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The purpose of this memorandum is to examine flow metering technologies appropriate for 
measuring influent flows at the City or \Villits new \Vastewater Treatment Facility and at the 
Brooktrails Community Service District's discharge into the City's wastewater collection system. 
The selected metering system would be installed, in part, to prO\'ide an equitable basis for allocating 
wastewater treatment costs in accordance with the City/Brooktrails agreement. 

BACKGROUND 

Sewage Flows 

• The City of \Villits \Vastewaler Treatment Plant collects sewage from two main areas - the City of 
\Villits proper and the adjacent township of Brooktrails. Brooktrails is a community of singll'­
family dwelling units with a current population of about 3,500 persons, The City of \Villits has a 
current year-round population of about 5,500 persons. Both communities own and operate their 
own sewage collection systems independent of each other. The City of \ Villits owns and operates 
the wastewater treatment facility serving both communities. 

• 

The collection systems for each community can be characterized as old, having been predominantly 
constructed some 40 + years ago. Due to their age, the original construction methods, and the 
materials of construction, both systems can experience significant infiltration and inflow (I/ I). 
\ Vithin the past ten years, the City has invested approximately $6 million to rehabilitate portions of 
their sewer system and reduce the amount of 1/ I impacting the system. Infiltration and inflow 
remains a problem for the City and it is believed that the BrooktraiIs' system also has similar wet 
wcather flow problems. 

During peak day wet weather flow (PDF) events, the combined City and Brooktrails flow has been 
estimated to exceed 9 MCI) (estimated from surcharge pond levels). This flow compares to an 
a\'erage dry weather flow (AO\VF) rate at the plant of approximately LIO MGD. Based on EPA 
criteria and conlparison to flows experienced at similar sized systems in northern California, the 1/ I 
flows impacting the combined wastewater system can be considered excessive . 
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TIll' following 'I'abh.' SlItnl\liuiz('s til<' dl'sign flows for the projl'd and is takl'1l from til(' May 2(}(H 
SI IN Pl'l'lirninary Engil1l'l'ring Report for til(' \Villits \Vast('watl'r Tn'atnwnt Facilitil's Upg)"mll' 
(Table IH). Tlws(' flows provide til(' hasis for sizing tlw flow nwtl'ring l'qllipnll'nt at tlw wastpwatl'r 
treatnll'nl facility. TIl(' minitnum flow l'xlwriel1ct'd at till' plane h,lSl't\ on diurnal tn'nds, is 
pstimatt'd at 150 gallons Pl')" minutl'. 

TabIl' 1 
City of Willits WWTF 

Sum~ar)' of !~r()l!£ted 2g2?=_!2e_~_~g~tl()ws 
Parameter 

Bas~_?(~nitary Flow 
Base 1/1 Flow 
1\ ve~~lge pry \Veather FI()w (1\D~'\IF) 

1\ v('rage \Vet\;Vea~her FI~)w (1\-'V"YF) 
Average Annual)~<lily Flow (AAI~) __ 
rvla)(imumi\'tont~ !!ry \'\Ieather Flow (MtvlD\VF) 
Maximum Month \Vet \"'eather Flow (Mi\H'V\VF) 
Peak Day Flow _(Pl)AP-5) 
Peak Instantaneous Flow (PIF) 

Existing Flow Metering Equipment 

Flow Rate MGI) I 

0.9] 
0.25 
1.18 
2.44 
1.81 
2.24 
4.62 
9.59 

14.25 

The City of \Villits measures the rate of sewer flow at the treatment plant while Brooktrails 
measures flow at the last manhole in their system. Each system is briefly described below. 

The Brooktrails sewer flow is measured by a 12-inch Palmer-Bowlus Flume and a Sigma Ultrasonic 
Level Sensor. This equipment, located in a manhole and curbside cabinet on Mill Creek Drive (See 
Figures 1 and 2), measures the flow rate and totalizes the flow collected from the tributary sewer 
system. The existing Palmer-Bowlus flume is, however, only accurate for flows up to about SOD 
gpm P .I-I cfs or 0.72 MGD) due to its small size. 

