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Introduction

1IN

v:) rl ‘

1ignlignt tne cnallenges that anteceaent moisture
eiTects presents In-modeling wet weather 1lows.

Critical totunderstand the wet weather flows in
r system, because of the significant impact
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they have on wet weather capital upgrade costs.

Some basic methodologies have been
implemented, but we do not believe that they
perform satisfactorily, given the costs of wet
weather capital improvements involved.

Presentation highlights alternative methodologies
that are more accurate and can save money.



Tale of Two Storms

Both storms are real data from the same sewershed

St AoNe Stich Mmich: :
occur after several preceding occur after several preceding

dry days or during dry wet days or during the early
summer conditions spring.

e Results in lower peak flows Results in higher peak flows

* Results in a lower capture Results in a higher capture
volume of the rain water volume of the rain water




Storm #1 - Summer Event

2.33” rain in 10 hours Average DWF = 0.4 cfs

1.94” occurred in 2 hours Peak flow = 4.2 cfs
|.08” peak hour rain Peaking factor = 10.5

—Total Flow




Storm #1 - Filter Diurnal Flow

Identify diurnal pattern Subtract diurnal to extract I/l

(red line) Flat lines before / after storm

are ground water infiltration
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Storm #1 - Summer Event

I/l flow after diurnal

extraction
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Modeling Procedure

1. Calibrate an “"event model” to the observed storm event

(RTK, SCS, SWMM Runoff, etc.)

2. Run the calibrated model for other observed storm events

3. Validate the model through model performance on other
observed storms

M the r | to extrapolate to a design rainfall event

e \Very commonly used method

e \/alidation step provides
confidence to decision makers

e [ts the way many of us were
trained to perform modeling



Storm #1 - Model Development

Red line shows “event model’ calibration

Calibration able to achieve high accuracy fit




Model Validation

Storm occurred in summer Average DWF = 0.4 cfs
0.99” rain in 10 hours Peak flow = 2.2 cfs
0.51” peak hour rain Peaking factor = 5.5

\/‘V

—|/I Flow =—Rain




Model Validation

Model validates very well

Other storms in the observations can
be validated equally as well
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—I/I Flow

—Pred. Flow

=PRain




Storm #1 - Desigh Storm

|0-year, 24-hour design storm 3.9 inches in 24-hours
SCS Type Il Pattern |.7” peak hour rain




Storm #1 - Desigh Storm

Common Design Metrics

Peak I/l flow = 5.1 cfs
Volume over 3 cfs = 90,000 gallons




We've followed the procedure,
identified the “correct’ answer,

and can proceed with design......

Let’s check the model with the other
storm first.




Storm #2 - Spring Event

|.24” rain in 32 hours Average DWF = 0.4 cfs
0.73” occurred in 5 hours Peak flow = 5.2 cfs
0.28” peak hour rain Peaking factor = 13.0

rai i ‘ peaking
than #l1 factor than
4.0 - 2.0 # I




Storm #2 - Filter Diurnal Flow

Identify diurnal pattern Subtract diurnal to extract I/l

(red line) Flat lines before / after storm

are ground water infiltration
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Storm #2 - Spring Event

I/l flow after diurnal
extraction
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Storm #2 - Model Development

Red line shows “event model’ calibration

Calibration able to achieve high accuracy fit
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Model Validation

Average DWF = 0.4 cfs
Peak flow = 13.0 cfs
Peaking factor = 32.5

3.86" rain in 54 hours
0.98” peak hour rain

—|/I Flow==Rain




Model Validation

Model validates very well

Other storms in the observations can
be validated equally as well
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Storm #2 - Desigh Storm

|0-year, 24-hour design storm 3.9 inches in 24-hours
SCS Type Il Pattern |.7” peak hour rain




Storm #2 - Desigh Storm

Common Design Metrics

Peak I/l flow = 14.4 cfs
Volume over 3 cfs = 4,800,000 gallons




Side by Side Comparison

Design from Storm #| Design from Storm #2
5.1 cfs 1 4.4 cfs

90,000 gallons 4,800,000 gallons
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Why did this happen!?

dent m

e

the relative wetness of the district,
affected the observations
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Side by Side Comparison

Storm #| Storm #2
2.33” rain |.24” rain
RDIl Volume = 72,000 cf RDIl Volume = 398,000 cf
Capture % = 0.85% Capture % = 8.8%
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Modeling Procedure

1. Calibrate an “event model” to the observed storm event
(RTK, SCS, SWMM Runoff, etc.)

2. Run the calibrated model for other observed storm events

3. Vabdae the model through model performance on other

Following the

standard procedures
cah get you into big
trouble!




