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I. INTRODUCTION

1:1 Project Location

This report pertains to a 2.9-mile-long segment of the Outer Loop Highway
which will extend from the Camelback Walk Channel to the Arizona Canal (see
Figure 1 of this report). This segment of the highway will be Tocated entirely
on the Salt River Indian Reservation. Legally, the project will occupy portions
of Sections 6 and 7 within Township 2 North, and a portion of Section 30 within
Township 3 South, all within Range 5 East of the Gila and Salt River Base and

Meridian, Maricopa County, Arizona.

1.2 Purpose

The purpose of this report is to provide the approximate sizes and costs
for the various elements of a stormwater-conveyance system that will intercept
offsite runoff before it impacts the highway, and then convey this runoff to the
vicinity of the Arizona Canal. The location where this channel will ultimately
terminate will be established in a future phase of this project. The results
of this analysis will allow for the selection of that alternative which most
effectively meets the goals for the overall project. In addition, the results
will assist in finalizing the right-of-way requirements associated with this
segment of the Outer Loop. The scope-of-work associated with this concept
drainage design is limited to those improvements that are required to accommodate
offsite runoff, and therefore it does not address the pavement-drainage

requirements.
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1.3 Hydrology

The drainage design alternatives presented in this report were formulated
using both the 50-year and 100-year peak discharges. The runoff concentration
points and discharge magnitudes were previously jdentified and defined in a
hydrology report prepared by Simons, Li and Associates,.Inc. (see Reference 1).
Due to the physical characteristics of the contributing watershed, and those
assumptions which were an integral part of the hydrology model, the peak
discharges arriving at the respective concentration points are considered to be
conservative. This fact was a major consideration in the analysis and

recommendation process.

For ease of reference, Figure 1 of this report shows the location of the
concentration points in relation to this study segment of the Outer Loop Highway.
In addition, the peak-discharge summary sheet found in Reference 1 (Table 4.3)

is provided as Table 1 of this report.
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TABLE 1. PEAK-DISCHARGE SUMMARY ALONG OUTER LOOP ALIGNMENT

Concentration Q100 Q50
Point (cfs) (cfs)

(North-South

Interceptor
Channel)
103 514 428
360 507 433
410 549 457
422 755 618
402 997 788
501 996 782
503 1314 971
560 1378 1023
552 3234 2453
545 3239 2485

(Arizona Canal

Bridge)
546 8120 6417
547 9326 7449
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I1. DESIGN METHODOLOGY

2.1 Design Criteria

The drainage design presented in this report is based on the standards and
criteria as defined in the Arizona Department of> Transportation (ADOT)
publication entitled "Urban Highway Design Procedures Manual," and its designated
references. Unless otherwise noted, there were no major deviations from the
standards and procedures outlined in this manual. Specific criteria used in the
design and the references consulted are described in more detail in the following

sections of this report.

2.2 Project Approach

Typically, a design analysis of this type would consider all feasibie
drainage schemes, including those that are consistent with the existing drainage
patterns and those that might suggest major deviations from the existing
patterns. However, the nature of this particular project (i.e., Tocation and
watershed characteristics) dictates that all offsite runoff be intercepted before
it impacts the highway. Therefore, the key design features associated with this
project are (1) an interceptor channel that will parallel the eastern boundary
of the highway, and (2) three cross-drainage structures (CDS) that will be

required at the three major arterial intersections.
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2.2.1 Interceptor Channel Design

The concept design of the interceptor channel considered two alternatives.
The first design alternative assumes that a fully-lined concrete or gunite
section would be provided along the entire project reach. The second design
assumes that a fully-lined grass section would be prdvided along the entire
project reach. The basic geometry of the two alternative designs (i.e., minimum
bottom width and side-slope requirements) were based upon design criteria
established by ADOT. Therefore, the concrete/gunite section (i.e., Alternative
I) assumed a minimum bottom width of eight feet, and the steepness of the side-
slopes were Tlimited to 2H:1V. Likewise, the grass-lined section (i.e.,
Alternative II) also assumed a minimum bottom width of eight feet. However, the
steepness of the side-slopes for Alternative II were limited to 4H:1V. Typical

sections of the proposed interceptor channel are shown on Figure 2.

For Alternative I, the n-value was fixed at 0.018, as stipulated by the
ADOT Design Procedures Manual. However, the n-value for the grass-lined section,
which is a function of the retardance classification of grass used and the
hydraulic radius of the affected section, was determined using the procedures

outlined in Reference 2.

Since the hydraulic radius varies from section to section, the n-value also

varies from section to section. Therefore, the final n-value for a particular

Alternative-II section was determined through a trial-and-error analysis, where
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the bottom width of the section was varied as a function of the design discharge,

depth, and slope.

The overall design is based on five design discharges. Since the design
discharges gradually increase in the downstream direction, the bottom width and

top width of the design section also increases in the downstream direction.

The design depth for both alternatives, which include the depth of flow
plus freeboard, were held between four feet and seven feet. For the most part,
both of these depths were based upon engineering judgment. In a effort to
provide a hydraulically efficient section, the four-foot depth was selected as
a minimum. Safety considerations played a major role in establishing the maximum
design depth of seven feet. Therefore, the seven-foot depth is primarily a

function of engineering judgement.

Since detailed topographic maps were not available to define the ground
profile along the alignment of the proposed interceptor channel, the topographic
information provided on USGS quadrangle maps (7.5-minute series) was used to
establish the initial slopes in the trial-and-error analysis. Figure 3 provides
a plot of the existing ground profile, which is based on 12 ground elevations
obtained from the quad maps. It was assumed that the ground elevation adjacent
to the Arizona Canal was equal to approximately 1274 feet (MSL). A point was
then established at each contour interval which intersected the alignment of the
proposed interceptor channel. This approach resulted in seven existing slope

"breaks" along the project reach.
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The initial design slopes (existing slopes) were then adjusted, along with

the discharge, depth, and n-value (for the grass-Tined section only), in a effort
to maintain either a truly subcritical (i.e., Froude No. less than 0.86) or
supercritical (i.e., Froude No. greater than 1.15) flow condition along the
project reach. This trial-and-error analysis was based upon the assumption that
uniform-flow conditions would prevail along the majorify of the project reach.
The design analysis proceeded from the upstream limit of what is subsequently

referred to as Design Reach #1, which begins at Concentration Point 103 (CP 103).