Thl' City's influent flow meter consists of an inverted PVC siphon fitted with a clamp-on ultrasonic 
flow meter and indicator (see Figures 3 - 6 and Appendix A). Due to the type and configuration of 
the metering device, maintenance of this system is very difficult and conse<-)uently, the accuracy of 
the City's flow meter is questionahle_ 
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Agency Agreenlent 

'I'll(' City of \Villils and Brooktrails havp agn'('d on a method of nwasuring flows from <'ach 
cOlllmullitv as follows: 

• The flo\v from Brooktrails will be Illeasun'd by an effluent ll1l'tef installed in the collpclion 
systpm at Mill Creek Drivt'. 

• The City will measure the influent flows prior to introduction into the wastewater treatment 
plant. 

• The Brooktrails flow will be subtracted from the total City influent flows at the treatment 
plant. 

• The difference in flows from each metering station will serve as the basis for allocating 
Brooktrails usage of the treatment facility. 

FLOW METERING REQUIREMENT 

Regulatory Requirements 

In addition to the agency agreement, the City is required by their NPDES Permit to regularly report 
the total flow to and/ or from the facility. This report is based on data collected from the flow l11l'ter 
located in the plant's influent sewer. Flows measurements reported from this location should only 
include influent flow-that is flows prior to flow splitting to the surge basin and/ or the return of any 
process flows drained back to the influent sewer for subs<,quent treatment. 

Plans for the new wastewater treatment facility will include replacing the existing influent flow­
metering device with a new more reliable and accurate system. The location of this device will also 
be in the influent sewer upstream of the new influent pump station. This metering station should 
provide an accurate measurement of the diurnal variations in flow experienced at the plant and a 
greater measurement range that encompasses nighttime low flow rates and peak flow rates 
experienced during wet weather storm events. 

Data from the new metering station should also serve as the basis for comparison with the 
Brooktrails meter. Consequently, critical design considerations for this metering station arc two 
fold: 

I. Provide a more reliable system that allows complete compliance with regulatory criteria and 
2. satisfy the City and Bnx>ktrails' agency agreement by prOViding a flow measurement device 

that provides data suitable for allocating treatment benefits to each party of the agreement. 

Technologies capable of achieving both of thl'S<' design goals are discussed below. 

(0:\2004\404027.200 \\'wn'\l)(Sign\~ I\l:quipYI1:CII MfMO sLd·lnflucnc f-lt"" Mda.cb:) 
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INI;LUENT FL()W METERING OPTIONS 

Full Pipe Flow D~viccs 

As its name implies, full pipe> flow devices Jl1l'aSllre ill(' aVt'ragl' velocity of the fluid across a known 
cross-section of pipe that is completely floodl'll. The sensl'd vdocity signal is converted to a flow 
mtl' for the purposes of recording and totalizing based 011 the Continuity Equation, 

that is: [Continuity Equation} 

These types of flow metering devices are prl'-manufactured as a single unit that bolts into a 
pipeline. Typical applications for full pipe flow metering devices include pressurized pipelines 
usually downstream from a pump or other enf'rgy adding device. A critical parameter that 
dl'tl'nnines how well these devices work is maintaining line velocities on the order of 2 feet per 
second (fps) to "15 fps. 

\Vhen properly installed the accuracy of full pipe flow metering devices is extwmely high, typically 
on the order of ± 1 percent of the instantaneous reading. Once installed and in service, hmvever, 
calibration of the device and therdore, its accuracy cannot be easily verified. (The device must he 
removed from service and sent to a certified hydraulic testing laboratory for a complete accuracy 
check. This check is an expensive and time-·consuming process that is generally impractical for the 
operation of a wastewater treatment plant.) Full pipe now devices can also be subject to errors 
[esuiting from fouling or coaling of the meter interior from greases or other scaling chemicals. If 
fouling occurs, the meter accuracy can be disrupted without any outward indication of the 
disruption. Therefore high pipeline velocities are critical to keeping the pipe clean and the meter 
within its accuracy tolerances. Based on the constraints imposed by operating a gravity sewer 
without surcharging, it is difficult to provide full pipe now while promoting self-cleaning line 
velocities. 

