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Pipe Flow

For steady open channel flow

Q=VA

Volumetric Flow Rate equals the Average Advective
Fluid Velocity times the Cross-Sectional Area of
the flow perpendicular to the Velocity.



Pipe Flow

The velocity tells us the feet of water which
passes a point every second.




Circular Pipe Example

Consider a 12" pipe flowing 4 inches deep at 2
feet per second



Calculating Area

D-2d

0=2 arccos(
D




Calculating Area

For a 127 pipe flowing 4 inches deep,
D=12in, d=41In

12— 2(4)
12

0 = 2arccos( j = 2arccos(%) =141° = 2.46 rads

D? . 127 . ,
A= ?(H—sm 0)= ?(2.46—S|n(2.46)):18(1.83): 33.0in

A =33.0in?2 or 0.229 ft2



Calculating Flow

At2.0 L

SecC

The volume every second is therefore,
Q=VA
Q=200 x 0.229ft2 = 0.458 1

sec sec



Example Answer

For the 127 pipe flowing 4 inches deep at 2 feet
per second

Flow = 0.458 cfs



How About Other Shapes?
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Rectangular Channel

Consider a 36 inch wide by 15 inch deep channel
flowing 9 inches deep at 3.6 feet per second
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Calculate Area

A= (36In) (9In) = 324sqgin

(1 sq ft)
(144 sq Iin)

A = (324 sq In) = 2.25sq ft
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Calculate Flow

< 36" >

The volume every second is therefore,
Q=VA

Q=361 x 225ft2 = 8.1 1

sec sec
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Depth of Channel?

< 36" >

In the Circular Pipe we used the Diameter of Pipe (D) in the
flow calculation. Why did we not use Depth of Channel (15")
In the rectangular channel calculation?
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What Do We Actually Measure?

3 S~

.. Pressure Transducer

I e

Depth ... Airspace Ultrasonic
Water Depth Ultrasonic
Continuous Wave Doppler
_ Range Gated Doppler
Velocity

: Faraday

Surface Radar
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Some Common Monitors

ISCO 2150, 2151

Sigma 910, 920, 930
ADS FlowShark, Triton
Marsh McBirney Flo-Tote
Marsh McBirney Flo-Dar

ADS Pulse
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ISCO 2150: Technology

Level

Pressure transducer, or

2150 with Ultrasonic

Velocity

Continuous Wave Doppler velocity

Centroid of return spectrum



Pressure Sensor

All this to keep Atmospheric Pressure on the back side.



Pressure Sensor
v

________
IR, oMY

He is so fragile that if you touch him, he dies.



Pressure Sensor — Dessicant up at the top

Cable runs up to the top of the manhole where the
tube vents to the atmosphere.



Pressure Sensor - Dessicant

"
1

Desiccant kps the electronics dry.




Pressure Sensor - Dessicant




Level Problem

Hydrophobic Filter
gets plugged

Has been replaced
with a Gortex filter
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Pressure Sensor

Can cause quite a disturbance to the flow.



Level: drift over long time
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Stainless Steel Membranes are subject to creep over time..



Level Drift?

w10t Daily Individual Meter Yolurmes

SAN-NE-005 and 006 in 2011

“olurne, cu.m

r Downstream

0
O7-Apr-2011  27-Apr-2011 17-May-2011 06-Jun-2011  26-Jun-2011  16-Jul-2011  05-Aug-2011  25-Aug-2011  14-Sep-2011

Daily total flow get closer and closer. Most likely drift.



