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a sewer system.

10 BACKGROUND OF THE INVENTION

Tools for the accurate measurement of flow in a sewer network are an important
resource for managers, mechanics, engineers, and regulators of municipal and industrial
sewer networks. Accurate measurements of flow, and an understanding of what flow is
expected to occur during a precipitation event, can help determine — and to predict — when

15 network problems such as overflows, leaks, breaks, clogs, and other blockages and
overflows may occur. They can also help system engineers and designers understand when
additional capacity must be built into the system, as well as to help them better manage a
network with its existing capacity.

Sewer network managers have attempted to analyze and predict what effect a rain

20 event may have on a sewer network, but the prior attempts have been unsatisfactory
because they do not provide for reliable, real-time prediction while the rain event occurs,
but rather they involve the measurement of a rain event after it is completed and the

comparison of the measured event to known data from previous similar events. In



1 WD 02/ 095149 PCT/ US02/ 15650 addition, the prior attenpts to predict rain
inflow and infiltration on a sewer network involved significant, detailed
nodel i ng wifarbsi49 usi ng data relating to the design of thecTassnsaset wor k
and/ or network di scharge sources. Such nodel i ng exercises are time-

consum ng and costly, and the accuracy of the nodeling results depends on
how cl osely 5 nodeling conditions to match the conditions under which the
nodel i ng was devel oped. Accordingly, it is desirable to provide an
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present invention is directed to such a system and method.

10 SUMMARY OF THE INVENTION

It is therefore a feature and advantage of the present invention to provide an
improved method of analyzing and/or predicting the effect of inflow and/or infiltration on
a sewer network. It is also a feature and advantage of the present invention to provide an
improved system for analyzing and/or predicting the effect of inflow and/or infiltration on

15  asewer network.
In accordance with a preferred embodiment of the present invention, a method of
determining the effect of precipitation on flow within a sewer network includes the steps
- of collecting, at a first location, data representative of a measured rain quantity over a first
time interval having a duration that is less than a twenty-four-hour period; maintaining, in
20 a memory, data representative of a modeled rain response at a second location over a
second time interval, the second time interval having a duration that is longer than the

duration of the first time interval; calculating, in real time, a scaled rain response, the



duration of the first tinme interval; calculating, in real tine, a scaled
rain response, the 2 WD 02/095149 PCT/US02/ 15650 scal ed rain response
conpri si ngoazfomsigs i on of the nodel ed rain response and t heorassemsdo rain
gquantity; and reporting, in real tinme, the scaled rain response.
Optionally, the second |ocation is a |location within a sewer network, and
the <calculating of the rain response requires no additional data relating
to either the sewer 5 network or any substance flowing within the sewer
network. Al so optionally, each nodeled rain response is indicative of an
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interval. The nodel ed rain response may be capabl e of graphical
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over a plurality of time intervals. The nethod may al so include the
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infiltration and an x-axis represents time. Also, the duration of the first time interval is

10  preferably shorter than a duration of a corresponding precipitation event.
Optionally, the method includes the additional step of identifying a cumulative
scaled rain response that corresponds to a sum of a plurality of scaled rain responses over
a plurality of time intervals. The method may also include the additional steps of
measuring, using a flow meter at the second location, data representative of a measured
15  flow; subtracting a baseline flow from the measured flow to result in an adjusted flow; and
comparing, using a processor, the adjusted flow to the scaled rain response to determine
whether the adjusted flow substantially corresponds to the scaled rain response. The
baseline flow preferably represents expected flow during a non-precipitation event. The
comparing is preferably done using a goodness of fit test. If the comparing step
20  determines that the adjusted flow and the scaled rain response do not substantially

correspond, an alert may be reported.



20 determ nes that the adjusted flow and the scaled rain response do not
substantially correspond, an alert may be reported. 3 WO 02/095149

PCT/ USO02/WwB6B09sikm accordance with an alternate enbodi nentrcafushbreseps esent
invention, a method of predicting the effect of precipitation on flow
within a sewer network includes the steps of collecting data
representative of a first nmeasured rain quantity over a first tinme interval
at a first location; creating, using a processor, nultiple possible rain
responses, wherein each 5 possible rain response represents a possible flow
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possible rain response that nost closely corresponds to the neasured flow
vol une di stfirstiecation; creatitig susorg ayotdseormoultiplechossbla rain sgsporses, wheesin eacht
measured rain quantity, and the first tinme interval in a nenory.
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| ocation within a sewer network, and the
second location over the second time interval; comparing, using the processor, the possible

rain responses to the measured flow volume distribution; selecting, using the processor, a
10 modeled rain response that is the possible rain response that most closely corresponds to
the measured flow volume distribution; and storing the modeled rain response, the first
measured rain quantity, and the first time interval in a memory.
Optionally, the method also includes the steps of collecting data representative of
a second measured rain quantity over a third time interval at the first location; calculating,
15 inreal time by a processor, a scaled rain response comprising a function of the modeled
rain response and the second measured rain quantity; and reporting, in real time, the scaled
rain response.
Also optionally, the second location is a location within a sewer network, and the
calculating of the rain responsé requires no additional data relating to either the sewer
20  network or any substance flowing within the sewer network. Further, the selecting step
may include a goodness of fit test on the measured flow volume distribution and the

plurality of possible rain responses. Preferably, the modeled rain response is capable of



calculating of the rain response requires no additional data relating to
either the sewer 20 network or any substance flow ng within the sewer

net wor k. Worozhesigo t he sel ecting step may include a goodne®ETafSod/ii6sé est on
t he measured flow volune distribution and the plurality of possible rain
responses. Preferably, the nodeled rain response is capable of 4 WO