Open-channel flow metering systems 

Open channel flow metering devices are systems that are specifically designed to measure flow in 
an open conduit without flooding or surcharging. Open-channel flow metering systems USually 
require several components to perform accurately. These components typically include a primary 
metering element, such as a weir or flume (to produce a specific unique backwater curve which can 
be electronically or mechanically modeled) and a level-measuring device to detemline the depth of 
water upstream of the primary flow element. The depth of flow is directly proportional to the flow 
rate of the water passing over or through the primary flow element. Once acquired, the depth 
measurement is sent to either an electronic or mechanical transducer that conv('rts the depth signal 
to a rate of flow signal where it can be both recorded and totalized. 

The accuracy of an open-channel flow meter system can he verifit.."li in scrvice by simply measuring 
the d('pth of watl~r at the prt..~ribL~ IOl'ation for the primary device and obtaining the related flow 
rall> from a flow-rating chart for the device. A comparison of th(' chart flow rat(~ with the indicatl'd 
metl'r flow rate allows the dl'vice's Iwrformance to be field verifk"li. Any anomalies in the depth 

(0.\2004\404027.200 WWTP\lksign\~ l\fcfUip'TI:CIf MI:~tO .d~ Inf1acnc Fk", Mdc:r.doc) ,-~'l 
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Ilwasu('('llwnt ran lw addn'sspd and corn'cl('d without having to replan' or adjust tlw primary flow 
ll11'h'ring dt'vin'. Bpc(H1s(' of tilt' (lhility to v('rify the accllracy of an oppn-channd flow I1W[(',. in 
servin' these an' till' dt'vices oftl'n prdern'd ior allocating tn\ltnwnt IwnL'fit or hilling purposes. 

()pl'n channel flow nwtering systl'ms, proppriy s<.>t-up and calibrated, an' vl'r), accurate - usually 
within ±2 percent of the instantaneous reading. The typical primary d('vices have all bl'l'n 
l'xtl'llsiv('ly tested by the Fort Collins! CO, fl'dl'ral hydraulics laboratory 0\'('1' many dl'C<H.Il's and 
accurate flow rating curves and formulas exist for these devices. The lwrformanc<.', dl'sign, 

construction! and lise of primary flow elements is contained in the /I /-'lOll' A'1cllslIn'IIIt'IIIIVlnlllltli" 

published by the US Government Printing Office. One limitation of open-channel meters is thnt 
the), cannot be surdwrged or flooded. High flow rates that exceed the primary device capacity will 
GlUSp backwater effects! which submerge the primary flow clement and render the meter system 
temporarily useless. 

FULL PIPE FLOW DEVICES 

Two types of pipe flow devices suitable for raw sewage service are available - magnetic flow 
meters and transit time flow meters. Both types of devices measure the average velocity of the fluid 
flow across the pipe cross section. A crucial requirement for these devices is that they must Lw 
installed in a pipe that remains full at all Limes and when flow occurs, the Jine velocity mllst be very 
high. Partial flow in the pipe will render the flow signal inaccurate and may damage ml'll'r 
components. Low line velocities will also decrease the meter accuracy and promote fouling 
conditions that lead to erroneous data or, worse yet, plugging of the line. 

Magnetic meters 

Magnetic meters operate on the principle of Faraday's Law of magnetic induction which states that 
an ek'Clric current is generated by the flm\' of conductive material through a magnetic field and is 
proportional to the strength of the field and the mass flow rate of the material f10wing through the 
field (Sec Appendix H). A magnetic meter sets up a magnetic field of known strength in the pipe 
section it occupies. vVater flowing through this field generates a voltage directly proportional to its 
mass flow rate. This voltage is measured and converted electronically to a flow rate by simple 
multiplication of the known pipe cross-sectional area and the measured average flow velocity. 

Magnetic flow meters require fuJI pipe flow and high line velocities. &)th of these requirements 
cannot be satisfied in gravity flow sewers without the usc of a flow restricting inverted siphon. 
DUl' to these limitations, a magnetic flow meter is not considered an appropriate device for 
measuring influent flows at the new VV\VTF or in the Bnxlktrails colkX'tion system. 