Level: Redundant Probe Solution

Multiple Probes: Dual AV or AV and Ultrasonic



Doppler Velocity




Continuous Wave Doppler Velocity

The 1.0 MHz Ultrasonic Pulse is emitted by one sensor and recorded by the other

The faster the particle moves towards the probe, the higher the return frequency

The bigger the particle, the greater the strength of the return signal
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Frequency — Average

Return Spectrum

24" Pipe 0.25% 1780 gpm 8" 4,507 fifs
21580 20101367 »1.12 Probe 203F00235

----------------------- 1T O N Calculate the
Average every
Measurement

Signal Strength
NIRRT

(3] [m]
il
S

Relative power

-400 -200 a I 200 400 &00 800 1000

Fregquency

Frequency Shift (He)




Frequency — Peak to Average

Return Spectrum

24" Pipe 0.25% 1780 gpm 8" 4,507 fifs
21580 20101367 »1.12 Probe 203F00235

Signal Strength
NIRRT

(3] [m]
il
S

Relative power

-400 -200 a I 200 400 &00 800 1000

Fregquency

Frequency Shift (He)




Limitations of Continuous Wave: :Low Velocity

The continuous wave Doppler is
sending at the same time is it
receiving.




Frequency

KVeIocity l

Velocity greater than 2.0 fps

1.0 MHz
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Frequency Slow Flow (v

Velocity less than 0.5 fps

1.0 MHz 34



Velocity: Deep Flow Underestimation (="

Slide Provided by ISCO corp.



ISCO 2150: Pros and Cons

. o oW & s g ¥
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Advantages
Cost Effective
Easy to Use
Wireless capabilities

Hard to lose data (But you can)

Disadvantages

Low flows not accurate
Pressure Transducer can ramp at high V
Pressure Transducer can drift

Relatively big probe

Not for greater than 24” of flow



SIGMA 910 : Technology

Level
Pressure Transducer

Velocity

Doppler
Peak to Average Conversion

Self Measures Peak and Average

b
0
g
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Frequency — Peak to Average

Convert Peak Velocity to Average Velocity

By monitor measurement of Average



Peak (Velocity

From the highest returned
frequency, the Peak Velocity
IS calculated.

0.25 MHz 39



Peak (Velocity

From the highest returned
frequency, the Peak Velocity
IS calculated.

0.25 MHz 40



Peak (Velocity

From the highest returned
frequency, the Peak Velocity
IS calculated.

0.25 MHz 41



Peak (Velocity

From the highest returned
frequency, the Peak Velocity
IS calculated.

0.25 MHz 42



SIGMA 910: Pros and Cons

| Advantages

Cost Effective
Very easy to Use
Hard to lose data

Has a digital probe

Disadvantages

Limited data storage (21 days) (Now Hach 900)
CW not accurate < 1.0 fps

Does not work well in ramping

Does not work well in deeper flows

Pressure transducer can drift



ADS FlowShark: Technology

Level
Pressure Transducer

Air Space Ultrasonic

Velocity

Doppler
Peak to Average conversion

Average (and Peak) to be measured in Field

=
g
S
x
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Ultrasonic Sensor — Airspace (e

I
Emitted downward from a
mounted probe, reflects off
water surface

Very stable with time

Can’t be covered by silt



Ultrasonic Sensor - Airspace

Physical
Offset
v

T
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Ultrasonic Sensor - Airspace
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Ultrasonic Sensor - Airspace

-

ADS Flowshark
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Ultrasonic Sensor - Airspace

What kind of conditions might cause trouble for an
Airspace ultrasonic?

Very rough water

Foam




Velocity — Peak to Average

Convert Peak Velocity to Average Velocity

By field measurement of Average



Peak to Average Conversion

Must measure the Average Velocity by hand, with a PVM.

Don't Connect here. Leave a bit of extra
cable and we will make our own connection. [&§




Unique to ADS: MLI level resets

Hydrograph Editor
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MLI Veloci

Ity shifts

WMAGES 026-4234 From Jan 04 07:70, 2009 to Jan 77 08:00, 2009 [Ouration T Days, T Hours, 50 Winutes]
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Lif file Overwriting

ADS Environmental Services
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Level Spikes in Ultrasonic

XE-FO-08-R1 From May 03 23:20, 2009 to May 16 23:55, 2009 {Duration 13 Days; 0 Howrs; 35 Minutes)
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ADS FlowShark: Pros and Cons

