.0 285.0

'H 2 0.034 130 0.035 290.0.

1 6.5 8.0 0.0 290.0 72.0 72.0 72.0
4050.0 0.0 4015.9 130.0 4015.9 140, 4020.0 205.0 4030.0 220.0
6040.0 240.0 4048.0 265.0 4048.0 290.0

lH 2 0.034 130 0.035 290
9 7.0 7.0 0.0 290.0 150.0 150.0 150.0 0.0 0.0 0.0

6050.0 0.0 4015.1 130.0 4015.1 140.0 4020.0 210.0 4030.0 225.0 j
4040.0 240.0 4047.0 290.0

|
'H 2 0.034 135 0.035 3101

1 8.0 7.0 0.0 310.0 160.0 160.0 160.0 0.0 0.0 0.0 k
4050.0 0.0 4013.4 135.0 4013.4 145.0 4020.0 220.0 4030.0 235.0 |
4040.0 250.0 4050.0 310.0

]
'N 2- 0.034 150 0.035 320.0
1 9.0 7.0 0.0 320.0 150.0 150.0 150.0 0.0 0.0 0.0

4040.0 0.0 4011.7 150.0 4011.7 160.0 4020.0 230.0 4030.0 255.0
4040.0 270.0 4040.0 320.0 q

2.0 0.038 204.2 0.035 325.0
1 10.0 8.0 0.0 325.0 0.0 0.0 0.0

4032.0 0.0 / 015.7 150.0 4010.0 167.1 4010.0 187.1 4015.7 204.2
6020.0 240.0 4030.0 270.0 4037.0 325.0



+ y/
Run D:te 19MAY94 Run Tine: 17:57:52 HMVersion: 6.50 Data File: H 5WSUPS6.!N Page 3

~

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L BANK ELEV
0 QLOB QCH QROB ALOB ACH AROB VOL TWA .R BANK ELEV
TIME VLOS VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

|* PROF 1

1490 NH CARD USED
'SECNO 1.000
5720 CRITICAL DEPTH ASSUMED

1.000 4.78 4034.78 4034.78 4034.80 4036.20 1.42 0.00 0.00 4050.00 i

1605.0 0.0 1605.0 0.0 0.0 167.8 0.0 0.0 0.0 4060.00 1

0.00 0.00 9.56 0.00 0.000 0.C35 0.000 0.000 4030.00 45.66 !
0.013059 0. O. D. 0 4 0 0.00 60.20 105.86 i

'

1190 NH CARD USED |
'SECNO 2.000
5685 20 TRIALS ATTEMPTED WSEL,CWSEL
5693 PRCIABLE MINIMUM SPECIFIC ENERGY
572C CRITICAL DEPTH ASSUMED

2.000 5.49 4032.69 4032.69 0.00 4034.24 1.55 3.20 1.60 4050.00
1605.0 0.0 1605.0 0.0 0.0 160.4 0.0 0.9 0.3 4060.00 i

0.01 0.00 10.00 0.00 0.000 0.035 0.000 0.000 40?7.20 49.35
0.012555 250. 250. 250. 20 8 0 0.00 51.79 101.14

1199 NH CARD USED
'SECNO 3.000 ;
5685 20 TRIALS ATTEMPTED WSEL,CWSEL
5693 PRCIABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

3.000 5.77 4030.17 4030.17 0.00 4032.00 1.83 3.25 1.61 4050.00
1605.0 0.0 1605.0 0.0 0.0 147.8 0.0 1.9 0.6 4058.00

0.01 0.00 10.86 0.00 0.000 0.035 0.000 0.000 4024.40 54.22
0.012409 260. 260. 260. 20 8 0 0.00 41.12 95.34

Ii90 NH CARD USED
'SECNO t.000
5685 20 iRIALS ATTEMPTED WSEL,CWSEL
6693 PRotsABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

4.000 6.02 4027.62 4027.62 0.00 4029.56 1.94 3.26 0.03 4050.00
1605.0 0.0 1605.0 0.0 0.0 143.5 0.0 2.7 0.8 4058.00

0.02 0.00 11.18 0.00 0.000 0.036 0.000 0.000 4021.60 63.05
0.013759 250. 250. 250. 20 8 0 0.00 37.70 100.75

1

~

-l
.i

|
I

!
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|Run Date: '19MAY94 Run Time: 17:57:52 HMversion: 6.50 Data File: H:SWSUP56.IN Page 4

|

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L BANK ELEV
Q QLOS QCH QROS ALOB ACH AROB VOL TWA R BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLDBR ITRIAL IDC ICONT CORAR TOPWID ENDST

1490 NH CARD USED
JSECCO 4.100
5685 20 TRIALS ATTEMPTED WSEL,CWSEL

]5693 PROBABLE MINIMUM SPECIFIC ENERCY
5720 CRITICAL DEPTH ASSUMED

1
4.100 6.05 4026.95 4026.95 0.00 4028,88 1.93 0.91 0.08 4050.00 |

1605.0 0.0 1605.0 0.0 0.0 143.9 0.0 2.9 0.9 4058.00 '

O.02 0.00 11.15 0.00 0.000 0.036 0.000 0.000 4020.90 67.34 i
'

0.013673 66. 66. 66. 20 5 0 0.00 37.62 104.96 j
|
1
'

1190 NH CARD USED
'SECNo 4.200
5685 20 TRIALS ATTEMPTED WSEL,CWSEL
5693 PROBABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

4.200 6.11 4026.31 4026.31 0.00 4028.27 1.95 0.90 0.38 4050.00
1605.0 0.0 1605.0 0.0 0.0 143.1 0.0 3.1 0.9 4058.00

0.02 0.00 11.22 0.00 0.000 0.036 0.000 0.000 4020.20 67.56
0.013659 66. 66. 66. 20 5 0 0.00 36.80 104.36

1190 NH CARD USED
'SECNo 5.000
b685 20 TRIALS ATTEMPTED WSEL,CWSEL
5693 PROBABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

5.000 7.47 4026.37 4026.37 0.00 4028.30 1.92 1.91 0.93 4050.00
1605.0 0.0 1605.0 0.0 0.0 144.2 0.0 3.5 1.0 4058.00

0.03 0.00 11.13 0.00 0.000 0.042 0.000 0.000 4018.90 64.58
0.018746 120. 120. 120. 20 11 0 0.00 38.60 103.17

1490 NH CARD USED
'SECNO 5.100
k685 20 TRIALS ATTEMPTED LSEL,CWSEL ,

k693 PRCCABLE MINIPRhi SPECIFIC ENERGY '

5720 CRITICAL DEPTH ASSUMED
5.100 7.32 4025.42 4025.42 0.00 4027.26 1.84 1.22 0.01 4050.00

1605.0 0.0 1605.0 0.0 0.0 147.3 0.0 3.7 1.1 4058.00
0.03 0.00 10.89 0.00 0.000 0.042 0.000 0.000 4018.10 73.20

0.018270 66. 66. 66. 20 8 0 0.00 40.25 113.45

,

e

h

r------ -
_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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Run Dats: 19MAY94 Run fine: 17:57:52 HMVersion: 6.50 Data File: H:SWSUP56.IN Page 5

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEY
Q QLOB QCH QROB ALOB ACH AR08 VOL TWA R BANK ELEV
TIME VLOB VCH VR08 XNL XNCH XNR WTN ELMIN SSTA
SLDPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST i

