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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 located 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 associ ated with thi s 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 identified 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

assumpt ions whi ch 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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II. 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)

publ ication entitled "Urban Highway Design Procedures Manual," and its designated

references. Unless otherwi se noted, there were no major devi at ions 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 feasible

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., location 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 provided 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 concretejgunite section (i.e., Alternative

I) assumed a minimum bottom width of eight feet, and the steepness of the side

slopes were limited 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-val ue for the grass-l ined 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 tri al-and-error analysi s, 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-lined 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 majority 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 phys ical characteri st i cs of the watershed sign i fi cant1y 1imits

the quantity of sediment that can be transported to the interceptor channel

during a major runoff event, erosion/sedimentation considerations were limited

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-lined 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,

duri ng wi nter months or duri ng long peri ods of drought. Duri ng the wi nter

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 intersections (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

di scharge and the IOO-year di scharge was the "check" di scharge. 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 limit 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-2 special-bridge routine could be employed to evaluate the

performance of the box culverts. This procedure is more appropriate than the

HOS-S procedure under channelized conditions. This is especially true under

supercritical flow conditions. The design headwater elevation using HOS-S is

based on a compari son between the in1et-contro1 headwater e1evat i on and the

outlet-control headwater elevation. Under supercritical flow conditions, the

HOS-S 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 HOS-S procedure

approximates the hydraulic grade elevation at the outlet using either the [(de

+ 0)/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 e1evationa1 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 the outlet using the downstream tai1water 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 the 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

appropri ate 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.
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alternative.

3.1 Alternative I

III. CONCEPT DESIGN

256
575

1035

Concrete Quantities
(Cubic Yards)

1-10X5 CBC
3-8X6 CBC
4-10X7 CBC

Selected StructureCDS

I
II
III

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

This alternative consists of eight design reaches, each assumed to be

SLA, INC.

ent ire1y 1i ned wi th concrete. Reaches 1, 2 and 3 are subcri t i ca1, 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

report.

The respective culvert computation sheets are contained in Appendix B of this
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TABLE 2. FLOW-LINE PROFILE FOR ALTERNATIVE I

Station Elevation Reach Number

0+00 1266.30 8
35+00 1283.80
52+00 1293.00 7
60+00 1297.32
66+66 1299.79

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 3130+00 1326.96 2132+00 1327.46 1154+00 1332.95

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

SLA~ INC.
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3.2 Alternative II

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

267
725

1035

Concrete Quantities
(Cubic Yards

2-6X4 eBe
6-6X4 eBC
4-10X7 CBe

Selected StructureCOS

I
2
3

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 require adequate energy

di ssi pators on thei r downstream sides. The detail s associ ated wi th 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 Aof this report. Also included within Appendix

Aare the tractive-forcejpermissible-velocity calculations for the grass lining.

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
70+00 1300.50 6

1302.50
80+00 1306.00

1308.00 5
110+00 1318.50

1320.00 4
122+00 1324.95 3130+00 1327.19 2132+00 1327.75 1154+00 1333.91

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

SLA, INC.
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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

channe1. Overall, the top wi dth of the cut sect i on for the concrete-1i ned

channel ranges from approximately 30 feet to approximately 60 feet. In contrast,

the top width of the cut section for the grass-l ined 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 thi s 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 time, these estimates are

rough, and should therefore be considered as very prel iminary in nature.

However, they do provide 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 length 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-l ined

channel.

Operat i on and rna i ntenance 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-l ined channel (i .e.,

Alternative II), it was assumed that the cost would be $5000.00 per acre per
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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 II 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 life-cycle cost of Alternative I is expected to be substantially less than

the total life-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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NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #1

Concrete Channel

discharge = 550 cfs
n-value = 0.0180
bottom width = 8.0 ft.
slope = 0.0025
side slope = 2:1

depth = 4.26 ft.
velocity = 7.81 fps
Froude # = 0.82
critical depth = 3.85 ft.
sequent depth = ------
hydraulic depth = 2.81 ft.
velocity head = 0.95 ft.
specific head = 5.21 ft.
top width = 25.05 ft.
x-secti onal area = 70.43 sq. ft.
wetted perimeter = 27.06 ft.
hydraulic radius = 2.60 ft.

tree. bOct rd i
vYIJ'l. de<;~~ Je.f~ := "5.3

Simons, Li & Associates, Inc.

I/ID



I
I
I
I
I

NORMAL FLOW - HYDRAULIC PROPERTIES
Downstream End of REACH #2

CP #422
Concrete Channel

2/10

I
I
I
I
I
I
I
I
I
I
I
I
I
I

discharge 755 cfs
n-value 0.0180
bottom width = 8.0 ft.
slope = 0.0025
side slope = 2:1

depth = 4.96 ft.
velocity = 8.48 fps
Froude # = 0.84
critical depth = 4.53 ft.
sequent depth = ------

hydr-aul ic depth = 3.19 ft.
velocity head = 1.12 ft.
specific head = 6.08 ft.
top width = 27.86 ft.
x -secti onal area 89.00 sq. ft.
wetted perimetet- 30.20 ft.
hydraulic radius = 2.95 ft.

t \~<2. boo. rd == I I

I de.~ -\- ~ 0.0Ml-", de-s \1""' -::.

Simons, Li & Associates, Inc.
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NORMAL FLOW - HYDRAULIC PROPERTIES
REACH 4

Concrete Channel

discharge = 1000 cfs
n-value = 0.0180
bottom width = 10.0 ft.
slope 0.0022
side slope 2:1

depth = 5.50 ft.
velocity = 8.65 fps
Froude # = 0.80
critical depth = 4.91 ft.
sequent depth = ------
hydraulic depth = 3.61 ft.
velocity head = 1. 16 ft.
specific head = 6.66 ft.
top width = 32.01 ft.
x-sectional area = 115.59 sq. ft.
wetted perimeter = 34.61 ft.
hydraulic radius = 3.34 ft.

~\ee. \:, 0 <>"V'~ :::

de~;t" cle..~ \-~ b.~
I

MI"\ -:::

Simons, Li & Associates, Inc.
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NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #6

Concrete Channel

dischar-ge = 1380 cfs
n-value = 0.0180
bottom width = 13.0 ft.
slope = 0.0022
side slope = 2:1

depth = 5.95 ft.
velocity = 9.33 fps
Froude # = 0.82
critical depth = c:- "'7C:- ft....J.-..) .....

sequent depth = ------

hydraulic depth = 4.02 ft.
velocity head = 1.35 ft.
specific head = 7.30 ft.
top width = 36.78 ft.
x-sectional area = 147.97 sq. ft.
wetted perimeter = 39.59 ft.
hydraulic radius = 3.74 ft.

