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spills, and costs of spills which include clean-up, mitigation and fines by
regulatory agencies are skyrocketing. A recent market analysis by the civil
engineering firm of Brown and Caldwell entitled “What's a Spill Worth?, or a
Brief Look at Community Values” surveyed 676 sewage agencies in California
to capture the economic value of avoiding spills. The results of the survey
revealed, for example, for spills on the order of 1000's of gallons, agencies
were willing to spend $10 per gallon to avoid these spills. For larger spills,
agencies were willing to spend $500,000 to more than $1 million to avoid

spills reaching receiving waters such as rivers, lakes or the ocean. It is not
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treatment due to the Killing off of beneficial treatment bacteria at the sewage
treatment plant. A common part of the treatment process is the use of
bacteria to naturally decompose organic materials in the waste water. If
incoming waste is toxic to the beneficial bacteria, a massive die-off can occur
without warning, and sewage can be spilled or otherwise discharged that is
unknowingly under-treated or untreated. A means to provide an early warning
of toxic materials that are traveling through the sewage collection system to
the treatment plant could provide operators with the option of diverting the
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manholes, for example, two such products are the Hach (Loveland, CO)

Sigma 1000 and the Marsh-McBirney Flo-Dar systems. These methods suffer
from one or more of the following problems: (a) installation requires entry
into the manhole, thus high cost and higher safety risk from entering the
manhole; (b) the system requires wired communications, thus trenching
around the manhole; (c) the system requires continuous 120 Volt AC power,
thus trenching around the manhole; (d) the total installation is costly, limiting
the deployment of these systems to no more than g few select manholes. A

small municipality may have 5,000 to 10,000 manholes, and large municipality
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and device operations; electronics that provide a means to provide
appropriate power and current to the communications device, microcontroller,
and sensors; and sensors which monitor parameters inside the enclosure or
in the vicinity near the enclosure. The present invention also provides a low
cost and low labor installation and maintenance process. Instead of
expensive and time-consuming trenching at a site to provide power and
communications, the invention provides a means for very low power
consumption thereby enabling the use of small standard off-the-shelf battery
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cover, there is no installation in the manhole shaft itself and no need to enter
the manhole, further reducing risk and costs of installation.

[0013] In another embodiment, the p;esent invention can be used as a
monitor for the environment surrounding the enclosure. For example, with the
mounting on the underside of manhole covers, the invention can also be used

to monitor street traffic, air quality in urban areas, or other environmental



for a suite of sensors, which are directed at areas
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[0020] Figure 5 shows a schematic drawing of the antenna mounting
on the manhole cover;
[0021] Figure 6A shows the flow diagram for the tilt sensor in one
embodiment of the invention; and
[0022] Figure 6B shows the flow diagram for the ranging sensor in one

embodiment of the invention.
DETAILED DESCRIPTION

[0023] The present invention provides a system and method for
combining self-contained power, electronics, communications, computational
capability and sensors into a low cost and low power device integrated directly

into and mounted on an enclosure barrier such as a manhole cover to provide
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hutise usé ommalhstandmdesz-ﬂ‘@welﬂba&tem packb ta ptavide months of
continuous operation, and wireless communications that eliminate the need
for wires. Solar cells or a rechargeable battery that is recharged using direct
electrical connections or capacitive or inductive connections from a portable

device can also provide power.

[0025] The microcontroller is programmed with a command set that
defines the states of operation of the system. Such defined states include,

but are not limited to initial testing mode, field installation mode, normal



node, change |ocation text string, change alarm

destination address strings, reset the comrunications
wohaswneli479enabl e or di sable alarnms and send neeaFB006019497

system users. The commands cone from manual comands

prESiated nndes paawe reseftingdrequenay. airopmsaoPEEr rpquency,
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encl ¢ are under round or bove round, .t hat

i HEF{V# %ﬂ USErSRL M aHoms 'Casé?ﬂ@%ttﬁa‘i tHhdp 38@89'603“0“
tggm@ngémﬁg@narea that nmay be nonitored. [0028] The
term "manhol e cover"” shall be taken in its broadest
sense to include, without limtation, covers for

