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Transit-Time Ultrasonic Flowmeters. - Transit-time ultrasonic (acoustic) flowmeters are based
on the principle that transit time of an acoustic signal along a known path is altered by the fluid
velocity. An acoustic signal sent upstream travels slower than a signal sent downstream. By
accurately measuring the transit times of signals sent in both directions along a diagonal path, the
average velocity along the acoustic path can be calculated. Then knowing the path angle with
respect to the direction of flow the average axial velocity can be computed (fig. 1a).

An ultrasonic flowmeter is a nonmechanical, nonintrusive device which is capable of measuring
discharge in open channels or in pipes. These flowmeters can provide continuous and reliable
records of flow rates over a wide range of conditions, including flow in both directions. Some
typical applications include:

Acceptance testing of hydraulic machinery (turbines and pumps)
Flow measurement in conduits large (360") and small (1/2") diameter
Hydroelectric powerplant management

Volumetric metering

Wastewater or water treatment plants

Field calibration of other flow measurement devices

The following advantages and disadvantages have been identified for ultrasonic flow
measurement;

Advantages
° High accuracy which can be achieved independent of velocity profile, flow rate,
and liquid temperature
° Capable of bi-directional flow measurement
° Non-intrusive, therefore there is no head loss
° Field calibrations are generally not required
° System cost is almost independent of pipe size
° No moving parts and are very serviceable
Disadvantages
° Relatively high initial cost
° Requires electronic technician to troubleshoot and service
° Entrained gases and/or suspended sediment affect the acoustic signal

There are two common methods for calculating discharge using ultrasonic flowmeters:

1) Single-path flowmeter - One or more pairs of acoustic transducers are mounted diametrically
opposed in the measurement section (fig. 1a). An average axial velocity is measured, and along
with the known cross sectional area of the conduit, a volumetric flow rate is computed. This
technique is based on an assumption that the velocity profile shape in the measurement section is
very similar to a fully-developed, turbulent velocity profile. As a result, flowmeter accuracy is



dependent on how well the actual velocity profile compares to the assumed profile. A poor
velocity profile will result in flow measurement errors. The typical accuracy for this type of
flowmeter is +£3 to 5 percent of the true discharge. However, with good flow conditions and an
on-site calibration these meters can be accurate to 1 percent.

2) Multi-path flowmeter - This type of flowmeter uses up to four acoustic paths which are
mounted on chordal paths across the measurement section (fig. 1b). The average axial velocity
for each path is used to establish the velocity profile. The velocity profile is then numerically
integrated over the conduit's cross sectional area to determine the volumetric flow rate. Asa
result, flowmeter accuracy is relatively independent of the velocity profile. Furthermore, this type
of flowmeter does not require calibration to reach the manufacturer's specified accuracy (usually
between 0.5 to 2 percent of the flow rate). If upstream conditions disrupt the velocity profile an
additional four paths (a second acoustic plane) can be installed which cross the first four paths.
This cross path configuration will correct for any non-axial flow components in the acoustic
measurement section. Non-axial flow components are usually caused by an upstream valve or
bend.

(A) DIAMETRAL PATHS
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(B) CHORDAL PATHS

Transcucer

Figure 1. Transit-time ultrasonic flowmeters. (a) Diametral path and (b) a chordal-path
transducer configuration.
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Standards
ASME Performance Test Code 18 (PTC-18-92)

This code defines procedures for the field performance testing of hydraulic turbines and
pump/turbines operating in a turbine mode. It defines accepted methods for ascertaining turbine
performance by measuring flow rate, head, and power output to calculate turbine power output
and efficiency. This code is recommended for use in conducting turbine acceptance testing as is
usually required in Bureau of Reclamation specifications for new or uprated turbines.

ANSI/ASME MFC-5M-198S, Measurement of Liquid Flow in Closed Conduits Using
Transit-Time Ultrasonic Flowmeters.

This standard applies only to ultrasonic flowmeters that base their operation on transit-time
measurements of acoustic pulses. Furthermore, this standard covers the application of ultrasonic
flowmeters used to measure the volumetric flow rate of a liquid of uniform acoustic properties
and flowing in a completely filled closed conduit. The standard provides:

. a description of the operating principles employed by the ultrasonic flowmeters
. a description of error sources and performance verification procedures
. a common set of terminology, symbols, definitions, and specifications

PTC-18 is the more stringent of the two standards and should only be used for turbine acceptance
testing or applications where flow measurement accuracy is critical, usually for accuracies
between 0.5 and 1.0 percent of the true discharge.. ANSI/ASME MFC-5M-198S is the more
general standard which should be used for selection and installation of ultrasonic flowmeters
when accuracies of 1 to 10 percent are required.

