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sewer networks. Accurate measurements of flow between points, and an understanding
of what ﬂo§v is expected to occur at a downstream point based on upstream conditions,
can help determine — and to predict — when network problems such as leaks, breaks,
clogs and other blockages and overflows may occur. They can also help system
15 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.

One key parameter that is measured in a sewer network is the net flow between
two or more points. At a basic level, the volume of flow at a downstream location
minus the volume of flow at an upstream location is considered to be the net flow

20 between the two locations. The downstream location volume is typically higher than
that of the upstream location under normal conditions, as discharge sources, rainwater
inflow and infiliration, and/or other sources may introduce wastewater into the network
between the upstream and downstream locations. If the net flow between the two

locations decreases below what is expected, or if net flow becomes negative, the
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Sewer network managers have tried to compensate for the above-described

problem in two ways. The first way is to use a larger number of monitoring points in
the network, so that conditions are not likely to significantly change during the time
that it takes wastewater to flow from one monitor to the next. However, flow monitors
15  can be very expensive to purchase and costly to maintain. Thus, this solution is not
desirable because it is not cost-effective, and it is often cost-prohibitive. In addition,
the solution still does not account for the travel time between the monitors that are

installed.

The second way is to perform detailed modeling of travel time, based on
20 volumes of network design specifications and flow data. Such modeling exercises are
time-consuming, costly, and only provide a snapshot of an anticipated travel time that

matches the conditions under which the modeling occurred.

Thus, if a method and system for determining travel time in a sewer network

were available that could determine the travel time in real time, using a small number



of nonitors and relatively little input data, significant cost savings
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0 real-time derivation of the time that it takes for a flow to travel between points in the

network.

In accordance with a preferred embodiment of the present invention, a method
of analyzing flow of a substance in a sewer network includes the steps of collecting
first data representative of a first flow velocity of a substance at a first location, as well

15 as collecting second data representative a second flow velocity of the substance at a
second location. In a preferred embodiment, the method also includes transmitting, via
at least one communications link, the first data and second data to a processor. The
processor determines a travel time corresponding to travel of the substance between the
first location and the second location using only the first data, the second data, and a

20  constant. Preferably the processor does not require additional data relating to the sewer

network or the substance.

Optionally, the method also includes the steps of detecting a first flow volume
at the first location at a first time and detecting a second flow volume at the second
location at a second time. The second time is a function of the first time and the travel

3



time. The option also includes transmtting the first flow volunme and the
second flow volune to a processor. The processor determnes a net flow
correspormiprgose@wo@ di fference between the second fl ow volPamasant3she fir st
flow volune. 5 Optionally, the determ ning step conprises divides the
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devel oping a distribution of first flow volunme data fromthe first flow
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of the present invention, no additional data relating to the flow
minute, or second, as well as longer periods. To derive the constant, the method

includes developing a distribution of first flow volume data from the first flow monitor
over a period of time and a distribution of second flow volume data from the second
flow monitor over a period of time. The constant corresponds to a goodness of fit test

15  performed on the distributions.

As an additional option, the processor is integral with a flow meter that is

located at either the first location or the second location.

In accordance with another embodiment of the present invention, a system for

analyzing flow of a substance between a first location and a second location, includes a

20  first meter capable of detecting a first flow velocity at a first location and a second
meter capable of detecting a second flow velocity at a second location. The first meter

and the second meter are in communication with a processor, and the processor is
programmed to derive a travel time of a flow from the first location to the second

location using the first flow velocity, the second flow velocity, and a constant. In a



or the locations are required. Optionally, the first meter is also capable
of detecting a first flow volune at the first location at a first tine,
t he secomOomesmeé s al so capabl e of detecting a second fl @@T/(Bovai3zére at
t he second | ocation at a second tine. The second time corresponds to a sum

of the fi I 3 . t ha: I:

ot ogr ammu 15 U SRRt S Sl eni Bl D MGHBRICERE et WAL IR | 1
second fl gw v Iutme and the . first flow volunme. Optionally, the first

| ocati on &n e?%gl%r&aﬁ%li?q}l%%dati on are locations within a 10 sewer network.

As a further option, the processor may be integral with the first or

second neter. OpticHaao! @ames Météhis ARBLALILIEHDQRMABB Mt A6 vBIERER the
invention, a method of analyzing flow of a substance in a sewer network

i ncl udes 1{&?10%5‘( ar’%gfﬁ&'sﬁhﬂg tﬂy%écioﬂh &etélu:fssﬁléfl? gzgﬂa[aic()aocﬁlgggetacgﬁg atsgcto%8 I Get

upstream fl ow vol u ata pol nts correspon upstreamTf| ow

meter over .a perjod of tinme, using a,downstreamflow neter t collect a
dovinst eatRIRPEA PEISeiHEd JRTHORGF AESEoRAF o Miererigite Prigupnds (e um
corresponding to travel of a substance between an upstream | ocation
corr esporii R fist tereand thadavelstimeammd tespraseses in derther deraeremnesgnio
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upstream |l ocation at a first tine, detecting a second flow volune at the
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In accordance with another embodiment of the present invention, a method of
analyzing flow of a substance in a sewer network includes the steps of using multiple
upstream flow meters to collect upstream flow volume data points corresponding to

15  each upstream flow meter over a period of time, using a downstream flow meter to
collect a downstream flow volume data point, and determining a travel time
corresponding to travel of a substance between an upstream location corresponding to
one of the upstream flow meters and a downstream location, the downstream location
corresponding to the downstream flow meter, using the plurality of upstream flow