~ree\.o",,..cl. - i.'

M,,,,,. de.s.~~ d~ T'"". - 7.0

Simons, Li & Associates, Inc.
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NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #8

Concrete Channel

discharge 3240 cfs
n-value = 0.0180
bottom width = 30.0 ft.
slope = 0.0050
side slope = 2:1

depth = 5.37 ft.
velocity = 14.83 fps
Froude # = 1.27
et-i ti cal depth = 6.17 ft.
sequent depth = 7.04 ft.
hydraulic depth = 4.25 ft.
velocity head = 3.41 ft.
specific head 8.78 ft.
top width = 51.46 ft.
x-sectional area = 218.54 sq. ft.
wetted perimetet- = 54.00 ft.
hydraulic radius = 4.05 ft.

.t re.el, 0 Q .. d -:=. Ys (b.,. Vh.~~ :: I • e:,r
de~;~ d~t fl.·" C··"",) -::. 7.2...

Simons, Li & Associates, Inc.



NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #1

Grass Lined Channel

discharge = 550 cfs
n-value = 0.0520
bottom width = 15.0 ft.
slope = 0.0028
side slope = 4:1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

depth
velocity
Froude #
critical depth
sequent depth
hydraulic depth
velocity head
specific head
top width
x-sectional area
wetted perimeter
hydraulic radius

'l'P = 1 Ib 1t-1:..?..

"'11"'10.)( '= YD ~ -= O·8~

Vp -= O./BQ
Y6 y?.

Yh 'Yp
"-

n

.pre.eh04~~ -::L +hot-

M'V\ Je. S~qV\ d<?.-,? i-~ -

Simons, Li & Associates, Inc.

~ /10

= 4.93 ft.
= 3.21 fps
= 0.32
= 2.71 ft.
= ------

= 3.14 ft.
= 0.16 ft.
= 5.09 ft.
= 54.44 ft.
= 171. 14 sq. ft.
= 55.65 ft.
= 3.08 ft.

I10.0



NORMAL FLOW - HYDRAULIC PROPERTIES
Downstream End of Reach #2

Grass Lined Channel

discharge = 755 cfs
n-value = 0.0500
bottom width = 25.0 ft.
slope = 0.0028
side slope = 4:1

7/10

.:::,. B I

= 4.84 ft.
= 3.51 fps
= 0.34
= 2.63 ft.
= ------
= 3.37 ft.
= 0.19 ft.
= 5.04 ft.
= 63.76 ft.
= 214.99 sq. ft.
= 64.95 ft.
= 3.31 ft.

fre.e.boClr-d = 1

M 1"\ de.s:~ drL~ +1.,

depth
velocity
Froude #
critical depth
sequent depth
hydraulic depth
velocity head
specific head
top width
x-sectional area
wetted perimeter
hydraulic radius

't'f' .1 Ib If to
t.

-=

".... - ;rD s -::- G.BS""
M"'~ -
Vp ~ 0.199 1iYc

'1"lh~p :::
n

Simons, Li & Associates, Inc.
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depth = 3.73 ft.
velocity = 4.13 fps
Froude # = 0.42
critical depth = 2.18 ft.
sequent depth = ------
hydraulic depth = 3.03 ft.
velocity head = 0.26 ft.
specific head = 3.99 ft.
top width = 79.83 ft.
x-secti onal area = 242.08 sq. ft.
wetted perimeter = 80.75 ft.
hydraulic radius = 3.00 ft.

'lp ::: I Ib/-Pt'-

8/10

4.l

Ib/++'

't"'~h- - 4.74-Vp -:: cL 182
n

+'ree. b00, rd :::

M I VI.

NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #4

Grass Lined Channel

di schat-ge = 1000 cfs
n-value = 0.0480
bottom width = 50.0 ft.
slope = 0.0041
side slope = 4:1

Simons, Li & Associates, Inc.
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NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #6

Grass Lined Channel

discharge = 1380 cfs
n-value = 0.0480
bottom width = 60.0 ft.
slope = 0.0035
side slope = 4:1

depth = 4.27 ft.
velocity = 4.19 fps
Froude # = 0.39
critical depth = 2.40 ft.
sequent depth = ------

hydraulic depth = 3.50 ft.
velocity head = 0.27 ft.
specific head = 4.55 ft.
top width = 94.19 ft.
x-sectional area = 329.43 sq. ft.
wetted perimeter = 95.24 ft.
hydraulic radius = 3.46 ft.

'i'"? .,. lb / ~+-'-

O.q3 Ib/~T'" O\<.
A'\. 'ODS\r-.q)' :. =-

~ II
Vf "'" o. /89 )<''1'" 4. ~ c:; rys OK

=: -n h f

Simons, Li & Associates, Inc.



discharge = 3240 cfs
n-value = 0.0460
bottom width = 110.0 ft.
slope = 0.0030
side slope = 4:1

depth = 5.18 ft.
velocity = 4.78 fps
Froude # = 0.40
critical depth = 2.89 ft.
sequent depth = ------

hydt-aul i c depth = 4.47 ft.
velocity head = 0.35 ft.
specific head = 5.54 ft.
top width = 151.47 ft.
x-sectional area = 677.76 sq. ft.
wetted perimeter = 152.75 ft.
hydraulic t-adi us = 4.44 ft.

JollO

OK

NORMAL FLOW - HYDRAULIC PROPERTIES
REACH #8

Grass Lined Channel

IF' = Ib)t?+'-

fJ'"'M<\i<
:. ()' b S, = O.q 7 ~

Vp -= O. Ie 51 Yb ~ 5.';2./\(\; 1'"p -
n

Simons, Li & Associates, Inc.
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APPENDIX B

CULVERT COMPUTATION SHEETS
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--- ...- .. --_.-- -".- -- . - --_..._-._-...- ---' ._-- - ......... --- .__ .....- -

PROJECT: OUTER LooP HI4xHWAY STATION: 145" +-00 CULVERT DESIGN FORM

PA:c.· Dc. - Q 2. T~ I b DESIGNER IDATE: RJS I 7/:<B/tJ:1
SHEET OF

~TMr I 7(Z9/S~REVIEWER I DATE: I

HYDROLOGICAL DATA

" .. ,12J2.!""7 ROADWAY ELEVATION : /339.5"1 (" )

iii 0 METHOD:
I-
:z:
~ 0 DRAINAGE AREA: o STREAM SLOPE: .

lj·
I

'0
~EL,( Itt) So:

