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Module 5

Hydraulics: Pavement Drainage
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Design Frequency and
Spread

¢ Variables to consider:

® Frequency of the design runoff event

® Allowable spread of water on the pavement.

*Spread and Design frequency are not independent.”

[2]



Selection of Design Frequency &=
and Design Spread

Safety of travelling public is the primary consideration.

Major considerations:
Classification of the highway.

. Design speed (hydroplaning).

1.

2

3. Projected traffic volumes.

4. Intensity of rainfall events.
S

. Capital costs.



Selection of Design Frequency &
and Design Spread cont.

Relative elevation of the highway and surrounding terrain is considered

where water can be drained only through a storm drainage system.

Spread on traffic lanes can be tolerated to greater widths where traffic

volumes and speeds are low.

Spread of one-half are usually considered for low-volume local roads.



Selection of Design Frequency<>
and Design Spread cont.

® Minimum design frequencies and spread based on the type
of highway and traffic speed.

[1]
ADT = Average daily trafifc



Selection of Design Frequency ==
and Design Spread cont.

® Design frequency for depressed sections and underpasses where ponded
water can be removed only through the storm drainage system is a 50-year

frequency event.
® The use of lesser frequency event such as 100-year storm, to asses hazards
at critical locations is commonly referred to as a check storm or check event.

Check storm should be used any time runoff could cause unacceptable flooding

during less frequent events.



Surface Drainage

When the rain falls on a sloped pavement surface, the depth of water on the

pavement increases and so does the potential for vehicular hydroplaning.

Design guidance of the following drainage elements is important for

minimizing the effects of hydroplaning:

Longitudinal pavement slope

Cross or transverse pavement slope
Curb and gutter design

Roadside and median ditches
Bridge decks

Median Barriers

Impact attenuators

NOoO RN =~



Hydroplaning

Water begins to build in front of the tire to a point where it can
produce a hydrodynamic force which can lift the tire off the
pavement.

Hydroplaning is a function of :
® water depth

® roadway geometrics

® vehicle speed

® tread depth

® tire inflation pressure

[3]
® conditions of the pavement surface



Hydroplaning cont.

Hydroplaning may be reduced by:

1. Design the highway to reduce the
drainage path lengths of the water
flowing over the pavement.

2. Increase the pavement surface
texture depth.

3. Use of open graded asphaltic
pavements.

4. Use of drainage structures along
roadway to capture the flow of

water over the pavement. Open graded Asphalt



LOGITUDINAL SLOPE

® Minimum longitudinal gradient is more important for

a curbed pavement than for an uncurbed pavement.

® Gutter grades should not be less than 0.5%

(absolute minimum is 0.3%)

® |n sag vertical curves, a minimum slope of 0.3%
should be maintained within 15 meters (50 ft.) of the

low point of the curve.



Cross (Transverse) Slope

Acceptable range of cross slopes as specified in AASHTO's policy
on geometric design of highway and streets.

[1]



Curb and Gutter

Typical Gutter Sections Gutter and Curb Designs

[4]

[5]
[1]



Curb and Gutter

Typical Gutter Sections Gutter and Curb Designs

[4]

[5]
[1]



Flow In Gutters

Gutter sections can be categorized as:

Conventional — Usually have a triangular shape.

Curb T .
-+ h . a—
Roadway Section
S:ll
[9]
Shallow swale type — Typically have a V-shape or circular
sections.

[10]

Spread on pavement and flow depth at curb are often used as criteria for
spacing pavement drainage inlets




Flow In Gutters

Capacity Relationship:

Gutter flow calculations are necessary to establish the spread of water.

Use a modification of Manning’s equation:

Q = (Ku/n) SX1.67 SLO.S T2.67 T= [ ( Qn )/ ( Ku SX1.67 SLO.5 ) ] 0.375

where:

K, = 0.376 (0.56 in English units)

n = Manning’s coefficient

Q = Flow rate m3/s (ft3/s) —
T = Width of flow (spread) s Roadway Section

S, = Cross slope, m/m (ft./ft.)

Curb T

St = Longitudinal slope, m/m (ft/ft.)



Flow In Gutters



Example: Uniform Gutter Sec.~

Given: Gutter section illustrated in Figure 4-1 a.1.

e SL = 0.010 m/m (ft/ft)
¢ Sx = 0.020 m/m (ft/ft)
® n-= 0.016

Find: (1) Spread at a flow of 0.05 m3/s (1.8 ft3/s)
(2) Gutter flow at a spread of 2.5 m (8.2 ft)

Curb ) T

——————C
Roadway Section




Example: Uniform Gutter Sec.~
Solution (1):

Step 1. Compute spread, T, using Equation:
Q n 0.375

r= [ 1.67 ¢ 0 5]