{490NHCARDUSED
-

j

qSECN0 5.200
685 20 TRIALS ATTEMPTED WSEL,CVSEL

[720CRITICALDEPTHASSUMED
493 PRO!ABLE MINIMUM SPECIFIC ENERGY

s

5.200 6.99 4024.39 4024.39 0.00 4026.13 1.74 1.20 0.52 4050.00
1605.0 0.0 1605.0 0.0 0.0 151.6 0.0 4.0 1.2 4058.00

0.03 0.00 10.59 0.00 0.000 0.042 0.00L 0.000 4017.40 86.41
0.01B020 66 66. 66. 20 8 0 0.00 43.38 129.79

1490 NH CARD USED
!SECHO 6.000

6.000 5.66 4022.36 4022.87 0.00 4024.62 2.26 1.51 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 133.1 0.0 4.2 1.2 4050.00

0.03 0.00 12.06 0.00 0.000 0.042 0.000 0.000 4016.70 105.44
0.030179 66. 66. 66. 4 11 0 0.00 47.10 152.55

|490NHCARDUSED
'SECNO 6.500

6.500 3.00 4018.90 4019.82 0.00 4021.76 2.86 2.86 0.00 4050.00
1605.0 0.0 1605.0 0.0 0.0 118.3 0.0 4.4 1.3 4048.00

0.03 0.00 13.57 0.00 0.000 0.035 0.000 0.000 4015.90 118.57
0.049689 75. 75. 75. 6 19 0 0.00 68.94 187.51

|490NHCARDUSED
SECNO 7.000

645 INT SEC ADDED BY RAISING SEC 7.00, 0.400 FT AND MULTIPLYING BY 1.033

f301 HV CHANGED MORE THAN HVINS

E02 UARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 0.64

1.010 3.66 4019.16 4019.47 0.00 4020.67 1.50 1.09 0.00 4050.40
1605.0 0.0 1605.0 0.0 0.0 163.0 0.0 4.5 1.4 4047.40

0.03 0.00 9.84 0.00 0.000 0.035 0.000 0.000 4015.50 120.18
0.020302 36. 36. 36. 6 11 0 0.00 78.57 198.76

|

!
i



Run Dats: 19MAY94 Run Time: 17:57:52 HMyersion: 6.50 Data File: H:SWSUP56.!N Page 6

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L BANK ELEV
0 QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST

0645 INT SEC ADDED BY RAISING SEC 1.01, 0.400 FT AND MULTIPLYING BY 0.968

3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

7.000 4.03 4019.13 4019.13 0.00 4020.28 1.15 0.60 0.30 4050.00
1605.0 0.0 1605.0 0.0 0.0 186.9 0.0 4.7 1.5 4047.00

0.03 0.00 8.59 0.00 0.000 0.035 0.000 0.000 4015.10 114.97
0.013790 36. 36, 36. 20 8 0 0.00 82.65 197.63

1!90 NH CARD USED
'SECNO 8.000

s5685 20 TRIALS ATTEMPTED WSEL,CWSEL
$693 PROBABLE MINIMUM SPECIFIC ENERGY
3720 CRITICAL DEPTH ASSUMED

8.000 4.27 4017.67 4017.67 0.00 4018.91 1.24 2.05 0.03 4050.00
1605.0 0.0 1605.0 0.0 0.0 1 79.9 0.0 5.3 1.7 4050.00

0.04 0.00 8.92 0.00 0.000 0.035 0.000 0.000 4013.40 119.25
0.013590 150. 150. 150. 20 8 0 0.00 74.26 193.52

1490 NH CARD USED
*SECNO 9.000
5685 20 TRIALS ATTEMPTED WSEL,CVSEL
5693 PRCIABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

9.000 4.40 4016.10 4016.10 0.00 4017.38 1.28 2.15 1.09 4040.00
1605.0 0.0 1605.0 0.0 0.0 176.6 0.0 6.0 2.0 4040.00

0.04 0.00 9.09 0.00 0.000 0.035 0.000 0.000 4011.70 126.70
0.01334,4 160. 160. 160. 20 8 0 0.00 70.36 197.07

1190 NH CARD USED |
'SECNO 10.000 |

5685 20 TRIALS ATTEMPTED WSEL,CWSEL
5693 PRO:ABLE MINIMUM SPECIFIC ENERGY
5720 CRITICAL DEPTH ASSUMED

10.000 4.60 4014.60 4014.60 0.00 4016.25 1.66 2.12 0.90 4032.00
1605.0 0.0 1605.0 0.0 0.0 155.4 0.0 6.5 2.2 4037.00 ;

0.05 0.00 10.33 0.00 0.000 0.038 0.000 0.000 4010.00 153.31 1

0.015005 150. 150. 150, 20 8 0 0.00 47.59 200.89
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TROFILE FC3 STREAM SUPERCRITICAL RUN WITH
.

k

( "((j)
PLOTVED POINTS (BY PRIORITV) E ENERGY,W WATER SURFACE,1-INVERT,C-CRITICAL W.S.,L-LEFT BANK,P RIGHT BANK,M LOWER END STA

}LEVATION 4010. 4015. 4020. 4025. 4030. 4035. 4040. 4045. 4050. 4055.
SECND CUMDIS

1.00 0. I WE L R. . . . . . .

20. I W. E L R. . . . . . .

40. I. W. E L R. . . . . . .

60. 1. W.E L R. . . . . . ,

80 1. W .E L R. . . . . . .

100. I. W .E L R. . . . . . ,

120. ! W .E L R. . . . . . . ,

140. 1 W E L R. . . . . . . .

160. ! W E L R. . . . . . . .

180. 1 W E L R. . . . . . . .

200. 1 W E. L R. . . . . . . .

220. I W E. L R. . . . . . . .

240. I W E. L R. . . . . . . .

2.00 260. 1 W E. L R. . . . . . . ,

280. I W E. L R. . . . . . . .

300. I W E. L R.. . . . . . . ,

320. I W E L R.. . . . . . . . ,

340. ! W E L R.. . . . . . . . .

360. .l W E L R'.. . . . . . . .

380. .I W E L R.. . . . . . . ,

400. .I W E L R.. . . . . . . ,

420. .I .W E L R.. . . . . . .

440. .I .W E L R. . . . . . . .

460. I .W E L R. . . . . . . .

480. ! .W E L R. . . . . . . .

500. 1. .W E L R. . . . . . . ,

3.00 520. I. W E L R. . . . . . . .

540. !. W E L R. . . . . . .

560. !. W E L R |. . . . . . , .

580. I V. E . . L R. . . . . . .

600. ! W. E L R. . . . . . . . .

620. I W.E L R ). . . . . . . . .

640. I W.E L R
,

. . . . . . . .

660. ! W .E L R |. . . . , . . , .

680. ! W .E L R
|

. . . . . . . .

700. I W E L R. . . . . . . . . 1

720. ! W E L R j. . . . . . . . .

740. ! W E L R I. . . . . . . . .

4.00 760. ! W E. L R |. . . . . . . . .

780. ! W E. L R. . . . . . . . .

800. 1 W E. L R. . . . . . . .

820. .I W E. L R. . . . . . , .

4.10 840. .! W E. L R. . . . . . . .

860. .I W E L R. . . . . . . . .

880. .I W E L R 1. . . . . . . . .

4.20 900. 1 W E L R l. . . . . . . . .

920. ! W E L R
'

. . . . . . . . .

)940. 1 W E L R. . . . . . . . .

960 I. W E L R i. . . . . . . . .

980. I. W E L R |. . . . . . . . .

1000. 1. W E L R. . . . . . . . .