The eight design reaches depicted on Figure 3 were established during the
trial-and-error process. The design discharge and final design slopes controlled

the establishment of these design reaches.

The erosion and sedimentation aspects associated with the interceptor
channel were evaluated from both a qualitative and quantitative standpoint.
However, since the physical characteristics of the watershed significantly limits
the quantity of sediment that can be transported to the interceptor channel
during a major runoff event, erosion/sedimentation considerations were Timited
to those conditions that are a function of the hydraulic conditions associated

with a particular design reach and its proposed lining.

Erosion will not be a problem within the concrete/gunite lined section.
From a qualitative standpoint, sedimentation should not be a problem since the

quantity of sediment supplied by the watershed should be lower than the transport

capacity of the interceptor channel.
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However, in an effort to ensure that the quantity of sediment supplied by

the watershed will not accumulate in the interceptor channel, and thus reduce
its capacity, an attempt was made as part of the trial-and-error design process
to ensure that the unit discharge and velocity within the design channel
increased in the downstream direction for both alternatives. Since the sediment-
transport capacity of a given section is proportional to-its unit discharge, each
successive downstream reach should be capable of conveying that quantity of
sediment supplied from the adjacent upstream reach, plus any additional
contribution from the watershed. Therefore, from a sedimentation standpoint,
no special design considerations are warranted. Any sedimentation that might

occur can be handled as part of a regular maintenance program.

To minimize the potential for erosion along the grass-1ined channel (i.e.,
Alternative II), the permissible-tractive-force/permissible-velocity approaches
outlined in Reference 2 were considered as part of the trial-and-error design
of this alternative. The grass-lined section was designed such that the tractive
force within a particular reach did not exceed, within practical limits, the
empirical values used in Reference 2. The maximum tractive force associated with
a particular section within a particular design reach was computed. The trial-
and-error design also considered the permissible-velocity approach, which uses
the permissible tractive-force value as a constant when computing the permissible
velocity associated with a particular design section. The final design section

was then selected if the permissible-tractive-force/permissible-velocity criteria

were met within practical limits. Using this approach, the grass-lined channel
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can be considered stable if the protective mat or cover is properly maintained

once established.

For design and cost-estimating purposes, it was assumed that the grass-
lined channel would be hydro-seeded with a combination of exotic and natural
grasses. The base or primary grass would be a bermuda.hybrid. Bermuda grass
was selected as the base grass, since it is very effective in stabilizing the
soil once it is established. Bermuda is one of the few grasses that possesses
all of the three reproductive mechanisms inherent in grasses (i.e., rhizomes,
stolons, and seed). Therefore, the stabilizing effect of the soil is maintained
by the rhizomes and roots, even when the surface material is dormant, but intact,
during winter months or during long periods of drought. During the winter
months, the secondary grasses could be selected in such a manner so as to ensure
that a stable green mat is maintained when the bermuda is dormant. The only
drawback to bermuda grass is that it requires a considerable amount of irrigation
to retain a green, uniform cover. This overall approach would provide a
protective mat or cover that would (1) act to stabilize the soil against erosion;
(2) minimize the need for supplemental irrigation during excessive periods of
sparse precipitation; and (3) have a relatively low flow-retardance factor, and
thus minimize the amount of right-of-way required. Using Table 1 of Reference
2 as a guide, it was assumed that the selected grasses would fall within the
Retardance C classification. This accommodates certain grasses that are allowed

to grow up to 10-12 inches in height without significantly affecting the overall

roughness of the channel section. However, this classification does assume that
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a regular maintenance program will be in operation; that is, one which attempts

to maintain an average height of six inches for bermuda grass.
2.2.2 Culvert Design

Culvert crossings of the three major intersectioﬁs (see Figure 2 of this
report) were designed using the charts contained in HDS-5 (see Reference 3).
In accordance with ADOT design procedures, the 50-year discharge was the design
discharge and the 100-year discharge was the "check" discharge. The HDS-5
charts, which typically generate conservative headwater elevations under
channelized conditions, were deemed appropriate for concept design purposes.
However, during the.final design stage, the U.S. Army Corps of Engineers computer

program HEC-2 should be used to make the final selection.

The design height of the culvert opening was based on the available
headwater elevation (i.e., existing ground elevation minus the proposed flow-
line elevation) in the immediate vicinity of the crossing, assuming a minimum
of one-foot of cover over the structure. The available headwater elevation was
assumed to be approximately equal to the allowable headwater elevation for the
design discharge and the "check" discharge. According to ADOT design procedures,
the computed headwater elevation should be two feet below the minimum roadway
elevation. Therefore, the roadway elevation was assumed equal to the available
headwater elevation, plus two feet. The number of barrels and the width/diameter

of each barrel was then adjusted to optimize the design.
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The evaluation and selection process was based upon engineering judgement.

As previously stated, an attempt was made to Timit the headwater elevation for
both the design discharge and the "check" discharge to the available headwater
elevation. However, a particular culvert was not deemed acceptable if the
headwater elevation for the design discharge exceeded the available elevation.
If the headwater elevation for the "check" discharge'exceeded the available
elevation, the structure was not deemed acceptable if the overtopping depth
exceeded one foot. This depth was selected to minimize any adverse flooding

conditions within the right-of-way or adjacent properties.

When the final design is evaluated using more detailed topographic
information, the HEC-Z special-bridge routine could be employed to evaluate the
performance of the box culverts. This procedure is more appropriate than the
HDS-5 procedure under channelized conditions. This is especially true under
supercritical flow conditions. The design headwater elevation using HDS-5 is
based on a comparison between the inlet-control headwater elevation and the
outlet-control headwater elevation. Under supercritical flow conditions, the
HDS-5 results will usually indicate that the inlet is the controlling section.
However, under subcritical flow conditions, either section could control,

depending on the elevation of the downstream tailwater.