A d V an tag eS Environmental Technology

Verification Report

L O n g ter‘ m Stab i I ity I\:’;:j]\:;i:lj[lcl Flow Monitoring

ADS Environmental Model 3600
Open Channel Flow Monitor

Part [ — Laboratory Test Results

Disadvantages
Can have the wrong velocity

Very susceptible to slight changes
In upstream hydraulics

Data Management errors (lif, bin
etc)

Ultrasonic and Velocity Pops




MMI Flo-Tote 3 - Technology

Level

Pressure Transducer

Velocity

Faraday sensor




Faraday Velocity

58



Faraday Velocity
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Faraday Velocity

The Calibration Coefficient relates the Sensed
Velocity to the Average Velocity.

N

Velocity l
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MMI Flo-Tote 3 — Pros and Cons

Advantages
Works in churning water
Works in Clear Water
Works in Zero Velocity

Disadvantages
Must be profiled to be accurate

Can be wrong and you don’t know it

Does not work well if flows do not
continually cover the probe (Dry
Pipe)




MMI Flo-Dar - Technology

Level
Airspace Ultrasonic
Supplemental pressure transducer
Velocity

Surface Radar

Supplemental submergence probe




Radar Surface Velocity

Converts Surface Velocity to Average Velocity.



MMI Flo-Dar — Manhole Transition

We try to get velocity in
the pipe, but level is
measured in the
Manhole.

How many pipe to
manhole transitions
are smooth?




MMI Flo-Dar — Manhole Transition

S A
s 5




MMI Flo-Dar — Pros and Cons

Advantages
Non Contact

Clear Water

Disadvantages

Expensive with ‘extras’

Pipe to Manhole transition
Manhole Fillet
Sensitive signal

Surface Velocity to average conversion




FlowShark Pulse - Technology

Level

Ultrasonic under water

Can take airspace ultrasonic also

Velocity

Range Gated Doppler




Ultrasonic Sensor — Water Depth

Emitted upward by tip of probe.

Needed for accurate range gating.
Can be covered by silt.

Can’t be used in shallow flow.



FlowShark Pulse: Low Depth (2.5”

HE 029-451 From Feb 27 03:35, 2017 to Mar 05 19:30, 2071 (Quration 6 Days, 16 Hours, 55 Wnutes)
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Range Gated Doppler

The Ultrasonic Pulse is emitted by one sensor and recorded by the same

Each piece of the signal is separated into a different bin

Has some limitations



Range Gated Doppler

The Ultrasonic Pulse is emitted by one sensor and recorded by the same

—

|4

Dead Zone

Must have level information to prevent reflection processing

Must be placed on bottom of pipe



How do RG and CW Doppler GCoa)
Compare for Large Pipes

B . L) ; ’
\ f‘ “ “r
' (e ?
f. ¥
/& X
g Sy
4 P ) :
R ’ 1)
4 ;

Pulse (RG) and ISCO 2150 (CW) installed in the same 72” pipe

72



Pulse vs ISCO 2150

N

1 Calibration l

2

[
&

iy
&

2%

Average percent error of Flow 1000
points

12%

200 400 &00 800 1000
Ave Flow of 1000 sorted Points (l/s)

1200

Flow Error
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MMI Flo-Dar vs Pulse

30%

25%

20% *

15%

* O

10%

2%

Average percent error of flow of ~200
points

ma ] ] | 1 ] 1
0 100 200 300 400 500 600
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FlowShark Pulse: Pros and Cons

Advantages
Accurate Range gated Doppler
Works in churning water

Works in Deep and Slow water

Disadvantages

Expensive
Does not work well with silt
Not integrated with Profile

Does not work in flows less
than about 3-4 inches




Concluding Observations

Long Term Monitoring Must have ultrasonic for the level, or
both pressure and ultrasonic.

Flows deeper than 18or 20 inches should have range gated
doppler.