KuSy 'S~

— (0.5)(0.016) ]0.375
~ 1(0.376)(0.02)167(0.01)05

T =2.7m

Curb ) T

R
Roadway Section




Example: Uniform Gutter Sec.™
Solution (2):
Step 1. Using Equation:  Q=(K//n) S, § 05 T267

with T = 2.5 m and the information given above, determine Qn.
Qn — Ku5x1.67SL0.5T2,67

On = (0.376)(0.02167)(0.01)%5(2.5)267
Qn = 0.00063 m3/s

~0.00063
~0.016

Q = 0.039 m3/s



Composite Gutter Section

Section divided into discharge within the depressed
(gutter) section and the discharge in the roadway
above depressed section

Q=Q, +Q,
® Thespread: T=W + T
® Depth of flow at curb at fase
y=d+a=TS,+a
® (Gutter depression cross slope

Sy =S, +a/W




Composite Gutter Section

Use Manning’s equation to get
discharge within the roadway
above depressed section

_ Ky 5/3..8/3 172
Qs - n Sx TS So
Express discharge in the
depressed section as a fraction
of the total discharge

_ %
Q

Substituting total Q and solving

Qs
1—E,

Eo

Q:



Composite Gutter Section

The fraction of the total discharge
flowing in the depressed gutter
section is:

( Sw )
EO= 1+

8/3
. g_w >
1+ -1
L w1 J

b




Example: Composite Gutter Secn.™

Given: Gutter section illustrated in Figure with:
W =0.6 m (2 ft)
S, =0.01
S, =0.020
n=0.016

Gutter depression, a = 50 mm (2 in)
Find:
(1) Gutter flow at a spread, T, of 2.5 m (8.2 ft)
(2) Spread at a flow of 0.12 m3/s (4.2 ft3/s)




Solution (1):

Step 1. Compute the cross slope of the depressed gutter, Sw, and the width of
spread from the junction of the gutter and the road to the limit of the spread, Ts.

a
SW :W-I_Sx
50/1000
Sw = T + 0.02 =0.103 m/m

Ts=T—-—W =25m-—0.6m=19m

Step 2. From Manning’s Equation (using Ts) compute Q.:

Q51 = (0.56)(0.021-67)(0.01)°5(6.2)267

Q.n = 0.011 ft3/s

Qsn _ 0.011

_ 3
T Sote 0.69 ft°/sec

Qs =



Example: Composite Gutter Secn.™
to dpressed gutier flow by uang Equation Step 4. Determine the
N composite gutter flow, Q,

/} using equation

Q — QS
r_82_ 1-E,
A =410
Sw 0103
5. ~oo0z0 > 0= 0.69
1—-0.7

Q =23 ft3/sec



Example: Composite Gutter Secn.

Solution (2):

Since the spread cannot be
determined by a direct solution,
an iterative approach must be
used.

Step 1. Try Qs = 1.4 {t3/s
Step 2. Compute Qw
Qw= Q-Qs=4.2-14
Qw = 2.8 ft3/s

Step 3. Using Equation or Chart
determine W/T ratio

Eo= Qw/Q=2.8/4.2=0.67
Sw/Sx = 0.103/0.020 = 5.15
W/T = 0.23



Example: Composite Gutter Secn.
Solution (2):
Step 4. Compute spread based on the assumed Qs
T=W/(W/T)=2.0/0.23
T= 8.7ft
Step 5. Compute Ts based on assumed Qs
Ts=T-W=8.7-2.0=6.7 ft
Step 6. Use Manning’s Eq. to determine Qs for computed Ts
an — Kqu1.67SLO.5TSZ.67
Qsn = (0.56)(0.02167)(0.01)°5(6.7)%57
Q.n = 0.0131 ft3/s

_Qsn0.0131 3
= = 001e = 0.82 ft°/sec

Qs

Step 7. Compare computed Qs with assumed Qs.
Qs assumed = 1.4 > 0.82 = Qs computed

Not close - try again



Example: Composite Gutter Secn.

Step 8. Try a new assumed Qs and
repeat

Steps 2 through 7.
Assume Qs = 1.9 ft3/s
Qw =4.2-1.9 =23 ft3/s
Eo=Qw/Q=2.3/4.2=0.55
Sw/Sx=5.15
W/T=0.18
T=2.0/0.18=11.11t
Ts=11.1-2.0=9.1ft
Q.n = 0.30 ft¥/s
Q, =0.30/0.016 = 1.85 ft3/s
Qs assumed = 1.9 ft3/s close to

1.85 ft3/s = Qs computed
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Module 8

Hydraulics: Pump Systems



PUMP SYSTEMS



Introduction

Used to remove storm water from highway sections that can not
be drained by grauvity.

High operational costs.

Recommended only where other systems are not feasible.



Design Considerations

® Pump station design presents the designer with a challenge to
provide a cost-effective drainage system that meets the need of the
project.

Wet-pit vs. dry-pit

Type of pumps

Number and capacity of pumps
Motor

Peak flow vs. storage

Force main vs. gravity
Above grade vs. below grade
Monitoring Systems

Backup systems

Maintenance requirements

® To assure cost-effectiveness, the designer should assess each
choice and develop economic comparisons of alternatives based on

engineering judgment and experience.