When evaluating the outlet-control headwater elevation, the HDS-5 procedure
approximates the hydraulic grade elevation at the outlet using either the [(d,

+ D)/2] criteria or computed tailwater elevation within the downstream channel

section. In accordance with the energy equation, friction losses and entrance
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losses are then added to this elevation to define the headwater elevation at the
inlet, with due consideration of the elevational change between the inlet and
the outlet. This elevation is then compared to the inlet-control headwater

elevation to establish the controlling section (higher elevation controls).

Without adjustment, the HDS-5 procedure assumes-that ponded conditions
always exist at the inlet, which is not usually the case when the upstream
channel section approximates the width of the culvert/bridge opening. Under
these conditions, entrance/pier losses are best evaluated using the momentum
equation. The HEC-2 special-bridge routine uses the momentum equation to
calculate inlet losses when piers exist. In addition, it computes the hydraulic
grade elevation at fhe outlet using the downstream tailwater elevation. It also
allows for the user to either compute an appropriate orifice coefficient when
the relatively long culverts are required, or to select a value that is

consistent with short culverts.

This latter approach provides site-specific headwater calculations which
may reduce the size of the culvert required under design conditions in relation
to that size selected using the HDS-5 procedure. Even if the size of fhe culvert
is not reduced, the computed headwater elevation at the inlet is usually 0.5 to
1.5 feet lower using the HEC-2 routines than they are using the HDS-5 procedure,
which may be useful information when determining the potential for overbank

flooding.
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However, as previously stated, for concept design purposes it is more
appropriate to use the HDS-5 procedure, since the conservative results can
account for the unknowns when evaluating the overall requirements and cost of
this segment of the Outer Loop Highway. Considering this fact, it should be
noted that the culvert evaluation process did not consider debris accumulation
at the inlet. The primary reason for this fact 'is that, due to the
characteristics of the watershed, it is not likely that a significant quantity

of debris will be transported by surface runoff to the interceptor channel.



SLA, INC.
17

ITI. CONCEPT DESIGN

3.1 Alternative [

This alternative consists of eight design reaches, each assumed to be
entirely lined with concrete. Reaches 1, 2 and 3 are subcritical, and on
straight grades (i.e., no drop structures). Reaches 4, 5 and 6 are subcritical,
with two-foot-high drop structures spaced at 600-foot to 1000-foot intervals.
Reach 7 transitions from subcritical to supercritical, with no drop structures.
Reach 8 is supercritical, also with no drop structures. Table 2 of this report
provides a listing of the flow-line profile for Alternative I. Appendix A of
this report provides hydraulic details for each cross section selected for this

alternative.

The results of the HDS-5 analysis are summarized as follows:

Concrete Quantities

cDS Selected Structure (Cubic Yards)
I 1-10X5 CBC 256
II 3-8X6 CBC 575
111 4-10X7 CBC 1035

The respective culvert computation sheets are contained in Appendix B of this

report.
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TABLE 2. FLOW-LINE PROFILE FOR ALTERNATIVE 1
Station Elevation Reach Number
0+00 1266.30 8
35+00 1283.80
52+00 1293.00 : 7
60+00 1297.32
66466 1298.79
1300.79
73+33 1302.25 6
1304.25
80+00 1305.72
1307.72
90+00 1309.92 i
1311.92 5
100+00 1314.12
1316.12
110+00 . 1318.32
1320.32
120+00 1322.52 4
1324.52
122+00 1324.96 3
130+00 : 1326.96 5
132+00 1327.46 1
154+00 1332.95

Note: Two elevations at a single station indicate the location
of a grade-control structure.
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3.2 Alternative Il

Alternative II consists of eight design reaches, each assumed to be
entirely lined with grass. All reaches are subcritical, and include a total of
nine two-foot-high drop structures. These drop structures could be constructed
of concrete, gabions, or soil cement; and would réquire adequate energy
dissipators on their downstream sides. The details associated with these
structures would need to be determined at the design phase. Table 3 of this
report provides a flow-line profile for each reach within this alternative. A
detailed listing of the individual hydraulic properties associated with each
section is contained in Appendix A of this report. Also included within Appendix

A are the tractive-force/permissible-velocity calculations for the grass lining.

The results of the HDS-5 analysis are summarized as follows:

Concrete Quantities

CDS Selected Structure (Cubic Yards
I 2-6X4 CBC 267
2 6-6X4 CBC 725
3 4-10X7 CBC 1035

The respective culvert computation sheets are contained in Appendix B of this

report.
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TABLE 3. FLOW-LINE PROFILE FOR ALTERNATIVE II
Station Elevation Reach Number
0+00 1267.00
10+00 1270.00
1272.00
20+00 1275.00
1277.00 8
30+00 1280.00
1282.00
35+00 1283.50
40+00 1285.00
1287.00
50+00 1290.00 7
1292.00
60+00 1295.00
1297.00
70400 . 1300.50 6
1302.50
80+00 1306.00
1308.00 5
110+00 1318.50
1320.00 4
122400 1324.95 3
130+00 1327.19 >
132+00 1327.75 1
154+00 1333.91

Note:

Two elevations at a single station indicate the location
of a grade-control structure.
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IV.  SUMMARY OF RESULTS

Based on the results of the hydraulic analysis of both channel alternatives
(see Table 2), the grass-lined channel (Alternative II) will require
approximately 24 additional acres of right-of-way compared to the concrete-lined
channel. Overall, the top width of the cut section.for the concrete-lined
channel ranges from approximately 30 feet to approximately 60 feet. In contrast,
the top width of the cut section for the grass-lined channel ranges from
approximately 60 feet to 160 feet. These figures do not consider any additional
widths that would be required to provide access to the channel for maintenance

purposes.

Based on a comparison of the results of the HDS-5 analysis relative to each
crossing, six cross-drainage structures were selected to be included in the cost
analysis. The selected structures are similar for both alternatives. The grass-
lined alternative (i.e., Alternative II) will require the design of outlet-
protection structures at the outlet of each cross-drainage structure. Since the
outlet structure could consist of either a simple, single-purpose plunge basin
or a more sophisticated component of a linear park, its design was not included
in this analysis. The total cost of the six culvert-outlet structures for
Alternative II, as well as the nine drop structures, is included within the

contingency factor.
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V. COST ESTIMATES

Cost-tabulation sheets for each alternative are contained in Appendix C
of this report. These estimates were prepared primarily for the purpose of
comparing the two alternatives. Since there are several details associated with
the final design that cannot be estimated at this tiﬁe, these estimates are
rough, and should therefore be considered as very preliminary in nature.
However, they do providé relatively accurate estimates for the key elements
associated with the two alternatives. Therefore, they should provide a clear
distinction between the cost-effectiveness of each alterative. To ensure that

all unknowns are approximated, a 30-percent contingency factor was included.