Transit Time (Sonic) meters 

Sonic meters opt·rate on thl' Doppler principle in the mt'aSIITement of transit time of a sonic or 
ultrasonic pulse fired across the pipe sedion diagonally in t'ach diTL"-'tion (See Appendix I). \Vhl'n 

(0.\1004\404011.200 WWlll\l)csign\Sla@:c l\J:quip'iIlTIt MEMO sa.d~ InRucM 1-1ow Meta.doc) 
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110 flow l'xists in tIll' pipl' st'ction till' transit tin1l' of t\w puls('d signal is of tl constant known valtH'. 
\\fIll'1l wah'r is flowing in till' pipl' til(' signal transit tin1l' is l'itlwr decH'(lsl'd or incn'(lst'd dul' to till' 
Doppll'r effeel of tilt' fluid moving past the Sl'nsor. The changes in transit limes are din'ctl)' 
proportional 10 till' vl'locily of the walpr. TIll' transit tinw changl\s an' l'Il'ctronically Illl,(lslIrl'd and 
nmvl'rted to a flo\\' rate by simple multiplication of the known pipl' cross-sectional iHea and til(' 
aVl'rage flow vdocity. Some companies havl' developed damp-on ultrasonic flow Ilwtering 
dl'vices, which attach to the ouh.'r surfan' of a suitable section of straight pipe. It has hl'l'n found 
over the years that these dl'vices are typically not very accurate due to improper set-up, pipe­
transducer interface interference, and vibrations in the piping systems. Sonic meters can also be 
disrupted by vibrations in the piping system which may become harmonic with thl' pulsed signals. 
Clamp-on devices are not fl'comme}Hled for either application under consideration and for these 
reasons will not be considered further. 

OPEN-CHANNEL SYSTEMS 

The measurement of gravity flow systems is typically performed using open channel flow metering 
devices. Two types of devices are considered further below. The first type of device includes a 
primary flow element employing a flume or a weir to create flow conditions that have been 
extensively studied in the laboratory. The second type of device includes area velocity metering 
using modern technologies involving direct measurement of the fluid velocity and dl'pth of flow . 

Primary Flow Elements 

Several types of flumes and weirs are available as primary flow measuring devices. For raw 
sewage service only flumes are considered because they pass grit and organic solids whereas weirs 
create a blockage that causes a build-up of such materials behind the weir plate. Two types of 
flumes are in wide use - Palmer-Bowlus flumes and Parshall flumes. 

Palmer-Bowlus flumes are theoretically ratable (i.e. a flow versus depth curve - a rating curve - can 
be mathematically determined by performing a trial and error energy balance between the flume 
section and the pipe section upstream from the flume). Parshall flumes, by reason of their 
geometry (sloping floor section in the throat) are not theoretically ratable and rely on extensive 
hydraulic testing to empirically determine their rating curves. Based on these criteria, both flumes 
are considered acceptable methods for measuring flow in either the City influent sewer or the 
13rooktrails system. 

Both the Parshall and Palmer-Bowlus flumes have rating curves that are equally accurate. The 
Parshall flume is favofl~d by many engineers oc"Cause they are self-cleaning whereas Palmer-Bowlus 
flumes can cause grit to build up in the upstream approach to the flume, which can slightly alter 
their flow characteristics. The flumes have the valuable attribute of forcing the flow through what 
is known as "critical depth", a flow condition which cauSt.~ a "hydraulic jump" to occur in the 
flume exit or pipe downstream from thl\ throat. This flow regime is immune from downstream 
backwater interfercm'e up to a certain point where the flow in the flume willix'l'ome "submerged" 
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and H'duced dtH, to t!owl1stn'am dfl'cls. TIH're an' formulas for dCClIrate flo\\' ll11'aSlJrenll'nt in this 
condition up to a point aflN which, tilt' flow cannot Ill' accuratl·ly IlWaslIH'(1. 

Flow Measurement Devices 

Several manufacturers of flow mC(lsurement systems arc' availabll1 (See Appendices C and E). For 
raw selvage service only non-contact type systems are considef(.ld due to the possibility of fouling 
of contact-type devices. The non-contact devices include ultrasonic and radar svstems and 
mixtufl'S thewo£. TIlL's(' devices opl'rate by bouncing an ultrasonic Signal off till' surface of the 
waler (It (I specified point upslream of the primmy device. Tmnsit time diffen.'nres measure the 
depth of the water and convert the depth into a flow rate according to the rating curve of the 
primary flow element. This flow signal is then recorded and totalizt1ll. 