02/ 095149 PCT/ US02/ 15650 graphical representation as a curve on a graph
where a y-axis represents at |least one of inflowand infiltration and an
Xx-axis represents tinme. Also preferably, the first tinme interval has a
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gquantity over a first tinme interval that is |ess than a twenty-four-hour
period. Tipeoaseseprile adinstadaflons tajthe scaled rain response to determine whether the adjusted

flow substantially corresponds to the scaled rain response. With this option, if the

10 comparing step determines that the adjusted flow and the selected rain response do not
substantially correspond, an alert may be reported.

In accordance with an additional alternate embodiment, a sewer network flow

analysis system includes a processor, a memory in communication with the processor, and

a rain gauge in communication with the processor. The processor is programmed to

15  accept, from the rain gauge, data representative of a measured rain quantity over a first time

interval that is less than a twenty-four-hour period. The memory maintains data

representative of a modeled rain response at a location in a sewer network over a second

time interval having a duration that is longer than the duration of the first time interval.

The processor is further programmed to calculate, in real time, a scaled rain response

20  comprising a function of the modeled rain response and the measured rain quantity. In

addition, the processor is also programmed to report, in real time, the scaled rain response.



representative of a nodeled rain response at a location in a sewer network
over a second tine interval having a duration that is |onger than the
duration wo mhesierst tinme interval. The processor is furdrarsopnsge anmed
to calculate, inreal tine, a scaled rain response 20 conprising a function
of the nodeled rain response and the neasured rain quantity. In addition,
the processor is also programmed to report, in real tinme, the scaled rain
response. 5 WD 02/095149 PCT/ US02/ 15650 There have thus been outlined the
nore inportant features of the invention in order that the detailed
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that the present contribution to the art may be better appreciated. There

are, of course, ddi;ti onal .feat t ' ti hat_ Wi b

descri bed aél evgeéaﬂag \(/iﬁug rh% tf‘?re?tgjn:‘%%%l ofwsgltl ;S'eﬂéasrh\é&%adrnﬁ g%%“?’hagwéﬁ u‘%)rjd%@?atrrat ter
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invention is not limted in its application to the details of construction
and t o t hedditioaaideateres of tfe invantion thed melibs dssribéd belawi andtvilsich wiill Gowimnay
description or illustrated in the drawi ngs. The invention is capable of
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ways. Al so, i s to be understood that the phraseol ogy and term nol ogy
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as a basis for the design of 15 other structures, nethods and systens for
carryi ng construstios andrig| thp rjengarents of e perapenrents set forth in the following

description or illustrated in the drawings. The invention is capable of other embodiments
10 and of being practiced and carried out in various ways. Also, it is to be understood that the
phraseology and terminology employed herein, as well as the abstract included below, are
for the purpose of description and should not be regarded as limiting in any way.
As such, those skilled in the art will appreciate that the concept and objectives,
upon which this disclosure is based, may be readily utilized as a basis for the design of
15  other structures, methods and systems for carrying out the several purposes of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary sewer network experiencing inflow and infiltration
20  during a precipitation event.
FIG. 2 is an internal diagram of an exemplary computing device having a processor

and a memory.



i nvention. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates an

exenpl ary sewer network experiencing inflow and infiltration 20 during a
precipitawioan/oement. FIG 2 is an internal diagram of an ecanoanssso
conputing device having a processor and a nenory. 6 WO 02/095149

PCT/ US02/ 15650 FIG 3 is a flowhart that illustrates the steps by which
the present invention may learn the effects of inflow and infiltration on
a sewer network. FIG 4 is a flowhart that illustrates the steps by which
the present invention may anticipate the effects of a precipitation event
on a sewer netwgGks jPa fibaehadt thht iladtfabdseie SYRHY vHiYh fhRipleseRASIAMISBA ndy 2
neasured rain event. FIG 6 illustrates an exenplary accunul ation of rain
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response as a function of a quantity of rain and a nodel ed rain response.
DETAI LED RESCR:tThOMICCOR dTREFERMNED on 5 eENBRBICWENTSWORK. THE | NVENTI ON

5 FIG. 5 illustrates exemplary rain responses to a measured rain event.
FIG. 6 illustrates an exemplary accumulation of rain responses in accordance with
the present invention.
FIG. 7 illustrates an example of a total computed rain response.
FIG. 8 illustrates the comparison of an exemplary computed rain response with an
10 exemplary actual rain response.
FIG. 9 illustrates the development of a scaled rain response as a function of a

quantity of rain and a modeled rain response.

