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FOREWORD

The :I.nmtigatioh reported herein was a cooperative effort of many
pergons,. . Facilities and personnel for assistance in the fileld
measurements were provided by the Central Utah Projects Office,
_Provo, Utah and the Metropolitan Water District of Salt Lake City
(MWD). Mr. C. G. Bargeron of the Projects Office coordinated _
activities of all parties concerned with the fizld test. Mr, W. C.
‘Hague, General Manager and Chief Engineer, MD, arranged for use of
MWD personnel and equipment necessary to operate the aqueduct for
test purposes. Mr. F. C. Greenwood, Engineer-Superintmdent. MWD,
applied his knowladge of the aqueducl: sysiem to assure maximum benef:l.t
from persomnel and facilities involved in test activities. ;R. L.
Hansen, Chemical Engineering Bramch, provided technical asuistance :
for color-velocity discharge measurements. W. A. Sai!t!_er:, Mechanical
Branch, cowpleted the hydraulic friction computetions while on assign-
ment to the Hydraulics Branch. The investigation was coordinated in
the Office of the Chief Engineexr by personnel of the c.nnals Branch
and Bydraulics Branch.
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ABSTRACT

¥ield tests were performed on the upstresm 32-mi portlion of the Salt
Lake Aqueduct to determine the safe capacity sbove the design value
of 150 efs. The section, consisting of 17 reaches of 5.75~ft-dla pre-
cast pipe and 6 reaches of 6.5-ft-dia concrete~lined free-flow horse-
shoe tunnels, safely conveyed 1Th cfs. Water surface elevations were
- measured at 24 open-vent structures and discharges were measured by
the color-velocity method. Tables are included of Darcy, Scobey, and
Manning coefficients for 16 pipeline reaches and Manning cocefficients
for 6 tunnels. Friction coefficients indicate excellent hydraulic
characteristics of flow surfaces. This was verified by inspecting the
tunnels; pipelines were not inspected. Discharge measurement results
and coefficients of a 69-in. by 34.5-in. Herschel—type Venturi meter
are included. .

DESCRIPTORS-~/ hydraulics/ 'closed conduits/ #tunnel hydranlica/ flow
resistance/ *roughness coefficients/ field tests/ surface prlperties/
Reynolds number/ *discharge measurement/ pipelines/ fluid friction/
#Venturi meters/ Manning fbrmula/fstanding vaves/ closed conduit flow/
head losses

IDENTIFIERS--/ color-velocity metaod/ Salt Lake Aoueduct, Utah/ flow
measurement/ friction coefficient (hyd)




A

'INTRODUCTION

In connection with studies for supplying municipal and industrial
water to the Salt Lake Valley under the Bonneville Unit of the
Central Utah Project, the need arose to determine the maximum safe
capacity of the upstream 32-mile portion of the Salt Lake Aqueduct.
The Reglonal Director, Salt Lake City, Utah, requested assistance
to plan ard conduct a capacity test. Personnel and equipment were
furnished from the Division of Research to assist the Central Utah
Projects Office, Provo, Utah, in accomplishment of the required
teat measurements which were made in 1966. :

The Salt Lake Aqueduct was constructed to divert a maximum flow of

150 cubic feet per second (cfs) from the outlet works stilling basin

of Deer Creek Dam, on the Provo River northeast of Provo, Utah, to

a terminal reservoir near Salt Lake City for municipal use. The
geographical location and route of the aquediict are shown-on Figure 1.
The aqueduct was put into service during 1951. Operational experience
prior to 1966 indicated that ths aqueduct might safely convey appreciably
more than 150 cfs. The aqueduct is about 42 miles long and the maximum
safe capacity of only the first 32 miles of the system was of councera.
A description of components of the aqueduct and pertinent physical
characteristics of the components are presented under the subheading
"Description of the Aqueduct.”

Hereafter, in this report "capacity of the aqueduct” will by synonymous

with "maximum safe capacity of the aqueduct."

SUMMARY

Test discharges of 151 cfs,” 174 cfs and 185 cfs were used to determine

" the capacity of the Salt Lake Aqueduct from the headworks to a point
" downstream of the 6 tunnels in the system. Measurements along the

test reach of the aqueduct revealed that the system would safely convey
appreciably more than the design capacity of 150 cfs. At a discharge
of 186 cfs, the friction head of several inverted siphon pipeline

.reaches created excessive water depths in tunnel outlet vent structures

that resulted in submergence of 4 of the 6 freeflow tunnels. The system
safely conveyed 174 cfs. Water surfaces in excess of design gradient
elevations, for a discharge of 174 cfs, were of minor magnitude and
occurred only at the first 2 vent structures in the system where

" freeboard is not eritical.

