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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. I a). 

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 
rec·ords 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 
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• • • 
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: 

I) Single-path flowmeter - One or more pairs of acoustic transducers are mounted diametrically 
opposed in the measurement section (fig. I a). 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 
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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 ± I percent. 

2) Multi-path flowmeter - This type offlowmeter uses up to four acoustic paths which are 
mounted on chordal paths across the measurement section (fig. lb). 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. As a 
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. 

flow 
� 

(A) DIAMETRAL PATHS 

SIDE VIEW 

(B) CHORDAL PATHS 

END VIEW 

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-SM-1985, Measurement of Liquid Flow in Closed Conduits Using 
n Transit-Time Ultrasonic Flowmeters. 
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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-SM-1985 is the more 
general standard which should be used for selection and installation of ultrasonic flowmeters 
when accuracies of I to IO 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 Feny 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 
F eny 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 ofpenstock. 

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 nonnally 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 plane when looking in the 
downstream direction. If a 4-path system is used, I would recommend mounting the transducers 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. 
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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-tw-bine to the Helena 
Valley Irrigation District, the following ultrasonic flowmeter installation recommendations are made in 
accordance to ASME's PTC 18-1992 . 

• 

• 

• 

• 

• 

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+o0 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 pcnstock. 

To satisfy ASME's PTC-18 for hydraulic turbine acceptance testing, an 8-path ultrasonic flowmeter 
installation would be required at this location. However, if your accuracy requirements do not 
require accuracies to within ±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. 

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 ifmy 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-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, respecti\'cly. 
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Ultrasonic flowmeter Installation Guidelines for Canyon Ferry Power 
Penstocks, Montana 

For the three 13.5 ft diameter penstocks at Canyon Feny 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 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 IO 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- 1 8  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 3 1  ° vertical bend, 
located 24 ft upstream (drawing 296-D- 188), would require the installation of horizontal acoustic 
paths. Care must be taken to avoid interference with the manhole, expansion joint, and drain line. 

From Accusonics price quotes dated 3/ 19/96 an 8-path system for all three penstocks at Canyon 
Feny 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 $5 1 ,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 1 8- 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 
wil l  likely improve the velocity profile to some degree. 

For a 45 ° path angle the installation will require ±9.25 linear ft of pcnstock. 

To satisfy ASME's PTC- 1 8  for hydraulic turbine acceptance testing, an 8-path ultrasonic flowmeter 
installation would be required for least one of the four penstocks at Y ellowtail Dam and could be 
installed at a later date. 

PTC- 1 8  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- 1 8  requirements it has be done at 
Parker and Davis Dams, as well as other Reclamation projects. 

Using inrormation from Accusonics price quotes dated 3/ 1 9/96, an 8-path system for all four 
penstocks at Ycllo,\1ail Dam would cost $ 1 1 2,400 (this includes 3 Model 7520 flow transmitters). 
Two 8-path and two 4-path systems would cost $86,500. Note 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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.--Draft tube gale 

/ in stored position 
E

t. Jzoo.oo
1 Ill K1 ll r:-Metol roiling 

;fl. Jl�8.J8 f _)1b;�r=;rr'"•fl. JZOZ.50 
\,Pipe -

.-: alcove 
-�4 Floor 
: surfacing Mor. operating rws El. Jl9Z.s.:-. 

--Z4 Emu9ency drain 
£ El. Jl9J.50 

·Coble troy 

.·Mi,,.rw E1. J11s.o.: 

L:�
n
� �

era ting) 

. .�w 
� · · ., _ ./ ·---12· D_rofl tube drainoqe hcoc·er 

···Metal pier nose ' ' 
• : t 
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TRANSVERSE SECTION THRU £ OF UNIT 

f Low \"I'\� T£Vl-- \ ...J� � 1' � 
1-oc-AT·\ ON , 

(UNIT No. ZJ 

0 10 
_! 

.. 
S C AI.E OF FEET 

20 " 

cp �. � :::..; ,_, 
, .. , , _ I 

r..:: � ·_-: _·: : : :  ·.-!;;��:. ·_ � : :  � -_ : :� -. -_-_ -_ �: :.-2�:_-o·· : :
.
: :.· ..:..-_. .6.1

-
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fa') 
-._/ 

; £ i' Erpons,on ;1--� . ' 

1 1 

; Lon91t £ Un,ts-- ---

··/6°·9°· · · · · -.
... ___ Face of concrete wot! 

1- ._£ Ring -follower gate : i 

l -
,· ·Et. JZ59.H . r  

1 '  

tz· Brick masonry wall···-

�---· -··Ladders----·  -• -----·· i- _ .  _ _  . _ _ _  . _ .. �(:�{'. ��-c_ F_r_o_n�- :"_i!s _ .  2·12$ TON CRANCS 

_I � ·
,._.