URHEIgr oundumggé Bﬁren/flr@é iRAEITRY ethg%fd%rﬁfte%s erl héeVihe

vaults, as well as enclosure barriers such doors or
mﬁﬂbﬁmﬂbmeaﬁvgéther encl osed area, underground or
above ground, that has instrunentation or materials or
aspects in or about the enclosed area that may be
nmiRIA7dr ed. Tio0Reh ‘Teehoke shalhbe thiendn éabrassiestsenshdd |

bﬁwc‘j@efe Q/Ithguft ﬁﬁta&’ b q.grﬁogatrgrt%gﬂé S’ﬁ{"@%ltfé}c%’%g% %Wiatnmféts or utrllty
alaulte, asiveslifas drovather: endheseel et wnecgrpundher plmvvserground that
SHBF AR B PR Q0510 RTS8

emdyrmnmenttadedmat eri al s used to nmake the box rugged

and weat her and water proof. [0030] The term
"application server conputer"” shall be taken in its
blooedgst seNiseten® 'rrmhhuléecovw'r’ts‘h@llﬁneltiakértratrﬂs(moa@st sense to

conput er nd co nicatio stem t recei ve
e it RO R var o8 USRI VEUR OF BRREPE ¢ he
MRREARORS errtrﬁWWahlt@%W@lS% en@aﬁﬁéibarm#é §9<ﬂﬁ‘ars dbahistarlwalls
assi stants, cell hongwg thej, meaj

i Rty e eilased aees snge T @U%PE ’F‘Q%Ve Qfﬂ‘é”%émté'rascan

alrx@rufHdr@ftionc R HBRBASs b QBpSHS HEH MsRit ﬁreOeHclds‘édtd?@a that may
installed field units. The server also provides alarm

aBRRNMGHEent , statistical record keeping, custoner

[0029] The term “hardware enclosure” shall be taken in its broadest
sense to include, without limitation, the box and its contents that hold some or
all of the following: the electronics, the power supply, input/output
connections, the communications device, the microcontroller, sensors, and
any environmental materials used to make the box rugged and weather and

water proof.

[0030] The term “application server computer” shall be taken in its
broadest sense to include, without limitation, a computer and communications
system that can receive messages from the installed field unit and forward the

messages to email addresses, pagers, personal digital assistants, cell phones



adm ni stration, report generation, maintenance record

keepi ng and alerting, and security managenent. The
weappldrairbon server conmputer can al so transl at eCTAISI®6/019497

machi ne-t o- machi ne nessages into a format that is

updiertetamgabs.of. wifaamofmmme [y ThReer@rgan also

" em user" .shal |l .be take t
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C Qs of concern in their system [0033] The term
él%)r%gét aIuI erd field unit" shall be taken in its broadest
sense to include, without limtation, the installation
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sianiside switremuilimétdtibmrocoplerwind ere wing the system fnsense and

i nt ended e
oPeB B DR Aot et btk Rt RER APARL it b1
Tineerestsfor exembesd tmeaimaokgercooperatot efgr sardtsitipouklity.
comuni cations, electronics, mcrocontroller(s), and
sensors into a conpact | ow power and | ow cost package
t lﬂ)@BZ]TDunt STheaeihyalent shal beatakeh & ltsom:adeqﬂrsemseeﬂmigchlde
unj ver |atform for sensors that rate el ow
orths g 4 RmbreE S50 8 voaBbusT & nENVARIE oT Re
mesHimich Faveeernlinenhglbsyesa. of this instrunented

manhol e is to communi cate critical or tinesensitive

i nformati on about the nonitored aspects of the

e[@)‘OBBPn”entTlﬁl@Hﬁdln%féﬂedfﬂéthlrﬁt” sl beetdkBa iprebeiatiest sense
enbodl nent di scussed here invol ves the&g?m tork)agr f or

S@Mﬂ@léd%{llmt limiation jiag tnstslatigmotthe ha ad'ﬁanc e on an

%ﬁ&@éﬂra'b‘aﬁﬁér%bﬁ'&s 2 Pafile BBR L PGiudthgABBlanteHnaGihd all
concerning an encl osed area that contains a critical

asersoraeauiief faroraigtiasedhareh i inintendgA R Ngsed to
nonitor the environment external to the enclosure. It
is presuned that in general theAitore | a a s
d[0OBHEul t  tThepeeniial eomperattiof troviesertriavantipa és the