Mixed Radar, Sonic, and Electromagnetic Devices (Marsh-McBirney "Flo-Dar") 

Another type of open-channel flow metering device is the area velocity meter. These types of 
devices record flow by combining a measurement of both the depth of water f/()W with the velocity 
of the fluid. In practice, these types of devices require contact with the sewage and therefore arc 
subject to fouling and dogging from debris carried with the sewage. Area velocity meters are good 
devices for short-term studies but due to the extensive maintenance required to keep the systems 
free of debris, \vould not be suitable for long-term duly as the primary flow metering station at (l 
\V\VTF. 

One particular device, however, called the FlcrDar uses non-contacting sensors to measure both the 
velocity and the fluid level. The velocity of the sewagc is measured using radar technology while 
the depth of flow is measured using an ultra sonic level sensor similar to a flume (See Appendix D). 
The surface velocity is converted to average velocity using algorithms developed from research of 
velocity profiles in parti(llly filled pipe cross-sections. The average velocity combined with depth of 
flow is used to develop the flow rate by multiplying the average flow velocity by the computed 
cross-sectional area of flow. These devices are frequently used in the absence of any primary flow 
clement. 

Similar to a flume, the functionality of the Flo Dar's radar system is dependent upon undisrupted 
gravity flow in the open pipe. This approach docs not consid('r, however, that backwater 
conditions will affect the velocity at the measurement site and therefore, may be periodically 
susceptible to error during certain flow regimes. Recognizing this short-coming, the manufacturer 
of the Flo Dar incorporated a secondary flow measurement system into the instrument to allow 
data collection during surcharge evenL~. This St..'Condary system includes an electromagnetic (EM) 
sensor for velocity measurement and a pressure sensor for depth measurement. Both the Ervt and 
pressure sensor were tl~ted in a hydraulics laboratory to develop algorithms e~uating surcharge 
depth and pipe velocity to flow. By incorporating the secondary system into the Flo Dar, thl' 
manufacture has attempted to advaTK~e open channt'l flow measurement tl'Chnologk~ to include all 

• potential flow regiml'S encountl1n.J in sewage l'o))l"Ction systems. 
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TIll' Flo-Dar d('vin' is r<'lativ('ly Ill'W on Uw markd and has only 1><'£,11 in sl'rvin' about 5 ,'pars. 'I'll(' 
full-linll' st'rvin' accuracy (Inti J'('liability is, as )'l'l, larg('ly unknown dUl' tn its shorltrark fl'cord. 
This dl'vin', in yt'HrS to COllW, may turn out to bl' unacceptabll', vpry rdiabll', or uSl'ful onl\' under 
certailll'Onditiolls. This dl'vin' will J'('quire sl'\'l'ral rnOf(' )'l'aJ's of perfOl'llllll1Cl' hefon' its 
st'rvict'ahility and uSl'fulness an' fully und('rsl()od. 

ANALYSIS 

Influent Flow Meter Requirenlents 

A flo\\' meter ahead of the new influent pump station is required to provide information about the 
diurnal variations of flow, to track storm flows, to report data to the IHVQCB, and to allow 
allo{'(ltion of w(lslewater tre(ltment costs based upon usage. Due to the agreement between the City 
(lnd Brooktrails selection of the influent flow Illl'ter dt'vice at the plant must be baseu upon the 
following considerations. 

• The meter must be as accurate as possible since it will serve as the basis billing. 

• The meter accuracy mllst be capable of being verified at any time while in service. 

• The flow meter mllst record til(' flow rate continuously and permanently for reporting and 
flow analysis purposes (lnd the flow data must be totalized for billing purposes. 

• Charts and flow data must be retained permanently and made available to interested parties 
as requested. 

The flow meter must be sized to accurately record and totalize low flows of about ISO gpm (0.22 
ivlGD) and peak influent flows up to ]0,500 gpm (IS i\·IGD). 

Full Pipe Flow Metering Devices 

Full pipe How metering devices could be constructed so as to assure a constantly flooded flow 
section but this would require the use of a meter with a smaller diameter than the influent sewer 
pipeline. Clogging and blockage would be a constant maintenance problem. A full pipe flow 
device's accuracy cannot be verified in sl~rvice. Experience in the existing treatment plant indicates 
that these devices are susceptible to accuracy disruption. For these reasons these devices will not 
he considered further for this service. 