1··T'Jp of crone roil El. JZ40.0:J 

noo1i1 so, 

fl. JZ/5
1
87-

, 
!F=11-+1 

··Top of 1Jfconc. I Y. 
. _f wall fl. JZtS.OO "_Jf ,--r\fop of pilaster 

··-tz· Brick masonry wall 

.• - ·Melot ro1l1n9 CL JZIJ.00 . 

, 
, _.• Floor surf Jc mg 

, l �1-.;>7 ti I L�-·:--!-L 
:· ,·ft JZOZ.75 II E3 .. :--� · 

· -'I l!J i t . '· c· 201��==� �: =.·:·�j ,f_ \· ,r
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- -,-';� 'r- -.-- ? • ' 

/:r,. '··Et. Jl58.0 
, '·Rubber wo terstop 

I 
\ 

El. JtH.15·. \ 
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I • • 
>-··B·O·· 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

El. Jl4 7.50· 

zi:l·. 
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TRANSVERSE SECTION THRU OUTLET STRUCTURE 

N O TE 
For general notes. t:rp/pnotion and reference 
drawings, see 459-o -zsz. 
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P.I. CJmbirled bend GTI-B2 - - -------
� 

Block number ••••••• 

Axis or Dam ••••• _ • •• 

�vm.- ""__�et.-� 
.eix,s�9.<10 ---. 

· £ Penstock NO;_ J·.., eJ \ Axis Sta. !H -75.00 

RefN'en� line.-
Axis Sta. lO 1-00 

.,·.; 
.• 

- ·11 1+1 I . +-;;::,_ "" --· ::::J 

I 

ffJ:E====t;�7wn--.----l-£ �� �b 
����. I Aris Sla. 10+-25.0C 

:.=.--�, --- :_:._�_;.;.-,,,Pt··l 
_::�rir-'-:-;-::f::=ir- � ·r-

..£ pen_ffOCk H,o. I ·-,. _ 
Axis Sta. ,c+75.00 

€ River��­�;rs Sta. II+-
�o.OO 

·�· ... ---··"">,') "'' I I ' ------ . -· 

-� £ .. , .. , ... _..,,,., 
.,E Irrigation Outlet. 

PL A N  

iPENSTOCI( 
NO. 

I 
I 
I 
2 
2 
z 
J 
.J 

.J 
4 
4 
4 

BEND DATA 

BEND TYPE Of'" PL AN UPSTREAM 
4 PROFILE 

NO. BENO ANGLE ANGLE 

Pt-Bl Combined Trl8'4tt J" 02.' 01· 9• 4( 5&" 

Pl•B2 Vertical reducing BZ-odoo· O" sz-odoo" 
Pl-83 Horizontal s- z.125" S- 24'21' O" 
PZ-81 Combined rr,s·os· O" 21· 13" r fl 56" 
P2-82 Vertical reducinq sz-o<fcxl O" BZ-O<l<xl 
PZ-BJ Horizontal Z'" ,,,· 39• Z- ,,,. 39" o• 
PJ-81 Combined rr,s'os" O" 21· tJ" S- '11' 56· 
PJ·82 Vertical reducing BZ"Oo'Ofl O" sz-oo·oo· 
PJ·BJ Horizontal Z- 14°39 Z- 1<4

° 
39" O" 

P4·81 Combined r3•1s·46· J" uz' 01· S- 41' 56" 
P4·B2 Vertical reducing BZ"oo'oo" O" sz-oo'o<l 
P4·BJ Horizontal S- 24'25' s• z4' zs· O" 

IRRIGATION CUTL ET 
ID·BI Combined 5,,-59'15" tr ,s· ,� 5• 09'34" 
I0-82 Combined 10•02'J8" J" 4J' 25• 70"odO<l 

EVACUATION OUTLET 
EO-BI Combined ,,z-"·n· r ,z' 12· s- 08'34• 
£0-82 Combined 49"5931° ,rs,,.' 09· t1rJ<loo" 

GRAPcVINE TUNNEL 

GTI·BI I Combined 8Z'" )J'J,. tJZ"oJ'5z" z- s,· 45• 

GTI-BZ I Combined 16" 4J' s9· I 16" 44' oo· .o- ts" 54 

DOWNSTREAM DETAILED PROFILE 
ANGLE ON OWG. NO. 