20  volume data points, the downstream flow volume data point, and a constant, without
requiring additional data relating to the sewer network or the substance. Optionally, the
method also includes the steps of detecting a first flow volume at the upstream location
at a first time, detecting a second flow volume at the downstream location at a second

time that is a function of the first time and the travel time, and determining a net flow



fl ow volune. In accordance with another enbodi nent of the present
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enbodi ment sQbnd RBHAERRE Y thd¥EdMhH A8t of AIBR Wbne AhatadB\Rk ¥fhd) QdéﬂltﬁWn fa @

substance in a sewer network includes the steps of using a plurality of

f Ll ect: i £y .of,. | I
upstr eamcoh&%{&%%rggpfoghglggﬁ a rgﬁ{mﬁ"opi! rf?rgtl &1*{1@1&[1021%&1? tgé %%Bﬁ% gﬁg‘mu{tlpﬁ W Vol Uume

data correspondi upstream Tl ow ne ve mMe, .using

ST RS S b ol SR AR BT 0ot
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the second location, and determining a transport time corresponding to transport of a
substance form the first location using the first flow velocity, the second flow velocity,
and the, constant, without requiring additional data. Optionally, the method also
includes using the first flow meter at a first time, to detect an upstream flow volume,
15  using the second flow meter at a second time being the sum of the first time and the
transport time to detect a downstream flow volume, and calculating a net flow
corresponding to a difference between the downstream flow volume and the upstream

flow volume. Optionally, the relation in the identifying step comprises a goodness of

fit test.

20 In accordance with an additional embodiment of the present invention, a method
of analyzing flow of a substance in a sewer network includes the steps of using a
plurality of upstream flow meters to collect a plurality of sets of upstream flow volume
data corresponding to each upstream flow meter over a period of time, using a
downstream flow meter to collect a set of downstream flow volume data over the

25  period of time, identifying a plurality of upstream distributions corresponding to a set
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of upstream flow volunme data over tine, identifying a downstream
distribution corresponding to the set of downstream fl ow vol une data over
time, idewDiokpsdeee a constant corresponding to a rel ati onPefi/ushy123pst r eam
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relation in the 5 1dentifying step conprises a goodness of fit test.

There have t been tli e | t . Ur the invention
in or dercofrﬁ%t%%fi %%%é@ﬁ?ﬂoggﬁggygs%l%?ifgoﬁn ﬁ%g{lp tg%%]m% Lc%?ﬁ éhoﬁ)ﬁg%ownlﬁs;w e better
understoqd, .and in order that the present contribution tp the art my be
bet t er agw@epalfsaes 5% g velgettyg Biey sewond dinvy (vaIRsit B (i SoRtate
invention that wll be described below and which will 20 form at | east
part of tverejnihedetempinimgrstepf dach aokrediiie adgipenad datah Pritamally,rihe methadespect ,
before explaining at | east one enbodi ment of the invention in detail, it

i s t dObe almodechtiendsinpat fitsh8ownuetat atothei farstnopsticamn Ibeationratia Srsajpijple ®at i on to
the details of construction and to the arrangenents of the conponents set

forth in dehet afnohgﬁﬁiaﬁﬁ IR Glollyhd, Otisifg  tht | dswiistiedl FEwt Bfetddr aMangite The
invention is capable of other 25 enbodi nents and of being practiced and

carried Quhedfdnifie!t8USuMfiShe MsBlmelahd R tfePme fo detect a downstream flow

volume, and calculating a net flow corresponding to a difference between the
downstream flow volume and the upstream flow volume. Optionally, the relation in the

15  identifying step comprises a goodness of fit test.

There have thus been outlined the more important features of the invention in
order that the detailed description thereof that follows may be better understood, and in
order that the present contribution to the art may be better appreciated. There are, of
course, additional features of the invention that will be described below and which will

20  form at least part of the subject matter of the claims appended hereto.

In this respect, before explaining at least one embodiment of the invention in
detail, it is to be understood that the invention is not limited in its application to the
details of construction and to the arrangements of the components set forth in the
following description or illustrated in the drawiﬂgs. The invention is capable of other

25 embodiments and of being practiced and carried out in various ways. Also, it is to be
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i npl enentatjon of conponents of the 10 present inventive systemin a
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addi tional_ el nt, . of. 15. preferred enbodi nent .of the present .i nventive
et hod mapoR afthauihispgioclosyt? i aStaE RS che ToR o e A a0 Fs BSURT S of 1 he
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an exenpl kg SgBes, dpgiBede ilfhf SYekGIesh far hearpyings Qe ther seyarahjirnosesnef éhe
accurately understood when the travel tine is taken into consideration. 20

FIG 5 ilfresshviavengionhe exenplary flow measurenments of FIG 4 after
conpensation for travel tinme. FIG 6 illustrates an exenplary cal cul ation

of net flow when trave i i i i cal cul ation. 8 WO
02/ 086666 PCT/ US02/ 123§§ﬁtﬂ%é§c£@‘noﬁ°é‘ﬁlrﬁ%fﬁﬂm9n&8§

FIG. 1 illustrates an example of the implementation of components of the

10 present inventive system in a typical sewer network.

FIG. 2 is a flowchart that identifies the steps that a preferred embodiment of the
present inventive method may follow along with an exemplary use for the travel time

derived by the present invention.

FIG. 3 is a flowchart that identifies the steps that an additional element of a

15  preferred embodiment of the present inventive method may follow.

FIG. 4 is a diagram illustrating how the results of the present invention may
have application for use in the analysis of flow in an exemplary sewer network in
which the measured flow may be more accurately understood when the travel time is

taken into consideration.

20 FIG. 5 illustrates the exemplary flow measurements of FIG. 4 after

compensation for travel time.

FIG. 6 illustrates an exemplary calculation of net flow when travel time is not

considered in the calculation.



FIG 7 illustrates an exenplary cal culation of net flow when travel tine is
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flow neters or nmonitors 30, 32, 34, and 36 are positioned at various

| ocat i onswittbut Requitihgvdetsiled 4nforthationeibous theayysteen, Guclany tbd distiacdl oflgisd gn or

type that is capable of neasuring flow velocity, either directly or

| ndi reet | hafa¥ieRSlidsUthd Sevhd el cik] Oite BteRMBe® thidRFaFel ARG B, B uRE] RTBL €T S.
Such a neter is described in, for exanple, U'S. Patent No. 25 5,198,989, to

AL L, S A5, 5 4L PO 45 o

4,397,1§ e noni fors are also cap

measurin | 0 - . : .
genLanc\l%g the ability of a system manager, engineer, or operator to detect discrepancies

and/or unexpected network conditions.