~ 0 CHANNEL SHAPE: HWi

'" ---,L
~ 0 ROUTING: o OTHER: .L:. Q!1!Q! NAl STR~.!I BED

EL,/331. 01 I~ L FALL
DESIGN FLOWS I TAlLWATER ( It)

R.I. (YEARS) FL 0 W(cis) TW (tt) S ... So- FALL/L o EL :~(f1)

50 42.8 3.77 s. 0.00.:25 °

.1.50'
5/4 ~

L o '/00
CULVERT DESCRIPTION: TOTAL FLOW HEADWATER CALC\A.ATIONS II:

~

,
FLOW PER -'~ I-!:

~L
INLET CONTROL OUT L ET CONTRex.. 0" "'u COMMENTSI,IATERIAL· SHAPE· SIZE· ENTRANCE II: •

1-0 -'0
Q Q/H HW\/D HWI F~lLL EL hi TW de de' 0 h k. H EL ho ~~

I- -'

(6°)
:>'"Ie , .) 1Il (2) (~) (5) -2- IT) tel u:z: 0>

) - J()'X5
,

142B 4ZB I. "3 b.5 3.77 '3.~7 4./Q !4.ltl 1.97. 31:>.1& 37.~1 ID.Lcsc.. 0 37.5/ D·?.. D~ ::Cc.

5/4 5/4 '.5 7,~ 0 3~.5\ L!·26 3.7\ 4.31, ~.1,{" 0,1 216'1 37-0 3'0.7 \\.16 OK rc..

TECHNICAL FOOTNOTES: (4) ELhi' HWi' EL\(INVERT Of (6) h o ' TW or Ide' 0/2)( WHICHEVER.lS GREATER)

(I) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION)
(7) H.G, k.' (29n2 L) /R l33 ] y

2
/29

(2) HWI/D' HW ID OR HW./D FROI,I DESIGN CHARTS (5) TW BASED ON DOWN STREAI,I (8) EL ho ' EL o ' H + ho
CONTROL OR FLOW DEPTH IN

(3) FALL- HWi -lELhd- EL,tl; FALL IS ZERO CHANNEL.
FOR OJLYERTS ~ GRADE

SUBSCRIPT DEFINITIONS: COMMENTS I DISCUSSION: CULVERT BARREL SELECTED:
o. APPROXlloIATE

qO~ - CULVERT I- S I Z E : 1- lOX S
f. CULvERT FACE S'\-,ee.+ Ex +-e."'S,IO"\
hd. DESIGN HEADWATER

SHAPE: Re.c h:;"'5 y1cJ "'"hi. HEADWATER IN INLET CONTROL A\+e.'('I"\,~,:T-\\Je. J:- - CO",,('('~-\-~ I\~e..d. c.ho. V'I V\e. \ho. HEADWATER IN OUTLET CONTROl.
i. INLET CONTROl. SEcnON I,IATERIAL: C B C 1)0,01 ~
o. OUTLET

Winn .nll:;:~. mE~~~~~AT CULVERT FACE ENTRANCE:

--------_.~----_._...._--_..__ ..._--------_._--_.. ._----------------------
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-.._-_. --- -- --- - - -_. -.-- . -

PROJECT: OUTER LOOP HIQHWAY STATION: /45 + 0 0 CULVERT DESIGN FORM

PA"i:. - DC.- 02. 2.. 6 DESIGNER IDATE: BiTS 1 7/::18/8C1
SHEET OF

REVIEWER I DATE: JM; I 7/~8/ 8~

HYDROLOGICAL DATA

EL",'.1l2J.. ""7 ROADWAY ELEVATION : 39· 5" f (II )

vi 0 METHOO:..
%

.~ 0 ORAINAGE AREA: o STREAM SLOPt: .
J

- ~~.
Q ~EL,( (ft) So:
~ 0 CHANNEL SHAPE: HWi

'" --t:.L-_L.OR!§lNAL ?R~", BEOl:( 0 ROUTING: o OTHER:

ELI 31.74 (ft)~ FALLDES IG N FLOWS/TAILWATER

R.I.(YEARS) FLOW(eh) TW (tt) S""So- FALL/L o 1 EL ..3..l.:.i!.!i. (It )

SO 4-2.21 4.39 s. O. Do;;' e> o'

;;2.50'
514 4·]1

L •
/OQ

0

CULVERT DESCRIPTION: TOTAL FLOW HEAOWA1t:R CALCLL\TIONS '" z ..
..J~gFLOW PER 0" .. .. t:

;t.lATERIAL· SHAPE· SIZE· ENTRANCE BARR(L INLET CONTROL OUTLET CONTROL '" ~ .. "'u COMMENTS.. 0 > ..Jo

Q Q/N HW,/O HW, FALL EL hi TW de
det 0 h k. H EL ho ~ .. '" .. ..J

(:1 '" ..J ,,'"(e t .) III (2) 131 (~l (~l
-2- 17\ 181 u:Z:", 0>

2 - It:, X 4 CBc. 41g 2/4 1.4 5. fa 0 37.3 :4.39 :3.4 '3.7 4.)~ 0.2 2.18 37.1 37.Q 9.'1 clo~ e",o--/c, ~

1(/4- ~S7 1.73 0.Q 0 .~6.~ 4.7Q 3.9.5' 3.Q 4.7'l D.'L 3.loD J~,1 31.4 10.7 oK

TECHNICAL FOOTNOTES: (4) ELhi' HWj' EL,lIN'wt:RT OF (6) h o ' TW Of (det 0/2)( WHICHEVER IS GREATER)

(II USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) (7) H.Et kIt (29n2 L)/ Rl33 ] v2
/ZQ

IZ) HWI/O' HW 10 OR HW,/O FROM OESIGN CHARTS (51 TW BASEO ON OOWN STREAM Ie) ELho' EL o I H t ho
CONTROL OR FLOW OEPTH IN

(3) FALL- HWI -IELhd- ELs,l; FALL IS ZERO CHANNEL.
FOR OJLVE:RTS ON GRADE:

SUBSCRIPT DEFINITIONS: COMMENTS I DISCUSSION: CULVERT BARREL SELECTED:
o. APPROXIIoIATE . .2-b)(4 eiSe.
f. CULV ERT FACE qO+~ S+~e.-r E',(. +e V\ oS '''''''\ - CULVERT L S I Z E :
hd. OESIGN HEAOWATER RU.1-o."'S ..... lo .,...hi. HEADWATER IN INLET CONTROL .

LlfH.d C hQnl?~ I SHAPE:
ho. HEADWATER IN OUTLET CONTROL AI-nY"f\qt,Ve. :IL) ~ r",~s CoBc n.O,~}2.i. INLET CONTROL SECTION MATERIAL:
o. OUTLET

ENTRANCE: W;f\I:\Wc.\\ s.:~. W:f~~~i~ AT CULVERT FACE

". c:.

t;j , <:: ,
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.- -... - - _. . ..- . . .- " ... ._. " ..__....