5.00 1020. 1. W E L R. . . . . . . . .

1040. I .W E L R. . . . . . . . .

1060. 1 .W E L R |
. . . . . . . . .

5.10 1080. 1 .W E L R i. . . . . . . . .

1100. ! W E L R ). . . . . . . . .

1120. ! W E L R. . . . . . . . ,

1140. I W. E L R. . . . . . . . .

5.20 1160. 1 W. E L R. . . . . . . . .

1180. ! W .E L .R. . . . . . . .

1200. ! WC E L R. . . . . . . . .

6.00 1220. I WC E. L . .. . . . . . .

1240. 1 WC E. RL. . . . . . . . .

1260. ! .WC E RL. . . . . . . . .

_ _ _ _ _ _



[ YA
1280. .I W.C E R L. . . . . . . .

6.50 1300. .I WC E R L. . . . . . . .

1320. .! WC E R L. . . . . . . .

1.01 1340. .I WC.E R .L. . . . . . . .

7.00 S360. I W .E R L. . . . . . . .

1380. I WE R L. . . . . . . .

1400. I. W E R L . .. . . . . .

1420. 1. W E. R L. . . . . . , .

1440. I. W E. R L. . . . . . . .

1460. 1. W E. RL. . . . . . . .

1480. I WE. RL. . . . . . . . .

1500. I WE. L. . . . . . . . .

Q.00 1520. I W E, L. . . . . . . . .

1540. 1 WE L.. . . . . . . . . .

1560. ! WE L. . . . . . . . , . .

1580. ! W E L. . , . . . . . . . .

1600. 1 WE L. . . . . . . , . .

1620. 1 W E L.. . . . . . . . . .

1640. ! W E L. . , . . . . . . . .

1660. I WE L. . . . . . . . . . .

9.00 1680. ! . 's L. . . . . . . . .

1700. 1 .WE LR.. . . . . . . . .

1720 .! .W E LR.. . . . . . . .

1740. .1 .W E L R.. . . . . . . .

1760. .! .W E .L R. . . . . . . .

1780. .I W E L. R. . . . . . . .

1800. .I W E L R. . . . . . . . .

10.00 1820. I W. E L R. . . . . . . . .

i
1

I

|

|
1

_ _ _ . _ . _ _ _ _ _ . . _ _ _ _ _
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Run Dits: 19MAY94 Run Time: 17:57:52 HMVersion: 6.50 Data File: H:SWSUP56.IN Page 7

THl$ RUN EXECUTED 19MAY94 17:57:55
eceresceste** ....... e*************

HEC 2 WATER SURFACE PROFILES

V:rsion:ossessesse 6. 2*;**May 19914
* **** e* e*ee...

NOTE- ASTERISK (*) AT LEFT OF CROSS SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

SUPERCRITICAL RUN WITH

SUMMARY PRINTOUT TABLE 150

SEcho XLCH ELTRD ELLC ELMIN Q CVSEL CRlWS EG 10*KS VCH AREA .01K

1.000 0.00 0.00 0.00 4030.00 1605.00 4034.78 4034.78 4036.20 130.59 9.56 167.83 140.45*

t.000 250.00 0.00 0.00 4027.20 1605.00 4032.69 4032.69 4034.24 123.55 10.00 160.44 143.24*

3.000 260.00 0.00 0.00 4024.40 1605.00 4030.17 4030.17 4032.00 124.09 10.86 147.79 144.08*

4.000 250.00 0.00 0.00 4021.60 1605.00 4027.62 4027.62 4029.56 137.59 11.18 143.54 136.83
*

4.100 66.00 0.00 0.00 4020.90 1605.00 4026.95 4026.95 4028.88 136.73 11.15 143.94 137.26
*

4.200 66.00 0.00 0.00 4020.20 1605.00 4026.31 4026.31 4028.27 136.59 11.22 143.06 137.33
*

5.000 120.00 0.00 0.00 4018.90 1605.00 4026.37 4026.37 4028.30 187.46 11.13 144.19 117.23
'

5.100 66.00 0.00 0.00 4018.10 1605.00 4025.42 4025.42 4027.26 182.70 10.89 147.32 118.74
*

5.200 66.00 0.00 0.00 4017.40 1605.00 4024.39 4024.39 4026.13 180.28 10.59 151.63 119.54
*

6.000 66.00 0.00 0.00 4016.70 1605.00 4022.36 4022.87 4024.62 301.79 12.06 133.11 92.39

6.500 75.00 0.00 0.00 4015.90 1605.00 4018.90 4019.82 4021.76 496.89 13.57 118.29 72.00

7.000 72.00 0.00 0.00 4015.10 1605.00 4019.13 4019.13 4020.28 137.90 8.59 186.88 136.68
'

8.000 150.00 0.00 0.00 4013.40 1605.00 4017.67 4017.67 4018.91 135.90 8.92 179.89 137.68
-

9.000 160.00 0.00 0.00 4011.70 1605.00 4016.10 4016.10 4017.38 133.44 9.09 176.61 138.94
' '

10.000 150.00 0.00 0.00 4010.00 1605.00 4014.60 4014.60 4016.25 150.05 10.33 155.39 131.03
' '

|

|

|

|
.

-. _ _ _



Run D:ts: 19MAY94 Run Time: 17:57:52 HMVersion: 6.50 Data File: H:SWSUP56.IN Page 8

SUPERCRITICAL RUN Wiln

SUMMARY PRINTOUT TABLE 150

SECNO Q CWSEL DIFWSP DitWSX DIFKWS TOPWID XLCH

) 1.000 1605.00 4034.78 0.00 0.00 -0.02 60.20 0.00

2.000 1605.00 4032.69 0.00 -2.09 0.00 51.79 250.00*

' 3.000 1605.00 4030.17 0.00 -2.52 0.00 41.12 260.00

4.000 1605.00 4027.62 0.00 -2.55 0.00 37.70 250.00'

2 4.100 1605.00 4026.95 0.00 -0.67 0.00 37.62 66.00

4.200 1605.00 4026.31 0.00 -0.63 0.00 36.80 66.00'

5.000 1605.00 4026.37 0.00 0.06 0.00 38.60 120.00

a 5.100 1605.00 4025.42 0.00 -0.95 0.00 40.25 66.00

f 5.200 1605.00 4024.39 0.00 -1.03 0.00 43.38 66.00

6.000 1605.00 4022.36 0.00 -2.03 0.00 47.10 66.00

6.500 1605.00 4018.90 0.00 -3.46 0.00 68.94 75.00

7.000 1605.00 4019.13 0.00 -0.03 0.00 82.65 72.00

8.000 1605.00 4017.67 0.00 -1.46 0.00 74.26 150.00

9.000 1605.00 4016.10 0.00 -1.57 0.00 70.36 160.00

10.006 1605.00 4014.60 0.00 -1.50 0.00 47.59 150.00

1

_. _ _ _ _ - _ . __

.
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Run Dits: 19MAY94 Run Time: 17:57:52 HMVersion: 6.50 Data File: H:SWSUP56. !N Page 9

$UMMART OF ERROR $ AN:1 SPECIAL NOTES

CAUTION SECN0s 1.000 PROFILE = 1 CRITICAL DEPTH ASSUMED

|AUTION SECN0= 2.000 PROFILE = 1 CRITICAL DEPTH ASSUMED l
'

|AUTION SECN0= 2.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
;AUTION SECH0= 2.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

JkRION SECN0= 3.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
;AUTION SECN0= 3.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
LAUT!DN SECCOs 3.000 PR0 FILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

aAUTION SECN0= 4.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
,

LAUTION SECN0= 4.000 PROFILES 1 PROBABLE MINIPf4 SPECIFIC ENERGY
;AUTION SECNO= 4.000 PROFILE = 1 20 TRIALS ATTEhPTED TO BALANCE WSEL i

.