Analysis of hydraulic data obtained during the 3 test discharges revealed
that hydrauliec frictional resistance of the precast concrete pipeline
reaches and concrete lined tunnels in the aqueduct were in a low range
that could only be provided by excellent flow surfaces. The excellent
quality of flow su:faces in the tunnels and vent structures was confirmed




by inspection, but the pipelines were not drained for examination.

The high quality of flow surfaces and design characteristics of
\structures contributed to the ability 'of the aqueduct system to safely
convey ebout 25 cfs more than-the design discharge.

APPLICAIIONS

The direct application of reported results may be the future utiliza-
tion of a portion of the Salt Lake Aqueduct to transport water quantities
in excess of the original design capacity. This extra capacity will be
beneficial when the time arrives to deliver Central Utah Project water
to Salt Lake County, Utah. The low frictional resistance of pipelires
and tunnels in .the agueduct show that construction practices may pro-
vide better flow surfaces than can reasonably be anticipated in design
and that age doeiy mot necessarily decrease the high quality of flow
surfaces. The ovarall satisfactory operation ¢f aqueduct components
could encourage consideration for use of similar components in the
future. The consistency of test results is encouraging and provides
confidence for future use of field test methods and equipment employed
for this investigation. A research program for determination of
hydraulic characteristics of existing pipelines and tunnels will:
benefit from the results of this study. E

FIELD MEASUREMENTS

Description of the Aqueduct

‘The 32-mile long reach of the aqueduct that was tested for maximum:
capacity extended from the headworks at Deer Creek Dam stilling
basin to the third vent structure downstream of Alpine-Draper
tunnel. When the aqueduct is used to deliver Central Utah Project

.water to Salt Lake County, delivery of this water will be made at

~ or near the upstream end of Alpine-Draper Tunnel. Figure 2 is a

schematic profile of the tested portion of the aqueduct. This
portion of the single conduit system contains & concrete~lined,
free-flow tunnels. All of the tunnels have a horseshoe section

* dieameter of 6.5 feet, invert slope of ~0.0008, design flow depth
of 5 36 feet for a discharge of 150 cfs.

. Vent structures are located at tunnel portals and at high points

along the aqueduct where the pipeline approaches the design

_ hydraulic gradient and where, for partial flows, the hydraulic
gradient falls below the crown. of the pipe. A typical vent structure
located in series with giphons is shown by Figure 3, and a vent
structure at a tumnnel portal is shawn by Figure 4. The vent etructures
divide the aqueduct into inverted siphons in geries with the six :

. tunnels as indicated by Figure 2. The cross section dimeneions of
the tunnels are shawn by Section F-F, Flgure 4.
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The siphon pipelines and two constant slope pipelines, were constructed
of 69-inch inside-diameter precast concrete pipe sections with bell-and-
spigot joints except steel pipe was installed at locations where the
hydrostatic head exceeded 165 feet. The annular grooves at bell-and-
spigot joints ingide the pipelines were filled vith hand tamped mortar
and the mortar was trowled smooth dur*ng construction of ‘the pipelines.

. The: steel pipe has an inside diameter o€ 70 inches, welded longitudinal
and girth joints, ‘and the flow surfaces are coated with coal tar enamel.
Steel pipe portions of inverted siphons;’ are identified in Table & in
connection with hydraulic friction coefficients of the pipelines.

Hydraulic Gradient Measurements

The maximum capacitj test of a portion of the aqueduct afforded
the opportunity to measure water surface elevations in vent structures,
during steady flow conditions, with reference to a common datum as
opposed to measurement of freeboard only in the vent structures and
tunpels. These water surface elevations, along with accurate measure-
ment of discharge and known physical features of the inverted siphons
and tunnels, were used to compute hydraulic characteristics of the
system. This information, especially hydraulic friction coefficients
- of siphoms and tunmnels and depth of flow in tunnels, provided a basis
for interpolation of the capacity of the aqueduct. This procedure
eliminated numerous tests that would have been required to determine
the maximum capacity of the aqueduct.’

‘During steady flow conditions with 3 different discharges, water surface
elevations were manually measured and recorded with respect to an :
established benchmark at all except one vent structure in the test«reach.