An illustration of a preferred embodiment of the present inventive system in an

15 exemplary sewer system apparatus and method is illustrated in FIG. 1. Referring to
FIG. 1, a sewer basin area 2 includes one or more wastewater discharge sources such as

4, 6, 8, 10, and 12 that discharge wastewater 14, 16, 18, 20, and 22 into a sewer
network 24. The volume of wastewater 26 in the sewer network increases as more
wastewater is introduced into the network by the sources, and the wastewater flows

20  through the network 24 toward a wastewater treatment plant. A plurality of flow
meters or monitors 30, 32, 34, and 36 are positioned at various locations in the network

24. The meters may be of any standard design or type that is capable of measuring

flow velocity, either directly or indirectly by performing calculations on one or more
measured parameters. Such a meter is described in, for example, U.S. Patent No.

25 5,198,989, to Petroff; U.S. Patent No. 4,630,474, to Petroff; and U.S. Patent No.

4,397,191, to Forden. Preferably, the monitors are also capable of measuring flow

9



9 WD 02/ 086666 PCT/ US02/ 12336 volume, either directly or indirectly by
perform ng cal cul ati ons on one or nore neasured paraneters. Optionally,
t he noni twoY2a8®e6 may be capabl e of perform ng any ot her PCypsoni2336
measur enent, such as tenperature or depth of the flow The nonitors

preferably.include c ni cat.i ons..capabi |ty suc at data from_ 5 at
Peast tvordrien st AaTS fRyh BB, Brisiinf Alials o ot (Bl For
exanple, as illustrated in FIG 1, nonitors 30, 32, 34 and 36 may transmt
the data PREPrdmSiARGSEe (Qptiopply, shepaiiass alse maydhs watlf of BoHOTPER A
satellite 38, which relays the signal to a processor 28 such as one

| ocat ed a¢thertpperefoneasatesrent, sueh astompgriatune or @pth ofithkiflpw.t he processor 28
may be | ocated at any other |ocation. For exanple, the processor may be 10

| ocated at one_.of the nonitors,. such as monitor 36.il| ustrat in FIG 1,
| whi chcase TRmoRfar BrireshSinShSChimARAPE s mp i b Pe5R A Balt be
acconpl i shed through direct or substantially direct delivery of a signal
from & no#ileast teeakBie mepitorpmay deslshivgred toha pragpyser dectlyy dingskaaplenat o a
satellite illustrated in FIG 1 is only an exanple of one form of

comuni caidlustretedriat Fifiay, meniies 30, 2%\34rmed 36dnay transstibtie tdatat thalghéwenlksct he dat a
15 collected by at least two nonitors to a processor, such as a radio

transm ttgn/d egelese riranSinidsm todh akmbe gl B8,n&hichl RIBKNDE sgnanectd vity,
or even direct wiring may be used. The amount and the | ocations of the

TONi £Or S, pBBSEGEY ShSRUESERocaRA s HOWal ol MEP frehthotp plaft S Gptibndrh/Cendl ar e

nerely inl’?ended as illustrative of an exanple of a sewer network that

. . . . . | .
mon tor & SaeEesreatilRy B PR & BF DO ReadlY S WREL RO e RERRRR b oy
incle I X it d. d t [ : th

al ter Hit § 9B G1epahe G P ROt PO iy B Ao VAt - & biShSerbam
noni tor. The processor uses the flow velocity data col|lected by at |east

two of t hide tpssmaissipn of datp gnegared Ry monitae3q rordd bp gecaniplishedthrepgh disectance t o

travel between two points
or substantially direct delivery of a signal from a monitor sensor to the processor. The

wireless transmission to a satellite illustrated in FIG. 1 is only an example of one form
of communication that may be used. Any method or system that delivers the data
15  collected by at least two monitors to a processor, such as a radio transmitter/receiver

system, dial-in phone lines, Internet connectivity, or even direct wiring may be used.

The amount and the locations of the monitors, wastewater sources, and flow

volumes illustrated in FIG. 1 are merely intended as illustrative of an example of a

20  sewer network that is equipped with the present invention. Any number and location of
monitors and wastewater source may be used. For example, the network may include

only one upstream monitor and one downstream monitor. In the alternative, multiple

upstream monitors may be used with a downstream monitor.

The processor uses the flow velocity data collected by at least two of the

25 monitors to determine the time that it takes a substance to travel between two points
10



10 WO 02/ 086666 PCT/US02/12336 w thin the sewer network. The steps that
the processor nmay performto achieve this determnation, along wth the
ot her st ewe oak@ne by an exenpl ary net hod enbodi nent of tReTASeY €386

invention, are illustrated in FIG 2. Referring to FIG 2, a first flow

velocity is..cqllect L f]aw f yeloeity is
ol I ect ecvERRhe ERHheRna o Pl it BRPhSher D REGE o BIURAR.
second flow velocity are de|livered 54, by direct wring adj o..

Lransm ssTRmIAEEN A15RE S0 Sheps flfeR bien Premplagmethod Sigbgiment
comuni cations nmediumto a processor. As noted above, the processor may be
separ at e 9fribenprdsentmipentions aretllustratagyn BEG At SRelatring QOhFT&he£ df fisshdowoni t or s
such that comunication by such nonitor is not required except to deliver
t he dat a Velaiytihieollkdted 505 a fint flow metére gk adcopd dloesecocityAk solladisdrial | vy,
each nonitor may comruni cate via the sanme type of communi cations medi um

or di fsf er gdcofPHetc?! snd"MY¥ sy fv@%&ﬁ*‘hnd RABondMIbeTvlditgtydad deliverddecei ved
by the processor, the processor calculates 56 the time that it took a
1'

subst ancegj : Kk l.;Er O [ giarst nitor
to 15 thse‘i’ ﬁ&%ﬁ%%‘%ﬁé’t If‘1at((ai?os EeI{:on Ssrlr{))%i @?ﬂﬁs%aﬁéﬁgﬁﬁg’ ?‘&gﬁl?ﬂlél%’ ‘?rl 0

vel ocity, Bhe second fl ow vel ogi ty, and a preoﬁe eqr m ned const ant .