Reclamation Practices

For turbine acceptance testing Reclamation usually tests one turbine in accordance with PTC-18,
unless otherwise noted in the specifications. As a result, eight-path ultrasonic flowmeters are
installed on the penstock being tested. However, the level of flow measurement accuracy

required for project operations can also influence the type of flowmeters installed. For example,
all the penstocks at Hoover, Parker, and Davis Dams are equipped with ultrasonic flowmeters
because accuracies of 1 percent are required by the Lower Colorado River water accounting
decree. Another consideration is that the Denver Technical Service Center's Hydraulic Equipment
Group (D-8420) is equipped with portable ultrasonic flowmeters which can be installed for
turbine acceptance testing on a temporary basis.
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Ultrasonic flowmeter Installation Guidelines for Helena Valley Pumping Plant,
Montana - 10-ft diameter penstock

For the 10-ft diameter penstock to the pump-turbine (pipe from Canyon Ferry Dam to pumping plant) the
following ultrasonic flowmeter installation recommendations arc made in accordance to ASME's PTC 18-
1992

. The flowmeter installation location should be between stations 3+29 and 3+60 (see attached drawing
596-D-82). This location assure at least 10 pipe diameters of straight pipe upstream of the site and
3 pipe diameters of straight pipe downstream from bends at stations 2+29 and 4+10, respectively.
Note: this location assumes that the there is not a need to accurately measure flow back to Canyon
Ferry Lake. If this is not the case, you should provide 10 pipe diameters of straight pipe on either
side of the flowmeter installation location.

. For a 45° path angle the installation will require £10 linear ft of penstock.

. To satisfy ASME's PTC-18 for hydraulic turbine acceptance testing, an 8-path Ultrasonic flowmeter
installation should be installed at this location. However, if your accuracy requirements do not
require accuracies of £0.5% of the actual discharge you can use a 4-path system and attain accuracies
in the £1.0% range. Or a 2 or 3 path system for accuracies in the 2 to 3% range.

. If you decide on an 8-path system, the acoustic paths are nommally installed in an horizontal plane.
However, PTC-18 requires them to be installed so that the intersection of the two acoustic planes be
in the same plane as the nearest upstream bend. In this case the combined bend at Sta 2+29 and if
my interpretation of the drawing is correct the plane of the bend is 6° 27' 35". As a result, the
acoustic paths should be rotated 6° 27' 35" clockwise from the horizontal planc when looking in the
downstream direction. If a 4-path system is used, | would recommend mounting the transduccrs at an
angle of 6° 27' 35" clockwise from horizontal.

. From Accusonics price quotes dated 3/19/96 an 8-path system at this site would cost $32, 500 (this
includes a Model 7520 flow transmitter not included on the price quote, but I confirmed this cost in a
telephone contact) and a 4-path system would cost $17,200. Note that this is for equipment only and
does not include installation expenses which is usually $5,000 to 7,000.

For a system with an accuracy in the 2 to 5 percent range I would recommend a two to three path ultrasonic
flowmeter with wet mounted transducers. This type of installation should follow the ANSI/ASME MFC-
SM-1985 standard.

. Although I did not receive a quote from Accusonics, I calculated the cost of a two or three-path
system to be about $12,000 and $14, 000, respectively. I would not recommend a one-path system
because of the limited accuracy and there is no redundancy in the transducers. That is if one
transducer fails you lose the ability to measure the flow in that penstock.



Ultrasonic flowmeter Installation Guidelines for Helena Valley Pumping Plant,
Montana - 75-inch Diameter Steel Discharge Pipeline

For the 75-inch diameter steel discharge pipeline which carries water from the pump-turbine to the Helena
Valley Irrigation District, the following ultrasonic flowmeter installation recommendations are made in
accordance to ASME's PTC 18-1992.
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Installation location should be past Station 1+78 (see attached drawing 596-D-84). This location
assure at least 10 pipe diameters of straight pipe upstream of the site from the bend at Station
0+92.57. Because there are no significant obstructions beyond station 1+78 until Station 3+00 the
ultrasonic flowmeter can be located anywhere between those two stations. However, because of the
complexity of the pump discharge lines and combined bend at station 0+92.57 I would recommend a
location with at least 10 to 20 diameters of straight pipe upstream.

For a 45° path angle the installation will require £6.25 linear ft of penstock.

To satisfy ASME's PTC-18 for hydraulic turbine acceptancc testing, an 8-path ultrasonic flowmeter
installation would be required at this location. However, if your accuracy requircments do not
require accuracies to within +0.5% of the actual dischargc you can usc a 4-path system and attain
accuracies in the £1.0% range. Or a 2 or 3 path system for accuracies in the 2 to 3% range.