WWhy not address this with seasonal

or monthly factors that scale the
model up?

Because antecedent
moisture conditions
vary continuously

Such “scaled” models don't
perform adequately compared to
the magnitude of costs involved



How to deal with this?

Use of a continuous




AM Effects on Wet Weather Flow
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13D AM Model is the Solution

2 ompinestrields or nyd Y,
Aercmpcr_tturo
CIVIl)\and Ssystem sk Wt
ldeENtiTICation (aerospace) 4 [
Moisture Retention
- - v - - —y = = Antecedent r.lloasture
® Input-output, time series H L.
Odalc |r C &w dal .) r Fast

drives the modeling process

i

makes more extensive use
of flow metering data

Rainfall
(time series) (tme series)

gives decision makers
greater confidence

100% regulatory approval (3
states and federal)

The i3D AM Model is capable of accurately predicting
sewer flow under various AM conditions.



AM Model Results
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Wayne County Case Study
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S1Zz€ Upgrade or a
r€gional transport / storage tunnel

OVerly conservative results.

4. The key was to use a continuous antecedent moisture

model combined with a frequency analysis to replace the
25-year, 24-hour design storm.

Result reduced capital costs to $90M, resulting in a

$275M savings.



Ca I i b ra t i O n Flow at 6P+7P+8P - Drier Sanitary Areas
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Va I i d a t i on Flow at 6P+7P+8P - Drier Sanitary Areas

240

Results 20

180

model
—— observed

__160
§140
= 120
2 100
80
60
40
20 N
0 T R R |

9/1/03 9/8/03 9/15/03 9/22/03 9/29/03 10/6/03  10/13/03 10/20/03  10/27/03

model
observed

Flow at 9P+10P+11P - Includes Wetter Sanitary Areas

240
| i 220

‘ 200
MOodeEl PErTo 1CE 180
160
140
120
100
80 \

Flow (cfs)

No changes to the 0 |
I A e )

model were made for ‘z‘§ P VSN0 AL S SRS R S

the validation runs

9/1/03 9/8/03 9/15/03 9/22/03 9/29/03 10/6/03  10/13/03  10/20/03  10/27/03

model
observed

Flow at Outlet - Includes Combined Areas

The accuracy of the o0

200 I

validation runs R

£ 140

provided confidence in [ Ukt X
A WAY

the model ) LS ——w (7 AR A 4T —

20
0

9/1/03 9/8/03 9/15/03 9/22/03 9/29/03 10/6/03  10/13/03  10/20/03  10/27/03




Frequency based design approach
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YCUA Rehabilitation Case Study
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Pre- and Post-Rehab Flows
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Pre- and Post-Rehab Flows
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Peoria, IL CSO Case Study
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. [nis [ead to a censoring, or a chop Off " In
flows metered above the C50 point.

L
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eful information was extracted from the

smaller, uncensored events.

. Peak flows were validated with
observations from short-term local

metering upstream of the CSO points.



Peoria, IL CSO Case Study
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2008 EPA Survey Results
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ONI0 has adopted this policy as their own
without turther clarirication

Systems ir 0,. Istorically designed to
’-&‘-—i

t%nsport peak flow consisting of average

flow, based on population, design density,

an assumed peaking factor and an

Infiltration allowance

Ohio EPA addresses SSOs through
enforcement actions




2008 EPA Survey Results
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2. Investment or over $6 Billion to fiIX

3 $10 Billior

4. Few sources exist to fund these necessary
Improvements

-




Lessons Learned

Uncertainty leads to use of conservative estimates that may
not be obvious to the decision makers

Findings:
Advanced technology and confidence in the model results lead
to less conservative estimates




Conclusions

DIfHIcCUItTECONOon
dirferently.?

. VWet weather sewer system projects are

uﬁw) a community’s largest capital

N aam <

: Existing tools do not perform adequately
given the magnitude of capital costs
involved

. Consider alternative approaches and

technologies that are now available




Questions