Pr e or abl et PES T TP GHTE S EoH, PRI SHHE B SR SP AR P onst ant
by the average of the first and second flow velocities. %{i onal |y, the
cal cul at | Ry TEBIHe Maitersy og ithvaray e Biesabratnonreal hsiaenitars pyehithal sum of
the first and second flow velocities. This calculation may be perforned at
20 nul ti ptomrhimrieatioansy/ suchl monitdroissnot gequiredt éxicyptrtol délivee ther dateifrom thes. The
constant is a predeterm ned, sewer network-dependent value. It also

depends ufasorith¢hd mthigyil Padessor! eAlso vhiidtally! &ueh iesnitvr kndyocornmhintibeta via avel
time calculation is desired. The nunber of possible constants relates to

the nunbege Qhime TP bPlesmnim AGoRe WAk, JTOdifR¥AMRhGhitokd niahise BffsrehOUr
monitors in a network in seri es,

media.

After the data is received by the processor, the processor calculates 56 the time

that it took a substance in the network to travel from the location of the first monitor to

15  the location of the second monitor using only the first flow velocity, the second flow
velocity, and a predetermined constant. Preferably, this calculation comprises dividing

the predetermined constant by the average of the first and second flow velocities.
Optionally, the calculation may comprise dividing the predetermined constant by the

sum of the first and second flow velocities. This calculation may be performed at

20  multiple times and/or locations to identify multiple travel times.

The constant is a predetermined, sewer network-dependent value. It also
depends upon the individual meters within the network for which a travel time
calculation is desired. The number of possible constants relates to the number of
monitors in the network. For example, if there are four monitors in a network in series,

25  represented for the purpose of discussion as monitors A, B, C, and D, there could be an

11



25 represented for the purpose of discussion as nonitors A, B, C and D,
there could be an 11 WD 02/ 086666 PCT/ US02/ 12336 A-B constant, a B-C
const ant ,wa 0@o8660©nst ant, an A-C constant, a A-D constant pca/uBomi23sonst ant,
and a G D constant. Not all such constants may apply, or additional

constants, ,na de Ioct Q of 1 n|t t he
net wor k éﬁ]g ﬁSt?’Iﬁ,i%#gﬁoﬁga& gﬁﬁcf)ﬂ %S%Star{t ag posst%ﬂq Phlgt sone
of the constants could be the sa S not 5 a requirenent of the resent
i nvent i ofORYAL AA@ (chhemsins Bt s elclga%stai%@aza aff addeiong} conglan

derived by studying the volunme and travel time within the network over a
peri od ofmayiapely, A¢nendinglont thelasatiensaf shevnphiters an thetnebwerckweinilin tlantovary at
different tinmes and on different days as external factors such as flow
vol unme, sadh étRerl dtHough ¢ i pssitela that 8éheof thedonsthntk cowltl ibenth®faniciswat er
occur, it has been surprisingly found 10 that the constant will remain

rel at 5velyoRrRhRos e Brekar kkitior 6 BEBSIARNs b8 halahRl Masbming fr

calibrated on a periodic basis, such as weekly, nmonthly, bi-nmonthly, or

any ot her é}%}{af)lgddeh‘?z?% p.[hém{gﬁ] %%Hﬁee é&a&egei{n?ee ﬁurpﬁ{[e%%\bor%v&re% hime.

FIG 3 il use er| ve a constan
accordance p ed enmbodi me of the t |nven 0 F| rst a
first fl Wﬁ%ﬂf’t m@ol‘f*ﬁ%‘?‘éh eggquqs Blwwaﬂﬁpge@ﬁﬂﬁlyﬁ%ta Figjgeé?ri on over
a plurality of tinme increnents, such as ten mnute intervals, half-hour

i nt er val $mascmd] gn diffesenjadays asapitgmplnfasiopnsach ay flomk, vpims walrce ity t wo
such time increnents are required, but the use of nore tine increnents wll
li kely resbinte, and infloov endhodfiltraiicen obragtveatdr abent, viahasolpeen Surprisengly fouadsecond
flow nmeter collects 82 flow volune data over a plurality of time intervals
that 100y teit thBYcohefanbeviBOrdnhkin SeiRivaly tidaegddor Preeeribly,sthd lowtaretier
measurenents. A processor identifies, such as through a scatterplot or

hydrogr a@@teﬁﬁﬁl?d %&BPF&IMB@ bfS ;Jehb&i% bhhds, %qclh Qs Fh&idyAmofithly, bSkonthly,

distribution o ow vol une ‘data fromthe first neter over tine 84 and

a- second %ﬁrﬁétflérgp#atn'o QCCOLHFfO;‘ IQanggsO 40%@56%& %CJV&O?@OR/Q‘%HE@ cond meter over

tine 86.

FIG. 3 illustrates the steps that may be used to derive a constant in accordance

with a preferred embodiment of the present invention. First, a first flow meter collects

15 80 flow volume data at a first location over a plurality of fime increments, such as ten-
minute intervals, half-hour intervals, hourly intervals, daily intervals, or any interval.

Only two such time increments are required, but the use of more time increments will
likely result in a more accurate constant derivation. Similarly, a second flow meter
collects 82 flow volume data over a plurality of time intervals that may or may not be

20  the same as those for the first flow meter measurements. A processor identifies, such
as through a scatterplot or hydrograph such as the examples illustrated in FIG. 4, a first
distribution of the flow volume data from the first meter over time 84 and a second
distribution of the flow volume data from the second meter over time 86. The first
distribution and the second disiribution are then compared, using a “best fit” or

25  “goodness of fit” test, to arrive at the constant that most closely results in a best fit