PTC-18 requires 8-path ultrasonic systems be installed so that the intersection of the two acoustic
planes be in the same plane as the nearest upstream bend. In this case the combined bend at Sta
0+92, and if my interpretation of the drawing (596-D-84) is correct the plane of the bend is 75° 32'
24", As a result, the acoustic paths should be rotated 75° 32' 24"counterclockwise from the
horizontal plane when looking in the downstream (uphill) direction. If a 4-path system is used I
would recommend mounting the transducers at a location with at least 20 diameters of straight pipe
upstream.

From Accusonics price quotes dated 3/19/96 an 8-path system at this site would cost $30,500 (this
includes a Model 7520 flow transmitter not included on the price quote, but I confirmed this cost
with Accusonics) and a 4-path system would cost $17,200. Note that this is for equipment only and
does not include installation expenses. For a system with an accuracy in the 2 to 5 percent range I
would recommend a two to three path ultrasonic flowmeter with wet mounted transducers. This type
of installation should follow the ANSI/ASME MFC-5M-198S standard. Although I did not receive
a quote from Accusonics, | calculated the cost of a two or threc-path system to be about $12,000 and
$14, 000, respectively.
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Ultrasonic flowmeter Installation Guidelines for Canyon Ferry Power
Penstocks, Montana

For the three 13.5 ft diameter penstocks at Canyon Ferry Dam the following ultrasonic flowmeter installation
recommendations are made in accordance to ASME's PTC 18-1992.
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For externally mounted transducers, the recommended installation location is in the 25-ft-long room
containing the manhole. Preferably, the transducers should be installed upstream of the expansion
Joint and downstream of the manhole (see attached drawing 296-D-188). This recommendation is
valid for all three penstocks. This location does not provide 10 pipe diameters of straight pipe
upstream of the ultrasonic flowmeter measurement section nor 3 pipe diameters of straight pipe
downstream.

For a 45° path angle the installation will require £13.5 linear ft of penstock.

To satisfy ASME's PTC-18 for hydraulic turbine acceptance testing, an 8-path ultrasonic flowmeter
installation should be installed on at least one of these three penstocks and could be installed at a
later date. Because of the similarity between the penstock designs either of the three penstocks can
be used.

PTC-18 requires that an 8-path ultrasonic systems be installed so that the intersection of the two
acoustic plancs bc in the same planc as the ncarest upstrcam bend. In this casc the 31° vertical bend,
located 24 ft upstrcam (drawing 296-D-188), would rcquire the installation of horizontal acoustic
paths. Carc must be taken to avoid intcrference with the manhole, cxpansion joint, and drain line.

From Accusonics price quotes dated 3/19/96 an 8-path system for all three penstocks at Canyon
Ferry Dam would cost $86,500 (this includes a Model 7520 flow transmitter not included on the
price quote, but I confirmed this cost in a telephone call to Accusonics). A 4-path system on three
penstocks would cost $51,300. Note that this is for equipment only and does not include installation
expenses. Another alternative would be to install one 8-path system to meet PTC-18 for future
acceptance tests and two 4-path systems on the other two penstocks for a cost of $60,700.
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Ultrasonic flowmeter Installation Guidelines for Yellowtail Dam Power
Penstocks, Montana

For the four 12.0 ft diameter penstocks (reduced to 9.25 ft at turbine) at Yellowtail Dam the following
ultrasonic flowmeter installation recommendations are made in accordance to ASME's PTC 18-1992.

. For externally mounted transducers, the recommended installation location is in Room 204 (see
attached drawings 459-D-285 and 534). Preferably, the transducers should be installed between the
two sleeve-type couplings. This recommendation is valid for all four penstocks. This location does
not provide 10 pipe diameters of straight pipe upstream of the ultrasonic flowmeter measurement
section nor 3 pipe diameters of straight pipe downstream. In addition, these proposed ultrasonic
flowmeter sites have very poor approach conditions generated by a combined, vertical reducing, and
horizontal bends located upstream of the measurement section. Although the vertical reducing bend
will likely improve the velocity profile to some degree.

. For a 45° path anglc the installation will require £9.25 lincar fi of penstock.

. To satisfy ASME's PTC-18 for hydraulic turbine acceptance testing, an 8-path ultrasonic flowmeter
installation would be required for least one of the four penstocks at Yellowtail Dam and could be
installed at a later date.

. PTC-18 requires that an 8-path ultrasonic systems be installed so that the intersection of the two
acoustic planes be in the same plane as the nearest upstream bend. In this case the horizontal bend,
located about 34 ft upstream (drawing 459-D-531& 534), would require the installation of vertical
acoustic paths. Care must be taken to avoid interference with the manhole, sleeve-type coupling, and
the water supply connection.