sz- o<f oo• 459·0·536 
O" 459·0·538 
O" 459-0-538 

sr od  oo· 459·0-536 

O" 459-0·538 

O" 459·0·538 
sz- oo· oo· 459-0-5J1 

0- 459-0·538 

o• 459·0·538 
sr oo·oo· 459·0-537 

0- 459-0·538 

o• 459-0-538 

,o- oo' oo" 459·0·533 
O" 459-D-ffl 

frJo' O<l 459·0·5JJ 
O" 459-D·SJJ 

o• ,s· 54• 459·D·SJ9 
o- ,s· S4 . 459·0·539 

LIST OF DRA WINGS 
PENSTOCKS AND OUTLET PIPES 

GENERAL PLAN ANO L:ST OF ORAWINGS • • • • • • • • •• •• 4S9 -0 ·5JI 

RIVER OQTLETS -- OUTLET PIPES 
PLANS ANO PR0Flt.ES •• ••••• • • • •• • • • • •• • • • • • • • • 4S9 · D-!S:SZ 
BENDS • ••••• •• - - - · - - -··  • • • • • - • •• •  - - •• -- • • •  · - ·  459 · D -S:SJ 

PEN STOCKS 
PROFI� NO. I ANO NO. 2 ••• • • •• •  _ _ _ _ _ _ _ _ _  - · - • • • • 459• D -5:S4 
PROFILES NO.S AND N0. 4 • • • • • •  - •• • • • • • • •• • ••• • 459 • 0 • 5'5 
BENDS ·• SHEET I OF J • • • • • • ••• ••• • • • • • • •• • • • •  459• 0 •"6 
BENDS •• SHEET 2 OF !I ••.. . • • • • • •  _ _ _ _ _ _  • • • _ _ _  459• 0 •537 
BENDS - SHEET S OF .5 ••• • • ••• ••••• • • • • • •  - •• •  _459•0 ·5:SS 
fllAICE•UP PIECE SUPPORTS • • • •• •  __ • • • •  · ·--- · · ··459- D•26Z 
PIEZOMETER PIPING •••• • • • • • • •  _ • •  _ • • • • • • • • • _ •• 459- 0 •263 

GRAPEVINE TUNNEL INTAt<E 
STEEL UNER ••••• • • • • •  -•• •• • • • • •  -·· · · · ·· - · ·- .459• 0 ·539 

PENSTOCIC ANO RIVER OUTLET 
INTAKE STRUCTURES 

ICE PREVENTION -· AIR SYSTEM ••• • • • • • • • • • • • •• •  459• 0 • 271 

SPILLWAY AND GRAPEVINE TUNNEL 
INTAKE STRU(;TIJRES 

ICE PREVENTION •• AIR SYS'!"EM • • _ _ _ _  • · - - - · · · · ·459 • 0  • 272 

IZ - Ztl• Ill I COllll£CTEO l!IICAlfAr10,, OUn.ET Pl.Alf ANO&.£$ 

o. ,&,t_ 
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L -1 
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L.1 

LJ 

u 
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-� I ;--· 
£ 12·Filling line-.. :----- ---••• 

� ;,o· Air vent --�  J-1 '·,, ... __ ,.£ 2.-·Manhote F.S.(5JB) : .•r· -: · ' -:-. hinged downstream 

£ I� Fi!ling line-. �-- . ... : ... _ .  
'-.f....i ·- • • • ( 24.Manhote F. S. (S.JBJ 

. .• : I "J •• hinged downstream 

: =- - - - - - -------· -r 
El. :US0.00; _::-" ;J+r· -

��
!9f··: / -�� 

S•-<1.,s.100-
� r -4::: • .._ ••• ---r "· ... 

�4t'S6• ...• · .... r··--- : \ tEI . .144.J.50 
\JJT71i'ti.��-4--- ---'�--L.. 

S•-0.15.JOO• £1.3450.00-, 
'\ . i 

:1,r.:·.·· -.;..- - ' "%--- . • 
:··-:· .. !""r···as' ,.. . ·-. 11{( ! i ',, ___ •• f" -� 

• • ':;!---. � 0-41 56···· r···-� II I . ,  

j \_ .-·El. J44.J.50 
��- - I 

. Th_,... 

-v-v ........ ,._ 

. 

. . £ 11·Droin p:pe-····"'Ur:(". 
":�

::::�..-�-�--�ei- �tl-:_.f...l'L. 
·-•.• ______ _'�P.t.Comb. bend :-·., · , ,1-.. t___ \ Pl-Bl (5J6} � �  ' . . Fm- deta;ts. See fo. Cl.!\ \4' -1r1s 46 

£ s"Oroin pipe_.,· �t,·� 
�-,f.>-�t--... ' ..... � '  

For details. See ./ l· : : a•-" 

··· - ------- ---\-P.t.Camb. bend 
\ P2•BI (5.16} 
\ .,.,r,s'os· 

,·Locate piezomefers 
/'·-� lfS-centerlines uuuuFIFfHHHfFH,f ·-···i 

Drtg. of bend(SJSY r f \ •.oe.: : Dwg. of bend (538}···· ":ti \ 6.o ... �---,z�o· &s�.1·1.0. 
D E TA I L  I �- · A  1 

\ �-:f:.-.. 1'--� ............. �---- ¥�·:�t�e::::::: 
__ ./ 1'·,-,.,., 

tt' � %:b,.. '  Typical for all stiffener rinqs 

\_.-\--+---c\�::�:�:. • � � 4ll t .  ! i o: � � ! � 1 9: \ \ 
� \ \ � L l--·i--.;-" ... '= � � \ \ � \ 

� \ � 1 

i.---t- � � .. ----
! � •, � �-
� � 

I 
\ 0. 