12



di stribution and the second distribution are then conpared, using a "best
fit" or 25 "goodness of fit" test, to arrive at the constant that nost

cl osely rwoukiosgssbtr a best fit 12 WO 02/ 086666 PCT/ US02/ 1P83aISobexsseen t he
di stributions. The goodness of fit test may be any commonly used goodness

of fit t Kol Or OV~ Smi r t est he Pearson's chi-square
Cest,  or Tehyet e ASebAEenc, T Efenam, of B e ey oo aby GoRaRPDp e

goodness of fit test and _the constant is the Pearson's correl ati on

coef fi ci effodngss ofd# tesli synhatetic Kolgmagprayeymirnete tesh ithe Eegisews chi-¢@Iakl at e an
accurate net flow between the locations of the two nonitors in the sewer
syst em Resteonrdnygtlegaich test. Ar&feraty, thdtestfis thet PeansdnSegamddessoifit tastarak e used
to detect a first flow volunme 58 at the |l ocation of the first nonitor and
a second thé owsymlt 18Re Béarsdn’$ b@rdladaat doeffictdnt.t he second nonitor. The first
flow volune is collected at a first time, and the second flow volune is 10
coIIected at a tinme that corresponds to the first tinme plus the travel
time. SThe f| oviPnegatalpyvdaiedythe tiauel tiae raebe dsagotor alanlge ga asewptevitet flowt he
processor determnes the net flow 64 between the first |location and the
second | deaweanrthblocetadrsulfdhe tvgp mbritats iif the sewe sybtetweRefetring ageiado FIGE ow
volunme and the first flow volunme. As with the delivery of volune data to

the processky fitsharil RPoftmohiters ded tisee ty débet WdrviBow #bRIi5S REehPloeERFSOr i N
15 step 62 may be by direct wiring, radio transm ssion, cellular

transm Ss§fGfs filsP L6t add £Mocond 'fﬂo@rr%hﬁﬁé‘% aﬁtﬂ%ﬁ&PSﬁBT ‘EH%SseE‘é?ﬁ' HRitR. 2

processor Aga|n the processor be separate fromthe nonitors, or it

h b h
ey be 1RSI Al o exscgéﬁec;e@%;%&@éﬁ@%ﬁeaﬁ@;& FRGTTAL L B 51

noni t or require ol to the

inte raI oce sor..In fact the or use S 60 ma t he sane
20 pr cted af p 4ime, thah CPHC%P@B 504t kst fwed B%@ges @1 ihﬁa?lpwer ent

pr ocessor s. Also optionall each nonitor may conmmuni cat e via the sane.
type of CHATeH @ratthqnwéehm'mﬁ edrfo amrefessos Mgt Fhgriroenssomdsjerpdresdhe pet ent
medi a.

flow 64 between the first location and the second location by calculating the difference

between the second flow volume and the first flow volume. As with the delivery of
volume data to the processor in step 54, the delivery of volume data to the processor in
15  step 62 may be by direct wiring, radio transmission, cellular transmission, Internet link,
or any other communications medium to a processor. Again, the processor may be
separate from the monitors, or it may be integral with one of the monitors such that
communication by such monitor is not required except to deliver the data from the
sensor to the integral processor. In fact, the processor used in step 60 may be the same
20  processor as that used in step 54, or the processors may be different processors. Also
optionally, each monitor may communicate via the same type of communications

medium, or different monitors may use different media.

FIG. 4 illustrates an exemplary application of the identification of travel time to
an analysis of net flow. FIG. 4 provides two exemplary scatterplots of flow volume

25  data over time. The solid line, represented by Q, is a plot of flow volume data from a

13



FIG 4 illustrates an exenplary application of the identification of travel
time to an analysis of net flow FIG 4 provides two exenplary

scat t er plwD2086666 ow vol une 25 data over tinme. The sol i dPCirnsp2/18ps esent ed
by Q, is a plot of flow voI ume data froma 13 WO 02/ 086666 PCT/ US02/ 12336

hypot het | I & f I othetical rk. The
dotted |i ,Otﬁégé%)lr g@%\ e n&&élftorl S a};%f)@%éﬁg%l R WSW ﬁﬁ?‘rehafa&%& 18’["?1 a
hypot het i cal ream fl ow ni t in the sape sewer network. The tinme
bet ween s@pé"é?%\é\g%}ééksls&rPWa‘i’ﬁ @D b Vaﬁm%%ata 7B & Barathstsebiavnsieamdlont es t he
travel time TTl or TT2 that it took the flow 5 corresponding to the peak or
val | ey of mguitergnithesagle sersmmetioriupEhe Bmmbebrrien selebiod @eilsror viabeyshd the
downstream nonitor |ocation. In general, in any given network, nonitor

| ocat i onstwdakataetglofsu iliusenteapthet traidll ti;ﬂ'eeﬂ“(fl“1 | oNdET, tliav &l tddkrmlie, flolgt | e
nonitor | ocations that are closer together will yield shorter travel

tines.5 Thetsireshbrive) totthé@éamﬂ Vallé@lo¥ GRtto t@vélfﬁearﬁme ipsiRemBAGEE: Weali@fat i ons

and network conditlons. he differences in flow'vol ume between the peaks
and val | eys s0f arsiC | t r_di scharge
sour ces, % f}%ow and nfllqiltobﬁétlﬂl%tﬁtlx\ﬁ d]"‘l g@ﬁ?ﬁ ?lpnpu n%pﬁ&ﬁ*sé%é@&netmrk

I n additl |l e the of a wnstre scat.terpl ot do not
show an |‘??8?t éﬂé%&re wﬁ@%% e @&%ﬂ%ﬁé?fa‘(?ﬂé%%% %m‘?efﬁomf% g‘?&‘ﬁ@?ﬁt ed,
when corrpared to peaks_on an stream scatterplot, a sewer network 15
manager nEpt AEERSAT ogethrnwill H@E@Sh@% tigreltiireen wiius Fayeldimes il WY @een t he

nmonitor |ocations. Such a problem may include, for exanple, a leak, a
sewer pi pdiffsrapbtimenbaskdgn lavationhand rr@blmrklsvondiﬁqns.or an overflow condition.
FIG 5 illustrates the use of the scatterplots of FIG 4, along with the

trave] . tine, culatent ro bet ween t ot hetic am and
downsitor eam rmnh%?ﬁf rFI?'FeSZI@ iN ume, e‘a‘ﬁf\ﬁﬂs&? | G \Yﬂﬁ‘?}’ﬁegé(‘?a‘f erpl ot
represented by @, has bheen adj usted to corrpensate for the travel time. The
net flow, scaiprplod gl depepg ontke Waﬁtéwa%qhé% agge spREees, inflow and infiltration, and

other inputs into the sewer network. In addition, if for example the peaks of a
downstream scatterplot do not show an increase, or if they show a smaller increase than
1s expected, when compared to peaks on an upstream scatterplot, a sewer network
15  manager may recognize that there is a problem within the sewer between the monitor
locations. Such a problem may include, for example, a leak, a sewer pipe break, a clog

or other obstruction, or an overflow condition.