Location

Pump stations should be located near the low point in the highway
drainage system they are intended to serve.

The stations should be located on high ground to obtain access if
the highway becomes flooded.

Soil borings should be made during the selection of the site to
determine the allowable bearing capacity and identify any potential
problems.

Architectural and landscaping decisions should be made in the
location for above-round stations so the station will blend into the
surrounding community.



Hydrology

Pump stations serving major expressways and arterials are usually
designed to accommodate 50-year storm.

It is desirable to check the drainage system for the 100-year storm to
determine the extent of flooding and the associated risk.

Drainage area tributary to the station should be keep as small as possible.

By-pass or pass-through all possible drainage to reduce pumping
requirements.

Avoid future increases in pumping by isolating the drainage area.

Hydrologic design should be based on the ultimate development of the
area which must drain to the station.



Hydrology cont.

Storage must be considered in addition to that which exists in the wet well
at all pump station sites.

Additional storage, skillfully designed, may greatly reduce the peak
pumping rate required.

Storage well is usually located below normal ground level because of the
nature of the sites where highway pump stations are located.

If storage is used to reduce peak flow rates, a routing procedure must be
used to design the system. This procedure integrates the following
elements to determine the required pump rate:

® Inflow hydrograph
® Stage-storage relationship
® Stage-discharge relationship



Collection Systems

To avoid siltation problems in the collection system, a minimum grade that
produces a velocity of 1 m/s (3 ft./s) in the pipe while flowing full is
suggested.

The inlet pipe should enter the station perpendicular to the line of pumps.

The inflow should distribute itself equally to all pumps.

Collector lines should preferably terminate at a forebay or storage box.
However they may discharge directly into the station.



Collection Systems cont.

The capacity of the collectors and storage are critical to provide cycling time
for the pump and must be carefully calculated.

To minimize siltation problems in storage units, a minimum grade of 2%
should be used.

It is recommended that screens be used to prevent large objects from
entering the system and possible damaging the pumps.

Larger debris may also be screened at the surface or inside the wet
well/storage system.



Station Types

Wet-Pit Station

In this type of station, the pumps are submerged in a wet well or sump
with the motors and the controls located overhead.

The motor is commonly connected to the pump by a long drive shaft
located in the center of the riser pipe.

Another type of wet-pit design involves the use of submersible pumps.

This pumps requires less maintenance and less horsepower because
a long drive shaft is not required.

Submersible pumps allow for convenient maintenance in wet-pit
stations because of easy pump removal.



Typical Axial Pump Wet-Pit Station

Concrete Superstructure Roof Hatch For
Pump Removal
. 1
' —Steel Beam - |
Motor Room

~ Hoist i
Motor 4
Fin Floor [=]
T 1z ]
- Steel Beams £ . &
Di

Clean - Qut Bucket

[
I

scharge Line
Concrete Caisson i~y

Rake Room
Vertical Pump g
— F
' Grating

Sump

[1]
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Station Types cont.

Dry-Pit Station

This type of station consist of two separate elements: The storage box

or wet well and the dry well.
Storm water is stored in the wet well which is connected to the dry well
by horizontal suction piping.
Centrifugal pumps are usually used and located on the floor of the dry

well.

The main advantage of this type of station is the availability of a dry
area for personnel to perform routine and emergency pump and pipe

maintenance.



Roof Access Cower
\\ I-Elamrical Panel on Wall

i Fil -

Louver H f[
—\‘H

I ’ ﬁr/,_ Pump House

Typical Centrifugal

Pump Dry-Pit | [ g o

Landlng-\

/ Sul Pump Discharge
|~ mp P q

Station

- . Ladder I _
. ;f— Expansion Coupling
/:/_Butlarﬂy Valve
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,—Sucliun Line

Pump Pit 10°-9* % 13" -9%
Inside, on Plan _H"“-'-

Check Vave = /
Sump Pump Storage Box and

Clean.out Sump
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Pump Types

The most common types of storm water pumps are:

Axial flow (propeller)
Radial flow (impeller)
Mixed flow (combination of axial and radial flow).

[7] [6]



Submergence

The submergence depth is very important if a submersible pump is
used.

Is the depth of water above the pump inlet necessary to prevent
cavitation or vortexing.

Varies with pump type and speed and atmospheric pressure.
The dimension is usually provided by manufacturer.

The available net positive suction head (NPSH) should be
calculated and compared to the manufacturer’s requirement.



Centrifugal Pumps

Terminology:

Head: Energy per unit weight. Have units of length.

Pressure Head: Amount of energy in water due to water
pressure.

P = static pressure.

h o =

Dpress Y = specific weight

L
y



Terminology

Friction head: (hf): ) _r
¢ Head required to overcome resistanZe to flow in the pipes.

