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Agenda

• Company Overview – What makes us experts?
• Rainfall Measurement
• Depth and Velocity Measurement  
• Basin Size
• Timing and Duration
• Analytical Tools
• Questions and Comments

Who Is ADS?

• 49 Years’ experience focusing 
on sewers.

• Technology and innovation 
leaders.

• Over 7 billion feet of pipe 
studied in over thousands of 
projects.

• Projects range from RDII, billing 
networks, capacity studies, to 
CSO public notification.

Fate of Sewer RDII Rehabilitation Projects

Sewer 
Rehabilitation 

Projects

A.
RDII Reduced 

Everyone Happy
Promotion

C.
No Apparent Reduction

SSOs & Basement
Flooding Continue

B.
RDII Reduced 

But Can’t 
Demonstrate 

or Quantify

Followed No Recipe
Did Not Address Private Sources
Piecemeal Repair
Rely on Smoke Testing Only
Rely on TV only
Repaired only Manholes
Repaired only Mainlines
Did Not Control Basin Size
Use Poor Rehab Technology

‘Toilet Paper is Not 
as High in the Trees 
as it Used to be’

Didn’t Try to Measure

Forensic RDII Reveals
Stumbling Blocks

Followed Recipe
Plan for Post-rehab
Extremely Lucky

Why do RDII studies go wrong?

Stumbling Blocks
• Rainfall Strategy
• Monitoring Technology  
• QA/QC Analytics (Scattergraphs and Q vs. i)
• Basin Size and Control Basin
• Duration and Seasons
• Questions on approach
• Sewer Dynamics and Site Hydraulics
• Method of Calculating RDII

Rain Gauge and Rainfall Measurement Strategy

• Never Less than Two (always assume one will fail)

• 1 -2 Mi2/RG in convective storm season or in hilly area.

• 3 -4 Mi2/RG in cyclonic/frontal storm season.

• Rain gauge layout in grid not by sewershed.

• Don’t rely on airport rain gauge
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Green band (>0.5 in) 
is 6 Mi. wide, yellow 
band (>1.2 in) is 0.6 

Mi, (1 Km) wide 

Grid Layout for Rain Gauges

Rain Gauge Density:

Intense storms have narrow 
foot prints, often only 4 
miles wide.  Gauges should 
be ~ 2 miles apart to 
capture both the direction 
and boundary of footprint

4 mi

Selecting the Right Rain Gauge Locations

Grid Layout for Rain Gauges

Rain gauges should be sited to maximize their chance of success:

Rain Gauge Location Considersations

Selecting the Right Rain Gauge Locations

Wind is the largest source of uncertainty when siting a rain gauge

Therefore, in general, objects should not be closer to the gauge than a
distance of twice their height above the gauge orifice.

World Meteorological Organization (2008). Guide to Meteorological Instruments and Methods of
Observation, WMO-No. 8, 7th Edition, World Meteorological Organization: Geneva, Switzerland.

“A” and “V” are the two 
essential measures of flow.

A/V measurement is:
• Proven repeatable
• Accurate
• Well-established

Flow and Area-Velocity Foundation

Q = VA

Where:
Q = flow
V = velocity, 
A = cross-sectional area of the pipe

Area-Velocity (A/V) Meter and sensors.

A/V meter sensor

Depth Sensor Technologies Offer Different “Window of Precision” 

1"

2"

3"

4"

Ultrasonic
Depth

Pressure
Depth

Pressure Depth Precision 
is based on a percentage 
of Full Scale.

0.2% of Full Scale (11.5')
=0.28 inches

Ultrasonic Depth 
Precision

0.16 Inches

90

52

39

24

13

6 gpm

70

M
J

J
A

Depth Sensor Technologies Offer Different “Window of Precision” 
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Ultrasonic Approaches (up looking and down looking)

Velocity Technologies

Doppler

Electromagnetic

Time of Transit

Continuous Wave

Gated

Largest
Partical

Peak

Surface

Hach 

ADS TRITON+

Hach-Flo-Dar

Nivus

Hach-MMB Flo-Tote

ADS Accusonic

ISCO 

ADS TRITON+

ISCO Laser

ADS AV|Gated

Alternate Method to Calculate Velocity
Engineers use a slope and roughness to generate a Manning Pipe 

Curve.  The Lanfear Coll method uses a depth and velocity reading.  