LAUTION SECH0= 4.100 PROFILE = 1 CRITICAL DEPTH ASSUMED
LNJTION SECN0= 4.100 PROFILE = 1 PROBABLE MINI >LM SPECIFIC ENERGY
UuJTIC2 SECN0= 4.100 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

'
;AUTION SECN0= 4.200 PROFILE = 1 CRITICAL DEPTH ASSUMED
|AUTION SECN0s 4.200 PROFILE = 1 PROBABLE MINIPRM SPECIFIC ENERGY
;AUTION SECN0= 4.200 PROFILE = 1 20 TRIALS ATTEMPTEi TO BALANCE WSEL

AUTION SECN0= 5.000 PROFILES 1 CRITI- SEPTH ASSUMED
AUTICH SECN0s 5.000 PROFILEn 1 PROBAI. dINIMUM SPECIFIC ENERGY
AUTICH SECN0= 5.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

AUTION SECN0= 5.100 PROFILE = 1 CRITICAL DEPTH ASSUMED
.AUTION TECN0= 5.100 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
AUTICH SECN0= 5.100 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL '

AUTION SECN0= 5.200 PROFILE = 1 CRITICAL DEPTH ASSUMED
|AUTION SECN0= 5.200 PROFILES 1 PROBABLE MINIMUM SPECIFIC ENERGY
|AUTION SECN0= 5.200 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL
l

.AUTICW SECN0= 7.000 PROFILE = 1 INTERPOLATED X-SECTIONS USED
|
JufflCW SECN0= 8.000 PROFILE = 1 CRITICAL DEPTH ASSUMED

'

LAUT!CW SECN0= 8.000 PROFILES 1 PROBABLE MINIPK44 SPECIFIC ENERGY
|AUTION SECN0= 8.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

,

AUTION SECN0= 9.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
AUTION SECN0= 9.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY

f4UTION YrCN0= 9.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

.AUTION SECN0= 10.000 PROFILE = 1 CRITICAL DEPTH ASSUMED
AUTICW SECN0= 10.000 PROFILE = 1 PROBABLE MINIMUM SPECIFIC ENERGY
|AUTICH SECN0= 10.000 PROFILE = 1 20 TRIALS ATTEMPTED TO BALANCE WSEL

i

t

e

,--m - _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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4

A.

t' corresponding to fo* lowing Tables:

1) Sec. No. refers to HEC-2 cross section number. See Figure 1 for location of HEC-2 sections.

2) Sse Figure 2 for subsection detail

3) Depth of flow is frorn HEC-2 simulations. See Table S for summary.

4) Stxtion refers to distance on channel cross section profde measured from the tailmgs embankment.

5) Sta. Elevation refers to elevation of point on channel profile corresponding to station (see note 3).
see Attschment B for channel profiles and HEC-2 "GR" card in Attachments C and E for stations and elevations.

6) Zn is channel subsection side slope (ZH:1V). Values in ( ) denote bottom width of channel subsection.

7) An is channel subsection area.

8) Pn is channel subsection wetted perimeter.

9) Rn is hydraulic radius of Channel Subsection

10) See Main Text of Calc. for discussion of Manning's n.
11) k is roughness dimension of channel subsection. k is defined as raw (not oversized) D50 for subsection 1

and only previously deigned riprap gradations (see Table 1 for listing) are considered. Mirumum D50 has been determined for subsection 1.0
1p r;is Chezy's coefficient = 32.6 log (12.2 R!k) for subsection 1 and C = 1.486 R'(1/6)!n for other subsections.
1 se Main text of Calc. and Attachment A for definition of average local velocity, local boundary shear, Allow bottom shear, and allowable side shear.

swcui.xts stie:s4 Page 1 of 1
_ _ _ _ _ - _ . _ - - .



RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DR.AINAGE

CHANNEL USING ARMY CORP OF ENGINEER METHOD
% Ototal, cfs 1605 INITIAL CONDITIONS WITH NO * ROCKS" IN CHANNEL

Riprep Unit Wt., ib/ft* 154.1 Depth of Flow frorn HEC-2 Sirnulations 1 and 2 - see Attachrnent C.*

Riprap Angle of Repose,Deg. 42

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Elevation, Manning's Avg. Lct. Lct. Bnd. Allow. Bot. Allow Side Shear Agow >>

No. section Flow, ft Station, ft ft Zn An. ft* Pn.f t Rn.ft n kn,in C CR"(1/2)n Velocity, fps Shear, psf Shear, psf Shear, psf Sheer Avg.

O 4050
1.0 1 60 4030 3.00 43.26 16.98 2.55 0.034| 4.02| 64.14 102.36 8.12 1.00 1.23 1.08 YES
O 2 70 4030 (10.00) 53.70 10.00 5.37 0.035 14.86 56.18 130.20

1.0 3 145 4040 7.50 108.14 40.63 2.66 0.035 11.42 49.98 81.54
Totals 5.37 205.09 7.83

0 4050

2.0 1 65 4027.2 2.85 51.14 18.10 2.83 0.034 | 4.9| 62.81 105.58 9.06 1.30 1.50 1.30 YES
2.0 2 75 4027.2 (10.00) 59.90 10.00 5.99 0.035 15.41 57.22 140.03
2.0 3 85 4030 3.57 45.90 22.22 2.07 0.035 10.25 47.92 68.87
2.0 4 145 4040 6.00 30.53 19.40 1.57 0.035 9.07 45.79 57.43

Totals 5.99 187.47 8.56
0 4050

3.0 1 70 4024.4 2.73 51.71 17.91 2.89 0.034| 8.8| 54.82 93.16 8.23 1.41 2.69 2.31 YES
3.0 2 80 4024.4 (10.00) 61.50 10.00 6.15 0.035 15.54 57.47 142.52
3.0 3 95 4030 2.68 50.25 16.01 3.14 0.035 12.20 51.37 91.01
3.0 4 115 4040 2.00 0.30 1.23 0.25 0.035 3.35 33.61 16.67

Totals 6.15 163.76 9.80

0 4050
4.0 1 80 4021.6 2.82 58.78 19.31 3.04 0.038 | 8.8| 55.57 96.95 8.47 1.45 2.69 2.33 YES
4.0 2 90 4021.6 (10.00) 64.60 10.00 6.46 0.035 15.79 57.94 147.27
4.0 3 105 4030 1.79 37.26 13.22 2.82 0.035 11.69 50.46 84.71

Totala 6.46 160.64 9.99

0 4050
4.1 1 85 4020.9 2.92 64.59 20.53 3.15 0.038 | 4.9| 64.32 114.08 8.95 1.21 1.50 1.31 YES
4.1 2 95 4020.9 (10.00) 66.50 10.00 6.65 0.035 15.94 58.22 150.14
4.1 3 110 4030 1.65 36.45 12.82 2.84 0.035 11.73 50.53 85.20

Total: 6.65 167.53 9.58
t

SWCHl.XLS 6/20/94 Page 1 of 3
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R1PRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE

CHANNEL USING ARMY CORP OF ENGINEER METHOD
D Ototal,cfs 1605 INITIAL CONDITIONS WITH NO * ROCKS" IN CHANNEL

g Riprap Unit Wt., Ib/ft' 154.1 Depth of Row from HEC-2 Simulations 1 and 2 - see Attachment C.