� q_ \ 
�· �- I � � ' � : 
: � \ -�---... --' \---\--·-,;·· ' . ' ' 

o • I • • t • 
' • ! • 

----12!0· t.O. Pipe 
Stoinless steer piezomeler plug. 
hex. head,tFhiqh. z·acrass fiefs.-. 

,.J· Standard pipe thread. 
\ Provide }·steel pipe pfuq 

·.. : 
;i: �- \ � �- �- \ \ 

\ c!. i l -1.� i: � . 
PI EZOMETER SEC TION ,:.;_.___J·o;a. l-... a· Dia. hole ta be drilled 

,. ,. ,. i � / ; i in, field ofter. lf!Sling 
'• ,.o. z 2, o. o.1i6 : �r,,,...,.i,,,..- I : p1ezometer p1p1ng. . ' . 

1 \ I I 

; i_ �----�- ------ \ \ \ � -· : , ...... \-----\- r Copper gasket. ---- --., : ! i 
-.. }. ;,# \---.-- : � : \ \ � .... �- . � 

�- C-:· \ � ---

S L EE V E - TYPE COUP L ED 
EIGHT IIEOUIRED 

JOINT 1---1--· i : 
• 

: � � t 
� 9. \ \ 

1 • Q I I . , •  . . 
Tap thru 

' , ,  

\---\---�---�---· � � ·. � . . . \---\--+-·t··--··· 
I � � \ t t I I Inside of penstoclr·: 

V,.Dr,.-:-: ,. . • ,. ,.,-�� ,ar;:·-_. O,a. dr,Jled hole 4 �eep
. 

: Tlhread Must be normal lo mside I I · -

I t ,� � ,- ,,:, 
:• �- 1 io ��· ' � � , �.:a � � l 1__ ... l-a.�-�-- \ \----i,- � !a. i ! � \ er. ?0. � : �� �- °:· l .  � \ �- <?- � l l.--- \ 

� \ i !t.D 
� � ! •c.n � �-- � '°� • •  • •  • Q,•n � : � o�: 
: : \ te).l-­\--1--�r \a. \ \ � ; .. ,o. \ 
cat ... �- - 1 11  I 

�- Q. .... ! ! 
I I I I , __ 

7 
\ Grind end of piezomefer plug 

flush with smoothed t'nside 
surface of penstock and 
f'Olnd edge af 1· dia. hole ta .-­
not more than ;f radius. --- �-

/ of penstock. 

:\ t --�---�-- . � 
:·· 1 · \ � \ \..� Piezomefer 

l. ---l---r--t·--, ' . ' . \ \ ! \ � 
\----£ Piezameter 

\ 
connections 

PI EZOME TER CON N EC TI ONS 

� \ � 1 �-- \ connect,ons � 46 .. : � �- \ ;\;'i .  'I ! t • r 1· \ \ ; \ t • • • ' • \ � t---t·-�--- \ \---,-·-� � � ': t � � \ : \ t- . - � \ \ \ • <?. • • • • ..l-• i ' �--,=·�;J.--1-\ ·--\-·r--: -r-· 
: � ; 

\ 
\ \ � � l--!··-1 i � t, : 

.:.. : : \ � � : : . \ \ :; \ \ t-----� � : � ... -'l: \ � .Y�. � 

P.I. Horizontal bend 
Pl -83/SJ!d ...... ,. .... ,1 ,...--E s·Nozzte. water suopty connection • 

.,r-· locate on near side. (535} 

•• - £  20·-.JOO # Manhole. fype A. Dwg . 
. / tf.O·D-4556, loarle .10• fram 
i vertical £ of penstoct neor side. · 

Hinged from uPStream side. 

�----p--E Sleeve-type couplings 
1 

I 
without pipe stops. 

t-y'· -�--:- ---t- -;.£-,�i,·rn·· 'Rf'1J9fur�r:��;��::lh 

\ � \ \ a: 
-'il O. � \ \ . ' ' ' . . . . • • I I 

: ! ! .!.--� __ .. , 
\- --\--·;-- \ :, : . \ . . ! tu • \ � t- 1 \ � \ t i· � � · --
\. \------

··
-
-c. --- \ � l 

� \ ! \ \ 
I I t I I 

\ \ \ \---t--.:. : \ ' � al- � ' \ \ 
,· Ca \ 1 ' : ·t 1 t � ...-\ � i \ ... -r:-
\ ,-.. ���- 't-

.J. 
P.t. Horizontal bend 

PZ-BJ (5�8} 

_ ••• � s"Nozzle, water suptJJy cameciion, 

-···{ 2cl-300#Manhole. type A, Dwq. 