Velocity head: (hv):
® Specific kinetic energy of fluid. Also called dynamic head.

Static suction head (hz(s)):

® Vertical distance above the centerline of the pump inlet to the
free level of the fluid source. If the free level of the fluid is
below the pump inlet hz will be negative and is known as
static suction lift.



Terminology

Static discharge head (hz(d)):

® The vertical distance above the centerline of the pump
inlet to the point of free discharge.

Total Dynamic Head: (TDM):

® Difference in height between the hydraulic grade line
(HGL) on the discharge side of the pump and the (HGL)
on the suction side of the pump.



Pump System

N
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Pump Characteristic Curve

Pump Curves

Manufactures test each centrifugal pump, type
and publish a pump curve for each pump type
and size.

Every centrifugal pump operates at less than
100% efficiency, generally between 50% and

85%

The pump’s efficiency can decrease
dramatically if the pump is operated at other
than its optimum discharge.



Pump Characteristic Curve™



Pumps
Operation



Discharge Head and
System Curve cont.

Because pumps operate over a range of water levels, the designer
is required to specify at least three (3) points on the performance
curve.

This points are the conditions for the highest TDH, the design head
and the lowest head expected over the full operating range of the

pump.

The designers must study the curves of TDH vs. pump capacity
provided by manufacturers in order to understand the pump
conditions throughout the full range of head that the pump will
operate under.



Typical Performance Curve
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Typical Performance Curve (4R

[10]



Discharge Head and
System Curve

Pumps are sensitive to changes in head, therefore, all valve and bend
losses should be considered in computations.

Total dynamic head (TDH) is the combination of static head, velocity head
and various head losses in the discharge system due to friction.

TDH is computed as:

® TDH =Hs + Hf + Hv + K|

Hs = Static Head, m (ft)

Hf = Friction head, m (ft)

Hv = Velocity head, m(ft) [ V4/ 2]

H, = Losses through fittings, valves, etc., m (ft)



Discharge Head and
System Curve cont.

Hydraulic gradient durimng

s S purnging
b S .
S Pipe fricion loss i TP
RS e e Ly _"“_-—-__%
Difference in water lewsis =
£ elovation head *
Clear Vall @

[8]



Discharge Head and
System Curve cont.
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Pumps Operation

System curves

Is a plot the energy required to operate the hydraulic
system for different flow rates.

Depends on the configuration of the section and
discharge lines.



Pumps Operation
Operating Point

The intersection of the pump curve (supplied by the
manufacturer) and system curve locates the
OPERATING POINT This point defines the pumping
head and the system discharge.

The design operating point should be close to the
highest pump efficiency.




Discharge Head and
System Curve cont.

It is usual to minimize the head losses by selection of correctly sized
discharge lines and other components.

Once the head losses are computed, the system curve (Q vs. TDH) can be
plotted to define the energy required to pump any flow through the system.

System curve Flow vs TDH

16
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Pumps Operation

pump curve
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Pumps Operation

puMpP curve
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Pumping Power

Pump output power (hydraulic power or waterpower) is
the net power actually transferred to the fluid.

Pump input power is the net power at the motor-pump.
This is known as the BRAKE POWER.

The difference between input and output power are the
friction or mechanical losses, volumetric losses and
electrical losses.



Pumping Power
The Pump Efficiency:

Is the ratio of the hydraulic power and the break-power:

hydraulic power Yy Qh,

r brake pump power  BPP
Pump efficiency is a function of the specific speed and
the flow rate. The overall efficiency of the pump

installation is the product of the pump and motor
efficiencies



Pumps in Parallel

Useful for systems with variable demand.

Add the capacity timer the number of pumps (assuming
all pumps are equal), keeping the same head.

With pump X operating alone the capacity is given by
Q1. When pump Y is added, the capacity increases to
Q3 (with an increase in total head!).



Dl N A ™ :lﬂ Dﬂ“ﬂllﬁl

Q, Q, h
pump Y
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pumps
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Qx Qy Qye v Q



Pumps in Series

Useful to increase discharge head

fa series
pumps

combined system curve

operating — -
oint




Cavitation

Causes:
High suction lift or low suction head
Excessive pump speed
High liquid temperature (high vapor pressure)
NPSH (Net positive suction head)

Cavitation occurs when the available head is less
than the required head for satisfactory operation.

The minimum fluid energy required at the pump
inlet for satisfactory operation is the NPSH
required.



Cavitation and NPSH

The NPSHR is a function of the pump and is given by the
manufacturer

The net positive suction head available (NPSHA) is the
actual fluid energy at the inlet.

NPSHA: HS _H|OSS= hres + hatm + hz(s) o hf(s) - hvp

h,..s = reservoir head

h_;, = atmospheric head

h, = potential head at the suction side

hg) = friction plus minor losses in the suction side

h,, = vapor pressure head (function of temperature)




Affinity or similarity laws

® Assumptions for both pumps

ni1D1  noDs
Vhi Vh
1. Operate in turbulent region 1 2
2. Have the same efficiency D%Q,/lh1 - D%szhz

1 Py
p1DR}® — paD3hy®

In reality, larger pumps will be more efficie
than smaller pumps.