Open-Channel Flow Meter Systems 

Because open-<."hatmcl flow m('ter systems utilize standard primary now elements (tlumes) their 
pt~rformann-' is fidd verifiable and can withstand downstTt-'am backwater effecl,) to a point. Their 
dccuracy is good ,md performance is reliable. Regular l'hecking and calibration can kt.'ep these 
systems operating at peak vt.)rifiabJe (){:curacy through the design lift' of the new facility. AnH~-inch 
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Parshall f1unw can 1ll('(lSUf'(' flows from HO gpm to 11,000 gpm. This sizl' f1l11lW can sllstain a 
dll\Vnstn'am hackwatl'r l'ffl'ct of 7()1U) of till' 1lll'<lSlJf('ml'nt tll'pth Iwfofl' l'xpl'fi('ncing flow 
rl'durtion. Thl'sl' dl'vin's are capable of hl'ing programnwd to model a I\\ling nHYl' !,){, i\ prinliH~' 
l'll'nll'nt and sl'nd <1 signal to till' recording and totalizing tll'yin's. 

'Tlo-Dar" 

Bl'callse the "Flo-Dar" does not f('quire a primary flow l'I(,ll11'nt, the equipment can bt' installed 
mOrt' easily and dt a significantly lower cost than other systems under consideration. Calihration l1f 

the lInits would he more complex than with a flume but could be performed by utilizing a velocity 
profiler to verify the radar signal and physical measurement to verify the level sensor. The 
manufacturer would need to provide additional data to corrl'late these [(ladings to flow. It may bi.~ 
necessary for the City and Brooktrails to have the annual calibration performed by 1\,larsh Mc13inll'y 
reprl'sentatives. The final limitation of the "Flo-Dar" systpm is the limitpd operational t'xperienCl' 
of the instrumentation. 

CONCLUSIONS 

TIll' requirements for the influent flow meter indicate that an open-channel system with a primary 
flow plement (flume) and ultrasonic flow measurement device is ideally suited for both technical 
and agency agreement reasons. This system can also be protected from downstream backwater 
effects impacting the primary flmv element if certain design features arl~ incorporated into the 
influent pump station. Based upon this technology and a JO-year application life, this "off-the­
slwIf" flow metering system will be accurate and stable throughout the life of the project and will 
require minimal maintenance. 

The installation of such a system would require an underground vault with interior dimensions of 
8'VV xJ4'L x 12'H, an 18" Parshall flume of fiberglass, an ultrasonic flow measurement device, a 7-

Day circular chart recorder, a computer system, a SCAOA communications system, and the 
reyuisite electric power and signal systems (See Appendix F and G). This system can be 
constructed for approximately $35,000 to $40,000. Although this system can be flooded out during 
the peak instantaneous flow events (storm flows) the influent pump station can he designed to 
avoid surcharge events from impacting the upstream sewer. The added costs to prevent 
surcharging of th(' influent se\,\'er are estimated at an additional cost of $20,000 to $30,000. 

The Marsh-~1cBirney "Flo-Dar" device 

The Marsh-~kBirney "Flo-Dar" device is an acceplabk' alternative to the Parshall flume. The "Flo­
Dar" can he installed in an existing or new manhole as a stand-alone system requiring only power 
supply, communication link, and flow r~'Corder. The cost of this system installt"'d is approximately 
$18,000. Influent sewer piping revisions or modifications to the intlut"'nt pump station wet well 
would not be nt'(:essary . 

r 
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()\'l'r till' lift' of till' installation, tIll' "Flo-Dar" ('quipnwnt may H'()uin' mon' [reqlH'nt calibration by 
tlll'llllllHlfartuH'r. If till' pump station modifications an' not incorpl"\ltl'd into 1Ill' dt'sign and tIll' 
infllH'nt SP\\'l')' is allm\,(·d to pl'riodicalJy slIl'chargl', tlll'1l some loss in accuracy should be acn'pll'd 
by till' City and Brooktrails. TIl(' long tl'l'm lift' and H'pl(l(('llwnt costs for compOIll'nts ('ss('ntial tn 
till' "Flo-I)ar" Mt' currently unknowll, tlwrdore it is possible thatllnanlil'ipated rt'placemenl costs 
could h(' required. 