Riprap Angle of Repose.Deg. 42

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sts. Elevation. Manning's Avg. Lcl. Lct. Bnd. Allow. Bot. Allow Side Shear Aeon >
No. section Flow, ft Station, ft it Zn An, f t 8 Pn.ft R n.f t n kn in C CR '(1/Nn Velocity, fps Shear, psf Shear, psf Shear, psf Sheer Avg

O 4050

4.2 1 85 4020.2 2.85 64.21 20.28 3.17 0.038 | 4.9| 64.41 114.61 9.01 1.22 1.50 1.30 YES

2 2 95 4020.2 (10.00) 67.10 10.00 6.71 0.035 15.98 58.31 151.04
42 3 110 4030 1.53 34.46 12.27 2.81 0.035 11.67 50.43 84.52

Totals 6.71 165.77 9.68

0 4050
5.0 1 85 4018.9 2.73 51.52 17.87 2.88 0.038 | 8.8| 54.80 93.04 9.43 1.85 2.69 2.31 YES

5.0 2 95 4018.9 (10.00) 61.40 10.00 6.14 0.035 15.54 57.45 142.36
5.0 3 112 4030 1.53 28.87 11.23 2.57 0.035 11.25 49.69 79.67

Totals 6.14 141.79 11.32

0 4050
5.1 1 95 4018.1 2.98 51.48 18.47 2.79 0.038 h 8.8| 54.32 90.68 9.65 1.97 2.69 2.37 YES

5.1 2 105 4018.1 (10.00) 58.80 10.00 5.88 0.035 15.32 57.04 138.31
5.1 3 125 4030 1.68 29.05 11.50 2.53 0.035 11.17 49.55 78.76

Totals 5.88 139.34 11.52

0 4050

5.2 1 110 4017.4 3.37 45.80 18.34 2.50 0.038| 17.04| 43.41 68.60 9.50 2.99 5.21 4.72 YES

5.2 2 115 4017.4 (5.00) 26.05 5.00 5.21 0.035 14.71 55.90 127.60
5.2 3 175 4030 4.76 64.63 25.35 2.55 0.035 11.21 49.62 79.23

Totals 5.21 136.47 11.76

0 4050

6.0 1 127 4016.7 3.81 35.75 17.07 2.09 0.042| 17.04| 40.92 59.21 8.63 2.78 5.21 4.82 YES

6.0 2 133 4016.7 (6.00) 25.98 6.00 4.33 0.035 13.78 54.20 112.79
6.0 3 160 4020 8.18 72.36 27.20 2.66 0.035 11.41 49.98 81.51
6.0 4 205 4030 4.50 2.39 4.75 0.50 0.035 5.08 37.86 26.84

Totals 4.33 136.48 11.76
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RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE

CHANNEL USING ARMY CORP OF ENGINEER METHOD
b

Qtotal,cfs 1605 INITIAL CONDITIONS WITH NO * ROCKS" IN CHANNEL
M Riprep Unit Wt., Ib/ft' 154.1 Depth of Flow from HEC-2 Sirnulations 1 and 2 - see Attachrnent C.

Riprep Angle of Repose.Deg. 42

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Elevation, Manning's Avg.Lcl. Lcl. Bnd. Allow. Bot. Allow Side sh..,Agow >

No. section Flow. ft Station, ft ft Zn An, f t" Pn,ft Rn,ft n kn,in C CR M/an Velocity, fps Shear, psf Shear, psf Shear, psf sheer Avg

0 4050

*5 1 130 4015.9 3.81 34.92 16.87 2.07 0.042| 4.02| 61.20 88.05 7.70 0.99 1.23 1.14 YES.

.5 2 140 4015.9 (10.00) 42.80 10.00 4.28 0.035 13.72 54.10 111.92
6.5 3 205 4020 15.85 144.95 65.13 2.23 0.035 10.59 48.51 72.37
6.5 4 220 4030 1.50 0.02 0.32 0.07 0.035 1.56 27.56 7.54

Totala 4.28 222.69 7.21
0 4050

7.0 1 130 4015.. 3.72 37.55 17.32 2.17 0.033| 4.02| 61.86 91.08 7.66 0.96 1.23 1.13 TES
7.0 2 140 4015.1 (10.00) 44.90 10.00 4.49 0.035 13.96 54.53 115.55
7.0 3 210 4020 14.29 144.00 64.30 2.24 0.035 10.62 48.56 72.68

Totals 4.49 226.45 7.09

0 4050

8.0 1 135 4013.4 3.69 35.70 16.82 2.12 0.033 | 4.9| 58.76 85.62 8.61 1.34 1.50 1.38 YES
8.0 2 145 4013.4 (10.00) 44.00 10.00 4.40 0.C35 13.86 54.35 114.00
8.0 3 220 4020 11.36 110.00 50.19 2.19 0.035 10.52 48.39 71.63

Totals 4.4 189.70 8.46

0 4040
9.0 1 150 4011.7 5.30 71.66 28.05 2.55 0.033| 4.02| 64.18 102.59 7.13 0.77 1.23 1.18 YES

9.0 2 160 4011.7 (10.00) 52.00 10.00 5.20 0.035 14.70 55.88 127.43
9.0 3 230 4020 8.43 114.02 44.16 2.58 0.035 11.27 49.73 79.91

Totals 5.2 237.68 6.75

150 4015.7
10.0 1 167.1 4010 3.00 31.74 14.55 2.18 0.038 | 8.8| 50.85 75.12 7.80 1.47 2.69 2.37 YES
10.0 2 187.1 4010 (20.00) 92.00 20.00 4.60 0.035 14.08 54.75 117.43
10.0 3 204.2 4015.7 3.00 31.74 14.55 2.18 0.035 10.50 48.35 71.42

Totala 4.6 155.48 10.32

swcm.ns saozu Page 3 of 3.
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D RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL USING ARMY CORP OF ENGINEER METHOD
D ~

q Qtotal, c!s 1605 FUTURE CONOmONS WITH " ROCKS * IN CHANNEL SEC NO. 4,4.1,4.2, AND 5.0

Riprap Unit Wt., Ib/ft* 154.1 APP. 545 CY OF ROCK / SEDIMENT

Riorap Angle of Reposa,Deg. 42 Depth of Flow frorn HEC-2 Sirnulations 3 and 4 - see Attachrnent E.

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

'
SEC Sub Depth of Sts. Elevation, Manning's Avg. Velocity. Avg.Bnd. AHow. Bot Attow Side Sh. ,Agaw >
Wo. section Flow, it Station, tt ft Zn An, ft: Pn.ft Rn.f t n kn.in C CR-(t Qin fps Shear, psf Shear, psf Shear, psf Shear Avg.