-
--

�- 2•14' J9·-----··
1 r .. ,�------ � ---·- ,:' : -""' 

.l i 

r.. locofe on near side. (SJS} 

r 
40-0-4556. locafr! JC'from 
-,ertical £ of penstoclt near side. 
Hinged from upstream side. 

. : .. ---r··( �leeve-ty_Pe couplifll/S ·"' ' 
� ! � ..:: 

•• Wlfhauf pipe Slops. 

! l l l � .--!/-J· ,.a Make-up piece. 
��-m;;·.·,.j-J:-: ,- ·::- -i··t·;:t=P•/ Furni�h 6•extra lepglh_ - · each s,de of suppart rt"'I_ 

for tah!1 lengtt, of 1s'-o" i ,:r- • � ,. 

\ \ \ ,� \ \ -�, 1 -· - -:TY- 1 iii � , i · n FOOOQOh, l tE,.J,,a.oo \ : ·  � :, ;___ . l each side oF SllfJporl riny 
. for total length of ,s'-o. 't .....---1 � � \• 

I I �- • 
I I ... I 

'. � � \ � 

/ , , 
i 

', L.-1-- ,,' 
,
,· ..... �·.-. -.. -. ··-- - .-� .·· .. � - . I 

\ \  \ �. 
\ 

Unit 
�--·El . .Jt 78.00 

\;,___l--
'� 

P.I. Vff"tical reduong •••• • . �- .. ,5 , - - .,,s - · .. " , i...,: • :1 :: • bend Pl -;B2J538} •. ::,( . ! / : L...---------5l1!.t;f'-------:-+ 14" t!r,: End.of turbine contract � -ez-oo oo---·- '-.. I : : 
: ·--·---:-1 Clearance ···-,·--. .}z:--::······------·-f---,os"-to;· t-----1 . �i""---•• _ ..L----------------1 ::----·---+------------Plate thtt:kness · ·---
�-'i.. a"Nozzte drain connection. 

LDcafe on -,ertical £ of penstock. 
P R OFI L E  PENS TOOK No. I 

\ / .,- : : --�a..:�;',$.·-=<. · · :: · i: , = Sf;;:,,;:· 
'.. ., , ' ' ., • "> ... - •• , • • • •• • :,. ,• I O ' r:� • ir: :::iij•··-.;-:.;.;,c:_

·
;; •• ' , • 1 ,. ,,' . ,., : : , • , . .... -:: � ·=-�--J�---_,, _,,,__. ' , 

� 
, 

-----;JZ-"'_l[:·-- ,. •• P.t. Vertical , � .. ,nr,.. , / : : : � ,: :, 
I I II• I I I • • '1 I • • • • bend PZ-82 (SJsJ ,•"- �--11-11---·-·-------s2-1__l[:--------.---c...J4-o-..... ----£nd of furb1ne contract • • .,"' ', • 1, I ,. I 

' - • 
(. • 

A •SZ-00 00------- • •• , ! ; , : - -----·:'- -1 Clearance 

��---,,-; . ________ l _________ ,_o�-��--,� __ _ __ __ J ____ _ __ l.-Plafe thickness 
\-£ s· Nozzle drain connection. 

Locale on vertical £ of penstaclt. 

PROFIL E  PENSTOCK No. 2 

NO T E  
Piezometer pipinq shown on 

Dw9- 459 ·D- 26:J 

, •It• ·•1t 
I 
C#A#Ol!O ""-'"• ,.,,e t:Olf#Et:r,011 ro AOlll!l! w, r 

o. lr.t:.I! FAt:rUlll!fl'S OIIArrt#OS. 
THIS DRAWING SUPERSEDES OWG. ,t59-D-25f 

UNITtrO srAr£S 
Ol!l'AtfTl//l£NT 01' rHC INTIERIOR 

•111t£AU 01' tf£CLAMArlON 
MISSOURI RIVER BASIN PROJECT 

L.OWER BIGHORN OIVISION-YEU.OWTAIL. UNIT•MON 

Y E L L O W TA / L· D A M 
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Ultrasonic flowmeter Installation Guidelines for Tiber Dam Outlet 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-SM- 1 985. Note that PTC-
1 8  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 IO  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± I .  0 percent of the actual discharge you can use a 
I or 2 path system and attain accuracies in the ± I . 0 to 5 .  0 percent range. 

An Accusonics system for one or two acoustic paths would cost $ 1 1 ,000 and 1 2, I 00, respectively. 
Note that these costs are for equipment only and do not include installation expenses. 
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22• OUTLET OISCMARGE•SS:. FT. 
D I VERSION DI SCNARGE-MUIICRmS OF sec. F T. 