Simplified versions are obtained if pumps Q1 _ Q2
have the same impeller diameter or the niD}  neD3
same speed. P 23

5
piniD}  pan3D3

n1v@Q1 n2vQ2
(h1)0-75 — (hy)0-75



Main and Spare Pumps

The designer should determine the number of pumps needed.
s recommended to use two to three pumps as minimum.

Use equal-size pumps so they can be freely alternated into
service.

Considering short duration of high flows, the low frequency of the

design storm, spare or standby pumps are typically not warranted
In storm water applications.



Storage

|s important to evaluate how much storage capacity should be provided in
a pump station.

The total storage can be determine comparing inflow hydrograph to the
controlling pump discharge rate.

The volume of water in the o | [,

| ~Peak Flow=0.62 m
06 ] | |

/ s:lorage =13L m3 {450[! )
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Ty
/ pa—
____—-—""“-" ""'—\—..._____'_\_____-
1]
10:00 10:30 11:00 11:30 12:00 12:30 1300 13:30 14:00
Time (hr)

[1]



Storage cont.

For cases of highway with either short underpasses or long
depressions sections, is not reasonable to consider above ground

storage.

Water that originates outside the depressed areas should not be
allowed to enter the depressed areas because of the need to
pump all this water.

In this situations the simplest form of storage is either the
enlargement of the collection system or the construction of an
underground storage facility.



Pump Station Storage
Requirement

Storage capacity is required as part of pump station design to
permit the use of smaller, more economical pumps.

Increasing the storage will minimize the required pump size.

The approach to evaluate the relationship between pump station
storage and pumping rate requires development of an inflow mass
curve and execution of a mass curve routing procedure.



Inflow Mass Curve

The inflow mass curve is develop by:
® Dividing the inflow hydrograph into uniform time increments.
® Computing the inflow volume over each time step.

® Summing the inflow volumes to obtain cumulative inflow volume and
plotted against time to produce the curve.

E 1000 /
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Mass Curve Routing

Is important to the designer to understand how a typical pump
station operates prior to start the mass curve routing.

As storm water flow to the pump station, the water will be stored
and the water level will rise to an elevation which activates the first

pump.

If the inflow is greater than the pump rate, the water level will
continue to rise and activates the second pump.

This process continues until the inflow rate subsides.

To develop the mass curve routing, is necessary to have an inflow
hydrograph, a stage-storage curve and a stage-discharge curve.



Mass Curve Routing cont.
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Mass Curve Routing cont.

At point A, the first pump will
start.

At point B, storage has been
emptied and pump turns off.

At point C, volume started
accumulated and first pump
starts again.

At point D, storage has filled to
the elevation where second
pump starts.

A]:[fpoint E, second pump turns
off.

At point F, first pump turns off.

Cumulative Flow
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Mass curve routing diagram [1]
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Hydraulics: Erosion Control Practices and
Measures



Erosion Control
Practices and

Measures

Part |
Classification and Construction Sequence




July 22, 2012

Erosion and sediment impacts

Pollution

Ecological impacts

Hydraulic modifications
Property damage

Construction costs and schedule

Lawsuits

Footer text here



Pollution

July 22, 2012 Footer text here



July 22, 2012

Ecological impacts



July 22, 2012

Hydraulic modifications



July 22, 2012

Property damage



July 22, 2012

Construction costs and schedule

* Stop work ordered for noncompliance
* Fines/ penalties for noncompliance
* Repair damage to adjacent properties

* Missed deadlines, litigation, other additional
work.



Lawsuits

July 22, 2012 Footer text here



Classifications of E & SC Practices

* Primary vs Secondary
* Primary: Keep soil in place and protect from erosive forces
* Secondary or backup: Attempt to control the sediment

e Structural vs Non-Structural

* Structural measures: Engineering practices adequate to prevent erosion or controlling runoff requiring
design and installation

* Non-Structural: Management alternatives to prevent soil erosion and sediment generation mostly
through vegetative measures

* Type of Problem Area
* Slopes
* Receiving waters
* Open drainage ways
* Culverts and outfalls
 Adjacent properties



Erosion on Slopes

* slope length is long, the slope is steep, the soil is highly erodible, or that the soil cover
(vegetation) has been removed and will take some time to be reestablished.

* Slope erosion can occur on cuts, fills, stockpiles, or cleared but ungraded surfaces.

* Measures include some combination of:

* vegetative and structural protective covers (temporary seeding, permanent. seeding, groundcover,
mulch, sodding, erosion control matting, and topsoiling)

* water conveyance (temporary or permanent diversions and slope drains)
* temporary construction road stabilization.