1.0 1 60 4030 3.00 45.21 17.36 2.60 0.033] 4.02| 64.45 104.00 7.83 0.92 1.23 1.08 YES
'O 2 70 4030 (10.00) 54.90 10.00 5.49 0.035 14.97 56.39 132.13
.O 3 145 4040 7.50 113.03 41.54 2.72 0.035 11.52 50.17 82.75

Totafs 5.49 213.14 7.53
0 4050

2.0 1 65 4027.2 2.85 46.15 17.19 2.68 0.038 | 8.8 | 53.79 88.13 8.82 1.68 2.69 2.34 YES
2.0 2 75 4027.2,(10.00) 56.90 10.00 5.69 0.035 15.15 56.73 135.32
2.0 3 85 40304 3.57 42.90 21.10 2.03 0.035 10.18 47.79 68.13
2.0 4 145 4040 6.00 25.06 17.58 1.43 0.035 8.67 45.04 53.77

Totds 5.69 171.01 9.39

0 4050
3.0 1 70 4024.4 2.73 67.18 20.41 3.29 0.033| 4.02| 67.77 122.95 7.61 0.79 1.23 1.05 YES
3.0 2 80 4024.4 (10.00) 70.10 10.00 7.01 0.035 16.20 58.74 155.51
3.0 3 95 4030 2.68 63.15 16.01 3.94 0.035 13.32 53.37 105.99
3.0 4 115 4040 2.00 1.99 3.15 0.63 0.035 5.74 39.32 31.22

Totals 7.01 202.42 7.93

0 4050
4.0 1 80 4021.6 2.82 91.73 24.12 3.80 0.034l 4.9 | 67.J1 130.66 9.51 1.26 1.50 1.30 YES
4.0 2 105 4030 2.S8 96.91 25.34 3.82 0.035 13.17 53.09 103.84

T 8.07 188.64 8.51

0 4050
s

4.1 1 85 4020.9 2.92 103.79 26.03 3.99 0.0331 4.02| 70A8 140.75 9.04 1.03 1.23 1.08 YES
4.1 2 110 4030 2.75 97.62 24.65 3.96 0.035 13.34 53.40 106.28

Totals 8.43 201.41 7.97

0 4050
4.2 1 85 4020.2 2.85 98.49 25.12 3.92 0.0381 8.81 59.15 117.13 9.65 1.66 2.69 2.34 YES
4.2 2 118 4035 2.23 76.99 20.31 3.79 0.035 13.12 53.02 103.23

Totds 8.31 175.47 9.15

0 4050
5.0 1 85 4018.9 2.73 76.26 21.74 3.51 0.042117.04| 48.22 90.31 10.76 3.11 5.21 4.47 YES
5.0 2 112 4030 2.43 67.87 19.65 3.45 0.035 12.67 52.20 97.02

Totals 7.47 144.12 11.14
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RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL USING AR.MY CORP OF ENGINEER METHOD

% Ototal,cfs 1605 FUTURE CONDITIONS WITH " ROCKS * IN CHANNEL SEC NO. 4,4.1,4.2, AND 5.0
Riprap Unit Wt., Ib/ft' 154.1 APP. 545 CY OF ROCK /SEDtMENT

Riprep Angle of Repose.Deg. 42 Depth of Row from HEC-2 Sirnutations 3 and 4 - see Attachment E.

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Elevation, Manning's Avg. Veiocity, Avg.Bnd. Anow. Bot. Apow Side Sheer AEow >
No. section Flow. ft Station, ft ft Zn An. ft8 Pn.ft Rn.ft n k n.in C CR"Illan fps Shear. psf Shear psf Shear. psf sheerAvu

O 4050
.1 1 95 4018.1 2.98 41.20 16.52 2.49 0.042| 17.04| 43.38 68.50 9.75 3.15 5.21 4.58 YES

5.1 2 105 4018.1 (10.00) 52.60 10.00 5.26 0.035 14.76 55.99 128.41
5.1 3 125 4030 1.68 23.25 10.29 2.26 0.035 10.66 48.64 73.12

Totals 5.26 117.05 13.71

0 4050
5.2 1 110 4017.4 3.37 47.21 18.62 2.54 0.042| 17.04143.63 69.47 9.27 2.82 5.21 4.72 YES
5.2 2 115 4017.4 (5.00) 26.45 5.00 5.29 0.035 14.79 56.04 128.90
5.2 3 175 4030 4.76 66.63 25.74 2.59 0.035 11.29 49.75 80.04

Totals 5.29 140.29 11.44

0 4050
'6.0 1 127 4016.7 3.81 35.59 17.03 2.09 0.0421 17.04| 40.88 59.10 8.66 2.80 5.21 4.82 YES

6.0 2 133 4016.7 (6.00) 25.92 6.00 4.32 0.035 13.77 54.18 112.62
6.0 3 160 4020 8.18 72.09 27.20 2.65 0.035 11.40 49.95 31.31
6.0 4 205 4030 4.50 2.34 4.70 0.50 0.035 5.05 37.80 26.67

Torels 4.32 135.94 11.81
0 4050

*5 1 130 4015.9 3.81 34.92 16.87 2.07 0.033 | 4.02| 61.20 88.05 7.70 C.39 1.23 1.14 YES.

.5 2 140 4015.9 (10.00) 42.80 10.00 4.28 0.035 13.72 54.10 111.92
6.5 3 205 4020 15.85 144.95 65.13 2.23 0.035 10.59 48.51 72.37,

6.5 4 220 4030 1.50 0.02 0.32 0.07 0.035 1.56 27.56 7.54
Totals 4.28 222.69 7.21,

0 4050
7.0 1 130 4015.1 3.72 37.55 17.32 2.17 0.0331 4.021 61.86 91.08 7.66 0.96 1.23 1.13 YES
7.0 2 140 4015.1 (10.00) 44.90 10.00 4.49 0.035 13.96 54.53 115.55
7.0 3 210 4020 14.29 144.00 64.30 2.24 0.035 10.62 48.56 72.68

Totals 4.49 226.45 7.09

0 4050
8.0 1 135 4013.4 3.69 35.70 16.82 2.12 0.0341 -4.91 58.76 85.62 8.61 1.34 1.50 1.38 YES
8.0 2 145 4013.4 (10.00) 44.00 10.00 4.40 0.035 13.86 54.35 114.00
0.0 3 220 4020 11.36 110.00 50.19 2.19 0.035 10.52 48.39 71.63

Totala 4.4 189.70 8.46
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Y. RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL USING ARMY CORP OF ENGINEER METHOD

R Ototal.cfs 1605 FUTURE CONDITIONS WITH * ROCKS" IN CHANNEL SEC NO. 4,4.1. 4.2. AND 5.0

Riprap Unit Wt.. Ib/ft* 154.1 APP. 545 CY OF ROCK / SEDIMENT

Riprep Angle of Repose,Deg. 42 Depth of Flow from HEC-2 Sirnulations 3 and 4 - see Attachment E.

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Elevation, Manning's Avg. Velocity, Avg.Bnd. Allow. Bot. Allow Side Stuar ABow >
No. section Flow, ft Station, ft ft Zn An, ft8 Pn.ft R n,f t n kn.in C CR'11/2tn fps Shear, psf Shear, psf Shear, psf sheer Avg

O 4040
.O 1 150 4011.7 5.30 71.66 28.05 2.55 0.033 | 4.02| 64.18 102.59 7.13 0.77 1.23 1.18 YES

9.0 2 160 4011.7 (10.00) 52.00 10.00 5.20 0.035 14.70 55.88 127.43
9.0 3 230 4020 8.43 114.02 44.16 2.58 0.035 11.27 49.73 79.91

Totals 5.2 237.68 6.75

150 4015.7
10.0 1 167.1 4010 3.00 31.74 14.55 2.18 0.0381 8.8| 50.85 75.12 7.80 1.47 2.69 2.37 YES
10.0 2 187.1 4010 (20.00) 92.00 20.00 4.60 0.035 14.08 54.75 117.43
10,0 3 204.2 4015.7 3.00 31.74 14.55 2.18 0.035 10.50 48.35 71.42

Totala 4.6 155.48 10.32
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P4-
N, RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL USING ARMY CORP OF ENGINEER METHOD
s.