PROJECT: OUTER LOOP HI6HWAY STATION: 66-+-00 CULVERT DESIGN FORM

PAc-Dc..- 02. .2. 3 6 DESIGNER /DATE: R[S / 7- 2.£7-8'1
SHEET OF

REVIEWER I DATE: J'MT" /7-eS-§§

HYDROLOGICAL DATA
tL.. )b.7';' 'H'7 ROADWAY ELEVATION : (S·7~ (It)

~ 0 METHOD:
::
.j 0 DRAINAGE AREA: o STREAM SLOPE:

.

11·
I

0 HW1 fLEL S': 1111 so:
~ 0 CHANNEL SHAPE:
w --t= -.£Q!!Q!NAl STRtA",\% 0 ROUTING: o OTHER: )J -- BED

ELI Q9.7ro FALL
DESIGN FLOWS/TAILWATER I It)

lEL
o
:Q5L2.l (tt)

R.1. (YEARS) FLOWle") TW W) S"" 50 - FALL I L o

50 Cf71 -4:'16 S • 0.002.2.
;250

/31 :I- 5.30 Lo '/00

CULVERT OESCRIP110N: TOTAl FlOW HEADWATER CALClLATIONS 0:
~

FlOW PER -'~ .. =o c
~ATERIAL· SHAPE ·SIZE· ENTRANCE ~El INLET CONTROL OUT LET CONTRCt. 0: • wu COMMENTS

"0 -'0
Q Q/H HWj/O HWt F~~L EL hi TW de de·O ho Il, H EL ho ~~

.. .J
::>w

Ie f ,) 1I\ (2) 13 (4) I~)
-2- I~) 17) (61 u:z: 0>

3- 8 I X ~ I LBc g71 l321 .<13 5./0 0 15.3 :4.92> 3.7/ 4.BIo 4.~6 0.2- '.2 15.4 1~4 B. I OK O. \"'.

1314 43B 1·'22 73 0 /7./ .5.80 4.53 5.27 5,80 O. '- c2. 1 In. I \7.\ 11.4 OK.. 0.,

TECHNICAL FOOTNOTES: (4) ELhi. HWi' ELj(INVERT Of (6) h o ' TW or (d c ' 0/211 WHICHEVER IS GREATERI

II) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) (7) H. G. kIt (29n2 Ll IR L33 ] V2
12Q

(2) HWI 10. HW ID OR HW,/O FROM DESIGN CHARTS (5) TW BASED ON DOWN STREAM 181 ELho' EL o I H. ho
CONTROL OR FLOW DEPTH IN

(3) FALL· HWj-(ELhd- ELsII; FALL IS ZERO CHANNEL.
FOR ClJLVERTS ON GRADE

SUBSCRIPT DEFINITIONS: COMMENTS / DISCUSSION: CULVERT BARREL SELECTED:
o. APPROXIIIATE

V I'''' De. \!e.r,+u .... q Cd L\le=:R'I ll:. S I Z E : 3·9'x?' CBcI, CUI-VERT FACE -
~d. DESIGN HEADWATER I?e.c.mr..u.It\.A::'!:hi. HEADWATER IN INLET CONTROl

ll~e.J C.J'O~V1-e \
SHAPE: ,

ho HEADWATER IN OUTlET CONTROL
A I -re'( " '"+I" e...- .:r:.. CoV'\<:.re.t~ c.ec. n,O,OI~i. INI-ET CONTROL SECTlON ) MATERIAL:o. OUTlET

ENTRANCE: iA.J(~~ wa (I:~. m~~~~~~ AT CUlVERT FACE
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_._...• _. -- -- -- .._. -- -

PROJECT: OUTER LOOP HIGHWAY STATION: 8B+-O Q CULVERT DESIGN FORM

PAZ. - DC - 02 rz. SHE ET ---=:l::.- 0 F 0 DESIGNER IDATE: "RJ'S 1 7-25- '03
REVIEWER I DATE: ,J'M7" I 7·~':'~:S9

HYDROLOGICAL DATA n",J1,X""7 ROADWAY ELEVATION : /8.7b lit)

~ 0 METHOD:
%

.~ 0 DRAINAGE AREA: o STREAM SLOPE:
.

~3·
I

0 fLEL,r: (It) so:
~ 0 CHANNEL SHAPE: HW i

~ 0 ROUTING: o OTHER: -- rL .£ QBIGINAl STREA\:lJ l: FALL11.24
_ _BCD

=
DESIGN FLOWS I TAl LWATER ELI (I I)

R.I. (YEARS) FLOW(cfsl TW (tI) S:::tSo-FALL/L o IEL : IO.3b(f11

50 CfJI 3.51 Q.0035 °s •
;{SO

/3/1- 1,lb Lo '/00

CULVERT DESCRIPTION: TOTAL. FL.OW HEADWATER CALCu..ATIONS Cl: ,..
FL.OW PER -'~ ... ::0"

MATERIAL· SHAPE· SIZE· ENTRANCE ElAIlREL. INLET CONTROL OUTLET CONTRO-. Cl: • wu COMMENTS... 0 -'0
Q Q/H HWI/O HW, F~~L EL hi TW dc

dc, D h k. H EL ho ~~
... -'

(6°, ::>w
(e f .1 III (2i (4) ($' -2- (7\ (8) u :z: 0>

~ - to'X4' <:::.BC 911 1/62.. i 1.1/ 14.4- 0 IS.l -3. 5' I '<.tJ3 3.4-2 3.51 o. ? 1,43 I~.~ 1/5.7 7.7 OK

1:5\4 1t'1 1.5 (p.0 0 /7. Z {tft, 3.46 3.73 4.tb 0.2.. .2. 1,0 /7./ /72 R.~ OK

TECHNICAL FOOTNOTES: (4) ELhi" HWj' ELI (INVERT Of (6) h o " TW Ot (dc' 0/2)( WHICHEVER IS GREATVI)

(I) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION)
(7) H"~' k., (29n2 Ll/R l33 ] V

2
/2Q

(2) HWI/D" HW 10 OR HWt/D FROM DESIGN CHARTS (5) TW BASED ON DOWN STREAM (8) ELho" ELo ' H. ho
CONTROL OR FLOW DEPTH IN

(3) FALL" HW I - (ELhd- EL,,) ; FALL IS ZERO CHANNEL.
FOR C1Jl.VERTS ON GRADE

SUBSCRIPT DEFINITIONS: COMMENTS I OISCUSSION : CULVERT BARREL SELECTED:
0. APPROXlllATE

V;o. Ve.,., +ura.. CULVERT JI S I Z E: ~- &:,)(.4 eBc
f. CULVERT FACE De -h4. DESIGN HEADWATEll
hi. HEADWATER IN INL.ET CONTROL. SHAPE:
he HEADWATER IN OUTLET CONTllOL.