. Measurements were not practical at the Station 257430 vent structure’

" between Tunnels No. 3 and.No. 4. This vent structure was enclosed
except for a vertical rectangular opening on the side that was covered
with a nonremovable screen. This structure was observed by listening
and. looking through the side screen while the aqueduct was carrying
185 cfs and the watar surface was not close to the bottom of the
screened opening. Since 185 cfs 1s in excess of the capacity of
the aqueduct, sufficient freeboard would exist in this structure for

- smaller diacharges.>

In addition to water surface ‘elevation measurements in the vent structures,
depths of flow were meagsured inside Alpine-Draper Tunnel with two:
Prandtl-type static-head probes.

immediately downstream from the transition at’ the tunnel inlet, the ;
upstream water depth probe was located 117 feet downstream of the turinel
inlet transition where water surface marks on the tunnel lining j’
indicated the water surface was free of wives. A downstream staticé-head
or water depth probe was installed 66 feet upstream of the tunnel outlet




transition to avoid water surface drawdown at the tumnel outlet.
Pressure tranmission tubes were extended from each probe to a
manoeter at each end of the tunnel. These pressure~-head probe -
installations are shown by Figure 5.

[T

Color Velocity Method Discharge Measurements

The color-velocity method provides a fast and economical means of
discharge measurements in long pipelines. This mzthod 1s based upon
the phenomenon that a slug or cloud of tracer injected into a conduit -
will travel at the mean velocity of the transporting medium provided
two requirements are fulfilled. These requirements are; that there is
not a significant difference in specific gravity of the tracer and the
transporting medium, and that the flow path is long (hundreds of pipe
diameters) so the length of the flow path required to accomplish lateral
diffusion of the injerted tracer over the flow cross section is short
compared to the total length of the flow path. Also, a long flow path
will provide a long tracer flow time so the effect of a small time
error will be minimized. Water asoluable dyes, with good flucrescence
- properties, can be used in quantities so small that a suitable tracer
cloud has essentially the same specific gravity as the transporting
. water, A nontoxic dye, Pontacyl Erilliant Pink, was used in the aqueduct
and 47 to 54 grams of dye, dissolved in water, was poured into the flow
for each discharge measurement. Fluorometers, which have become available
in recent years, that can detect very low concentrations of dye traces
and produce an electrical signal proportional to dye concentraction have
.. provided the final link for practical application of the color-velocity
‘\method of discharge measurements.

,4”

The numerous long inverted siphons alcag the‘aquedugt, with open vent
structures at both ends where dye could be injacted and sampled, providad
excellent facilities for color-velocity discharge measurements. While
plans for the capacity test were being made, it became apparent that the
discharge should be measured near both the upstream end and dovnstream
end of the test reach in the event there was a significant loss of
water in this 32-mile long section of the aqueduct. . Upatream and down-

. stream discharge messurements were made additionally desirable by the

o location of the longest tumnel in the system near the downstream end

. of the test reach and by the operational Venturi meter installation

A at the uypstream end of the system. In the event the tumnnel proved to .
_x be the limiting structure for maximum capacity, it would be beneficial
R to know the discharge at the tunnel. The upstream discharge measurement
»\ . could be used to check the accuracy of the Venturi meter at Station 2+490.
Y Also independent diacharge measurements at two locations would reinforce

i the walidity of the measurements.
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The two pipeline reaches used for discharge measurements are indicated

on Figure 2. The upstream reach extended from Statiom 49+00 to

Station 98+21 (upstream headwall of the Station 98+29 vent structure).
The downstream discharge test reach consisted of a single inverted siphon
from Station 1523160 to Station 1641+00. The color-velocity dye solution
was poured into the flowing water at the upstream end of the test reach,
and a "zero" time signal was transmitted to the fluorometer operator by
‘radio. At the downstream end of the test reach, a sampie of the

aqueduct water was continuously pumped through the fluorometer. As a

dye cloud passed, the output signal of the fluorometer was used to
operate an electrical recorder that produced an analog trace of dye
concentration with respect to time. '

The dye cloud flow time was taken as the elapsed time from injection

of the dye to the peak of the:cloud at the sampling station as
‘11lustrated by Figure 6. This flow time was corrected by subtraction

of the time required for the pumped sample of water to travel from

the aqueduct to the fluorometer at the gampling site. The aqueduct
discharge was computed by dividing the pipeline test reach volume,

in cubic feet, by the corrected flow time, in seconds.

The volume of the downstream color-velocity test reach was composed

of 9,670 lineal feet of 69-inch inside diameter concrete pipe and

2, 180 lineal feet of 70-inch inside diameter steel pipe. The upstream
test raach contained 4,932 lineal feet of 69~inch concrete pipe. The

nominal diameters of these pipelines were used to compute volumes.