Earthwork quantities are based upon the design top width and bottom width
(see Tables 3 and 6), which were applied over the Tength of each design-channel
reach (see Figure 3) at the associated design depth for the eight distinct design
reaches. A separate grading cost was added to the estimate associated with
Alternative II to account for surface preparation. Landscape architects have
indicated that rough grading is not adequate to accommodate a grass-lined

channel.

Operation and maintenance costs were not included on the cost summary
sheets. For the concrete-lined channel (i.e., Alternative I), it was assumed
that these costs would be insignificant. For the grass-lined channel (i.e.,

Alternative II), it was assumed that the cost would be $5000.00 per acre per‘v
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year. Since the total acreage of the grass-lined alternative is approximately

40 acres, this cost becomes $200,000 per year.

The total construction costs associated with Alternative I were determined
to be approximately $3,785,000. The total construction costs associated with

Alternative II were determined to be approximately $2,910,000.

With respect to Alternative II, if the present value of the operations and
maintenance costs for Alternative Il is computed assuming a 50-year design life
with an average annual interest rate of 8 percent, additional costs associated
with Alternative II would be approximately $2,447,000. This brings the total
cost for Alternative II to $5,357,000. Therefore, under these assumptions, the
total 1ife-cycle cost of Alternative I is expected to be substantially less than

the total Tife-cycle cost associated with Alternative II.
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VI. RECOMMENDATIONS

Based on total costs associated with the two alternatives, and on the fact
that considerably more right-of-way will be required for Alternative II,

Alternative I is expected to be the most cost-effective alternative.

However, it should be noted that there are other considerations that will
affect the selection of the final design alternative. An evaluation of these
other considerations is beyond the scope of this analysis. Therefore, based
solely upon the cost-effectiveness of the two alternatives analyzed, the

concrete-lined channel (i.e., Alternative I) is the recommended alternative.

If Alternative I is selected, it is recommended that, at the time of final
design, a seepage analysis be performed to determine whether or not a curtain
wall is needed to prevent the piping of soil away from the interface between the
concrete bank and the underlying support material during periods of side overflow

of stormwater runoff into the interceptor channel.
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APPENDIX A

HYDRAULIC PROPERTIES AND CALCULATIONS
FOR DESIGN CROSS SECTIONS
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NORMAL. FLOW — HYDRAULIC PROPERTIES
REACH #1
Concrete Channel

discharge = 5950 cfs
n-value = 0,0180
bottom width = 8.0 ft.
slope = 0.0025
side slope = 2:1

depth = 4.26 +t.
velocity = 7.81 fps
Froude # = .82
critical depth = 3.8% ft.
sequent depth = e
hydraulic depth = 2.81 ft.
velocity head = 0.95 ft.
specific head = S5.21 ft.
top width = 25.05 ft.
x—sectional area = 70.4% sg. ft.
wetted perimeter = 27.06 ft.

|
b
o
o)
-
r’-

hydraulic radius

ﬁr&eonrg - 1_
miA . Aeg;ovq Aee%%« = D.3

t

Simons, Li % Associates, Inc.
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NORMAL FLOW — HYDRAULIC PROPERTIES
Downstream End of REACH #2
CF #422
Concrete Channel

discharge = 755 cfs
n—value = .0180
bottom width = 8.0 ft.
slope =  0.0025
side slope = 221

depth = 4,96 ft.
velocity = 8.48 fps
Froude # = Q.84
critical depth = 4,53 ft.
segquent depth = e
hydraulic depth = I. 1% +t.
velocity head = 1.12 ft.
specitic head = &6.08 ft.
top width = 27.846 ft.
w—sectional area = 87.00 sqg. ft.
watted perimeter = 30.20 ft.
hydraulic radius = 2.95 ft.

. /
grﬁ&hoaré = I

M‘u\ d'e.ﬁ.\ar,\ Aee'\‘\'\ = (oo

Simons, Li % Associates, Inc.
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NORMAL FLOW — HYDRAULIC PROPERTIES
REACH 4
Concrete Channel

discharge = 1000 cfs
n—value = 0.0180C
bottom width = 10.0 ft.
slope = 0.0022
side slope = 2351

depth = S5.50 ft.
velocity = 8.46% fps
Froude # = .80
critical depth = 4.91 ft.
sequent depth =
hydraulic depth = I.61 ft.
velocity head = 1.16 f+t.
specific head = 6.66 ft.

32.01 ft.

115.59 =sg. ft.
34.61 ft.
.34 +t.

top width

x—sectional area
wetted perimeter
hydraulic radius

I

4

Q\'ee_\;oe\v\é = |
Min Ae&;o(y\ CA&Q u

i}

6.5

Simons, Li & Associates, Inc.
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NORMAL FLOW — HYDRAULIC PROPERTIES
REACH #&
Concrete Channel

discharge = 1380 cfs
n—value =  0.0180
bottom width = 13.0 ft.
slaope =  Q.0022
side slope = 2:1

depth = S.75 ft.
velocity = 2.33 fps
Froude #

I
e
(4 0
3

l
)]

y
(L
ey
rt

critical depth
sequent depth = —————
hydraulic depth
velocity head
specific head
top width
x—sectional area
wetted perimeter
hydraulic radius

'Qree-\ﬁoo\hc\n = l‘
P cleg;o(\ AQQ'\‘\'\

i
5
o
(Y]
.
rt

It

1.35 ft.

7.30 ft.
F6.78 Ft.
147.97 =sg. ft.
39.572 ft.

3.74 ft.

\

- 7.0

Simons, Li % Associates, Inc.
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5/10
. NORMAL FLOW — HYDRAULIC PROPERTIES
REACH #4

l Concrete Channel

l discharge = 3240 cfs
n—value =  0.0180
bhottom width = I0.0 ft.
slope = 0.0050

' side slope = 2:1

l depth = 5.37 ft.
velocity = 14.8% fps
Froude # = 1.27

l critical depth = L.17 ft.
sequent depth = 7.04 £t.
hydraulic depth = .25 ft.