(r:] ov%gfegjge;o‘crﬁgéhéjg coldO38H lﬁgﬁurﬂéﬁéﬁ '?ﬁ%HHaY@éE\)eﬁ’ fhté‘q%{es

her ei nb ow, an reference

t hewdr, aoimmysicatiogar dedirglicumiaosonantet(sh agid sgnagrs dfto a

t ngpact low power and low cost package that mounts easily onto a manhole
cover, providing a universal platform for sensors that can operate below or
inside the manhole cover or above or outside the manhole cover. The
purpose of this instrumented manhole is to communicate critical or time-
sensitive information about the monitored aspects of the environment around
the manhole. While the preferred embodiment discussed here involves the
monitoring for sewage waters, the invention can also be applied, without
limitation, to any monitoring application concerning an enclosed area that
contains a critical asset as well as enclosed areas that can be used to monitor

the environment external to the enclosure. It is presumed that in general the



conmponents of a preferred enbodi nent of the system

Referring to Figure 1, the najor hardware conponents
wohodshie7gdevi ce are integrated into a single horerng2006/019497

which is affixed to the underside of a device such as,

a nrnirsceereaveifficul tenervidrielecidowewer andvdied conwnudeations

aRd a wall, and includes the follow ng conmponents: a

hi'gh capacity battery 11 (although this power can al so

be provided by standard AC | i ne pomer or ot her
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PRl s ol P e RS SRS i, Hepieyrs
behmbagle atdlglmu ghnmemldn I1|5n €mrhbnioaitidn mrtshﬁer eatewm lsdmécate for
or, ti.ona rel e radi a networ or, t hrough an
o PR pat KB RE e RS S S b R et Bigly o
4QAIIZP&ﬂn?2@ﬂﬁmm f@afséﬁscﬂ';s she a fe"mso tbtﬁaet \préssdre,rt_mgagcag
W rel ess 0 a centra r at 1's provi
KNP AL Er GUTERE PAIATSEb e VB RO 4P ARl L ibut o
t raaasty tottrd dfgt@Mrﬁd?@ccﬂ*ﬁioﬂéMﬁQ foR PA IR ENhd hdditforEdrRBRA22 8r
deSILﬁﬁéfd and tuq?ed &)grate in c%ose Prom mty to
t HErYRianRIRITes v thajsovife digkalisindcR sladrls) Qutpu lé?ﬁsr%ﬁ'St on
S QR BigitAIneASHITRIb A EStot ddh e b LtBG de'%c@fs @;@nbh @8NAREE bPN
60 to the ap j?| i cation server conputer whi ch keeps

t REIUEREBSs e The PVG-HaY P Ealessi %T%faql%é“@y@t Ehfammugicates
wekd ra@ﬁ) \ﬁéveéf@ (HPBLGKS #lid e&nhﬂglc‘étlf)ﬁﬁﬁﬁ BRoDESIGHB Rrough

i ncludin user s interface e user s

R nwmamewwwdqevnawabwmmmm network, or
' N oﬁﬂh ?Q \MSRI H‘gcal Fe{qé ﬂé’ﬂvﬁ?k 4@agﬁ|rss<mrﬁ?§%sl né%w8ﬂ<‘%§o then
., emal aptop

per soha esk ers,, via
c aopun@icates erﬂger\mwoelgbsaswm@ limect Wioelessly ana ceiina server 50

g%%ﬁ% Bw%lﬁ%dat{%hg é’n%rt\/goﬁ%' psl‘&%erael %rrngelves hearr%%?er

transmitted from the external antenna. (The antenna is designed and tuned to
operate in close proximity to the metallic surface of a manhole cover.) The
central server 50 communicates through an Internet connection 60 to the
application server computer 70, which keeps the database for the operation of
the system 81 as well as all the application logic for the system 82, including
the user’s interface 90. The user’s interface can include many devices or

methods, including without limitation, pagers, cell phones, personal desktop
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may be | ocated on the underside of the manhol e cover

for direct communications to the central server
woho@ughu7bhe ground or in the event of the i nvecsiuspooein19497

t he manhol e cover. [0036] In an alternative
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state in a database. In turn the system user can
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responS|veness of the systenwuser to an alarm
Alitially dnvdrangmissies toike abpleptipn seevel ﬁPWPé'@rﬁ by Grhered long