Velocity
FPS

Depth  - Inches

Steep Sewer 

Flat Sewer  

0 12 24

0

10

5

4.0

7.1

3.3

1.6

• Is slope of MH channel close to that of incoming pipe? Can use same pipe curve.

• Is pipe large enough and flow deep enough so that slope change has minor effect?

• Is the shape of the invert channel close to shape of a round pipe? 

• Does the site ever move into backwater/restricted flow?

How to determine if an AV Meter can be Switched Out for Depth-only device 
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Switch A/V to Depth-Only for Avg Dry-Day Flows

% ChangeECHO/AV Meters

Meter GrossAvg GrossWW GrossBI GrossAvg GrossWW GrossBI GrossAvg GrossWW GrossBI

ABE1200 3.01 2.34 0.68 0.68 0.48 0.20 22% 20% 29%

ABE6750 5.62 4.37 1.25 3.01 2.21 0.81 54% 50% 65%

ABE9877 3.54 2.82 0.76 4.59 3.02 1.57 130% 107% 207%

BER0345 3.28 2.52 0.76 2.35 1.70 0.65 71% 67% 85%

BER3433 1.65 1.31 0.34 2.15 1.36 0.79 130% 103% 231%

CMD7760 4.63 3.43 1.20 3.18 2.24 0.94 69% 65% 78%

OLE5540 3.52 2.64 0.89 2.57 1.68 0.88 73% 64% 99%

OLE8723 1.28 0.74 0.55 0.79 0.42 0.38 62% 56% 69%

PCT2022 1.41 1.12 0.30 2.39 1.84 0.55 169% 164% 186%

TIN1285 1.86 1.49 0.38 0.71 0.51 0.20 38% 34% 53%

With ECHO MetersWith AV Meters

10-years A/V data
Slope, Roughness transferred to Depth-only calculation

Does data instill confidence to plan, 
budget and invest?

Level MetersA/V Meters % Change Level vs. A/V

Does low-cost depth-only bring value?
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A/V Meters vs. Depth-Only Meters Net RDII 

Negative 
numbers. 
Why?

“I know it is not very accurate, I am looking just for relative differences”.

A/V Depth

0.53 upstream 
0.11immediately 
downstream. 
Why? 

ONE MONITOR - 385,000 LF

100% OF BASIN HAS
EXCESSIVE INFLOW

FOUR MONITORS - 85,000 LF

70% OF BASIN HAS
EXCESSIVE INFLOW

12 MONITORS - 31,000 LF

60% OF BASIN HAS
EXCESSIVE INFLOW

57 MONITORS - 8,100 LF

25% OF BASIN HAS
EXCESSIVE INFLOW
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Storm 5/21/18 6/9/18 10/1/18 10/5/18 Avg 1/22/18 2/19/18 3/1/18 4/14/18 11/3/18 11/25/18 12/1/18 12/27/18 Avg