FIG. 5 illustrates the use of the scatterplots of FIG. 4, along with the travel time,

to calculate net flow between the hypothetical upstream and downstream monitors. In

20 FIG. 5, the downstream flow volume scatterplot, represented by Q», has been adjusted
to compensate for the travel time. The net flow, represented by Quet, is a plot of the
difference between Q, and Q. If a sharp change in the Q,; plot occurs, such a change

may be indicative in a network problem, such as a leak, blockage, or overflow.

FIGs. 6 and 7 illustrate an example of how the calculation of travel time can

25  provide for a more accurate calculation of net flow. Referring to FIG. 6, exemplary
14



difference between 2 and Q. If a sharp change in the Qnhet plot occurs,
such a change may be indicative in a network problem such as a | eak,

bl ockage,worn2os@né | ow. FI Gs. 6 and 7 illustrate an exanpl @CofuSapwesshe
calculation of travel tinme can 25 provide for a nore accurate cal cul ation

of net flow Referring.to H G exennl ar 14 2( 08666 Us02/ 12336
(pst r eam BAtie pts DR dlo o At e e e L OO B T r oo
the chart, The bottomof the chart illustrates a calculation of net flow
as the. i ThedrRERObE AR ISate dieleatiom of e ﬁsyt ?’Se‘gﬁ\ FERREDMERRause t he
net flow calculation in FIG 6 does not account for travel time, the net
f1 ow cal dh¢ spivostreany ik updtigamy volumes. e Benausa fhe npleflow paldulatiogtintilee $. FI G

7, however, illustrates the effect of an adjustnent of the upstream and/or
downst r ealvef hovgecoumnt dompaves éitres, tiar net Iflpvetaldulation vidpigs wildle, agdtevehamyi s  a
snoother line and is nore representative of actual conditions. This allows

Sever 5 Nejo\MkiVRR@RES FIGP! Bown&eh  i@htaesABb @ffect/ 8 hitbiRBhenD o e f 1 OW
that may result from actual network problens. The data used in FIGs. 6 and

7 are men gl DL EDASH Bl oS B0 5 AR SSPRLE il U ARBKLGRR Y OF (e

present i are any variations are ‘aval

dependi ng upon,the actyual data that |.s cpll ected...The n eatures and
adbant a2 SBrorram Tt Bt el En 6F RO o ol P aISRbEP Rcar  on,
and thus, it is intended by the appended clains to cover all such features
and advarfteitjerk Temages 1o MPEhqcarrtelb detsct variations: ininet flpw thatyeaysissylt fromnd scope
of 15 the invention. Further, since nunerous nodifications and vari ations
wi | | readictual aenork prablethes éllekddth eded mn FhEs.a6 tapdi T aies mreodly datsndeddiot o | i mit
the invention to the exact construction and operation illustrated and

descriigbedilugiite aceQndlaef the applicasivh batHeepregedi invedionpasd akdny admbeedfent s may
be resorted to, all of which may fall within the scope of the invention.

15 WD 02/{036688% a'?g‘faﬁf%%/d@m%g upon the actual data that is collected.

The many features and advantages of the invention are apparent from the
detailed specification, and thus, it is intended by the appended claims to cover all such
features and advantages of the invention which fall within the true spirit and scope of

15  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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What is clainmed is: 1. A method of analyzing flow of a substance in a sewer
network, conprising: collecting first data representative a first flow

vel oci ty wbD 0a/08ibst ance at a first location in a sewer neCEArsk/1336
collecting second data representative of a second flow velocity of the
substance“nfg eand | ocation in the sewer network; and determ ning, by a
processor, ]tslpg\f& P8 e corresponding to the tine it takes for the

subst ance to travel between the f| rst location and the second | ocati on,

using the firs ata,. the sec a and. a const 10 2., .The net hod of
Ol 1 hnd A AP QL SCEERG 1 NGt DANOH GORAHETES (e 11 1o
| ocation at a first tine, detecting a second flow volune at the second

| ocation at a edleding fishdata repsesantation @ firstnow eelegits of arrubstencectt a filst i r st
time and the travel tinme; transmtting, via the at |east one conmunications

| i nk, t helotatiomtinhlsemerveiwonk; and 15 the second flow volune to a processor;
and determ ning, by the processor, a net flow corresponding to a difference-

between the sgiefshd deodnd/@ithivdpraRaatif@of 4 E&kbnd W WMdd#fEof tBe subinset hod of
claiml1l wherein the determning step requires no additional data relating

to the SSVA E'cﬁfd"l@éa'ﬁoﬁ n{ﬂéese@gp%%t\%&ggng £0 4. The method of claim 1 wherein

the determni ng step rises the constant by a sumor an

average of the,f |rst d and the second data hod of ima1l
aherein the coeingd s BRGRHEC AL E S pautgdp MRASI SRt {he
first flow nmeter for the first locatjon and historic flow volunme .16 WO

02/ 086666thpeTystange for yayeb betyween the it loprtionand fae sacend losalaen, pging thesfist cond

| ocati on, each of said historic fl ow
data, the second data, and a constant.

10 2. The method of claim 1, and further comprising:
detecting a first flow volume at the first location at a first time;
detecting a second flow volume at the second location at a second time, the
second time being a function of the first time and the travel time;
transmitting, via the at least one communications link, the first flow volume and
15  the second flow volume to a processor; and
determining, by the processor, a net flow corresponding to a difference between

the second flow volume and the first flow volume.