. velocity head = 3.41 ft.
specific head = 8.78 +t.
top width = 51.46 ft.

' x—sectional area = 218.54 sq. ft.
wetted perimeter = 54.00 ft.
hydraulic radius = 4.0 ft.

' -\arcalboarc\s = /s (D\— Vl/zf?_\ 2 1, & !

* ¢
. des\ﬁv\ depth (=) = 7.2
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NORMAL FLOW — HYDRAULIC PROPERTIES
REACH #1
Grass Lined Channel

discharge = 990 cfs
n—value =  0.0520
bottom width = 15.0 ft.
slope = (.0028
side s=lope = 4:1

depth = 4.93 +t.
velocity = Z.21 fps
Froude # = 0. 352
critical depth = 2.71 ft.
sequent depth = e
hydraulic depth = Z.14 ft.
velocity head = O.16 ft.
specific head = 2.09 ft.
top width S4.44 ft.

171.14 sq. ft.

S5.65 ft.

x—sectional area
wetted perimeter

i

hydraulic radius .08 ft.
Te = 1 (b /et"
/r’w\ax’-‘ YDS = Ogé °eK
by
= s L,
V} | 127523_ YL’YP 44 Lys oK

-pre_ehcq,._g = 4 -poo{'“
Pia cles}%“ AQQ‘H\ = (.0

/

Simons, Li % Associates, Inc.




NORMAL FLOW — HYDRAULIC PROPERTIES
Pownstream End of Reach #2
Grass Lined Channel

discharge = 795 cfs
n—value =  0.0500
bottom width = 25.0 ft.
slope = 0.0028

side slope = 421

depth = 4.84 ft.
velocity = 3.91 fps
Froude # = Q.24
critical depth = 2.63 ft.
seguent depth = e
hydraulic depth = 2.37 ft.
velocity head = 0.19 +ft.
specific head = S.04 ft.
top width = 6376 Ft.
x—sectional area = 214.9% sq. ft.
wetted perimeter = &4.95 ft. -
hydraulic radius = F.31 ft.

™ = 1 IL/F+L
Tar = ¥Ds = 085 L/t ok

by
= 0. 189 t
\/F> . YL q*P - 4.63 fps S

/

#¥&€LOQPJ =1
hﬂaa Aej:ﬁpq ClQp‘#A 5.9

Simons, Li % Associates, Inc.




- ln 7L
= 0.8 s = 474 K
\/P *_H—& \(\“ P 3

freeboard = 3_,
Min, Aesi%‘q Aep{’\’\ = 4-_7'

Simons, Li & Associates, Inc.

' 8/10
l NORMAL FLOW — HYDRAULIC PROPERTIES
REACH #4

' Grass Lined Channel

I discharge = 1000 cfs
n—value = 0.0480
bottom width = S0.0 ft.
slope = (,0041

l side slope = 4:1

l depth = J3.73F Ft.
velocity = 4,13 +ps
Froude # = Q.42

l critical depth = 2.18 ft.
sequent depth =
hydraulic depth = .03 ft.

' velocity head = Q.26 Ft.
specific head = .99 ft.
top width = 7%2.8% ft.

l x—sectional area = 242.08 =g. ft.
wetted perimeter = g0.75% ft.
hydraulic radius = .00 £t

R
i To = | Ib/ft
2
' Tray = ¥DS = 045 [b]€x ok
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NORMAL FLOW — HYDRAULIC PROPERTIES
REACH #6
Grass Lined Channel

discharge = 1380 cfs
n—value = 0.0480
bottom width = HG.0 fL.
slope = 0.0035
side slope = 4=21

depth = 4,327 ft.
velocity = 4.1%9 fps
Froude # = Q.39
critical depth = 2.40 ft.
sequent depth = ——————
hydraulic depth Z.00 ft.
velocity head 0.27 +t.

specific head
top width
x—-sectional area
wetted perimeter

11O I
>
o3
L
-+
r+

329.43 sg. ft.
F5.24 ft.

hydraulic radius .46 ft.
Te = | l6/pe"
/\\.hr\qx = XDS = 0-93 |b/‘€'1‘z ox
‘% |
Vo, = 0.189 Y’ﬁ\ll - 4.85 ¥fes ok
g n AP
) !
Pracboary = |

degt - 53

M\\V\ &-Q-S'\T\o\

Simons, Li & Associates, Inc.
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NORMAL FLOW — HYDRAULIC PROPERTIES
REACH #B8
Grass Lined Channel
discharge = 3240 cfs
n—-value =  0.0460
bottom width = 110.0 ft.
slope = (.0030
side slope = 4321
depth = Z.18 ft.
velocity = 4.78 +fps
Froude # = 0.40
critical depth = 2.8%9 ft.
sequent depth =
hydraulic depth = 4.47 +ft.
velocity head = 0.35 ft.
speciftic head = 5.54 ft.

151.47 ft.
677.76 sq. ft.
152.75 ft.

top width
¥x—sectional area
wetted perimeter

o

hydraulic radius = 4.44 ft.
,T,P = HD/Q'{"L
Tmax = IBS =0.97 oK
= p/ ;
Ve = 2189 Vi = SRT O ex

/

‘ﬁm}soaad\ = [
rMA clés.\af.,\ Jz(ﬁr%*— 6. R

Simons, Li & Associates, Inc.