New Technologies for small flows

Micromonitor

ADS Triton Non-contact probe (Like a mini FloDar which fits in the pipe)



Micro-Monitoring:

An innovation in

monitoring low flg

INn sanitary se

Data Quality

- Smooth flow pattern

- No roots, silt, taps.

- No cracked pipe/offset joints
- Modest velocity

- No drop manholes

= Avoid junction manholes

What makes the best site?

RDII

_| Progress Report

_] Inspections

£ Installed Site Information
__| Flow Monitoring Data

_| Schedule Maker

J Project Reports and

B SWITCHBOARD .

__| Data Analysis(DAS)

_] Project Directories Setup

Modeling Dbjectives

- Project requirements

- Upstream of loss (i.e. CSO)

- Branch line at trunk sewer

- Upstream of pump stations

- Above or below parallel lines
- Where required for HGL

John M.H. Barton PhD, PE;
Stantec Consulting, Inc.

Maintenance issues
- Not flooded during rain

- No hazardous gas

- No locked gates

- No busy roads

- No residence issues

- Good manhole geometry
= Not an elevated manhole

Project Schedule
- Inspe
- Quota
- Insper
-Tumni
promj
- Meet i




How Many Storms Do You
Need to Quantify I/I?

79



MG of I/

12

10 A

For the Modeler?

(Including the largest storm, increases
the 5 year flow predictionby 20%) > &

I/l Volume = 3.62(Rainfall) - 0.86

0.5 1 1.5 2 2.5

Inches of Rainfall
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For the I/l guy?

CC-CWA-07T - From Feb 25 23:50, 2017 to Mar 04 00:10, 20717 (Duration 6 Days; 7 Howrs, 20 Minutes]
M Flow, mgd (Total: 0.1597 mg, Max: 0.27 mod ) M ADF, mgd [ Rainfall,in (Total: 0.96 in )
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CL-CW-O07FT-MME From Feb 25 23:30, 2017 to Mar 03 23:35, 2071 (Duration 6 Days; O Howrs, 5 Minutes)
M Flow, mgd (Total: 0.1399 mg, Max: 0.23 mgd ) M ADF, mod [ Rainfall,in (Total: 0.96 in )
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omparison of Levels

Micromonitoring: Domestic Usage

. H H ! ! : — FL-MM-27 v level
18- i i ; ; : ——— FL-MM-28. csvlevel

Downstream (additional 10 homes)

0.6 f—

06

o4

I
\T N Low

- Washin Flush Upstream (6 homes, 1
| g Toilet ~ business)

00:00:00 M aC h I n 01:00:00 02:00:00 03:00:00 04:00:00 05:00:00 0&:00:00

30 second level data, &
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Some Questions

Which technology will work best with slow deep flow?

What flow conditions are the most likely to result in silt and
sediment?

Which technology is most limited by silt and sediment?



Some Questions

How does the Hach convert obtain the Peak to Average
conversion?

How does the Flowshark obtain the Peak to Average
conversion?

How does the FloTote obtain the Peak to Average
Conversion?

Why doesn’t the ISCO 2150 need a conversion to the
average flow?



Some Guidelines

Site has

Yes
= velocity less
than 0.5 fps
| No
Site only has Yes

smooth-clear
water

Yes

Site will have
dry conditions

Site has depth
less than 1
inch

l No No

| ISCO 2150 ‘

ite has dept?
greater than 4
inches

Yes

Site will have
dry conditions

Site has
silt/sediment

ite has depth
greater than
24 inches

Site will have No
dry conditions " No
4
= FloTote
All Equipment has some
Yes

limitations under these
conditions. Select based
on prevailing conditions.

Site is subject
to backwater

-

No

‘ Micromaonitor

eak Flow
exceeds

Yes ves | Tee with pressure

Some drop at

—> transducer and
rating curve.

outlet of pipe

Thelmar
Capacity

Mo

k'

‘ Thelmar Weir ‘

Flowshark Pulse
= Rotatedw/
secondary probe

Flowshark Pulse

Add ADS, Sigma, FloDar