Erosion on Slopes



Receiving Waters

* Include streams, lakes and waterways

* protect from increased runoff quantities, and sediment loads from the
construction site.

* |[ncrease in runoff could lead to stream bank erosion and downstream
flooding.

* Measures include combination of:

sediment barriers (straw or hay bale barriers, silt/geotextile fence, brush barrier)
water conveyance (outlet protection)

sediment detention ponds and basins

stream and stream bank protection



Sediment Barriers water conveyance (outlet protection)



Sediment detention ponds and basins



Stream and stream bank protection



Open Drainage ways

* Open drainage ways can become significant sources of sediment

* Drainage ways need to be designed, constructed, and maintained.
* They should not be overtopped and do not transport the runoff at
* Velocities that will erode the bottom or sides of the drainage way.

* Measures include some combination of:

* vegetative and structural protective cover (mulch, sodding, and erosion control matting)
 water (conveyance check dams, inlet protection, and outlet protection)
* stream and stream bank protection (riprap).



Sodding

Open Drainage ways

vegetative and structural protective cover

Mulch

Erosion control matting



Open Drainage ways

water (conveyance check dams, inlet protection, and
outlet protection)

Conveyance check dams Inlet protection Outlet protection



Open Drainage ways

stream and stream bank protection (riprap).



Culverts and outfalls

* Culverts and outfalls need specific measures to ensure that their entrances are
not blocked, that they do not become filled with sediment, and that their
outlets do not erode down slope or downstream areas.

* Erosion control measures with application to culverts and outfalls include:
* water conveyance (temporary slope drains, inlet protection, and outlet protection).



Adjacent properties

 Adjacent properties need to be protected from increased runoff and sediment load.

* Slopes within the construction site need to be protected from runoff from adjacent
properties.

* Erosion control measures include:
* sediment barriers
* water conveyance (temporary and permanent diversions)
* Sediment detention ponds and basins (temporary sediment traps and sediment basins).



Minimum recommendations for BMP’s in
construction sites

* Minimize the amount of existing vegetation that you must disturb for
construction. Keep out of sensitive areas and their buffers.

* Before construction activities begin adjacent to sensitive areas

* Perimeter protection to filter sediment for sheet erosion shall be located
downslope of all disturbed areas and properly installed prior to upslope
grading.

* One hundred linear feet of silt fence per 0.25 acre and the necessary stakes to
hold the fence in place shall be stockpiled onsite.

* Stabilized construction entrances will be installed as the first step of clearing
and grading.



Minimum recommendations for BMP’s in
construction sites

* Stabilized construction entrances will be installed as the first step of clearing
and grading.



Minimum recommendations for BMP’s in
construction sites

Roads and parking areas will be stabilized immediately after the initial grading.

Unsurfaced driveway entrances, access roads and parking areas used by construction
traffic will be stabilized to minimize erosion and prevent tracking mud.

The paved areas shall not be cleaned by washing/flushing streets.

Dirty equipment, especially concrete trucks, should not be cleaned in or near
waterways.

Sediment retention facilities will be installed before grading.

If sediment retention facilities need to be removed for grading, additional
ponds/traps/systems to accommodate storage capacity need to be installed onsite. This
will be prior to removal of existing facility.



Minimum recommendations for BMP’s in
construction sites

 Dust is to be controlled on construction sites.
* Water truck is used to control dust on dirty/grades areas only.

» Water truck will only drop enough water to control the dust. No runoffis to be
generated.

* Erosion and sediment measures will be inspected a minimum of once a week and within
24 hours of significant storms (0.5 inches/24-hour, or where runoff is generated).

* A 24-hour phone number for the Erosion Sediment and Control Designated Inspector
will be posted in clearly visible location on the project site.



Minimum recommendations for BMP’s in
construction sites

* Water truck is used to control dust on dirty/grades areas only



SUMMARY

SUMMARY
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Channel Data
Tables and Graphs



Channel Data

Tables and graphs



Open Channel Flow

Design Tables












Normal depth solution procedure: (a) trapezoidal channels (m side slope)
ky = 1.0 for SI k,, = 1.49 for BS



ki, = 1.0 for SI
Normal depth solution procedure: (b) circular channels (d, diameter) km = 1.49 for BS
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Critical depth solution procedure: trapezoidal channels



Critical depth solution procedure: circular channels
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HYDRAULIC MACHINES

Dr. Walter F. Silva, UPRM



HYDRAULIC MACHINES

1) A centrifugal pump has a power of 20 hp and pumpst at the rate of 400
gpm producing a total dynamic head of 75 psi. What is the overall efficiency
of the pump?