APPENDIX B
CULVERT COMPUTATION SHEETS




PROVECT: QUTER LOOPRP HIGHWAY STATION : 145 +0O CULVERT DESIGN FORM
' . _AIS 7728/
/DAZ‘ Dc-02 T 2 SHEET | oOF é DESIGNER /DATE! - / .
REVIEWER / DATE | ~\T___,7/29/89
HYDROLOGICAL DATA ELM:L?ZEZSI(“) ROADWAY ELEVATION .1_3.;2_‘_5. ()
s O wernoo:
x
“ O3 oravace areai (3 stream swope:
8 [J CHANNEL SHAPE: :
W
¥ 0 moumne: (O omHer:
DESIGN FLOWS/TAILWATER
R.1. (YEARS) FLOW(efs) TW (1) s=s°-0F2;)LQ/5L° EL°:|330.39 0
50 428  _3.77 " aso.
L.
/Q0 Si4 4.24 °
CULVERT DESCRIPTION : TOTAL | FLOW HEADWATER CALCMTWS Eg > 4
fFLow | rer -3
MATERIAL - SHAPE - SIZE - ENTRANCE pase. INLET _CONTROL QUILET CORTROL g3s |4z COMMENTS
G JQ/N [HW/D W, [FALLJELRi | TW ¢ 920§ ng | ROJELn |Eg¥ 152
tets) | o (2) E ) (s) ¢ 2| () g |STw]o>
|- JOo X5 ¢€BC RBHA28|1.S 16.5] O |37s)1377)3.3714191419 102 147 1366437502 | ok, Tc
514 151411.5 175 | 0 13851426371 |43, 43010.2 [224]|376|38.7)1.8 | ok, T<
TJECHNICAL FOOTNOTES: (4) ELpis HW{+ EL{UINVERT OF 6) hg s TW or (d.+0/2)( WHICHEVER IS GREATER)
(1) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) n H=E0 Kyt 12902 1) /a133]v2/29
(2) HW| /D » HW /D OR HW,/D FROM DESIGN CHARTS (5} TW BASED ON DOWN STREAM {8) ELpo* ELyv Ho by
CONTROL OR FLOW DEPTH IN
{3) FALL® HW; = (ELpg- ELy) ; FALL IS ZERO CHANNEL,
FOR_CULVERTS ON GRADE ~
SUBSCRIPT DEFINITIONS . COMMENTS / DISCUSSION : CULVERT BARREL SELECTED .
. APPROXIMATE . -
o CULVERT FACE G048 Sireet Extencion - CULVERT I SIZE! L /i: S}
hd. DESIGN HEAOWATER : . ) /s
he’ HEADWATER N OUTLET CONTRGL Alternative T - Concrete lned chawnnel swape; [ S =
i°. IONG.‘F:£$ONTRO. SECTION MATERIAL | CBC- oo R
3. STREAMBED AT CULVERT FaCE ENTRANCE'_WJ1 Nng wa is

V




CULVERT DESIGN FORM
DESIGNER /DATE: RIS  ,7/R8/[89

145+QO

SHEET_Z ___of __ &

PROJECT: _QUTER LOOP MHIGHWAY
PAZ -DC-02

STATION |

REVIEWER / DATE © JMT 12/28/ 83
HYDROLOGICAL DATA ey,: 3250 un ROADWAY ELEVATION : .32:5/_ )
¢ O wmernoo:
§ 0 DRAINAGE AREA: (O stream swoPei_ — O ————
8 [0 CHANNEL sHAPE: HWi . l”_
¥ O routine: O otxer: ———:f- TRen e S lw
FA e o
DESIGN FLOWS/TAILWATER EL|M(H) L —
R.I. YEARS) FLOW(cfs) WU s=-55- ;AL;/@LO L, 3104
- Ly ASO "
120 514 4‘7q 0
CULVERT DESCRIPTION: TOTAL | FLOW ) HEADWATER CALCULATIONS gg -
o = -
MATERIAL - SHAPE - SIZE - ENTRANCE reov PERL INLET CONTROL QUYLET CONTROL 1% 92 COMMENTS
o [Q/N [HWi/ofHw [FALL [ELni | TW | 6 [derD] hg | i, HoJElne |BSS |50
: lets) | 1) {2) (3) {4) {3) ¢ 7| (6} 1) 9 J|oTw|o>
2-6X4 CRC 42812141 1.4 1561 O [37.314.39(3.4 |3.7]439]0.2 {299 37.91379 8.9 {clost enoucl APy
oy 257173169 | © 13801474 285139 439)0.2 15060 13941324 0.7 | o & o,

TECHNICAL FOOTNOTES:

(1) USE Q/NB FOR BOX CULVERTS

(2) HW{ /0's HW /D OR HW,/D FROM DESIGN CHARTS

(3) FALL® HW; =~ (EL g~ ELyq) ; FALL IS ZERO
FOR CULVERTS ON GRADE

{4) ELy® HW,+ EL;(INVERT OF
INLET CONTROL SECTION)

(5) TW BASED ON DOWN STREAM
CONTROL OR FLOW DEPTHIN
CHANNEL,

(6) ho » TW or {d+ 0 /2)( WHICHEVER IS GREATER)
m N-E. ket (2002 L) /RL33]VZIZQ

(8) ELpg® EL gt He by

SUBSCRIPT DEFINITIONS |

0. APPROXIMATE

f. CULVERT FACE

hd. DESIGN HEADWATER

hi. HEADWATER IN INLET CONTROL
ho. HEADWATER IN OUTLET CONTROL
i. INLET CONTROL SECTION

0. QUTLET

sf, STREAMBED AT CULVERY FACE
1y, TAILWATER

COMMENTS / DISCUSSION :