DETAILED DESCRIPTION OF PREFERRED

15 EMBODIMENTS OF THE INVENTION

A preferred embodiment of the present invention provides an improved method of
analyzing and/or predicting the effects of inflow and infiltration on a sewer network. Once
determined, the information and knowledge of these effects can be used to help sewer
network managers detect discrepancies and/or unexpected network conditions, identify

20  flow monitor malfunctions, and plan for system expansions.
FIG. 1 provides an illustration of the general concepts of rain-dependent inflow and

infiltration on an exemplary sewer network. Referring to FIG. 1, a sewer network 2



A preferred enbodi nent of the present invention provides an inproved method
of analyzing and/or predicting the effects of inflowand infiltration on a
sewer networde/9igce determ ned, the informati on and knowredgesooisdshese
effects can be used to help sewer network nmanagers detect discrepancies
and/ or unexpected network conditions, identify 20 flow nonitor

mal functi ons, and plan for system expansions. FIG 1 provides an
illustration of the general concepts of rain-dependent inflow and
infiltration on an exenplary sewer network. Referring to FIG 1, a sewer
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relating to the flow at a nonitoring point within the sewer network. The
moni tor s wegnitge mepsuagnthe velpeibrapdéor cregmgy@né/ror pihseparpmetersyelatipatsl the Bow
measuring flow velocity, either directly or indirectly by performng

cal cul at i @ana nhidnag eoinwYithimte SewetngraokEl ler monifire Inmay breoofi ang rstandard
described in, for exanple, U 'S. Patent No. 5,198,989, to Petroff; U S

Pat ent 5No deéllgﬁ 3P typé that §Qcaphifit bP heasi?itg ﬂév&svelgﬁﬁ}e @ﬁheN%re&l%ﬂné%tly%?

Forden. One or nore rain gauges such as 10 and "12 are al so stationed at
vari ous po
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precipitation event intensities. recipitation event 14 such as a
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points 16, such as a stormdrain or other opening into the sewer network,
wher e t he RBetioff; and U.S. Patent No. 4,397,191, to Forden.
One or more rain gauges such as 10 and 12 are also stationed at various points
10 above the sewer network to collect precipitation data such as rain and/or snow volume,
precipitation event duration, and precipitation event intensities. During a precipitation
event 14 such as a period of rain, rain may enter the system 2 through direct discharge
points 16, such as a storm drain or other opening into the sewer network, where the rain
becomes inflow 18 into the sewer network. Alternatively, the precipitation may seep into
15 the sewer network as infiltration 20 through soil and/or other earthen materials, as well as
through cracks and other openings within the sewer network above and/or under the soil.
Typically, inflow 18 occurs during the rain event and for a brief period of time after the
rain event as storm water runoff flows into a storm drain. Infiltration 20, however,
typically occurs for a longer period of time as precipitation migrates through soils, rocks,
20  and other materials before reaching the sewer network. For example, FIG. 1 illustrates that

infiltration 22 is occurring even though the precipitation event 14 has passed beyond the

point of the infiltration 22.



becones inflow 18 into the sewer network. Alternatively, the precipitation
may seep into 15 the sewer network as infiltration 20 through soil and/or
ot her earwioan/pateri al s, as well as through cracks and otPleavusopesssngs
wi thin the sewer network above and/or under the soil. Typically, inflow 18
occurs during the rain event and for a brief period of tine after the rain
event as stormwater runoff flows into a stormdrain. Infiltration 20,
however, typically occurs for a |onger period of time as precipitation
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conputer systemusing a conmputer processor and a nenory. An internal
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computer also includes a communications port 31 that serves to receive data from the flow

monitors and rain gauges. Each rain gauge and each flow monitor is in communication

10  with the computer system, whether by direct wiring or through a remote communication
medium, such as dial-in lines, a wireless transceiver, and/or an Internet connection.
Optionally, the computer system may be integral with one or more of the rain gauges or
flow monitors. The data collected by the rain gauges and flow monitors is delivered to the
processor and memory for storage, analysis, and use.

15 The processor uses the data collected by the flow meters and rain gauges to learn
the sewer network’s typical response to a precipitation event and to predict the effects of
future precipitation events, in real time as they occur. FIG. 3 illustrates the steps that such
a system may perform to learn the rain response of a sewer network to a precipitation
event. These steps include the collection 50 of rain quantity data over one or more discrete

20  periods of time. The time periods are relatively brief, in each case less than a twenty-four
hour period, and preferably in smaller intervals such as five-minute intervals, ten-minute

intervals, fifteen-minute intervals, thirty-minute intervals, or any other interval that is less



Optionally, the conputer systemmy be integral with one or nore of the
rain gauges or flow nonitors. The data collected by the rain gauges and
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anal ysis, and use. 15 The processor uses the data collected by the flow
neters and rain gauges to learn the sewer network's typical response to a
precipitation event and to predict the effects of future precipitation
events, in real time as they occur. FIG 3 illustrates the steps that such
a systemmay performto learn the rain response of a sewer network to a
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sewer network will experience over a 5 period of tine in response to the

rain. Pref e gﬁﬂg ngg.g‘ql? s es,
such as or{gﬁlﬁgg Péeeg’, SH%%E ﬁﬂ}n re %da’ltct)‘r(’?y8 rlggrr“her@fi’%gor er %’ rocf%F({)@JiOglge?rﬁu ﬁ?%l e
possibilities of raj n.resBonse F{iedi ctjon. Uéil}gl a gfjsal ay, each rain
response MEFHEUCHBE TAYH LFSPOISGPPEERP- 2SS 98 R YF gY’ae& SHBPRO S M@ YEdi at e
response to the inflow and/or infiltration of the rain, with an abrupt or
gradual deptienally depiciddagadydrogaphphowimgaaimmediateyesponse to the inflow and/or

infiltration of the rain, with an abrupt or gradual decrease in flow as the system retumns to