Ototal,cfs 1605 FUTURE CONDITIONS WITH " ROCKS" 1N CHANNEL IN SECTIONS 5,51. 5.2. AND 6

Riprep Unit Wt., Ib/ft' 154.1 APP. 447 CY. OF ROCK / SEDIMENT

| Riprep Angle of Repose.Deg. 42 Depth of Flow from HEC-2 Simulations 5 and 6 - see Attachment E.

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Manning's Avg. Velocity. Avg.Bnd. Allow. Bot. Allow Side she., Anow >

No. section Flow, ft Station, f t Elevation, ft Zn An, f t" Pn,ft Rn,ft n kn.in C CR *lt /2in fps Sheer, psf Shear, psf Shear, psf Shear Avg

1.0 1 60 4030 3.00 42.61 16.85 2.53 0.0331 4.02| 64.03 101.81 8.22 1.03 1.23 1.08 YES
*O 2 70 4030 (10.00) 53.30 10.00 5.33 0.035 14.82 56.11 129.55.

.0 3 145 4040 7.50 106.53 40.33 2.64 0.035 11.38 49.92 81.13
Totals 5.33 202.45 7.93

0 4050
2.0 1 65 4027.2 2.85 53.21 18.46 2.88 0.034| 4.9| 63.09 107.11 8.73 1.21 1.50 1.30 YES
2.0 2 75 4027.2 (10.00) 61.10 10.00 6.11 0.035 15.51 57.41 141.90
2.0 3 85 4030 3.57 47.10 22.66 2.08 0.035 10.28 47.96 69.15
2.0 4 145 4040 6.00 32.87 20.13 1.63 0.035 9.23 46.07 58.86

Totals 6.11 194.28 8.26

0 4050
3.0 1 70 4024.4 2.73 47.59 17.18 2.77 0.038 | 8.8| 54.23 90.27 8.78 1.64 2.69 2.31 YES
3.0 2 80 4024.4 (10.00) 59.00 10.00 5.90 0.035 15.34 57.07 138.63
3.0 3 95 4030 2.68 46.50 16.01 2.90 0.035 11.83 50.71 86.42
3.0 4 115 4040 2.00 0.09 0.67 0.13 0.035 2.30 30.38 11.13

Totds 5.9 153.18 10.48

0 4050
4.0 1 80 4021.6 2.82 70.00 21.07 3.32 0.033 | 4.021 67.90 123.75 8.40 0.95 1.23 1.06 YES
4.0 2 90 4021.6 (10.00) 70.50 10.00 7.05 0.035 16.23 58.79 156.10

.O 3 105 4030 1.79 44.38 14.43 3.08 0.035 12.10 51.20 89.79
Totals 7.05 184.88 8.68

0 4050
4.1 1 85 4020.9 2.92 84.58 23.50 3.60 0.033 | 4.02| 69.03 130.98 7.50 0.74 1.23 1.08 YES
4.1 2 95 4020.9 (10.00) 76.10 10.00 7.61 0.035 16.61 59.55 164.26
4.1 3 110 4030 1.65 47.73 14.67 3.25 0.035 12.37 51.68 93.22

Totals 7.61 208.41 7.70

0 4050
4.2 1 85 4020.2 2.85 95.20 24.69 3.85 0.033| 4.02] 70.00 137.44 6.88 0.60 1.23 1.07 YES
4.2 2 95 4020.2 (10.00) 81.70 10.00 8.17 0.035 16.96 60.25 172.23
4.2 3 110 4030 1.53 51.08 14.94 3.42 0.035 12.62 52.11 96.37

Totals 8.17 227.98 7.04
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&
} RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL USING ARMY CORP OF ENGINEER METHOD
N Crotal, cfs 1605 FUTURE CONDITIONS WITH " ROCKS" IN CHANNEL IN SECTIONS 5,51. 5.2, AND 6

Riprap Unit Wt., Ib/f t' 154.1 APP. 447 CY. OF ROCK / SEDIMENT

Riprap Angle of Repose.Deg. 42 Depth of Flow from HEC-2 Simulations 5 and 6 - see Attachment E.

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CHANNEL GEOMETP.Y PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Manning's Avg. Velocity. Avg. Bnd. Allow. Bot. Allow Side Shear ARow >
No. section Flow, f t Station, ft Elevation, f t Zn An, f t* Pn,f t Rn ft n kn.in C CR*(1thn fps Shear, psf Shear, psf Shear, psf Shese Avg.

O 4050
'.0 1 85 4018.9 2.73 82.29 22.58 3.64 0.038] 8.81 58.11 110.93 10.85 2.17 2.69 2.31 YES

.0 2 112 4030 2.43 73.24 20.41 3.59 0.035 12.85 52.53 99.52
TotMs 7.76 155.53 10.32

1

0 4050
5.1 1 95 4018.1 2.98 83.31 23.50 3.55 0.0381 8.8) 57.73 108.69 10.95 2.25 2.69 2.37 YES
5.1 2 125 4030 2.52 70.53 20.29 3.48 0.035 12.70 52.26 97.43

Totais 7.48 153.84 10.43

0 4050
5.2 1 110 4017.4 3.37 81.96 24.53 3.34 0.038] 8.8| 56.89 103.98 11.15 2.40 2.69 2.44 YES
5.2 2 140 4028 2.83 68.75 20.92 3.29 0.035 12.42 51.77 93.84

Totals 6.97 150.71 10.65

0 4050
6.0 1 127 4016.7 3.81 61.09 22.32 2.74 0.042| 17.04| 44.71 73.97 11.23 3.94 5.21 4.82 YES
6.0 2 160 4024 4.52 72.41 26.20 2.76 0.035 11.59 50.29 83.60

Totals 5.66 133.50 12.02
0 4050

9.5 1 130 4015.9 3.81 34.92 16.87 2.07 0.033] 4.02| 61.20 88.05 7.70 0.99 1.23 1.14 YES
.5 2 140 4015.9 (10.00) 42.80 10.00 4.28 0.035 13.72 54.10 111.92

6.5 3 205 4020 15.85 144.95 65.13 2.23 0.035 10.59 48.51 72.37
Tottis 4.28 222.67 7.21

0 4050
7.0 1 130 4015.1 3.72 37.55 17.32 2.17 0.033 | 4.02| 61.86 91.08 7.66 0.96 1.23 1.13 YES
7.0 2 140 4015.1 (10.00) 44.90 10.00 4.49 0.035 13.96 54.53 115.55
7.0 3 210 4020 14.29 144.00 64.30 2.24 0.035 10.62 48.56 72.68

Totds 4.49 226.45 7.09

0 4050
8.0 1 135 4013.4 3.69 35.70 16.82 2.12 0.034 | 4.9 | 58.76 85.62 8.61 1.34 1.~50 1.38 YES
8.0 2 145 4013.4 (10.00) 44.00 10.00 4.40 0.035 13.86 54.35 114.00
8.0 3 220 4020 11.36 110.00 50.19 2.19 0.035 10.52 43.39 71.63

Totals 4.4 189.70 8.46
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. )N ' RIPRAP SIZING ANALYSIS FOR NATURAL SOUTHWEST RUNOFF DRAINAGE CHANNEL USING ARMY CORP OF ENGINEER METHOD
N

Ototal, cfs 1605 FUTURE CONDITIONS WITH " ROCKS * IN CHANNEL IN SECTIONS 5. 51. 5.2. AND 6
Riprep Unit Wt., Ib/ft' 154.1 APP. 447 CY. OF ROCK / SEDIMENT

Riprep Angle of Repose,DeQ. 42 Depth of Flow from HEC-2 Simulations 5 and 6 - see Attachrnent E.