Q0+n Streer Extension - CULVERT L
AH—E““QTI:/Q I, Arass Lined Channel

CULVERT BARREL SELECTED .
SI12€E. 02‘ é)xq‘ C—BC

SHAPE P@—C‘*‘AQV\\OP

(%)
materiaL: ERE ne.ol2

ENTRANCE: winawall §




R - G B O &N G B SN S D B S IR TR T B OE e

= - - __ e ——
PROVECT: _QUTER LOOP HIGHWAY STATION : _ 88 + 00 CULVERT DESIGN FORM
- - DESIGNER/0ATE. . RIS _ , 7-28-8
PAZ-Dc- 02 T2 SHEET_3___of_ & Tt N d
REVIEWER / DATE ! 12-28-89
HYDROLOGICAL DATA L1676 an ROADWAY ELEVATION : /876 (1)
; hg * =
¢ O mernoo:
x .
3 D ORAINAGE AREA! e D STREAM SLOPE | h - e e e e e - -
r . . H
S [ CHANNEL SHAPE: _J:__
w ———
80 rournei— [Jomeri____ —T B oo ™
FaLL B
DESIGN _FLOWS/TAILWATER e, 0276 i
R.1. {YEARS) FLOWI(cfs) | TW(“? stoo- f"éL(l).z/\lz.~° EL°:03'2! (n
5o a7l 498 e
La?
(00O 1314 _5.80 ot
CULVERT DESCRIPTION TOTAL | FLOW HEADWATER CALCULATIONS EZ| »
- FLOW | PER Je v
MATERIAL - SHAPE - SIZE - ENTRANCE €L INLET _CONTROL QUTLET CONTROL KT COMMENTS
Q Q/N [ HW;/p HW, |FALL EL b Tw P det D} hy [ H ELlyp, (224154
et o Lte) G) () (8) ¢ 21 (s ) @ _foTw o>
3-8 xb <£BC 97113241 .93(5.6 | © [15.31496|37] [48b[498(0.2-|12 154 | /54 [&.] ok, %.¢
. 9.
1314 4281122173 | O |17.11580(453|5.27|1580p. 21| [17.1 N\7.1 |44 | ok °-«.
TECHNICAL FOOTNOTES: : (4) ELp* HW{+ EL;(INVERT OF | 8) hg T TW or (dcs D/2)( WHICHEVER IS GREATER)
(1) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) n “'E’ ke (2902 L) /RL33]V2/2°
- (2YHW; /O HW /D OR HW,/D FROM DESIGN CHARTS (S} TW BASED ON DOWN STREAM (8) Elpg® ELgt Hehy
CONTROL OR FLOW DEPTHIN
(3) FALL » HW; ~ (ELpg= ELyy); FALL IS ZERO CHANNEL,
VERT:! GRADE
SUBSCRIPT DEFINITIONS : COMMENTS / DISCUSSION : CULVERY BARREL SELECTED :
4 ’
HA gL L Via De Vemturq - CULVERT I size: R B XKL CBQ
nd. DESIGN HEADWATER @
N s NS, | fe lined chamel| 2o = e
i.’gLfYEgonmcL SECTION Atternative T ) Concrete lined Chame materiaL: CRE noere
0. uTLl . .
Jv Thicwaren T CULVERT FACE ' - ENTRANCE! WM%J‘“‘ L




PROVECT: _QUTER LOQP HIGHWAY STATION | _ O+ 0 O CULVERT DESIGN FORM
: . = —
PAZ-Dc-02 T2 sweer. 4 o & DESIGNER /DATE: 730' 1728:- 29
REVIEWER /DATE | AT ,7:38-89
HYDROLOGICAL DATA EL, g0 e Tb un ROADWAY ELEVATION : _/8.76& un
¢ O wmetHoo:
§ O DRAINAGE AREA: O stream swope: - ——————,— e e e e —
8 [ CcHANNEL SHAPE: _:I, N_
¥ O routing: {0 otHer: ~L == LRGN STREAM pep fw
DESIGN _FLOWS/TAILWATER ni_ﬂﬁ_(mx FALL 1
l. {YEARS) FLOWI(cls) Tw ) S=S°- FALL/L° EL : /0,35(“)
0
S0 91 3.5 s 20025
Lot een D2
(0O /314 4.16 °
CULVERT DESCRIPTION: TOTAL | FLOW HEADWATER CALCULATIONS sz
Fl PER o = E )
MATERIAL - SHAPE - SIZE - ENTRANCE Lo aufm:; INLET CONTROL OUTLET CONTROL gr3fusg COMMENTS
Q 1Q/N IHW/0 | Hw, [FALLJELRi | TW | g |dctD1 ho | %, Ho |ELao |ESH15E
etal ] 0y | (2 (3) (41 () ¢ 2| (s) ) (9 |ozxulo>
Y 4
6 - 6 X4 cpe N Nzl 144 10 |i571351|12.833421351|0. 2 1435357 |77 | OK
1314 121411.5 | .0| O 117.2 |41k 1346|37314.16[0.2.12.b0)I7.1 |(7.2|18.55] ok

TECHNICAL FOOTNOTES:

(1) USE Q/NB FOR BOX CULVERTS
(2YHW /0 * KW /D OR HW/D FROM DESIGN CHARTS

(3) FALL s HW| = (ELpg= ELyy); FALL IS 2ERO
FOR CULVERTS ON GRAOE

(4} ELpj= HW;+ ELj{INVERT OF
INLET CONTROL SECTION)

{5) TW BASED ON DOWN STREAM
CONTROL OR FLOW DEPTHIN
CHANNEL.

(6) hg * TW or (dc+D/2){ WHICHEVER IS GREATER)
m H-E. kgt (2902 1) /nl”:] viseg

(8) ELpg® ELgt Hehg

SUBSCRIPT DEFINITIONS .

COMMENTS / DISCUSSION .

a, APPROXIMATE

f. CULVERT FACE

hd, DESIGN HEADWATER

hi, HEADWATER |N INLET CONTROL
he HEADWATER IN OUTLET CONTROL
i, INLET CONTROL. SECTION

Via

TLEY
{. STREAMBED AT CULVERT FACE
hr JAILWATER

De Venturq - CULVERT 1T

;.o AH—crmﬁ‘;ve o Grass-lined Chawael

CULVERT BARREL SELECTED .
SIZE: b- 6 X4 <BC

SHAPE.