10 normal conditions after the rain event.
The system also collects 54 data representative of actual flow volume and
compares 56 the possible rain responses identified in step 52 to the actual flow volume.
Using a goodness of fit test to compare the rain responses to measured flow volume, the
system selects 58, as the modeled rain response, the possible rain response having the best
15 fit with the measured flow volume. The modeled rain response is stored 60 in a database,
along with its corresponding rain quantity and rain time interval. The steps illustrated in
FIG. 3 are prefqrably repeated over multiple time intervals, as well as during multiple rain
events, in order to provide a broadly populated database of possible rain responses
corresponding to varying rain intensities and rain time intervals. In addition, the process
20  may be repeated for different flow monitors and rain gauges to provide data relating to

various locations throughout the sewer network.
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10 normal conditions after the rain event. The system al so collects 54 data
representative of actual flow volunme and conpares 56 the possible rain
responseswiodenbsifi® ed in step 52 to the actual flow vol ume PCTUSS02g5680
goodness of fit test to conpare the rain responses to neasured fl ow vol une,
the system selects 58, as the nodel ed rain response, the possible rain
response having the best 15 fit wth the neasured fl ow vol une. The nodel ed
rain response is stored 60 in a database, along with its correspondi ng
rain quantity and rain tinme interval. The steps illustrated in FIG 3 are

preferably repeggtiRdal®yaid prbtetdb), ehe step illikkrafed ah F1G.BSarépbiodisal BEpead
multiple rain events, in order to provide a broadly popul ated database of

possi bl e 0 nd rain
bime i nterts Grops g geriods, sle ?ﬁ%g%?%l?%@é%éﬂ%%&%ﬁ?%{}émaﬁk P‘aﬁédf'?er ent
flow nmonitors and ralng ge rovide data relatin var.i

| ocat i ons 2ipmslsRYiratione ?%?&MWIRSPOEW \t}ba‘éfg?‘%ﬁi IQ@P/H%@ H@%SO
Optionally and preferably, the steps illustrated in FIG 3 are periodically
repeat ed dhedatabast ofipossible rparicsmbasesshechma snave glopylatedo Hiuis|pyoviding/ oere

annual ly, to provide periodic, automatic calibration of the nodeled rain

response. abBura@dicteirinaties o Sthe nddeled il réPdnsepaestimet he dat abase of possible
rain responses beconme nore popul ated, thus providing more 5 accurate

det erni nati on qiflﬁt hanpgdel ﬁlq S[f%g hakt ﬁl%ﬁg&%ﬁto PVSHtiotni fogb@to grédﬁdt Yshihat es

the steps that the present ntion low to I ct raln response

fo Fla  ABpme e efﬁe’?ﬁ%ﬁ%ﬁv%%ﬂ@%%? 3o o TLmee S BrEeR i A reror .
and it receives 72
4, the system maintains 70 the modeled rain responses in a memory, and it receives 72
actual rain quantity data over a time interval from one or more flow monitors. The system
10 then calculates 74 a scaled rain response as a function of the modeled rain response and the
rain quantity. The function is preferably done by multiplication of the modeled rain
response, which corresponds to a known rain quantity, by the factor by which the actual
rain quantity exceeds the known rain quantity. A graphic illustration of an exemplary
multiplication of a modeled rain response by a rain quantity in a time interval is illustrated
15 in FIG. 9. Returning to FIG. 4, the scaled rain response is then reported 76. This report
may be in the form of a direct communication to a user via a display, electronic mail, sonic
alert, printout, or other communications medium, or the reporting may be simply the
delivery of the selected rain response data to a processor, a storage medium such as a
computer memory, or a transmission medium such as an analog or digital signal for further
20 handling, use, or storage. Steps 72-74 may be repeated, and the scaled rain responses

summed, to yield a cumulative rain response (as described below in the discussion relating

to FIG. 6).
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actual rain quantity data over a tine interval fromone or nore flow
nonitors. The system 10 then calculates 74 a scaled rain response as a
functi on wb w2hesmwdel ed rain response and the rain quantiPC/USIvesésanct i on
is preferably done by nmultiplication of the nodeled rain response, which
corresponds to a known rain quantity, by the factor by which the actual
rain quantity exceeds the known rain quantity. A graphic illustration of an
exenplary multiplication of a nodeled rain response by a rain quantity in
atinme interval is illustrated 15 in FIG 9. Returning to FIG 4, the

scal ed rain regpeRSAed & duRRIat VRIS oAE mAPbSudeRS tbterrh¥ WiRtHePsdw@ form
of a direct comunication to a user via a display, electronic mail, sonic