A l+eY"V'lo.+;"e MATERIAL: CJ'3 C. n 9,QJi?i. INl.ET CONTROL. SEcnON TI. 6,0. S So -l iY\e.~ Ch~",""e \o. OUTL.ET
ENTRANCE: W""tll...:\a\\:~. ~l':~~~~~~ AT CUlVERT FACE

I

---- ---------



- - - - - - - - - - - - - - - - - - -
... -.-_.-_.-.. --_.. - .--_ .. .__._-- ..'- 0_ ••_- ••___ --

PROJECT: OUTER LOOP H 16HWAY STATION: 35 of- 00 CULVERT DESIGN FORM

PA~-DC-Q2.. T?-. 5 6 DESIGNER IDATE: R jJ" S I 7-2~'89
SHEET OF

REVIEWER I DATE: JMi" 17·28" e9
HYDROLOGICAL DATA

"h<' Q2.03 "'\7 ROADWAY ELEVATION : '9 4,~:S (It)

...; 0 METHOO:...
%

: 0 ORAINAGE AREA: o STREAM SLOP(:
.

1~·
"- I

'0 ~EL,( 1ft) So:
~ 0 CHANNEL SHAPE: HW j

'" ---rL
~ 0 ROUTING: o OTHER: .L:Q!11GIN4l STREAlI BED

81,43 IItJ LFALL
DESIGN FLOWS I TAl LWATER ELI

R.I. (YEARS) FLOW(eh) TW (11) S""SO·FALL/L O EL . 63,/8 (ft)

2453 4."0 0.0 () 5"" 0'

50 S •

L ° .2. so
3234 5.3b16t::. °

CULVERT DESCRIPTlON: TOTAL FLOW HEADWATER CALCu.ATIONS " )-
..I~FLOW PER
0" ... !:

t.lATERIAL - SHAPE· SIZE - ENTRANCE BARREL INLET CONTROL OUTLET CONTRex..
" J<

w.., COMMENTS... 0 ..10

Q Q/H HWI/O HW\ FALL EL hi TW de de'O h " H EL ho ~~
... ..I

16°\
::>w

(e I ,) III (2) (3) (4) (~)
-Z- IT\ /8\ <J % 0>

4 - 10 ' X 7
I

CBr 2453 'fa I '1 / .; 7.7 92, I 14,~ '5.95 ~ 1.0 qZ.\ /0,30 ~tloo S,95 0.2. {.'to o K r.<-.

'D234 80ct ).~5" 10.2.. 0 A~.b 5".30 5-00 t,.4ij 0.1Q ().2. B.31 Iq2. q 6/4./P i 1'2,. b Ok Lc,

TECHNICAL FOOTNOTES: (4) ELhio HWj' ELI {INVERT Of (6) h o ' TW or Ide' O/Z){ WHICHEYEHIS GREATER)

(I) USE Q/NB FOR BOX CULVERTS INLET CONTROL SECTION) 171 Ho ~+ kl , (Z9nZ Ll/R l 33 ] y
2

/ZQ

(Zl HWI/O ° HW 10 OR HW./O FROM OESIGN CHARTS (51 TW BASEO ON OQWN STREAM (8) ELho' EL o ' H, ho
CONTROL OR FLOW OEPTH IN

(3) FALL' HWI -IELhd- ELs') i FALL IS ZERO CHANNEL.
FOR OJLYERTS ON GRADE

SUBSCRIPT DEFINITIONS: COMMENTS I DISCUSSION: CULVERT BARREL SELECTED:
o. APPROXIWATE

IndlQ"'1 Be.nd Rd. CUL V£R r .II£ S I Z E: 1- \ Q ( X 7 I ,8c
f. CUI.YERT FACE -
hd. DESIGN HEADWATER
hi. HEADWATER IN INLET CONTROL SHAPE:
ho. HEADWATER IN OUTI.ET CONTROl.

AI te.l" '" a.+l""~ Co f"Ic. re.+e. 11~~.l c. ~M~\ CG Co n-t!:J.OIZ,i. INI.ET CONTROl. SECTlON :r:... MATERIAL:
o. OUTLET )

f'. \\ ~:~. ~l':,E~~~~~AT CULVERT FACE ENTRANCE: 1.\:",,-



- - - - - - - - - - - - - - - - - - -
~ ._..._- . ._.._~ _..- _... . -_.- -

PROJECT: OUTER LDQ~ HI6\-\WA'{ STATION: 35'+00 CULVERT DESIGN FORM

PA1!-Dc::..-02. T2.. b 6 DESIGNER I DATE: 'R 1".5 I 7-29-2,9
SHEET OF

REVIEWER I DATE: .j1W j I 7-2,.~,

HYDROLOGICAL DATA

"",'31M'''17 ROADWAY ELEVATION : 'H· b3 (II)

~ 0 METHOD:
:: o STREAM SLOPE:

..~ 0 DRAINAGE AREA:
HW

j
I !L.EL ,,: (tt) So:

\~.
~ 0 CHANNEL SHAPE:
101 --'Z:.L L Q!!IGINA~ STREAll::: 0 ROUTING: o OTHER.

8396 J FALL - --!l~
DESIGN FLOWS/TAILWATER EL\' 1ft)

lEL.~(tt)R.1. (YEARS) FLOW(e',) TW {ttl S ... So·FALL/L o

2453 4.4-2. 0.003 o'
SO S •

250'
323L\ $-/ e> La'10Q

CULVERT DESCRIPTION: TOTAL FLOW HEAOWATt:R CALCu.ATIONS " z ~

FLOW PER -' ~ 2 ... !:0 .....
MATERIAL· SHAPE - SIZE· ENTRANCE

~'"
INLET CONTROL OUTLET CONTROL " ... 101<.1 COMMENTS... 0 :> -'0

Q Q/H HW\/O F~~L EL hi TW de- 0 ho k. H EL ho ~ .. w ... -'
HW, de 101 -' ::>101

(e I ol Itl (2) (41 (S) -2- l~'l /7\ '8;' <.1%101 0:>

4-IO ' X7
1

L.Bc. 2153 ~\4 J-/ 7:7 0 'i /.6 4.42- 4.9/( 5q5 5.95" 0.2.. IJ.qo ILlI.O ~I.b 10.3 OK