OO 7.8 6.5 1.5 4.8 5.2 VV 5.6 20.9 10.1 10.8 4.1 4.3 22.5 5.4 10.5

KK 10.0 3.6 1.3 5.0 5.0 KK 10.7 13.1 4.8 8.9 7.4 11.5 12.4 5.8 9.3

DD 6.3 3.4 3.0 5.7 4.6 OO 9.3 5.7 11.7 6.5 8.3

SS 7.4 3.0 2.5 3.4 4.1 GG 8.0 6.0 5.5 8.4 5.4 9.9 13.8 5.4 7.8

VV 9.0 5.0 1.0 1.2 4.0 DD 2.6 6.4 1.5 10.2 4.8 7.3 21.6 6.9 7.7

GG 7.0 3.0 1.3 3.7 3.7 NN 12.0 12.6 5.9 5.6 3.7 4.8 7.7 4.4 7.1

NN 5.0 2.8 1.3 2.6 2.9 UU 8.2 3.8 9.1 4.0 4.8 10.7 2.7 6.2

FF 2.6 3.0 1.2 3.7 2.6 SS 6.4 9.1 4.8 5.7 3.0 4.7 7.3 5.0 5.7

MM 3.6 2.5 1.0 2.2 2.3 FF 1.0 4.3 6.7 6.2 5.3 6.3 5.1 4.9 5.0

CC 1.5 1.6 1.3 4.8 2.3 TT 6.0 2.0 17.5 0.7 4.1 2.5 3.6 2.9 4.9

BB 3.3 1.5 1.3 2.9 2.3 MM 4.6 6.4 3.3 4.2 3.6 5.1 6.5 4.8

EE 2.8 1.8 0.7 2.6 2.0 EE 4.1 5.9 3.8 5.0 4.1 5.1 5.9 3.2 4.7

XX 1.0 1.4 1.1 4.4 2.0 II 4.0 5.0 4.2 4.7 3.1 6.6 4.9 2.7 4.4

UU 2.6 1.4 1.2 2.5 1.9 HH 3.7 4.8 2.3 3.5 2.9 4.1 8.3 3.0 4.1

AA 5.0 1.0 0.9 0.9 1.9 WW 3.3 8.2 2.2 4.0 3.3 2.8 6.2 1.4 3.9

II 2.4 1.6 0.8 2.9 1.9 AA 4.7 8.2 2.5 4.3 1.8 1.1 6.6 1.2 3.8

WW 2.3 1.9 0.7 1.7 1.6 PP 4.4 7.0 4.3 2.7 3.1 3.8 2.4 0.9 3.6

PP 2.1 1.5 0.9 2.0 1.6 BB 3.9 2.8 3.3 3.3

HH 2.2 1.0 0.5 1.5 1.3 JJ 5.4 7.2 1.9 1.4 2.3 1.7 2.5 1.7 3.0

RR 2.1 1.2 0.4 1.2 1.2 RR 2.6 4.4 1.4 2.3 1.6 2.8 4.6 1.1 2.6

QQ 2.2 1.0 0.6 1.1 1.2 CC 1.8 2.4 1.4 2.2 2.3 5.6 3.7 1.2 2.6

TT 1.3 1.7 0.9 0.5 1.1 XX 5.2 2.8 0.1 2.2 1.9 3.0 1.2 1.8 2.3

JJ 0.7 0.4 0.9 1.0 0.7 QQ 2.2 3.1 1.2 2.2 1.2 3.0 3.6 1.5 2.2

LL 0.5 0.8 0.4 0.8 0.6 LL 1.3 1.5 1.0 1.3 1.2 1.9 1.6 0.8 1.3

Capture Coefficient Summer Capture Coefficient Winter

Winter-time RDII severity is approximately twice that of Summer-time severity. 

Data Tools

High Precision

Low Precision

Target performance for a meter is the Manning Curve.
Low precision meters produce wide scatter.
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Data Analysis

Data Analysis

Data Analysis

Data Analysis

Data Analysis
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Data Analysis

RDII Project Elements to Specify as a Minimum

1 every 4 sq. miles (and no less than 2)RG Strategy

Minimum of 90 daysDuration

Make sure Scattergraphs and Q vs i plots are 
deliverables.

QA/QC Touchstones

KPIs

Ultrasonic Depth technology - pressure backupMonitoring depth

10,000 LF Upper end Basin Size

Start in dry - end in wet (at least 90 days)Season & Duration

Five-minute dataData Collection

Net Subtraction – Limit to 20% of Gross flowTight subtractions

Capture Coefficient and Gallons/inch/LF (rainfall in the 
denominator)

RDII Calculation

Scattergraph and Q-i will spot restricted sewers and 
Potential RDII

Sewer Dynamics

Identify at beginning & Use to evaluate pre- and post 
metering of rehabilitated basins.

Control basin

Avoid Silt, Hydraulic Jumps and Dead DogsSite Hydraulics

What Level of RDII is ‘Bad’?
• There is no single number.

• Historically the Capture Coefficient (Cv) of 5% has been considered a 
‘threshold’. 

• In the U.S. this 5% value was a rule of thumb from the EPA Cost 
Effective Analysis

• If surcharging, basement flooding or SSO’s occur, it’s ‘Bad’

• Cv in Sanitary Sewers greater than 20% indicate direct connections.

• Cv in Sanitary Sewers greater than 30% means its time to ‘get a bigger 
boat’. 

Reference: Patrick Steven, PE and WEF Fellow

Questions or Comments?
Thank you!
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