F O SorRafth MRKh e MppcATon ROt P A @
t heovigepbliavatforsmrdeg ke$ye¢©npl$teeer anmcam@@eblmtthe @lasi state in
BB b R TR R IS R AL B
amptnﬂ@themsialmlrﬂakhnmbbehclmxm and recodisstbeidokdowledgement in
Th d
¢ TR PrOGARTL 5 Dre SR OELOBBbarS T ARePRiG ool Qlered

exLauBtlemmi’e thd ecspppbiveadssoof thadystem wier tden pragsie riXdditionally,

t Thi f d enb t of th
S Bt RRC el ol s BRE Wl R Ly Biriog e €, | |
a@@t\mﬂm;ﬂ& as a(fﬂz@@t@lnejf@@eém pf therysar, nidraial c@mands

Z}ect t he novenent of manhol e cover, . fromt

557 g BEUFRIoBre e oo ek PLABRRNEETORRS 18 SRRl goncitions

t hdasded e atfiolareimedf the water in the sewage
manhol e. Additionally, an optical nmeans, a contact

switch and a magnetic switch can be utilized to detect

| foddyg manhphepepitdd BadolRRiht BPNRANXNtIBREAS HopliRld!to @bwer
the power, connunlcatlons electronlcs

MR HEEhETErS. dy desriibed hespigbelpw. dbifpprRReimenkisdfap way
b@¥itin gcﬁ%e E‘P/éﬁfld’i‘gané Batel SoRly é&&qlllgéﬁé%l kahipid B@the

botto le in away th oes not inpede
openlicajionfandhse of theopiesentipventio esquire entry into

the manhole for installation. The mai n conponents of

the systemare shown in Figure 2. Typical manhol e

c (0EEs This preferred embodiment of the present invention includes two

primary sensors: a tilt and acceleration (accelerometer) sensor that can detect
the movement of the manhole cover from the resting position, and an
ultrasonic ranging device that detects the level of the water in the sewage
manhole. Additionally, an opﬁcal means, a contact switch and a magnetic
switch can be utilized to detect if the manhole cover has been moved or
opened. All of the power, communications, electronics, microcontroller and
sensors are combined in a small box — the “housing” that is affixed directly to

the bottom of the manhole in a way that does not impede opening of the
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100 are nmade of steel or cast iron, and if they are
“traffic rated", that is, capable of supporting | oads
wonewwmogd vehicles, they are very heavy and r egUas2@a019497
i ncl ude support vanes 120 on the bottom of the cover.
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esr stance a I rohmen
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L | the battery in anp-hours
??g%&g}%]gréﬁ &%grﬁ%r?é% ?”?rhe battery. Typical batteries
that can be used in the preferred enbodi nent of the
[ ion ae i,thium batteries, For ex l e,
LGB o BB s TPt Byl S bRt sbmse fvaes aifhe
ofcof’rqmmhI lestsrqfelse peuusi%g E%O AAIItdeIe@cleb?nénté Bf then Hé&ﬂf\hérel dre
paral | el , .usi t andar, t he- she teries from
P BrRladen i NENEBlmahdedd oriembi turkaanan, Anskat Voor
t ivettBuraaetbhélbsire Ca0pIR4taE Fyed\Wridpravitied %tér@ééiﬁbnce and is
typi cal agelgl E}V\{fOf t he housing 200 of about two
menvFnmEntllssealsd. i Fighie Hdbg Nioh Gabgaty bafteay PO is chosen
Cap aixinilize e BAgAGitdef fHef Bat@ine i aREWBLrs| ALHTRYF hd Niine of
Si X nt hs _of conti nuous operation. Standard al kal I ne

bdlts BFtery. Jyeicatbalieries faaticpr berysedriy theapretariedigrpeodiment of
Wihd RivBRIIGTREN BRAArD rrth?ﬁnﬁ%%ﬁeﬁé@ EeR appﬁ%%l‘?s@éply with

choice for |ow cos ackage siz Icatro
t REOBT L Ari cRRbesenetridted Ablour FeiasaRitsef A Bireerpst iithium

DO AR sk LRI ACS00 BTl ol S,

r &;ﬁmejlé‘&bitblum Model 245 from the Duracell™ Corporation. With a total
target typical amperage draw of the housing 200 of about two milliamps (mA),
a battery pack of about 10 A-H capacity can provide sufficient power for more
than six months of continuous operation. Standard alkaline batteries are an
alternative primary battery type. While primary batteries 220 are the power
source of choice for low cost, small package size applications, the present
invention is not limited to this type of power source. If external AC or DC
power is readily available, it can be used as a substitute, or rechargeable

batteries, such as nickel metal hydride batteries can be used in conjunction
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batteries, such as nickel nmetal hydride batteries can
be used in conjunctionlyi,t|nl,”. .low.iPW;
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n this PC board. The tilt and acceleration sensor
aafiditioral senging cAPa iy dhaticandia eeprieh and siseeray tha at e)
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accel erated). The state of the tilt and accel eration
sensor 280 is checked typically once every second, but