. These penstock designs are symmetrical about axis station 10+00, so penstocks 1 and 4 and
penstocks 2 and 3 are mirror images of each other. As a result, if economics and accuracy
requirements warrant, 8-path systems could be mounted on penstocks 1 and 3 and 4-path systems on
penstocks 2 and 4. This would allow for evaluation of cross flow errors using the 8-path systems. If
cross flow errors are found using the 8-path systems corrections could be applied to the penstocks
with 4-path systems. While this suggestion does not meet PTC-18 requirements it has be done at
Parker and Davis Dams, as well as other Reclamation projects.

. Using information from Accusonics pricc quotcs dated 3/19/96, an 8-path system for all four
penstocks at Ycllowtail Dam would cost $112,400 (this includes 3 Model 7520 flow transmitters).
Two 8-path and two 4-path systems would cost $86,500. Notc that this is for equipment only and
does not include installation expenses. A minimum recommended configuration would be four 4-
path systems which would cost about $60,700.
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Ultrasonic flowmeter Installation Guidelines for Tiber Dam QOutlet Works

For the 72- and 22-in-diameter outlet pipes at Tiber Dam the following ultrasonic flowmeter installation
recommendations are made with in accordance with ANSI/ASME standard MFC-5M-1985. Note that PTC-
18 does not apply to this application because to my knowledge there are no potential acceptance test
requirements. .

. Installation locations can be selected according to the guidelines of at least 10 pipe diameters of
straight pipe upstream of the site and 3 pipe diameters of straight pipe downstream from any
obstructions which may affect the velocity distribution at the measurement section. Because of the
length of both pipelines site selection should be made according to accessibility to power, adequate
work space, etc.

. There are many available one-path ultrasonic flowmeters. Some are clamp-on transducer (externally
mounted) systems, while wetted transducer systems are also available. I would recommend a wetted
transducer system because they are more accurate and they do not require a calibration of pipe wall
or liner material thicknesses or temperature compensation.

. There are several alternative methods of measuring flow on these two pipelines. However, if your
accuracy requirements do not require accuracies of +1.0 percent of the actual discharge you can use a
1 or 2 path system and attain accuracies in the 1.0 to 5.0 percent range.

. An Accusonics system for one or two acoustic paths would cost $11,000 and 12,100, respectively.
Note that these costs are for equipment only and do not include installation expenses.
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3/4-PATH SYSTEMS ON THREE PENSTOCKS

Accusonics Flowmeter costs Canyon Femry

Enter: Number of acoustic planes=

number of acoustic paths 12

item unit price total cost

Model 7500/8-paths max $16,300.00 $16,300.00

Model 7520/8-paths max (upto six 7520's/7500 $7,500.00 $7,500.00

Model 7601 xdcrs (2/path) $5650.00 $13,200.00

Model 7641 mounts (2/path) $550.00 $13,200.00

Xdcr cables and connector (2/path) $150.00 $3,600.00

Model 7642 xdcr installation tool $750.00 $750.00

sum $54,550.00

" GSA disc (6%)  $51,277.00

Accusonics Flowmeter costs

Helena Valley Pumping Plant

Enter: Number of acoustic planes= |

2[4-PATH SYSTEMS ON TWO PIPES

number of acoustic paths 8
item unit price
Model 7500/8-paths max $16,300.00
Model 7520/8-paths max (upto six 7520's/7500 $7,500.00
Model 7601 xdcrs (2/path) $550.00
Model 7641 mounts (2/path) $550.00
Xdcr cables and connector (2/path) $180.00
Model 7642 xdcr installation tool $750.00

sum

GSA disc (6%)

Accusonics Flowmeter costs

Enter: Number of acoustic planes= [

number of acoustic paths 20
item unit price
Model 7500/8-paths max $16,300.00
Model 7520/8-paths max (upto six 75620's/7500 $7,500.00
Model 7601 xdcrs (2/path) $550.00
Model 7641 mounts (2/path) $550.00
Xdcr cables and connector (2/path) $150.00
Model 7642 xdcr installation tool $750.00

sum

GSA disc (6%)
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total cost

$16,300.00
$0.00
$8,800.00
$8,800.00
$2,880.00
$750.00
$37,530.00
$35,278.20

Yellowtail Dam Penstocks
5|1 8-PATH SYSTEM AND 3 4-PATH SYSTEMS

total cost

$16,300.00
$15,000.00
$22,000.00
$22,000.00
$6,000.00
$750.00
$82,050.00
$77,127.00