alert, printout, qr other. comrunj cation di repor.t y be

G mpl 1 oGk iR b & SCIeERe oAt VRo bt Bonfor koG P Rl B8, 7°,
storage nedi um such as a conputer nenory, or a transm ssion nmedi um such as
an anal og compaing theselegtedyain regonse to agal Q@?sﬁr&ﬁéﬁﬁangpeﬁ?sgé@s’d’f’m%}t HPuY.. Steps
72-74 may be repeated, and the scaled rain responses sumed, to yield a
curul at i veéllusariated rie FPOS anclade the stapss b€ chebwirimgy T8mactuad seiverdiossivsimgreflawvi ng to
FIG 6). 11 WD 02/095149 PCT/US02/ 15650 The scal ed or cunul ative rain

response BROLiE aHS StbtiaLtitie8®h BARAnMISH TR H8 WRiasited Y& ds RO bIRBaselmdCh as
pi pe | eaks, overf nonitor errors are occurring by conparing the

| ows, or :
TPl st a GEbRRERTGE ol ALl BRlER PG rIORE  1alGn SRR, 7, 017

! _ _ measurin ewer flow,
Toasr od SERRERENPRGIOHRSDASE AHbUFIGep S B SOREMFRRRAE Ho¥ mal | y
occurs at the flow nonitor's | ocation during non-

results in an adjusted flow that is representative of the inflow and infiltration on the system

from the rain event. The system then compares 82 the adjusted flow to the scaled or

10  cumulative rain response to determine whether the adjusted flow substantially corresponds

to the scaled or cumulative rain response. If there is a substantial difference between the

adjusted flow and the selected rain response, then the system may alert 86 a user or another

system or device of a potential problem in the sewer network. The alert may be, for

example, a direct communication to a user via a display, electronic mail, sonic alert,

15  printout, or other communications medium, or the alert may be as simple as the delivery

of the correspondence data to a processor, a storage medium such as a computer memory,

or a transmission medium such as an analog or digital signal for further handling, use, or
storage.

The determination of scaled rain response may also be used to calculate or predict

20 net flow between two points in a sewer network. For example, if flow is measured at an

upstream point in the network, the system can predict the flow at a downstream location

using the scaled determination of inflow and infiltration. The prediction may also be
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precipitation conditions, and the subtraction of baseline flow from
nmeasured sewer flow results in an adjusted flow that is representative of
t he infl owoemaosmdiltrati on on the system fromthe rain eanso2I$sosyst em
then conpares 82 the adjusted flow to the scaled or 10 cunul ative rain
response to determ ne whether the adjusted flow substantially corresponds
to the scaled or cunulative rain response. If there is a substanti al

di fference between the adjusted flow and the selected rain response, then
the systemmay alert 86 a user or another system or device of a potenti al

probl em i pfHa SEWeLcAm: Wiike arg&ﬁlt l%i‘ fifnk tlfﬁ‘?}{ thA&s alufllt of ﬁ%@"ﬂ? kGvel ot fBCL

communi cation"to a user via a I splay, electronic mal sonic alert, 15

printout, or, other co i cations di.um or the alert may be as sinple as
the deli Vél,pgreagfl%pﬁg)nct&tlpee@%?grgm OGHPY to a processor, a storage nedium

n
such as a conputer nmenory, or a transm ssion nmedi um such as an anal og or
di gi tal signal Hos. $-§rarpeéde hagraphipgllusirgtion of thesdeieragjpatiophel wen &aspPRsst i on of
scaled rain response nay al so be used to calculate or predict 20 net flow
bet ween t vbli@eingitte stepoBSEME 2. NRefaridg toFAlG. Sxarspiver nétivofk’ ovesponseraanr ed at
an upstreampoint in the network, the systemcan predict the flow at a

downst kea ¢ [ m i -4
£ H?lt'e%_ili_ f Qfh m §b@,sahisa§tea<a%%9df$%ra§fll.2 %%rggfggg id dwyg%r%v/s%d;g% B

infiltration. e prediction may al sO be 149
configured to a time that it

o travel FIBRERS Thbat tir SRR o o biReo as amet P S RE Ih HSh S e, 5. 6
provide a qqr, aphic i Ii I u}?t r at I|l on _of_ t he.tde;tier nl‘l r;at i or(lmo{1 r ai ns. r esponsg
f ol | owi ng fhuid prapeRy inshawreon 2 y-pes apd fthytimg 1Eshow onthe gopjis. ndhegraphs
response to an

typically follows the shape of a parabola, sine wave, or other shape having a rising portion,

a crest or a peak, and a hyperbola or recession curve. Examples of two hydrographs of rain

10  responses over a period of time, such as twenty-four hours, are illustrated in FIG. 5.
Different sewer networks, different locations within a sewer network, and even different
rain events having different intensities and/or time intervals will yield different rain
responses, as illustrated by the two different hydrographs in FIG. 5. A similar type of
graph, a hyetograph, would illustrate a quantity of rain over a period of time.