DI SCHARGE CURVES 

NOTE 
Because of additions ta tlie rirer outlet works (Spec­

ifications No. OC-4563). this drawing is superuded 
in part by the folfowing drawings ; 

84-0-367 thru 372 
84-0-314 and JTS 
84--0--377 and 378 

N O TES 
The following items not shown: reinforcement. trasnra::lcs • 

electrical :onduits and appar.rfus, ,;onfro/ piping ar.d 
apparatus. ,1enfilafing system. su,,..p pump, misceifaneo1Js 
piping an;/ 1rvins and reserroir level gage. � 1 -;;,.y-

Gate chamber- _____ " 
2
·--·---t .--5'-o.d'-o. H.P. Gate _ _ � _r:4ss1111'1Jd top of wea'hered shale •• ·Ass'P11ed top ol firrr: shale 

_ _ _ _ _ :B _____ _ _ _____ ....._ _____ _ ----------r-------:C=> ,_ _________ _ _ _ ---'[ __ _ _ ____ ___________ ______ ___ _ ____ _ SECTION E- E �nc:-efe fir.shes in tunnel fa be F2 for fo.--med svfaces 
(/1/d U2 for 1111/ormed :. ;p-faus. --��lj;��r-�--=--- F-;;;-0:o;�-;;;;_,;;,,;-;.;�:,:,,�::SJ.:�24·lJ:i:;j::r:,'i:PJZJ«' _ r _ ___ 1 -'!�o· i)i2 arc. 1unne1 

.-J'� • .-...:� 
--'--JO' OJflel channel �V' '•6•0.002954. 

B ''5,,,-a,ed profedive coating lo be applied 
M me  finished excavafed shale surface 

�-- s · . ,  :smzr-:t". i%.&!C:d,,.��;-_-____________________ £1. 2825,0 -·� 
-t ,J • • 4.h5b.:i d ; -- -- ----- - - H -- - ----/ ffl� -kf¥:i!w 

,,.. d I 
r"°----22 8rtl$$ stovebol $@ 511·0 ---·-

r
- - ·· • :.22: Dia.'"..feif ouflef pipe (M<r side}  S->Q00/!954-' Su11J1--·1 , ·-.s'-d' D11rrped riprap a, I& sand an g,:ave �-5/a 26i-50 

0
'1),,,. 

Sta. H�oo ___ .-,.: Ls--·Shl 37,.H selected from zone J material 
SECTION A-A 

Fmerroirfmlgagepipe 

• • •• -Pipe or drilled holes for pkr.ing mo.-ta:- or grout 
_..-·· ---_-;

"" b;- groufing methods. Lo,;ali0tr !JS iirecfed-- - -- --- -/.,-venf / •• -.-----6rout holes as directed -
-
.-.-.:·-------

------••• : : �'Joie , •• r: • • • • -. Vent hole-, • •• 
: : . : : · :LDcalim, IJPfJ, sue, and spac,ng of :.frvcfilral steel r,bs, l, ··-....... : · .. .. --t-,·-·---1.....J. :"": linerplalf!s. and_laggi/1f/ loJJe as di're� or approved by: -... · '�I \ 
r,_. · _- . -� 

... � tcotrfiocting officer. .. •••• · -� ._ . ., . . . >:. ..:>" . • 
. >i ·V" rspace_ between liner plates or �{,.� 

.>.'.8 -� laggmg and rock Shall be i5' 
\ ------ � soli�ly paclted with Cl(IIII a--l . :._gra'lel or spoils andpressure grrJe,J-•• �.11e • • 

R_�rvoir /evet_,agepipe--:: 

.------f Dia. x t{Phillips recess 
1-...,....,..r,,.,.�· '--,.......l rd. bd. brass stove bolt. 

t(i�ti���� �rn:1 • .· x:1 
BOLT DETAIL 

Design basedonconcrele of SOOO/bsper sq.inc/I compressive 
srrengt/1 of 28 doys. 

� Second sfa1e concrete. 
Type NI metal seals ,,,;11 be placed in all transverse 

cansfructian join;s in funnel lining, 

REFERENCE DRA WINGS 
TRASHRACK STRUCUR£ _ _ _ _ _ _ _ _ _ _  • _ 84-D-140 
GATc CHAMBER. _ _ _ _ _ _ _ _ _ _ _ _ • _ _ _ 84-0-14I 
il'AL.Vl: H()tJ$E_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _  .84·0-142 
TIJNtJE:. REINFORCEIF..NT _ _ _ • _ _ _ _ _ _ _ _  .B4-D-t<f-5 
RF.SERVOIR L.£V£L :JAG£ PIPING. _ _ _ _ _ _ _ 84-D-1O7 
ME'f'AL SEAL. 0£-:"AtLS ••• - --· -··· ··· · · · · ········AO-D-4!SIO 
OUTLET POllTAL. 0ETAIL.S ••• •••••• • • • ••••• 84-0-180 

AOOl!O OISCHAIHZt! C� AIIO #OTl!S 

UNI TltO STATl!S 
Ol!•A"TWl!IIT 01" T-41! I II Tl!IIIO/lt 

•u#ft!A. U OF #fl!t;LJHl•TION 

q-;PORTAL HEAD'NALL 1 0  

Iii&' 
5 10 
I I 

15 
J 

MISSO/Jlfl lflVElt IIASIN �ROJIU;T 
M4RIAS OIVISION-IAIIIIER Al""'1AS UNIT• MONT. 