IU(ﬁH ir equeﬂ'ﬁé’lo\nﬁvdﬁ%pél%gw%r é&%e@l%?bb@ Bb%rﬁ%w&%@sger
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specific. If the state of the tilt and acceleration sensor 280 is found to be

closed, a signal is sent through the pager 250 to the wireless network and the

time and date of this closed state is stored in the microprocessor 240.

[0042] Figure 4 shows a side view of the housing 300, analogous to
Figuré 3 showing the top view. The battery 310 provides the power for the
housing. Power is provided for the microprocessor 330 and the two-way
pager 340 on the electronics board 320, and the ultrasonic ranging sensor
350. An example of a low cost ultrasonic ranging sensor is the PING
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350. A n exanple of a low cost ultrasonic ranging
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ds@ivéBdonmmEsig @& Securely communicate to installed field units. The
ReFLEX network protocols are licensed from the American Association of
Paging Carriers. ReFLEX communications have the advantage of wide
geographic dispersal, generally superior to cellular coverage and lower
monthly costs. The ReFLEX network does require sophisticated software for
supporting both the installed field devices and the application server
computer. The ReFLEX system is designed to pass terse digital messages
that identify specific status information, such as a security alert or a water
level that is too high. This information may be communicated and coded in as
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limitation, the temperature history at the site, the wireless signal level history
at the site, and the battery voltage or input voltage level. Second, the system
user can send a message to the installed hardware package essentially
asking for a response to the system user that the installed hardware package
is operating normally. Third, the system user can request that the installed
hardware package send back data stored in the microprocessor memory,
including without limitation temperature history, battery levels, wireless signal
levels, alarm types and times, and current status of the sensors. Fourth, the

system user can send a message to the installation site changing the
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shows the flow diagram for sendlng an alert based on the reading of the
ultrasonic ranging sensor. Since the ultrasonic sensor consumes power, it is
turned on only when used. This is shown in Figure 6B as 540. Once the
ultrasonic detector is turned on, it irhmediately makes a ranging measurement
550. There are at least four outcomes of the range measurement: it is “in
range” 551, meaning the measurement matches the expected value of

distance to the bottom of an unflooded manhole as stored in the
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shows the flow diagram for sending an alert based on

the reading of the ultrasonic rangi ng sensor. Since
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only when used. This is shown in Figure 6B as 540.
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detail by way of illustration and example for the purpose of clarity and
understanding, it will be apparent to those of ordinary skill in the art in light of
the disclosure that certain changes and modifications may be made thereto

without departing from the spirit or scope of the intended claims.

WE CLAIM:
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weappevient7ot o.t hose of ordinary skill

10

2

detail by way of illustration and exanple for the
pur pose of clarity and understanding, it will be

l'i ght of the disclosure that certain changes and
nmodi fi cati ons may be nmadeCLABM8t 0o wi t hout departing

fromthe spirit.or scope of the i. nded cl ains. VE
CLAI M'CLAI eTpt%S$%sm%yS§eerﬂscloﬁﬁmgbgt em conprising: a
housi ng hayihagsieg Manimgaminiromipatianspdrerfos eassors, the kensors
sensors nonitori n% Bar amet erﬁ?i n the vicinity of the

dtF o

HBRRIoRgY PRraMelest Y MWL housi ng for

conmuni cat hRgickR8nPSer TRtheT thethouding ior ¥@ymiuAbaINg the
wi rel ess radi o nodul e through a di aslé}}‘%éh connect.i on;

RenFBetess Ica Ve ey iAdeTdRIass rerie yordhagigial
Wohek&ss: r adi o nodul e which | eads to an external

antenna for transmitting the paraneters to a .
communi cat Aewndestpeeableganregiedierthadypyvaydiadier wiglassngdio

ﬂﬂ&@d le Wiét‘hl?a&@ HShMBxtefnal ghﬁnﬁé{ ?(%J’ergﬂ 3 iﬁihgitl‘{% paMfifii&isho

e external "Sensors are selecte rom-t gr oup
coopmivsinigtiof daviceélandsensor, an accel erati on sensor,