3234 60.9 1.4:;- 10.1. () Cf4. I SIB 5.88 Ib,44 Ioff4 o. '"L 3,3\ Iq2.etP q~.1 /2. to OK

TECHNICAL FOOTNOTES: (4) ELhi' HWi' ELj(INYERT Of (G) h o ' TW 0' (de' 0/2)( WHICHEVER IS GREATER)

(I) USE Q/NB FOR BOX CUI.VERTS INLET CONTROL SECTlOH) (7) H' ~ _ k,_ (29 n2 L) I Rl33 ] V 2 129

(2) HWI 10' HW 10 OR HWt/D FROM DESIGN CHARTS (5) TW BASED ON DOWN STREAM (8) ELho' EL o I H, ho
CONTROL OR FLOW DEPTH IN

(3) FALL' HWj -(ELho- EL,f) i FALL IS ZERO CHANNEL.
FnR OJLVFRTC: rn GRADE

SUBSCRIPT DEFINITIONS: COMMENTS I DISCUSSION: CULVERT BARREL SELECTED:
o. APPROXllolATE

:rndJ~f) Bend Rd. CULVERT :m. S I Z E: 4- /0' x 7 I eReI. CUlV[RT FACE -
hd. DESIGN HEADWATER
hi. HEADWATER IN INLET CONTROL SHAPE:
ho. HEADWATER IN OUTLET CONTROl ,

4rct.s5 /,~ed c..ha'IJr1e Ii. INI.ET CONTROl SEcnOH A Iter- f)attve JL MATERIAL: n-
o. DUTlET ~

ENTRANCE: Ulj",,,"wCl (l,:~. mE~~~~~ AT CULVERT FACE
\"j

-------------------------------------------------
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APPENDIX C

QUANTITY CALCULATIONS AND COST ESTIMATES



BID c.~

=

q8.fof-tt.

/2 () . () -r-1 1..

120.0 ++ 1...

-=- 8/
": 'S.:3 I

I

= ::<Lf,:(

CLIENT_..b=D~e~L:...:e:"':Y~(..::..I..J_....:>,C....::a~t..Lhi..::;'e~Y"__ JOB No. ?A 2. -D L. - 02.2. PAGE_-..L.I_--::-__
PROJECT Qu te,r Lgo pH" Cfb W0J: DATE CHECKED DATE Z-:2. 9 - 9 9
DETAIL Qu e..,+, t(}:: Ca Ie. 'L CHECKED By COMPUTED By 'R'J"S

Ie"'! a- +~ =- :ZOO I

V -:: \{qB,~+-/20,O)/2. X 200J/2.7

d/ s. e. ... d. A - Se c... A '("'e 6..

B -::: /0'
d :: b.S',":= 3&, I

A -: (/ 0 -r- 3 G:> ) /2. 'X r.:. . 5" ":'
Ie Yl§-+-L;;:: 8> 00 I

V,.. ((120,0+ 14'1.Sj/2-

dOL.0hS-h.a..'l~ e"'ld X-Se.c Are....A

B' = B'
d -::: to I

T .,.. 32 I

A "'- (8 + 32) /2. x (p -:::

X-sec.. Are A =-

R€.o-<:.~ 1

bo tt 0""1 ~ d t- ~
de~~~
-j-op WId. +l,

I

I(

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



- 2.3, S6S"

JOB No. pAc-DC. -02. 2. PAGE-":Z~ _

DATE CHECKED DATE 7-29-69
CHECKED By COMPUTED By R ;rs

1't000 c::.~

1-
= /89 -1-+

* ;:joDOJ /2.7

't.
/89 +.+

) T=SB.8'
"Z.* ?2 -; 320-4?+

* 2500 'J /.27

CLIENT [)e) eo l.i w CCI +he r

PROJECT Qu t(. r Lo 0 p H~ b....; Gl ("t,

DETAIL Qu C>, l) +ita- C 9 \ c. s. r:r

d./s e~ d X-Se.c. AI"'':'.r..

E -:..3 0 'J d = 7. 2. '

A =: (30 +- 55.e,)/Z.

V-= [u 8 9 ,l- 32 D) / Z

vis end x-se.c. f}req-=

X-sec- Ar-e.q -= f4'LS
I e. V"\ CJ--\-l-, =- I 2. 00

V ~ /~q.$ * 1'2.. 0 0/27 -:::.

X-sec.. AreA -= I 89 ~+1..
Ie (j-+- L-, -::> :2.. 00 0 '

\/"=' 169 ~ 2000 127

Re.o. c...h 7

Re.~c.~ .5

()/ S l!! Y) d X~Se Co Are A = I 4q . s:

d /s. end. 'X. -$ e.e, A'Ie.A.
S -:0 13 I

d =. 7 I

T = 41'
A ~ (4/ +- I "3) /2.' *' 7 0
len,&- -fh = 3000 I

V -= f(lifc/. ~ + IB9)/2

I

I(

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



74S- s(f-

JOB No.PAt.-\),-o2. 1.. PAGE_--"'3"'-- _

DATE CHECKED DATE 2-:< 8 - 8 9
CHECKED By COMPUTED By B if.s

32 I

7B~3

/
t' 0"1/'

z:?Q3S -I- 8/0 +- 3993 + 66~5+ 18BOC::,

+- /~cJOO -I- 23 SbS" +- 4/182~

CLIENT De. L~ lJ"'-!" C~+~~r
PROJEcTQu+e r Loop H,'J;hw g do
DETAIL Quat? t,' fa-- eq Ie $

I,;,;' d- (5~' fJ"dc ')

c;.// chQ'?"1e/ /;'l/~S. UJ;// be
-/2/00 r 0 "1 r€4c...~::#- va e..vl}/~ ~

v ~
T

~C1<:"'t, ::L :
13 + ~;d.o..- s I<:>~

P = 8 + (:;.;;1 * s.-~) 2.