TIBER DAM 
RI VER OUTLET WORKS 
PL.AN AND SECTIONS 

L _J SECTION D-D 

\ 
UNSUPPORTED SECTION SUPPORTED SECTION 

u TYPICA L UPSTREAM TUNNEL SECTION B-B 

stag-Jerr:J '1S dif'>lele,J �-:-\ 
, placed after diversion. 

- :, ··Walkway 
'-Brass stove boll, SIie detail 

SUPPORTED SECTI ON UNSUPPORTED SECTI ON 

T YP I CAL. DOWNSTREAM TUNNEL S EC T I ON C -C 

_L..,_ ______________________________ ....;.,. ____________________________________________ _ 

!.CALE OF I' EET 

., · 0 cca .... .,r_.,.,._. J.,._ ,. .. ,Tr-a 7:�---- ____ _ 0 IIA� • • • • - - -- • • - - -- - - --SU -.. -• • • - •• - - - • • • 

-; T#l'AC£0 .......... "'.!·!'.:.�- - --• -• .lftlC.C.,.MC/tl0£0. .. -. : - ------- - -· -- - -

�: =� Cnl!Ct<«2..'71.r
� 

... --/lt0.,l!:O . . .  -- · tr.-,f.:l-�-.!Z'.fd..�"a :':: " "  -

�:4 �1 o.ir .. wr,., c:01.c ... •: o. """"· G , ,, o ,;,  84-0-90 
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P L A N  
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: Type A support; ,-Type B support i;<- - -.- -.. --- - --Typical se;tton -------->! 
1 110�1_____ ,, ____ rI041 rc--10-0 -91;<- ---- -2'/-o --- - --:ci--td-d'--,c:--£ C<Jupltng 

"-S =0.1JIJ2954 
. - -�· . . ; · ":: · :&t. • : - ·:- ·o--· _ • • _ ._. • . . _ . • • a. · • �  - ·o . •,. ,;. _ . ., . • .• \.:,&.· . · · ·. , :.,-.. •. ·.• . ·�·: - · .  

Sleeve type coupling! 

�------ £ Type B suJ:,;-,.:;..� 
£ Type A suppar� ''041 

(104 1 

L:. -------

• . • : ·o. ·. ·�· : . • - � - � . .  : · . ·lJ.·. · . · . · ·<-2: . · : · · ·o· · · . -; . .:-. · . • .  · ,:Q------:--"•."----;, 

�-�:-P.t. Hor;zontal bend 
.11 • so•1o'O<J' 
R= 1J'-4-
T = 34'-J![ 

-. ·.-p.• ·. - • • . -- · ·- . - . - ·. ·9, • · . ... . ... . : . · · .· ·o·. :  -: . · ·_ .,_ · - . · . · -. · o: - ·. · •. • . · - · -o. - . · · . ·o: · . - · ·-· _ .. - . ·;, : .&·.- .· .- . .. . . - • • . .. . ·o . . -•. . - : . · :-=-- ·. - · ·- ·· · ; . ·: . ...... . . • � - -,,; • ·  . - · ·.-e,r - • •  , . -••. .-. · . • · • · · . , ·o · . � . · . -p: : .· �C:,- • • • 
• =-·� 

------ -- ------ ------------- -- - ----------- ------------ - ----- ---- - --- >t 
-19 Sections (!) 4d-d': 760'-o" - -- ---- ---- ----- - - - - -- ----ot<- - - -- -25'-d'-- -- --.J<J'l;ts-.--P.C. Send 

<;
l

A ..fs-o·,c'--,,5!.o·-->-S-O"I<- j,.c' IJ041 

n 
22·ao. Steel pipe-_ , l ; 1 1 ,Type A support 

,s:o 00'""54 U I •  I 1_ t;. , • °'J 

n n-.--:·· n �-- --;n 

P T.  Horizontal bend---- I 
� Type A support-,,J �---

-:;n n:;._ Ii n 
I•.;.·. · •• • • •  � . .:,.· . - · • • • • . · •. • • • • . «:, • • • • • . . . .. . .. • ..o. · . • - : -o-·. · = - ---· -� .:-·�· . · ·.o: . . ·. -�- ��· :a. - . . ·:.·.-. • .• . c:i.. · :  • . . .. . . . .. ... . . . • . o·. ·. •:• � - · . . .••. . ,•. · ·· ·:- · . . . . ·p. �·-• . · . . . . ..;