3. The method of claim 1 wherein the determining step requires no additional data

relating to the sewer network or the substance.

20 4. The method of claim 1 wherein the determining step comprises dividing the

constant by a sum or an average of the first data and the second data.

5. The method of claim 1 wherein the constant corresponds to historic flow

volume data from the first flow meter for the first location and historic flow volume
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volune data relating to a plurality of tine increnments. 6. The nethod of

claim1, further conprising developing a distribution of first flow volune
data overwe opesdsoel of tinme and a distribution of second flPowuUso/123es data 5
over the period of tinme, and wherein the constant corresponds to a goodness

of fit te erformed .on the distributions. 7. The.nethod.of claim1l

oher i n e FPELLELERHCRe Y et PO 8 et Tosetiomy rc RE S o BB ot 1 he
first location_or the second Jocation. 8 A systemfor analyzing flow of a
subst anc oG danrelatngte @ nhygalily o fimgigcrements. second | ocation, conprising: a

first neter capable of detecting a first flow velocity at a first |ocation;
and a second neter capable of detecting a second flow velocity at a second
| ocat i on;6-wherBiermethed fof redaimmby &nrthgndomhasing slenedoping ex diskrdutian ©drfirsini cat i on
with a processor, and the processor is progranmed to derive a travel tine
of a f| ovildw eobutieelatalGrek iarpetiol @f aimeoand Ddistrbutien ofidedoad dlovooltimie rigtat he
first flow velocity, the second flow velocity, and a constant. 9. The

syst em ofovet BHePeBolMde kifieN ab ' hbleiSthe WBh&thntl BrdtpRds aPaBbeaRks detiertd ng a
first flow volunme at the first location at a first tinme, the second neter

is also ﬁﬁg@#‘%‘e&ﬁhﬁ%%%b@g a second flow volune at the second | ocation

at a sec e second tine 20 corresponds to a sumof the first tine
and the travel tinme, and the processor is further programmed to determ ne

a net fl based on, the. di.f ference between the second, flow vol .and the
it 11w vorieeld Sestes GHREEE BEhPEstol 158 HE ity oy BF i "c ai m
8 Wnereir] t he processor does not require additional data relating to the
flow or tifeatedstdhg %ﬁ%l.ocal@nefﬁ]ée BFeREIACHHMON:| ai m 8 wherein the first |ocation
and the second | ocation are

8. A system for analyzing flow of a substance between a first location and a
10 second location, comprising:
a first meter capable of detecting a first flow Velocity at a first location; and a
second meter capable of detecting a second flow velocity at a second location;
wherein the first meter and the second meter are in communication with a
processor, and the processor is programmed to derive a travel time of a flow from the
15  first location to the second location using the first flow velocity, the second flow

velocity, and a constant.

9. The system of claim 8 wherein the first meter is also capable of detecting a first
flow volume at the first location at a first time, the second meter is also capable of
detecting a second flow volume at the second location at a second time, the second time
20  corresponds to a sum of the first time and the travel time, and the processor is further
programmed to determine a net flow based on the difference between the second flow

volume and the first flow volume.
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| ocations within a sewer network. 5 12. The system of claim8 wherein the
constant corresponds to historic flow volune data fromthe first neter for
t he firstwbeeasdicom and historic flow volune data from t hepCTasone3set er for
t he second | ocation, each of said historic flow volune data corresponding

to a plurglit Whgfsa%tglﬁ fncﬁé]ﬁfﬁ%lfexelﬁ%he EB%GSQS}SP ggép chtt r&%ﬁf&cﬁd&ﬂ\@%ﬁ %ilt?ht he

processor is inte rst of secon od of

analyzin ro substance. in a sewer network, conprising: collecting,
using a @ﬁ? Oqé ggwﬁﬁgFﬁ'ﬁﬁV?FOM/neters in a network, a plurality of

upstream fl ow vol une data points, each corresponding to each upstream flow
neter over ;;Ipe“Od of time; 15 coIIectlng tu ing a downstream fl ow neter
a3

in the nétwor Khegyetenns ¢laimmdrvhsreny e et &W%Ehe sgeonsk locatiofgarg tr avel
time corresponding to travel of a substance between an upstream | ocation
and a dowmstioesamthioeatwerndtwortkhe net work, the downstream | ocati on
corresponding to the downstream flow neter, such that that the determ ning
is 20 performed using the plurality of upstream flow volunme data points,

t he d®wndor eaffhe k<o vbLlaim Sddiceinahdtons@nticaragpsiils ad histomctmuiolumgui ri ng
additional data relating to the network or the substance. 15. The net hod

of cl ai maddh frdiHi b BFst GRER o tHRfirst 13alfA A%l RBREE TIRETOMRR2d12 835 det ecting

a first flow volunme at the upstreamlocatlon at a first time;, detecting a

second fLauOLUEe 21 hDesAOMNSLEAAN | QRO LRoBeCARY Ll Wlg Second

time being a fun ion o irs me an me; and

ngsvrm ni ngespog(%ngtoal\;\{urﬁltrefglgrllgérg ertl’[(S) a difference between the downstream

13.  The system of claim 8 wherein the processor is integral with the first or second

10 - meter.

14. A method of analyzing flow of a substance in a sewer network, comprising:
collecting, using a plurality of upstream flow meters in a network, a plurality of
upstream flow volume data points, each corresponding to each upstream flow meter
over a period of time;
15 collecting, using a downstream flow meter in the network, a downstream flow
volume data point;
determining a travel time corresponding to travel of a substance between an
upstream location and a downstream location in the network, the downstream location
corresponding to the downstream flow meter, such that that the determining is
20  performed using the plurality of upstream flow volume data points, the downstream
flow volume data point, and a constant, without requiring additional data relating to the

network or the substance.