.sA "- :2.200 )/( 3~ fer

7?eo.c.~ 8:>

X-sec.. AreA- ::: 3Zo +t'-
ILr'\o-~'" .3500

V -= 32..01<3500 /27

.
TOTo.. \ e.XC-CI,\lC\ +10",\

Re.Cl c.L, :z :
u/s p: 32

dis p: f3 +- (~. J4 X 0) ~""- 3 S"

SA = [QOO' ~ (3;) + S S-)/2.] /Cj -=-

I

I(

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



-Pte c. c.\.., s:

(J/.s P :. 40'

dis ? - )3 -r- (;:;,2'1- %. 7) 2. - 4 S- I-
SA ~ [ "30oa *- (4D+4S-)/21li - /4. I b 7 s'tr-.;;

b3

JOB No.PAZ: - \) c.-Oz.. Z. PAGE__4.!.--__
DATE CHECKED DATE 7-;). ~ - B 9
CHECKED By COMPUTED By B y.s

.5 334 s ~

::

J~oo '* <iO/q

CLIENT De. Leo y I..o.r C9 +he. r
PROJECT Outt2r Loa (J Hifj huJ"v..; Cf
DETAIL QUGt",-b ~ ~C:t 1"5

d""

SA "'-

Ar1-e. \" "\0., +\V <?-... X C 111 +-
Reo. c."'" "3 ..

viS p - :3S

dIs p :. /0 -I- ( rQ.:J<j ~ ~.5) ~ -:::. 40 I

SA -= r800 ;f< (3S"+40)/~ /q -=- 33~q $&

Re. '1 <:. ~ 4

p-=- 4D'

Re.C1 '-~ 7

vis p":> 4S'

J/s p - 30 7- (~.Jq-*72..).z "'=

s, A = 0S 0 0 ~ ( <i S- + f:, :3) /2..1 / C1

Reqc.. ~ G,:

P-=4S-'

sA-=- 4 s )/( ;{OOO ' / q

I

I(

I
I
I
I
I
I
I(

\

I
I
I
I
I
I
I
I
I



u/s

JOB NoPAi -DC: -02? PAGE_.';:)=- _

DATE CHECKED DATE 7-28:,- B9
CHECKED By COMPUTED By 3(, T S

:::

CLIENT l)e te y w- C. a the 'r

PROJECT D<Afecte LQOp tll~6w4'"6J. . <F
DUAILy?l '" -j, +~ eo Ie. :;

COt') 01.c2...f.e- Cop () V) d foe.

c..~ a",,.., e l "
es I' 1:.1-, I'e.. k)

Re~,-~ B

si de.... s f~pes 0 YJ /0- w / ~ 1/ -AA ,'c.k.

p= (:<.:14 X 7-z)~."'. 33 ~

S A ~ 3 ~ 00 7f 3:S / q - /2" 6 3 9- oS d

Alh:=. r " OJ b ve.:r C 0 .-\ i-

-foi-41 c.hQ'l'lel /1;I~Cf (b/l-+~;c..k~ ~

(bo+!a~ =~ Re.c;c.l., B O"'\~

3 ~ 00 *""30 / q

JlIItI SIMONS,li & AssociATES, iNC.

I

I(

I
I
I
I
I
I
Ii

!

I
I
I
I
I
I
I
I
I



JOB No.PA~- \)c..-02 ,'2, PAGE_-----'b"--__

DATE CHECKED DATE 7- P2 B - g'i
CHECKED By COMPUTED By B :r.s

:::.

-I- /D::] S-

c.Be.

C.DC.

.2.50/ X 4./40 c iJ-/+-T

I
~50 X /.O~3 ~~/+'T

3 - 6 I X I.a ( C. IS c::. L -::: c2 5'0 I

,2 c:;O' X 'J.. ~ 9 8 " ~/t-;- =

c. u lver+

/-/O'XS'

LU Ivet't

Culver t- TIL

4-/0 /
X7(

Ii

I
I
I
I
I
I
I.

f
\

I
I
I
I
I
I
I
I
I

I
I

CLIENT De. Ley\,W" Cc, t ~CA.

I B It PROJECT OV+e-...I0\18 ~\~\"\"'QCF
SiMONS, li & i\SSOCii\TES, iNC. DETAIL 9u a..,,,'+1'" I

A I if C V'lo, + I'V eJ :t Co'!'. +-- ,



JOB NO.1:.>!..:.?;. . D( . 02.-::.. PAGE 7 ----
DATE CHECKED DATE 7- \3 I - 8 9
CHECKED By COMPUTED By ---p T..5

CLIENT---U e L" ~ (,.,[ (;" +~ (>1;

I alit PROJECT 6q+cr LOC>D H If;bL. r • ,

SiMONs.li & AssociATES. iNC. DETAIL QClC! o~r +}. 'C4 1<:-- ;- c-

AIt.er'r1CI+'·Ve..":O':' CfrQ-S.s - lined chOi1rJe.J

I

:::

B-:: . d 0 I
IS -

)

A -= (/5+ b3)/~ .:t- G

V =- .2.:4 00 *" ~34 /:27

Re.e;. c..L. L

Rea.~~ ::2..

tJ / 5. A : Q ~ -4. 0 +-r-L

dis A

D '? - I I::: s. Q I -r- 7 I 4
D:=' t:"-'::' ) 0- 0 J -= ,

A = (.2 s t- 7/.1 )/<2 :>t- !;;". [3 -:; t2 7 q, fa

L ... 2. 00 I

V '::. [('J. -3 1- + ~71. b) /~ )\ d. O(J'1 /:J. 7

L"" Boo I

V: ~cQ 7q, ~ f- J so) / L * B col /.;). 7 -:. q3 ;( 7 b a-

ReqJ, .3

vis A =. ~7Cf, Co

cl /.s A

B =: 50 I) d = 5 I) -/ -:: q 0 I

A -:; (50+10)/;;< 7f: ~ -== 3~o I-r
L

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



830

JOB No,PAr' 1)(-02.2.. PAGE_--4-8...L----=----_

DATE CHECKED DATE 7 -J I - (I) 9
CHECKED By COMPUTED By R ;r.5

/55Sr:o

.f. t..+-

d =

430. '1

350 x 1200 /:2/

<2000 I 14:: 43.0.1/,2. /,;27

12. 00

.::::,

4

7

L-:.

V -::

A s

A ~ (110 t- Isq· eo) /[2 ~ G..;;<. --

V -::= [(4-30, -4 +- 8 '3 c.J ! ~ -* c2 so 0

l..u/.s A" 3"SO -p-t

dis A
G ..". 10 CJ I 0 ~ 5:'. 3' I 1-=-/0 2. </- •

A-= (bO-r-/Oc:2.4-)/;;(* 5·'3, ~ 4"30.1 +-it.