15 As noted above, each interval of rain represents only a portion of an overall rain
event, such as a period during which an inch of rain is received, or a period within which
1/100th of an inch of rain is received, or any interval of a total rain event. The overall rain
response is determined by accumulating a plurality of hydrographs as illustrated by
example in FIG. 6. For example, the first rain tip may yield a rain response identified as

20  curve 100, while the second rain tip, which occurred after the rain tip, would yield a peak

that is later in time. The response curves for the second tip 110, the third tip 120, and any

number of additional tips are added to the first rain response curve to yield a total rain
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5 interval of rain my be illustrated as a hydrograph. A hydrograph is a
graph showi ng a property of a fluid, in this case sewer flow volune, over a
peri od ofwoiamesikm FIG 5, the fluid property is shown orrca/ysoaxieso and the
time is shown on the x-axis. The graph typically follows the shape of a
par abol a, sine wave, or other shape having a rising portion, a crest or a
peak, and a hyperbola or recession curve. Exanples of two hydrographs of
rain 10 responses over a period of tinme, such as twenty-four hours, are
illustrated in FIG 5. D fferent sewer networks, different |ocations

within a §§§ﬁ%ﬁs§n%h‘f@é&ﬁtinﬁ&dfo?X@xﬁgr%ﬁa}rﬁ%%&faegfsg#]Lafﬁi’eﬁ% SielPite dFedil kiif" €Nt

intensities and/or tine Interva erent “‘raln responses, as
illustrated by t two different hydrographs in FIG 5. simlar type of
or aph. o RRONL T s ARG A el R ARPPRYS BE cPRPHeI i ea TRl o
time. 15 As noted above, each interval of rain represents only a portion of
an over al Iwhieli is illasteated insEl6h 7ass B0 &G o8| iltustratey thittitht cempitad evertll rainn i s
received, or a period within which 1/100th of an inch of rain is received,
or any i ntredpyade 190 rAay ¥ @mpadidtoaeatiual FhierRpeisal1Bo tafind tHeRdpPurd rais

determ ned by accumulating a plurality of hydrographs as illustrated by
exanpl g i j L0t iR I I
respo nge ?ﬁhﬁeft?aet (51 Eg{she %&LHS Irv@%l t&%gctﬁ%%lt‘ gés I{e}’e's gglg ES%P g‘:“ﬁ’h? ? %",r{eﬁ’% h

occurred after the inti ul i.el.d a peak . t.hat i er in tinme. The
response ARCQLRES Bﬁﬁtﬁf‘ﬁé’ S?&‘E%tggflfcg % ilﬁ,lg"flﬁlgg?rﬂ?"ﬁ&“moﬁ tisgdf,’ea}éﬁ?ﬁsoﬁ Ay “nunber
of additional tips are added to the first rain response curve to yield a
total rai Bquargtegpop 2mOabeuICPESE. US02/ 15650 response. This continues for as
many rain increnents as desired to yield the overall rain response of the
system After Steetialy feateresabnd advantageasyh tesiasemior acoappateatiromathedetailetie of

specification, and thus, it is intended by the appended claims to cover all such features and
10 advantages of the invention which fall within the true spirit and scope of the invention.
Further, since numerous modifications and variations will readily occur to those skilled in
the art, it is not desired to limit the invention to the exact construction and operation
illustrated and described, and accordingly, all suitable modifications and equivalents may

be resorted to, all of which may fall within the scope of the invention.
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which is illustrated in FIG 7 as 170, FIG 8 illustrates that the conputed
overall rain response 170 may be conpared to the actual rain response 180
to find tWwecesputed rain 5 response that has the best fi tramudo2tisusoact ual
rain response. This conparison is done using a goodness of fit test, such
as the such as the Kol nogorov-Sm nov test, the Pearson's chi- square test,
or any other such test. The many features and advantages of the invention
are apparent fromthe detailed specification, and thus, it is intended by
t he appended clains to cover all such features and 10 advantages of the

i nvention WhLGEfhaldg thin the true spirit and scope of the invention

Further, since numerous nodifications and variations wll readily occur to
those skilled in the art, it is not desired to limt the invention to the
exact construction and operation illustrated and described, and

accordingly, all suitable nodifications and equivalents may be resorted
to, all ofl-whi oh mehod af (detgrmining theeetfasbpé poscinitadion mpeAeworiithing ygwer

02/ 095149 PCT/ US02/ 15650 What is clained is: 1. A nethod of determ ning

t he effectnedboRl @mmprisiml:i on on flow within a sewer network, conprising: 5
collecting data representative of a neasured rain quantity over a first

time igterval ,c%llféﬁn bl reprSRtaiOl of YPREGA thintqubhtityovd I'8rsl thet@lahas a

duration that is lessS than a twenty- four-hour peridd;, maintaining, in a
tive of .a nodeled rain re

nenory, dat a resent DO .at secona
oot on' b e eaDEReE e o3 R kel BaachERBR IR iDbetloal SR
duration that )
four-hour period;
maintaining, in a memory, data representative of a modeled rain response at a
second location over a second time interval, the second time interval having a duration that
10 is longer than the duration of the first time interval;
calculating, in real time, a scaled rain response, the scaled rain response

comprising a function of the modeled rain response and the measured rain quantity; and

reporting, in real time, the scaled rain response.
15 2. The method of claim 1 wherein the second location is a location within a sewer
network, and the calculating requires no additional data relating to either the sewer network

or any substance flowing within the sewer network.