15.  The method of claim 14, further comprising:
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vol une and the upstreamflow volune. 16. The method of claim 14 wherein the
upstream | ocation corresponds to a location of one of the plurality of
upstreamwbowos@bers. 17. A nethod of anal yzing fl ow of aPswhspzAMs8s bet ween
a first location and a second 10 |ocation, conprising: collecting a first

set of flow volune data,at _a first location.over a plurality of tine

i ncrenments; c%ﬁ%@t&?g %érsgﬁg‘gcvc? lgnes%ttth%Pp e%’\’??ll?/%allﬁjrlr@t %t{{sg% ®a second

| ocation over the plurality of time jncrenents; 15 identifying a first

di stribution detcetings Feerd @@W vatureg M@@@W@ﬂ&ﬂ%%@@@t%ﬁ?@m iget€i f yi ng a
second distribution of the second set of flow volune data over tine,

i dent i f yiseepnd tinonbeirga funotiereefibe firsigimernnd thetravel tmepind he fir st
distribution and the second distribution; 20 detecting a first flow
velocity at the first location; detecting a second flow velocity at the
second | ocation; and determning a transport tinme corresponding to

transpor YeRimmisH RSA A6 é&f&b&ﬁlﬁng bé bSdifbRE& bW ek O dbRBstiehfnS ol oW

velocity, the second flow velocity, and the constant, wherein the

det er m ni t ' additional data. 19 WD 02/ 086666
PCT/ usozwg’@ea%fg‘ggﬁﬁﬁﬁé%mf{ﬁ%% ®claim 17, further conprising: detecting,

using the first flow neter at a first tine, an upstreamfl ow vol une;

detectin usi t he nd fl ow neter at a secand tine, downstream fl ow
el oo M S T o T ST T Y v o IeEPS e popd ORREERS ™ he
transport tinme; 5 and

of one of the plurality of upstream flow meters.

17. A method of analyzing flow of a substance between a first location and a second
10 location, comprising:
collecting a first set of flow volume data at a first location over a plurality of
time increments;
collecting a second set of flow volume data at a second location over the
plurality of time increments;
15 identifying a first distribution of the first set of flow volume data over time;
identifying a second distribution of the second set of flow volume data over
time;
identifying a constant corresponding to a relation of the first distribution and the
second distribution;
20 detecting a first flow velocity at the first location;
detecting a second flow velocity at the second location; and
determining a transport time corresponding to transport of a substance form the
first location using the first flow velocity, the second flow velocity, and the constant,

wherein the determining step does not require additional data.
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calculating a net flow corresponding to a difference between the downstream
fl ow volunme and the upstreamflow volune. 19. The nethod of claim 17

wherei n twWe mes@té on in the identifying step conprises a PgoABOESS3Of fit
test. 10 20. A nethod of analyzing flow of a substance in a sewer network,

conpri si ng: g@}lelslﬁgtbg@gfcl%{rﬁlgg% |Ipér%l%lf’ti£ﬁiég‘0f upstream flow neters, a

plurality of ups ow Vv data, each corresponding to each

upstream fl ow peter over a _period of tine; collecting, ysing a downstream
flow meter, a dsictig Wowdes AEEAPYBsiena i ity aa&%ﬁ%ﬁowwehmi od of
tinme; identifying a plurality of upstreamdistributions, each correspondi ng
to a set of ulstacHagmusingothe\ssbandellawt metey et atseeand timent idpyinsiteam Hownst r eam
di stribution corresponding to the set of downstream flow volunme data over
time; 20 viotlan,ithe/scognditime netrespondiog tes pandif g first thne ehdithearangfort fh@eupst r eam
di stributions and the downstreamdistribution; detecting a first flow

vel ockty ;aff @ upstream | ocation; detecting a second flow velocity at a
downstream | ocati on corresponding to the downstreamflow neter; and 20 WO

02/ 086666 PCT/ 57442330, I8! SHALAbAGNE (b LAIERRLL, bilRof U4 §5RRRALAD L0

transport of a su nce e upstreamlocatron to réam
| ocat i onﬁjsi n&gt he first flow.,velocity, the second flow velocity, and the

const ant JQFhSTEMS 2pf Defpslied AOHG OB does not require additional data. 5
21. The nmethod of claim20 further conprising:

19.  The method of claim 17 wherein the relation in the identifying step comprises a

goodness of fit test.

10 20. A method of analyzing flow of a substance in a sewer network, comprising:
collecting, using a plurality of upstream flow meters, a plurality of sets of
upstream flow volume data, each corresponding to each upstream flow meter over a
period of time;
collecting, using a downstream flow meter, a set of downstream flow volume
15  data over the period of time;
identifying a plurality of upstream distributions, each corresponding to a set of
upstream flow volume data over time;
identifying a downstream distribution corresponding to the set of downstream
flow volume data over time;
20 identifying a constant corresponding to a relation of the upstream distributions
and the downstream distribution;
detecting a first flow velocity at a upstream location;
detecting a second flow velocity at a downstream location corresponding to the

downstream flow meter; and

20



detecting, using a first flow neter selected fromthe plurality of upstream
flow neters at a first tine, an upstream flow vol une; detecting, using the
downst r eawpfokossoset er at a second tinme, a downstream fl| owCTalsoze233¢ he
second time corresponding to a sumof the first tinme and the travel 10

Lime: and cal clbidifl & uBfofdiBié CAILBIRANLIadsBol b BRSSP IeEn. the

downstream flow vo the upstr Oow Vol une. od of

claim 21 erein the tream | ocation correspopnds.to a.location of one of
Che. ol ur AFREGHRLfooliGh HERA PP BhrRET laeahont 858 HRTAE pdnGipcd leermslo
wherein the relation in the identifying step conprises a goodness of fit
test . 21 flow velocity, and the constant, whérein the determining step does not require

additional data.

5 21.  The method of claim 20 further comprising:
detecting, using a first flow meter selected from the plurality of upstream flow
meters at a first time, an upstream flow volume;
detecting, using the downstream flow meter at a second time, a downstream
flow volume, the second time corresponding to a sum of the first time and the travel
10 time; and
calculating a net flow corresponding to a difference between the downstream

flow volume and the upstream flow volume.

22.  The method of claim 21 wherein the upstream location corresponds to a location

of one of the plurality of upstream flow meters.

15 23.  The method of claim 20 wherein the relation in the identifying step comprises a

goodness of fit test.
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