V = [(3S0 + 4Jo <1-) /~ r :3000J /~l -:: 13!3~0 '-~

dis A
B... JIG

vis

CLIENT De. LCo .... \Af" C0 +her-

I
Bill PROJECT Oufer 1..00 p H"a~.. lr,,-~
SiMONS,li & AssociATES. iNC, DETAIL C\.lOCl b +2F Co k.s () V

AI te-{'V\s it'vv :IE CO'7 f:

I

Ii 

I
I
I
I
I
I
I(
I
I
I
I
I
I
I
I
I



7J.g

+- 31J 85 ~ f-

/08 "070 Cv,
o

:>

JOB No. B4 i: -ex.. ·LX!.. 2. PAGE_----"9:....-__

DATE CHECKED DATE 7--3/ - 8 9
CHECKED By COMPUTED By RCTS

b 4,1- /

I L/I, b Bo

I~ 8807:<·6=

I

~ 1. 4

.2 S -+- (1./"L"* s;;-,8) 2. ~

aoo x

J S -t- (1. / fJ- * b) ;2

IqDG7 +- "380'1 -f- 93':2..7

56
J

b :s () +- /08 .3 70

8

83G 1-+-2.. *"" 35;00' /;)7 =

SA" ;ZJ CJo X b 1· 4

v =-

p --

Reo. c~ 3

vis P = 7,J·8

dis P -:: 550 +- (1. (J. * 5) c2

S A ~ Soo ~ q /. ~ ~

Ke<:\ '-.1., Q.:

u/.s P ~

d /5 rp <:

sA -

I(

I
I
I
I
I
I
I (

\

I
I
I
I
I
I
I
I
I

I
CLIENT D ~ LC?V'A.J Ca +hv,-

I flit PROJECTOClteA", LW1P HI{yhw0f)<
SiMONS, Ii & AssociATES, iNC.. DETAIL QI)? () 1', -ref (lCt I Co oS

Altf%Lnqbve :rr... c..O"1+

I



/.;7;<Q) 63S" sf

'3 1 ,7 Co. C\~ ')

103.7 I

;;qJ,sS""a sf-

/ b I

JOB NoPAz- rx;.-02_0l.. PAGE /0
DATE CHECKED DATE 2-3/- B Cr

CHECKED By COMPUTED By 'RCS".:s

5& 3 I 5'00 s-P-

JO~ ! -4 <] D

j( 02000

I G::, I

B

-= / I () + (1. I J.. ';l<. b.::2):2.. --

-= (/ tJ 3.7 -t-/bl);Z * ;2.s-oo =:.

U/J P ~ 9 /, 'J.

d).s p =- 00 -;- (4. I ~ '(. s-."3) r1. -

SA:: ( en J + 10 J. 7) /;). * 000 a

SA::: /03.7

j/~ p

\ 4 \ ) (, 80 +- \ ~ jB B 0 +- 7:2. Jcr to 0 -r J 0 q) 440 -j

;2.07 4- OJ +- '3~ 0/, &JS + .c-(;;:3 ~ 0 0
J J ~ i /

u/s

D / /) Ii
CLIENT ~ e i.e. '1 tAr" ( _ Cr ! /; '/L-

PROJECT 0'-1 +E'/\,. he> q ~ H \ ,~. ~ vJ 0--

DETAIL epUOy1 ft' fa- (;9 I c. 5 v G-

Al+e.rrC\+,y~ .:rr: C,(;")+

Reo. Co ~ 1-
I

p-= q/.().

SA 10' /;;J.OO ')( 91.,),

To -1--0. \

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I

Culve..Y+s

Culve'r T

:2S0 X

Cu Ive. r t-

JOB No.PA-C-DC.-oz. L PAGE--'-.----LJ-L/ _

DATE CHECKED DATE: 7-3/-89
CHECKED By COMPUTED By Rs..s

CBt!.. L "'" c2 5'0 /

c: <..I /Lcr· .

To tc; \

103'::"



I
JOB No. 'fA 1. . D c.- 02. 2.. P AG E _-1.)=:(....:..--=---:::--_
DATE CHECKED DATE 7- 3 ( - 89
CHECKED By COMPUTED By E iTS

ALTE R ~\ AT 1,1 E I-

e0 (\\ eRE T E..- lIt-{E. \::) C HA1'\ ~ E L

J./111.J bBs

87~ ~06

TOTAL

$ $:
Unit Quo o-bf;2F Und- PMC; Alnou/1 r
C'1 IIi, 33(0 3.7S" 440;010

sy 09,630 ,)5.00 1)740; 750

c..y 18fo(o 300.DO 5S9/ooo

S.U~T()\AL

(}ol')"hn&e.'t)c.ie..s ("3 0 1.)

I..+<a..M

tOI'/c.\"~~ C4p ~ +o~ doc...r'l
C\ \Oll u/s 'SIde o.p co/lec.for

ch~"'/I~\

Cho. VI ne..1

( ha VI 1'112./ It'() I"" & (61/)

Cu Iv e r ts I ~d LA. d<2. 5,.
)

COt1Cre.tc..) ~t... c.) )e)((ClllqtJ~'" -Por
box. D"'ld WtVl,&UJo,\\S

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
alitI .SiMONS, Ii & AssociATES, iNC.

CLIENT DeL e fA t.v- eo fhea.
PROJECT Oc..de-, Looi) H/~bw9v:'
DETAIL 0 DS +-- .£ :;+'/ "19 b- d

JOB NoPAi?. .. DC-Q7.ZPAGE_-...L.../J=-__
DATE CHECKED DATE 7- '3 (- 89
CHECKED By COMPUTED By R.:r,S

~) Hd-J; sec:d ,; d-- A c. rc. S. 40 /2.00 46) DOo

b) ~ra d,'\ a- SF I
J

729,) 8Js- O.d3 5/J39 S-

C) .r r r /c1C1 tl~,,> Soste!-vl. SF IJ 7 J.C{) 83'S: 0·35 ~O~442

, I cy d}{)J...; 300 0Q8 /00Cu / \!e1..,;. f-S) I r>c.1 vd.,e.. S. Co VJ 01.A.. -+ <:".1

..s +e:2.J ~ eo)'. C.O Vq +I "''''\. +h I' b0)<.

J

OVId t......>'w' o-wo. \\s

TOTAL

02.) 238)3.2.«

671..J 4Cf 7

3.7.5'

~
Q(JAt,,! [lIY ON IT P.Rt ((

J,4 b, b3bcy

UNIT

s,lJ(S rOT J.\L

Conh~~~I~ (301.)

CQ ST £.s T/MAiF

ALTEf<NATIV£ ]I
i

b; !?A ss - J.. / AI ED c.. H A IV N E L

:t: te.."'::l

Ch Q Y\ ne.. \ f xCa "C\+I ~ '"

Cha",y\~\ L',,,',,,,,'1-. - !-tcr~.)
S,ee. de.el 4J / b~ r- Iv"> rA d a) q 17c!
o-fJ;~ na f'iv e... .f. e..)<o -/-,' "- -sp e.c:.;.: 5

I
I
I
I
I
I
I
I,

\

I
I
I
I
I
I
I
I·
I