3. The method of claim 1 wherein each modeled rain response comprises an

20  anticipated increase in flow at the second location over the second time interval.
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10 is longer than the duration of the first tinme interval; calculating, in
real time, a scaled rain response, the scaled rain response conprising a
functi on wh i2hesmwdel ed rain response and the neasured raiPeTgsanisesy; and
reporting, in real tinme, the scaled rain response. 15 2. The nethod of
claim1l wherein the second |ocation is a |ocation within a sewer network,
and the calculating requires no additional data relating to either the
sewer network or any substance flowing within the sewer network. 3. The
met hod of claim 1 wherein each nodel ed rain response conprises an 20

anti ci pat in i fgﬁﬁ;' e tinme

i nterval. %35 VE%%?%B@%@W%%&@%@%HQ% eésgréi}tsﬁgsd‘{ agétngf)g? %@?gavbner ein
t he nodel ed rai n response i s capable of graphical representation ag a
curve on é%?%ﬁﬁ“ﬁﬂé?éc‘éwﬁ-oéﬁ %arﬁbﬁ’?g%éﬂfag“ fePyeseis aﬁﬁ‘é“ gre Pﬁ‘flhB‘(X/aé} d
infiltration and an x-axis represents tine. 5 5. The nethod of claim1l
wher ei n t hefilthatien anghanof-axis eeprésents tiniere i nterval is shorter than a duration
of a corresponding precipitation event. 6. The nethod of claim21 conprising
the additional step of identifying a cunulative scaled rain response, the
cunul ative scaled rain response conprising a sumof a plurality 10 of

scal edgraign r?%@%&ﬁ)&%ﬁ%ﬁ.l%&?&hklﬁufhftif)ﬁiomeiﬂ%%ﬁé%t%waﬁssﬂ_ r flghhod of

claim1 conprising t Itional steps of neasuring, using a flow nmeter at

the second | ocatign, data re resen%?tive ?f a neasured flow
a duration ol a correspondln pI‘CClpl ation event.

6. The method of claim 1 comprising the additional step of identifying a cumulative
scaled rain response, the cumulative scaled rain response comprising a sum of a plurality

10 of scaled rain responses over a plurality of time intervals.

7. The method of claim 1 comprising the additional steps of
measuring, using a flow meter at the second location, data representative of a
measured flow;
15 subtracting a baseline flow from the measured flow to result in an adjusted flow;
and
comparing, using a processor, the adjusted flow to the scaled rain response to

determine whether the adjusted flow substantially corresponds to the scaled rain response.
20 8. The method of claim 7 wherein the comparing step determines that the adjusted

flow and the scaled rain response do not substantially correspond, and comprising the

additional step of reporting an alert.
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15 subtracting a baseline flow fromthe neasured flowto result in an
adjusted flow, and conparing, using a processor, the adjusted flow to the
scal ed rawo maspieanse to determ ne whet her the adjusted flrowsobsicanti al |y
corresponds to the scaled rain response. 20 8. The nethod of claim?7
wherein the conparing step determnes that the adjusted flow and the scal ed
rain response do not substantially correspond, and conprising the
additional step of reporting an alert. 16 WO 02/095149 PCT/ US02/ 15650 9.
The met hod of claim7 wherein the baseline flow conprises a flow
corresponding to a non-precipitation event. 5 10. The nmethod of claim?7
wherein the conparing step conprises a goodness of fit test. 11. A nethod

of predictjng e effect. of ecipitation.on.flowwi.thin a sewer network,
conpri sing- colPEaRS ol sizim oyhesbn BeRaFTine o, Compiises rfla¥: poEaRoaie
quantity over a first time 10 interval at a first |ocation; creating,

usi ng a prosassprecimtappyeedntt y of possi ble rain responses, each possible
rain response conprising a distribution of possible flow volunes at a
second | ocation over a second tine interval, the second tine interval
being longer than the first tine interval; neasuring, using a flow nonitor,

a measyreqof | ovny Qlipa o@kﬁhﬁb%}eﬂ{‘th%oﬁ]ﬁ%inggs% ﬁg@?%sia%gﬁ%r?e%oﬂi{%st.t he

second time interval; conparing, usingt ural ity of
possi ble rain responses to the

11. A method of predicting the effect of precipitation on flow within a sewer network,
comprising:
collecting data representative of a first measured rain quantity over a first time
10 interval at a first location;
creating, using a processor, a plurality of possible rain responses, each possible rain
response comprising a distribution of possible flow volumes at a second location over a
second time interval, the second time interval being longer than the first time interval,
measuring, using a flow monitor, a measured flow volume distribution at the
15  second location over the second time interval;
comparing, using the processor, the plurality of possible rain responses to the
measured flow volume distribution;
selecting, using the processor, a modeled rain response, the modeled rain response
being the possible rain response that most closely corresponds to the measured flow
20  volume distribution; and
storing the modeled rain response, the first measured rain quantity, and the first