'

AVERAGE LOCAL VELOCITY AND SHEAR STRESS CALCULATIONS
CH ANNEL GEOMETRY PROPERTIES CHANNEL ROUGHNESS FOR SUBSECTION 1

SEC Sub Depth of Sta. Manning's Avg. Velocity. Avg.Bnd. Allow. Bot. Allow Side Sheer Agow >
No. ' section Flow, f t Station, ft Eleva' ion, ft Zn An, f t* Pn ft Rn,ft n kn.in C CR 1112)n fps Shear, psf ' Shear, psf Shear, psf sheer Ave.

O 4040
'.O 1 150 4011.7 5.30 71.66 28.05 2.55 0.0331 4.02| 64.18 102.59 7.13 0.77 1.23 1.18 YES
..O 2 160 4011.7 (10.00) 52.00 10.00 5.20 0.035 14.70 55.88 127.43

9.0 3 230 4020 8.43 114.02 44.16 2.58 0.035 11.27 49.73 79.91
Totab 5.2 237.68 6.75

150 4015.7
"10.0 1 167.1 4010 3.00 31.74 14.55 2.18 0.038 | 8.8| 50.85 75.12 7.80 1.47 2.69 2.37 YES
10.0 2 187.1 4010 (20.00) 92.00 20.00 4.60 0.035 14.08 54.75 117.43
10.0 3 204.2 4015.7 3.00 31.74 14.55 2.18 0.035 10.50 48.35 71.42

Totali 4.6 155.48 10.32

,

!
!
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APPENDIX C

GAMMA LOGS FROM
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"J[)."CO .,, NUCLEAR LOGGING SERVICE, I N C. =="" '

NUCLA. CO 81424
. Im) 422-W8
| |303) 864-2213

Mg v/ g[C -CAllBRATION- -HOLE DATA-COMPANY:
;

M [[6 Ag_ 3)g[ [.h [d f ' DRILLING CONTRACTOR:PROJECT AREA

HOLE NO DRtLL NO:

.8 FT. IC F ACTOR (AtR) DEPTH DRILLED: F T.

j DATE: h O U# DEEDAC OR ACTOR MOLE DIAMETE R: '"-

COUNTY: MM/ DE AD TIME: U SEC. DRILLING FLUID: gg 6

STATE: PROSE NO. FLUID LEVEL: F T.l

ft"CTION: TWN: RNG: PROSE OfAMETER: IN. DEPTH LOGGED: F T.
E LE V ATIO N- 5" = F ULL SCALE

.

TOTAL FOOTAGs LocOtc; "

F T. .

INITIAL RUN
1 GAMMA RERUNS DENSITY -

-m

OAMMA-FULL SCALE /)/) CPS SCALE: CPS. SCALE: CPS. SCALE: CPS.

TIM 1 CONSTANT SEC. TIME CONSTANT SEC. TIME CONSTANT SEC. TIME CONSTANT SEC.

LOPJf NG SPEED: 20 FT./ MIN. LOGGING SPE ED: 5 P T./M I N. LOGGING SPEED: 8 PT/MtN. LOGGING SPEED: FTJMIN. i|

RESISTANCE OHMS /DIV. FROM: F T. FROM: FT. FROM: F T.

KELF POTENTIAL: M V/DIV. TO: F T. TO: FT. TO: F T.

TOTAL- F T. TOTAL: FT. TOTAL: F T.'
t

GAMMA RERUNS NEUTRON-NEUTRON !
'

ITOTAL DEPTH FT. SCA LE: CPS. SCALE: CPS. SCALE: CPS.
,

TIME CONSTANT SEC. TIME CONSTANT SEC. TIME CONSTANT SEC.

!i UNIT NO: LOGGING SPEED: 5 FT/ MIN. LOGGING SPEED 8 F T/ MIN - LOGGING SPEED: F T/ MIN.
OPERATOR: A WW FROM: F T. FROM: F T. FROM: F T.

drive 4. () HMS. TO: FT. TO: F T. TO: FT.
STANDSY:1.O wRS. TIME iN: TOTAt: F T. TOTAt: FT. TOTAL: ,T.

LOG?tNG detRS. TIME OUT REMARKS:

TOTAL: . d MRS. ErAN AdGhJM heA M @ fM Me,
;

ROUNO TRIP MILE AGE: MILES
,

.
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_

NUCLEAR LOGGING SERVICE I N C. * **

,

WHEAT RIDGE (DENVER), CO 90033 .;

'

' [303)422-5475
! 3

. NUCLA, CO 3:424
(303) 864-2213 ;CoasPANY: Mgg /)gg -Call 8 RATION-

'

-HOLE DATA-PROJECT AREA d{ // ,(/[(
HOLE NO: DRILLING CONTRACTOR:

DRILL NO:

.8 FT. K FACTOR (AIRI iDEPTH DRILLED:DATE: /t

AC OR F T.
A OR MOLE DIAMETER: h ,p# [gCOUNTY: M .

IN,DEAD TIME:
CTATE: la SEC. DRILLING FLUID: (s g

PROSE NO. / FLUID LEVEL:S?CilON: TWN: RNG: F T.
E LEV ATIO N: PROSE DIAMETER: ! IN. OEPTH LOGGED:

8" = FULL SCALE F T.
, . . -

INITIA!, RUN TOTAL FOOTAGE LOGGED:
F T.

GAMMA RERUNS
#AMMA-FULL SCALE dd CPS PC4LE: DENSITY

i

CPS. SCALE:
TIME CONSTANT CPS. SCALE:SEC.

l TIME CONSTANT SEC. TIME CONSTANT CPS.
! LOGSING SPEED: 20 FT./ MIN. SEC. TIME CONSTANTLOGGING SPE ED: 5 PTJMIN. LOGGING SPEEO: SEC. [S FT/ MIN._ REf tSTANCE ONMS/OlV. PROM: LOGGING SPEED:

FT/ MIN.F T. FROM:! SE LP POTENTIAL: F T. FROM:
_

M V/DIV. TO:'

F T. TO: F T.
F T. TO:TOTA .

|
_ FT. TOTALt

F T. TOTALr F T.

GAMMA RERUNS F T.
; _ TOTAL DEPTH P T. SCALE: NEUTRON-NEUTRON

CPS- SCALE:
CPS. SCA LE:

TIME CONSTANT
) .$ SEC. TIME CONSTANT CPS.'

_ UNIT NO: SEC-
LOGGING SPEED: TIME CONSTANT

S PT/ MIN. LOGGING SPEED: EEC. '
OPE RATOR: N[M4M 8 FT/ MIN.

PROM: LOGGING SPEED:
F T. PROM: F TJMIN.D"ilVE b HMS. FT.

TO: FROM:
FT. TO: F T.

STANDP.Y: H MS. TIME IN: F T. TO:TOTA L:
FT. TOTAL: F T.LOG?tNG hMS. F T.TIME OUT: REMARKS: TOTAL:

,

9. 6 .

\ F T.
|Garn Baexceou-o Weweoeo t@ sies /M

.

TR,Ae:
.

I,
..MOUN*b TRIP MILEAGE: J MILES

- '.
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