MATERIAL ! L.B.Q.—-——-“’-—Q—Q-—ah

ENTRANCE ! wlM wgll




prOJECT: QUTER LOOP HI&GHWAY STATION | _35+0 O CULVERT DESIGN FORM
) YR
PAZ-DC-02 T2 sneer S oF b OESIGNER/DATE._&_I_L_MT / 22887
REVIEWER / DATE (T /2-28-89
HYDROLOGICAL DATA e,,: 9263 1 ROADWAY ELEVATION : 94.63 1
4
¢ O wmertnoo:
I
@ O orainace area (3 sTReam sLope: ——
“ H
S [0 cHANNEL SHAPE: v l _
w H
¥ 0 mouming: - [0 orner: ™
DESIGN FLOWS/TAILWATER —
R.). {YEARS) FLOW {(cfs) TW M) s=s°0- ZALOL;__LO e 318 im
S0 - 2453 460 s-___..____;)'so N
Ler =29
160 3234 .26 °
CULVERT DESCRIPTION: ToTAL [ FLOW HEADWATER CALCULATIONS LEE| »
FLOW PER = -
MATERIAL - SHAPE -SIZE - ENTRANCE BARREL INLET _ CONTROL QUTLET CONTROL g% Qg COMMENTS
Q/N [HWi/0 | HW| [FALL [ELni | TW } g [9ctD1} ho | i, o |Elne 1855 |50
et | oy | t2) {3) 141 13) ¢ 2| (s) 18) ) loxwlio>
/
4
4-10"X7 <Bc 245361411 |77 | 0 [92.)14.6014.24|595/59510.2 |90 |90 92. 1 [j0.3 | oK *«
22341809145 [10.2] © 194.6[5.236|580644(6.9910.2.133] 1929198 ||12. 6| oK %<
TECHNICAL FOOTNOTES: (4) ELps HWjr ELJLINVERT OF (6) hg * TW or (d,+D/2){ WHICKEVER IS GREATER)
(1) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) 13 H-E. kye (2902 L) /RM33 :| vii2g
{2) MW, /D s KW /D OR HW,/D FROM DESIGN CHARTS (8) TW BASED ON DOWN STREAM (8) ELpg® ELg ¥ H o hg
CONTROL OR FLOW DEPTHIN
{3) FALL* HW, = (ELpg~ ELyq) ; FALL IS ZERO CHANNEL,
FOR_CULVERTS ON GRADE
SUBSCRIPT DEFINITIONS . COMMENTS / DISCUSSION . CULVERY BARREL SELECTED .
0. APPROXIMATE . - . 4}__ \ Ol X jl CBC
1.  CULVERT FACE . - CULVERT I S1ZE!
hd. DESIGN HEADWATER Ind‘an Ben C{ ]?J
N it e,
ho. .
i " : < 0/ 2
iy 3‘&‘35%”"“ sec":’: n Al"'e.rv\q‘\‘l\lc - , Concrete |ined <hame| | wMateriaL: C—Q \J’} )
. Eiting o cnvear rce enraance:ing malls




PROVECT: _QUTER LOOP HIGHWAY sTATION . _ 35+ OO0 CULVERT DESIGN FORM
' RIS 1 2-29:-29
PAR-Dc-02 T2 sueer. b of b DESIGNER /DATE - -
REVIEWER / DATE | JJMT ___,2-29-89
HYDROLOGICAL DATA ev 92,630y ROADWAY ELEVATION : 94:03
hd*
¢ O wmetHoo:
x
“ O oranace arear {0 streamsworei__ - —_————— T -y
i H
S [0 CHANNEL SHAPE: v i _
w — 3
O wrovriwg: 3 omweRi____ - Z{;{%&L&\‘N oo W
8 8 \ FALL B N
DESIGN FLOWS/TAILWATER ELy : (11) —t
R.1. {YEARS) FLOWIcls) TW i) MBFSLE/{" ELO;&§.I3(,,)
E0O 2453 4.4-2 $r e
L 2SO0
100 3234 5.18&
CULVERT DESCRIPTION: TOTAL | FLOW HEADWATER CALCULATIONS x z -
: FLow | PER 352 |55
MATERIAL - SHAPE - SIZE - ENTRANCE rAML INLET CONTROL OUTLET CONTROL gxrs|yg COMMENTS
Q Q/K |HwWy/ w FAaLL |ELnpi TW d de+D | n X K EL Zavwlse
- et P o™ PR e e 1% 1l L e |8¥a)3s
/
4-10"x7" £BC 295361y |1/ |77 | © 191.6]44214891595]595|0.2 190 |41.0Al.6 103 ok
3234|803]1.451/0.2| O %41 1518|588 |6441644]0- 21331 [9288194.1112.6] ok
TECHNICAL FOOTNOTES: (4) ELpj» HW» EL{{INVERT OF (6) hg * TW or {dc+D/2){ WHICHEVER 1S GREATER)
(1) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) 3 H.[:.. ke (2902 L) /RLDD ] vi/2g
(2} HW; 70+ HW /D OR HW,/D FROM DESIGN CHARTS {S) TW BASED ON DOWN STREAM (8) ELpg® ELgt Mo by
CONTROL OR FLOW DEPTHIN
(3) FALL® MW =(ELpg= ELyy) ; FALL IS 2ERD CHANNEL,
FOR_CULVERTS ON GRADE
SUBSCRIPT DEFINITIONS . COMMENTS / DISCUSSION . CULVERT BARREL SELECTED .
0. APPROXIMATE ‘ . 4._/0 ’)(7, CBC
1. CULVERT FACE - SIZE:
Nd. DESIGN HEADWATER I,/‘)c{lah Rend Rd. CULVERT T
ki e, , ,
ho. H
b OUTLEp o SEGTION A /ter M”LNQ I ) émss /mei akanwe’ MATERIAL , l .
'l: ?'LRIEQ':‘?E%AT CULVERT FACE ENTRAN;E: w‘v\g L,\)O ( 5




APPENDIX C
QUANTITY CALCULATIONS AND COST ESTIMATES




l ‘

o

cuent—_De Leyu Ca ther Jos No. FAZ-0C-02.2 page /
prosect__Quter Loop Hia huwau DATE CHECKED pare_7-28-99
siMONs, li & ASSOCGIATES, iNC. Detan__ Qv H"“i‘l?"é\h Coles o CHECKED BY__________ CoMPUTED By RIS

Altecnative, T - Cowcrete el =hanuel

Excavation :

RQQ(_L 1

bo'H'ovv\ LQ(A-{‘L\ = 8/

de\s*’r\q = 3.3’/

‘f‘OptA)'\A'\‘“L\ = 29,2

X-sec area = (8+29.2)/2 x 5.3= 98.( £+

}encajJ'\ = 2200

Volume = 0305 ey

RQQCL\ PR
pshiam end  x-sec area = 18.6 £%°
dowhsl.’u_qwl end X-Sec AreA
B = s
d= 47
T = 32 2
A - (8+32)/2 X G = 120.0 4
/2’\6_4“1,\ = 0200/
(VA [(98.4,4—/20.0)/2 X 2001/27 = 810 cy ‘
PQQQL\ 3
vpshram end X-sec Area = 120.0 e -
d/s end x-sec Area
B = /O
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