time interval in a memory.
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measured fl ow volune distribution; selecting, using the processor, a
nodel ed rain response, the nodeled rain response being the possible rain
response wiak/opsigs cl osely corresponds to the neasured fl eeT/R02/vBEUNE

di stribution; and storing the nodeled rain response, the first neasured
rain quantity, and the first tine interval in a nenory. 17 WD 02/095149
PCT/ US02/ 15650 12. The nethod of claim 11 further conprising collecting
data representative of a second neasured rain quantity over a third tine
interval at the first location; 5 calculating, in real time by a processor,
a scaled rain response, the scaled rain response conprising a function of
t he nodel ed rain response and the second neasured rain quantity; and

reporting,,.in real tinme,.the scaled rain. response. 10 13. The net hod of
claim 12 wHer ei@eﬂﬁhﬁ%’ﬁoﬁi?}m glcﬁ‘ft?‘%coing’rglqgocati on within a sewer network,
and the calculating requires no additional data relating to either the
sewer network coleciing delatsepreseatative old segond mpasirediaingartity geergchitd img. The
met hod of claim 11l wherein the selecting step conprises performng a 15
goodness diitefviat attths firsotochtien;neasured fl ow vol une distribution and the
plurality of possible rain responses. 15. The method of claim 1l wherein
the nodel ed raicichRERLRGAISiAEBIR fro&ss@ @RBAIER ain response, the scaled rain
response comprising a function of the modeled rain response and the second measured rain

quantity; and

reporting, in real time, the scaled rain response.

10 13. The method of claim 12 wherein the second location is a location within a sewer
network, and the calculating requires no additional data relating to either the sewer network

or any substance flowing within the sewer network.

14.  The method of claim 11 wherein the selecting step comprises performing a
15  goodness of fit test on the measured flow volume distribution and the plurality of possible

rain responses.

15.  The method of claim 11 wherein the modeled rain response is capable of graphical

representation as a curve on a graph where a y-axis represents at least one of inflow and

20 infiltration and an x-axis represents time.

16. The method of claim 11 wherein the first time interval has a duration that is shorter
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representation as a curve on a graph where a y-axis represents at |east one
of inflowand 20 infiltration and an x-axis represents tine. 16. The

met hod ofwoloaiops1dd wherein the first tinme interval has a damaiSozmséshat i s
shorter 18 WD 02/ 095149 PCT/ US02/ 15650 than a duration of a corresponding
precipitation event. 17. The nethod of claim 12 conprising the additional
steps of: neasuring, using a flow neter at the second |l ocation, data
representative of a 5 nmeasured flow, subtracting a baseline flow fromthe
nmeasured flow to result in an adjusted flow, the baseline flow

corr espondj 5 Ll af t d conparing, using a
processor?h?ﬂzalgaﬁrg%wﬁ&&ﬁg@%%Igagg%a{@devfgt?n response to determ ne
whet her the adjusted flow substantially corresponds to the scaled rain
response. 10 18. The nmethod of claim 17 wherein the conparing step
determ nes that the adjusted flow and the selected rain response do not
substanti d?y cﬁer@@b@L@f,Cl@lﬁdl%@ﬁmpﬁl%ﬂ&@e@ﬂ@tw%m@vﬁinal step of reporting
an alert. 15 19. A sewer network flow anal ysis system conprising: a
processor; a nmansasyring) wingnaflowahetenatdhe setdid locaias data reprosknaativaiof agauge
in comunication with the processor; and wherein the processor is

progr agned,{QuRE¢RML. fromthe rain gauge, data

subtracting a baseline flow from the measured flow to result in an adjusted flow,
the baseline flow corresponding to a non-precipitation event; and
comparing, using a processor, the adjusted flow to the scaled rain response to
determine whether the adjusted flow substantially corresponds to the scaled rain response.
10
18.  The method of claim 17 wherein the comparing step determines that the adjusted
flow and the selected rain response do not substantially correspond, and comprising the

additional step of reporting an alert.

15 19. A sewer network flow analysis system, comprising:
a processor;
a memory in communication with the processor; and
a rain gauge in communication with the processor; and
wherein the processor is programmed to accept, from the rain gauge, data
20  representative of a measured rain quantity over a first time interval that is less than a
twenty-four-hour period;

wherein the memory maintains data representative of a modeled rain response at
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20 representative of a neasured rain quantity over a first time interva
that is less than a twenty-four-hour period; wherein the nenory naintains
dat a reprweantatiyye of a nodeled rain response at 19 WO @2TOH61/4%50

PCT/ USO02/ 15650 a location in a sewer network over a second tine interval,
the second tinme interval having a duration that is |onger than the
duration of the first tinme interval; wherein the processor is further
programmed to calculate, in real time, a scaled rain response conprising a
function of the nodeled rain response and the neasured rain 5 quantity;

and wher eio{ e nRki 99%&%@0% bVELNRELItRAE RAEFRA, the séBR@filne ihtBrvaFilvidg! e,

t he scaleé raln response.

a duration that is longer than the duration of the first time interval,
wherein the processor is further programmed to calculate, in real time, a scaled rain
response comprising a function of the modeled rain response and the measured rain
5  quantity; and
wherein the processor is further programmed to report, in real time, the scaled rain

response.

20