,, 
. •  : •· . . ·. · o: • . . .  - ·�· . • .  •::,. -� -

<J A ------Type 8 supports! ',Type A supports� Type B support>' 
11041 """ ' 1104 1 

P R O F I L E 

P. T. Horizontal bend--.. , .... 
! 

�- . ·:7 - · · · ·• .  · ·-- · · • •  . .  • · o  . , ., . . -· · • · . •.. . · ·- -•· ·· · ···· , ,  j 
----__:Ii----.:-=-_ �=:.::: -:'NI': ------=-- -----� __,' ....,_ 

,-:.o.L , , ,____..., , ", • �' �--"--- • • ._�_____..._ - �- • , • , , • , • ' , •.· •• · . • • . • .. � -___: -• • , • •, o,· �-- -
• •  � ... .!. • 

22"0.Qp;pe,,,_ ,-----� �--- '°'1 
�, 

·� ·_,. . . . • :.J.: 

� 

1-ts"QO. pipe 

�-�� 
llj_ . 
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P. r Horizontal bend-.. -,r-o;<- -- - -- - - ----- - ----- - --- - - ---5 Sections (!) 4<1· <1'11200·-o·- - - -

, .. , l -<lA . 
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• •  _. -.-----.•.o .• ·  • ..------.__ ... _.�- -�-.--:. · 

_IA E Sleeve type couplin<r' 

P R O F I LE 

·.·. ·:.· 
j"-£ Type A support � 

£ Type B suppot•' 
(104 1 

",'-S•0.000 
P.I. Vertical Jzend, Et. 2827.;;; 

\:.f---Tunnel Sfo. JT .. '23.00 
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£,s 11-a'C°"'- �-� t 

-- - -J'- 4• - -- -· 
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I •  ::.: . ...  
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NOTE 
Pfate thickness f unless otherwise indicated. 
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r 
l " Accusonics Flowmeter costs 

Enter: Number of acoustic planes= 
�l number of acoustic paths 

r 1  

r7 

Item 
Model 7500/8-paths max 
Model 7520/8-paths max (upto six 7520's/7500 
Model 7601 xdcrs (2/path) 
Model 7641 mounts (2/path) 
Xdcr cables and connector (2/path) 
Model 7642 xdcr installation tool 

Canyon Ferry 
I 3 14-PATH SYSTEMS ON THREE PENSTOCKS 

1 2  

unit price total cost 
$16,300.00 $16,300.00 

$7,500.00 $7,500.00 
$550.00 $13,200.00 
$550.00 $13 ,200.00 
$1 50.00 $3,600.00 
$750.00 $750.00 

sum $54,550.00 
r 7  · GSA disc (6%) $51 ,277.00 

r 7 Accusonics Flowmeter costs 
. .  ' Enter: Number of acoustic planes= 

number of acoustic paths 
r ,  

r 1  
L .I 

r , 

l J 

r 1 

L .J 

r 7  
L J  

r ,  
I 

L J  

r -, 
l j  

r ., 
L J  

r " 

LJ 

r 7 

L _j 

r , 

L ,i 

LJ 

T 7 

LJ 

Item 
Model 7500/8-paths max 
Model 7520/8-paths max (upto six 7520's/7500 
Model 7601  xdcrs (2/path) 
Model 7641 mounts (2/path) 
Xdcr cables and connector (2/path) 
Model 7642 xdcr installation tool 

Accusonics Flowmeter costs 
Enter: Number of acoustic planes= 
number of acoustic paths 

Item 
Model 7500/8-paths max 
Model 7520/8-paths max (upto six 7520's/7500 
Model 7601 xdcrs (2/path) 
Model 7641 mounts (2/path) 
Xdcr cables and connector (2/path) 
Model 7642 xdcr installation tool 

03/25/96 05:53 PM 1 AVM$EST.WK4 \ 

Helena Valley Pumping Plant 
I 2 14-PATH SYSTEMS ON TWO PIPES 

8 

unit price total cost 
$1 6,300.00 $16,300.00 

$7,500.00 $0.00 
$550.00 $8,800.00 
$550.pO $8,800.00 
$1 80.00 $2,880.00 
$750.00 $750.00 

sum 
· 

$37,530.00 
GSA disc (6%) $35,278.20 

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

20 

unit price . total cost 
$1 6,300.00 $16,300.00 

$7,500.00 $15,000.00 
$550.00 $22,000.00 
$550.00 $22,000.00 
$1 50.00 $6,000.00 
$750.00 $750.00 

sum $82,050.00 
GSA disc (6%) $77 , 127.00 