Che 2 ot gty e B ot IB BRI G inghaldhg. Wherel n

t he parane e environnen roce
paraneters. 4 . The systemof claim1l wherein the

conmunj cat Lon device is. a,r I Vi [ : e
cysterof g EmALrarht PRERU N RSN AT Sen s FiSseleoted
sfedra e grdupanigrsingr afuptiicameot, sinngscalecatidn gEsne and a
pager, a gersonal digital assistant, and a personal
c@%ﬁ'@?eﬁep ®: The systemof claim1 further conprising

a central server for receiving the paraneters
transmtted fromthefgx,tern enna, the central

I
servers-i n dbRmYATCERP] FAMM e&‘%'q PRETSYS A&r ver

CONPBhRientdldt prdcesepatdneeto@l aneters. 7. The system of
claim1 wherein the housing is nounted -on a device the

device is selected fromthe group consisting of an
encl ospir e g@¥&ystem of claim 1 wherein the communication device is a

receiving device.

5. The system of claim 1 wherein the communication device is
selected from the group comprising a cell phone, a pager, a personal digital

assistant, and a personal computer.

6. The system of claim 1 further comprising a central server for
receiving the parameters transmitted from the external antenna, the central
server in communication with an application server computer that stores the

parameters.
7. The system of claim 1 wherein the housing is mounted on a

device the device is selected from the group consisting of an enclosure cover,

a door, a window, a wall and a manhole cover.
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a door, a window, a wall and a manhol e cover.b
Tijl,0::py,stemof claim?7, further conprising an
waddiciizormal ant enna on the undersi de of the depCTaSb@n/019497
direct conmunications to the central server through
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a&quief:ﬁ(grpe manhol e cover has been noved, the alarmis

tfiggered to notify a user. 12. The system of cl
8 10, wherei @ Gomaerior caklsrenaggted tq@eﬁ\ﬂ)é@ql%bowr%
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, em o ‘Wherein the states of. ;
10 opebainimicaiioe dewicede evideiapicdandyiehap e ORENRIFApng rom
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14  been exceeded; and
a battery for providing power to the housing.

iﬁgn%radio

11.  The system of claim 10, wherein the sensors monitor if the
2 manhole cover has been moved and if the manhole cover has been moved,

the alarm is triggered to notify a user.

12.  The system of claim 10, wherein the microcontroller is

2 programmed with a command set that defines the states of operation.
13.  The system of claim 12, wherein the states of operation are

2 selected from the group consisting of initial testing mode, field installation

mode, normal operation mode, change reporting frequency, change sampling
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conmuni cati ons channel, enable alarm disable alarm
and send nessage to systemusers. 14. The system of
wolaienmi4ry wherein the alarmalerts a user if POBUS2008H19497
been illegal entry into the manhol e cover. 15. The
4 dpshenvofrecikmhigiciical adiemedde, réset histerioaydats modstobdnge

SRR OSSR D L8

6 rdcefiraceioationlsl ghranhel, enalble liaretabledaaing @fd séfd mBs€age to
system of claim 16, wherein the output devices are

SR E3FFr om t he group consisting of val ves and
actuators. 18. The systemof claim1 1 further
conprising_an ultrasonic rangi ng detector for .
neasurltng tTHE stigleghef daim hb wharein the atane Hetheuser i there

2 The b%é%tigéﬂta%nf‘d/ ﬁ{émﬂ@ma}qﬁﬁg%oe,{f the ultrasonic

rangi ng detector detects the heirght of the water in
t he manhol e above a predetermined level, an alert is

sent t@ a Mo ki 1,0 ' ' -

dunpi g T TR RERS{RAh, | LR e nB.BRTE Mofiniep anig
2 Jestinbenaihole hevgssedet ermined | evel is set in the

m crocontroller.

16.  The system of claim 11 further comprising output ports on the
2 microcontrolier to control output devices.

17.  The system of claim 16, wherein the output devices are selected

2 from the group consisting of valves and actuators.

18.  The system of claim 11 further comprising an ultrasonic ranging

2 detector for measuring the height of the water in the manhole.

19.  The system of claim 18, wherein if the ultrasonic ranging
2 detector detects the height of the water in the manhole above a
predetermined level, an alert is sent to a user informing the user of a possible
4  dumping in the manhole cover.

20.  The system of claim 19, wherein the predetermined level is set

2 in the microcontroller.
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