Answer:
* bhp =Pump horsepower
* v =specific weight

_ YQH
550 e

e Q=pump discharge bhp
* H =total dynamic head .
° — 1C1 = _ ) = 3

e = pump efficiency Q =400 (448.8) 0.8913 ft*/s

H =75psi (231 ft/psi) =173.25 ft
Solving for e:

62.4 x 0.8913 x 173.25
550 e

20 hp =

e=0.88

From PE Principles and practice of engineering



HYDRAULIC MACHINES

2) A discharge of 2000 gal/min of thickened sludge with a specific gravity of 1.2 and a temperature
of 60° F is pumped through a pump with an inlet diameter of 12 in and an outlet diameter of 8 in.
The centerlines of the inlet and the outlet are at the same elevation. The inlet pressure is 8 in of
mercury (vacuum). A discharge pressure gauge located 4 ft above the pump discharge centerline
reads 20 psig. The pump efficiency is 85%. All the pipes are schedule 40. How much is the pump
input power ?

SOLUTION
Draw a Sketch:

Definition of power:

Apply Energy Equation between point 1 and 2:
Conver5|on of units: e Zoos 3y« duiir = 7456 414

e

Obtain velocities: . &/ . #6 _ 7arse gm//,

# B2 T A




HYDRAULIC MACHINES

SOLUTION
Convert manometer readings to pressure:

m-(/z/), /34 x /24 = SEs:39 K7 vaceon

),WA neR

Convert vacuum pressure to absolute pressure:

20e.8 — SesBy = /557 g ok

(a) 26hp

Convert absolute pressure to pressure head: (b) 31 hp
Ly 255 _ o (k) (c) 37 hp

// /2xE2% “ % (d) 53 hp

Repeat the same for the outlet pressure:
£, =2orrs = Zox pv o+ 2y = 7763 ////x"alfc

il /
By = cexs £ o4
Substitute pressures and velocities in the energy equation and solve for h ;:

Z V,d
4/ = (5-2)+ (7+%) + 29) Convert to power:
7 e € =
L) . P /{{.7}-Za7/)—f //27(/..(3‘(7/) / )/6)4 LA D CEke) L4£5EC x S2.0S
/2 2 %322 owlr - = o 8s
/7 s o FhaZ i Ealy o SZ,OS/

/ rP.— 209317 %‘ﬁ = 37./8 Zpl




HYDRAULIC MACHINES

3) A discharge of 1.25 ft3/s (35 I/s) of water at 70° F are pumped from the bottom of a tank
through 700 ft (230 m) of steel pipe schedule 40 with a nominal diameter of 4 in (10.2 cm). The
pipeline includes 50ft (15m) of rise elevation, two right angle elbows and one wide-open gate
valve. The working pressure at the end of the line must be close to 20 psig (140 kPa). How much
is the hydraulic power required for this system?

Solution .
7) Zopit
* Draw a sketch: ’
e Estimate minor losses: 81 Firt = S2p55
; /‘\?gqa P - 20 J/j
Minsr Losses (Epoiv Lenghh) ' i

1(7’(
7 Yol  43'%2 = 26’

L G GhV. 25 »
; - £8 = /S
4 fw/'y Cleck 38// Z Z fZ/;r‘ 7007‘66.) A

r s
Lily = 6ESfH
e \Write energv eauation between inlet and outlet:

/ ¢ B, &° . b+
/4f+gl+é+%:?zf}/+;j:+/ £




HYDRAULIC MACHINES

Compute Reynolds number and relative roughness:

6 = YD o AY _ i - %S’/X/OS-
NV TDN T (YY)t T
/””j/”"” . o el s F=oamo %/
'éé%‘/f ‘ % = 28X - agomé&
/ozy/ne:rj : o, 33
. = @ _ AP5e ¥
 Compute flow velocity: V== < - = /f’»é////f
7”7 /0,3’.?)

Go to Moody diagram to get friction factor:

/r:,,,, %04 c/é/fdm or ]ﬂ‘/nlf €/Vﬁ4fr : /[: 0.8

. 2
« Compute total losses: /{}/h :%Zr Vo 47.
29 D

| (aes3s) (Feas) (trep) .
7 2 x 322 53 37




HYDRAULIC MACHINES

Get elevation, pressure head and velocity head differences:

zz 2 = 50’
P Zont¥¥ .. SOEI “(223/
// 2y 6Z.%
(V=20) 7

—
p—

29 Z5
4
7.67) - 3//_

B 2x%.2
e Substitute in the energy equation and solve for pump head

% /z£)+(/)/) (L “/ 4

b g S©-6222+331 + /9226 — /z:gr/f

« Convert pump head in pump power: p_. §0 /), - /297 4
, 53D 4

/(/07,5 . f/ 700 Use é;ﬂc/ aé’dm(/ér 74r réc’/ (SCAV")

= K= Jnwo 27 = Tod" o sy’
/4 = 0089 =7 U =% /37/-//{-

ﬂ/f c/hyex ép A //.?.7/7‘ and  P= /5-/3/,0



) HYDRAULIC MACHINES

A tank supplies water to a small town during the day. At night, when the demand
is low, a pump is used to refill the tank. New PVC pipe connects the pump and

tank. All minor losses are insignificant. The water temperature is 50 °F. elev 150 ft (when full)

elev 105 ft
1) What is the minimum rate at which the tank will be refilled A

2) If a minimum pressure of 20 psi is needed at a hydrant located at point B, what is

the maximum flow rate that can be drawn from the hydrant? Assume that the tank elev 90 ft

is full and the pump is not in use during fire-fighting.