Hrooktrails Flow Meter 

TIlt' Brooklrails flow meter has insufficient flow range due to its small size. The 8" Palmer-Bowlus 
Flume ('an only measure flows up to the daily average dry weather flow and peak wet-weather 
flows or daily peak flows cannot be measured accurall'ly. It is essl'ntiallhallhe peak wel-weaUwl' 
flows and daily pl'ak dry weather flows from Brooktrails be ac('uratl'ly measured for both analysis 
and hilling purposes. If the peak flows from Brooktrails are not ll1l'asured then it will be impossible 
to determine whal portion of lolal flow comes from Brooktrails and what portion comes from thl' 
City. Thereforl' a new metering system is required . 
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Tllhlp 2 hl'lo\\' slImmariz('s till' abov(' conclusions: 

TABLE2 
FLOWMETER SYSTEMS COMPARISON 
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FLOWMETER I.OCATION FI.OWMETER SYSTEM COM~'IENTS 

A. Accuracy is vt'rifiahle in-sprvin'. 
I. \V\VTP InllUl'nt Flowml'll'r Open-Channel w / I ()II \ • 2 o I ccur.ll'Y IS ± percent. 

Parshall flume cllld B, "t )if-t1w -shelf" tl'chnology 
ultrasonic f1ownll'ter C. ~Iany yl'ars of IHovl'n 

perf{)rmance 

D. Flooded I"ll'rformancl' gives 
USell'SS data 

------------ ------------~--~ ~---------------
E. Cost of $35,000 - 540,000 installl'd 

A. Accuracy IS qUl'stionable during 
certain flow regimes 2. \,\'\,VTP Influent FloWllll'ter Open-channel W / l\·larsh­

tvlcBirne), I Flo-Dar" dl'vict' 13. "Off-the-shelf" technology 
C. \Videly used 
D. Limited performance hislory 
E. Cost of about $IH,OOO installed 

------~~·---~------t-----------~-- ~------------

3. Brooktrails Flowllwter Open-Channel w / 
Parshall flume 
ultrasonic flOwllwtl'r 

Set' Alternative I above. \Vill require 
12" revispd plpmg and 2 new manholes 

and I for added cost of about $20,OnO 

-------------~--------------- ---~------~~--~~~~-------_+_----------------_t 

4. Brooktrails Flowmeter 
St'e Altl'rnative 2 above. This s\'stem 

Opl'n-channel w / Marsh- may not work in this location 

McBirnl'Y 'F1{~D"r" device I according to company wI'. 

RECOMMENDATIONS 

W\-\'TP Influent Flow Meter 

Construct an open-channel flow metering system utilizing an IH" Parshall flume as the primary 
flow element and ust' the Siemens-Milltronics OCM III ultrasonic flow mett'r coupled with a 
Foxhoro model 740R 7-Day circular chart recorder and SC:ADA-hased computer system to record 
and totalize flows for billing, analysis, and regulatory reporting purposl's. This system will cost 
h{'(\\'l'l'n $55,000 and $70,000 . 
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Brooktrails Flow Mell"f 

Construct M\ l)l1l'n-chal1lwl flow nwtpring s~'st('m utilizing a 12" I\ushall flume ,1S the primar~' flo", 
elenwnt and usp lhe SiPIlll'ns-ivlilllronirs Cx..'~\'llfl ultrasonic flow Illl'll'r coupled with a Foxhoro 
model 740R i-Day circultH chart H'cordl'r, a ll'ipnwlric communicatil1t1s system, ,md a computer 
system to n'Cl))'d and totalizl' flows for hilling and analysis. This Systl'lll will maKt' il possihll' to 
nll'ClSUrL' pl'al-. daily flows and peak Wl't wl'aLlwf flows. This systl'm will cost hl'l\\"l'l'n S35,OOO and 
540,000 for till' f1ownwtl'r system and an additional $20,000 for piping revisions for a total cost of 
abou t $60,OOll. 

Costs Comparison 

If the recomllll'nded S),stl'IllS ,He implell1l'nted the cost will be about S70,OOO for till' vV\,yTP InflUl'nt 
FloWIlll'tl'r and $60,000 for tIll' Brooktrails Flowml'ler for a total cost of $ 130,000. The cost for the 
i\larsh-~v1cBinwy "Flo-DM" device in both locations would be about 518,000 each ior i:l total cost of 
536,000 . 
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