head (ft)

120 elev 70 ft

130
120
110
‘ 100
90
80
70

60

! | 1 } i L 1

|
100 200 300 400 500

flow rate (gal/min)




HYDRAULIC MACHINES

“) /”/'ﬂ/M o

/7/ M//I/AuM f‘/ or ./rr437€ occvr s U
Levier HH ,,74«, racresied purp

o/ffér/“/c (rer (v/”/ﬂ W/‘Vd/)
| /:wr/ 9 /m/an [eé/ea 49/

/ //50 70) + 7[

/, 02y [ Zo; )@5—

2*’-?.72

D‘ﬂ

S
The operating point is at @ /oo
=190 gal/min, h, = 97 f. 200
200

ry/ ///.///7[4/( oy //o/

én / él/(‘ /e %//
bind and s

% = [z'-’ -2 ) +
N S /A, e /(//n Sere Fas fow =002

VAO /44 & aclgc/

D..

p Foco 47
( ‘Zz) G

s, e 1
0. 228 84
0. 444 25 83
Q658 /22 3%

/,

Ya-n

‘4

a-C

60

1 L
300 400 500
flow rate (gal/min)

0.70



HYDRAULIC MACHINES

The friction factors must be checked. The velocities and Reynolds numbers

. ft3
dare: 0.42 —
__9 _ sec —
VAB = DI, = (06667 1) 1.2 ft/sec
m T
4 4
ft
12— ) (0.6667 ft) _
Reap = vaDas _ < sec) - — 5'7 X 104
1.41 x 10-5 — .
sec
3
B L B 0.42; _
o= = —mgnp = 21 ft/sec
n— T
4 4
ft )
21— ) (0.5 1t)
Repc = YacPac _ ( = el 7.4 x 10*
141 x 105 —

sSec
For PVC pipe, the specific roughness is € = 5 X 1075 ft,
so the relative roughness is

e  5x107°ft

= — 0.0000075
Dap  0.6667 1
1 N—6
¢ _SxWTH 600001
Doc 05k |

From the Moody diagram, fag = 0.020 and fsc =
0.019, which are close to the initial estimate. The flow
through the system is

Q =| 190 gal/min




HYDRAULIC MACHINES

« SOLUTION
b) Write the energy equation between upper tank and point B

/rm‘,,g /Z% /// 4////f co2n Ié 75',(?& oo 7%
%f //e 4///4/ /oé,,,/ r// /

Zl = 2@ +__/_z b __Vﬁ2+ /A(,’ elev 150 ft (when full)
{2
(Z 2} e /- = 1/3 i /

Zfbmx

e Solve for velocity iteratively assuming a value of f,; = 0.02
for the first iteration

X Y,
];. .02 (2cromed ) = %_/724//,7 /@— 6',\)6

- /?ZVA ggeec?
A 907 x fTF

Tas = A8 (fo, Tarle ez)

e s /222 , &, = @ @xoo 2r

elev 70 ft



HYDRAULIC MACHINES

* SOLUTION
* Since assumed f,; = 0.02 and computed f,; = 0.0183 another

iteration is required:

jﬁr‘ﬁbe Zj
%I'@:' 0.0/3? =2 % :Z.O/?%/r = /@: ?J‘?(f =D

e = Cas8r & = &= G4z 201900397 = Ov0z 4

elev 150 ft (when full)

e Therefore the answer is

¢ Ry =0F03f3/s = 315 gpm

elev 70 ft




HYDRAULIC MACHINES
Computation of NPSHA

7) A pump located 6 m above the sea level, has a NPSHr of 6.5 m at 1,600 lpm
and is fed by a tank with water at 15°C pressurized at 20 kPa and with a liquid
level of 4 m below the suction of the pump. The head losses in the suction
pipeline is 1.5m and the losses in the other components (local losses) is 1.0
m. The discharge is 1,600 liters per minute. The schematic of Figure shows
the pump suction. How much it the NPSH available?

Note: The NPSHA should

Be calculated to ensure that

it EXCEEDS the NPSHR provided
by the manufacturer to prevent
cavitation in the pump.



HYDRAULIC MACHINES

h,es + hyp = (20 +101.3) x 1000/ (999x9.81) = 12.38 m
hyy=2Z,—2Z,=2-6=-4m

Vapor pressure (15°C) = 1.7057 kPa == h ,=1705.7/(999x9.81) =0.174 m
Head losses (given) = hy) =1.5+1.0=25m

NPSHA =12.38-4-0.174-2.5=5.706 m

Pump is under risk of cavitation!
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