A portion of the upstream test reach pipe was not full during the 151
cfs and 174 cfs tests and the volume of the pipeline was decreased
for the computatiou of discharges. The volume of pipe not filled
was determined from measured water surface elevations and pipe slope.
Individual and average discharge measurement results are listed in
Table 1. -

Calibration of Venturil Meter at Station 2490

A Herschel-type or long—form Venturl meter, located immediately
dovnstream of the aquaduct headworks at Station 2490 is used to

- ‘establish the desired discharge in the aqueduct. The characteristics
of this type Venturl meter are long, small-angle inlet and exit comes,
and high coefficient of -discharge values. Details of the meter, which
is a reinforced concrete monolithiec structure, are shown by Figure 7.
The meter discharge, in c¢fs, was continuously recorded on 2 circular
chart and indicated by a pointer and scale,

Prior to the zqueduct capacity test, the Venturl meter was unwatered
‘and the flow surfaces of the brass inlet and throat rings and adjacent
concrete were cleaned. The differential_pressure head piping and




plezometer epenings in the brass rings were back flushed. Four

diameter measurements were made with an inside plpe caliper near

the plane of the piezometer taps in the 1n1et and throat rings.

A two tubevwater columm manometer, with both tubes open to the

atmosphere, was connected to the Venturi meter piping for measure-

ment of differential head. The diameters measured inside the meter, -

differential head readings; flow chart record, flow indicator readings

and discharge measurements by the color-velocity method provided all

the information needed to determine the accuracy of the meter readout : -
gystem and to determine meter discharge coefficients.

MAXIMUM CAPACITY RESULTS = . | R

Freeboafd In Vent Structuree.and.Tunuels

_The aqueduct was operated at three discharges for test purposes: . During
steady flow conditions, discharge measurements were made by the color-
velocity method at the two locations discussed above. Individual and
‘average discharge measurement results are shown in Table 1, Discharge . e
measurements at the upstream location vere consistently larger, by B
small amounts, than those measured at the downstream location. A major .
portion of these differences can be attributed to water loss along the S e
27 miles of the aqueduct system between discharge measurement.sites.
However, no visible loss of water was discovered except minor splashes
out of vent structures-during the test at 185 cfs.

A

.?‘L‘ o
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Averages of upstream and downstream discharge measurements, Table 1, _ : Y
- rounded” off to the nearest whole cfs . result in discharges of 151 cfs o . <[
during the first test, 185 cfs during the second test, and 174 cfs o - .
during the third and last test.” o T -

Data recorded during the 151 cfsraqueduct operation revealed that the
system would safely convey a significantly larger discharge. Water
surface elevation measurements and visual observations. revealed that
the inlet ends of the siphoms were not full, the water was flowing
- above critical velocity as it left the vent structures and flowed
down into the siphons, and hydraulic jumps existed in the sloping _
plpes. This condition precluded measurement of friction heads across B
any of the siphons that could have been used to compute capacity of . N -
the siphons within design head limits. T o .

Water surface elevations in vent sttuctures at both ends of all La w‘vw M
tunnels indicated that-the flow depths in the tunnels were 1-foot o o
or more below design depth with the 151 efs flow.Also, excellent b




correlation between water surface elevation in the vent structure

at the Alpine-Draper tuncel inlet and the water surface elevation
measurement with the depth of flow probe inside the tunnel revealed
that the measurement in the vent structure was a very good indication
of the water surface elevation inside the tunnel. The measurement

in the vent structure showed the water surface to be 1.0 foot below
design depth at the tunnel inlet portal and the probe measurement
showed a corresponding difference of 1.1 feet below design depth

at the probe. .

A summary cof water surface elevations in vent structures is presented
in Column 5, Table Z. Freeboard values for all structures in the
test reach, except the Station 357430 vent, are tabulated in Column
4, Table 2. These freeboard values are the vertical distance from
the water surface to the top of the vent structure walls, that is,

to the height at which water would spill from the structure. Water
surface elevations were not measured at Statiom 357430 because

of the enclosed box-type design of this structure that was provided
to withstand potential rockslides. Visual and sound observations
were made at the screen covered opening in this structure and there
_was no indication ef lack of freeboard during any of the test discharges.

The freeboard values in Column 4, Tahle 2 show that there was moTe
than 6 feet of freeboard in all vent structures, except at

Station 1706+10 at the dowvmstream end of the test reach, for a
discharge of 151 cfs. Th: water surface elevation at this location
was controlled by the depth of flow over the vertical standpipe
overflow at Station 1746460 which is the next freeflow structure

" dowvmstream of Station 1706+10. The depth of flow over the top of
the standpipe was a function of the amount of water turned out to
a water treatment plant immediately downstream of the standpipe.
During the 151 cfs test, nearly all the flow in the aqueduct was
passing over the top of the standpipe and this increased the head
in the Statiom 1706410 vent structure. During the other two tests
at larger discharges, less flow occured out of the vertical standpipe.
' Since this portion of the aqueduct was downstream of the portion
considered for additional capacity, the only concern here was to
maintain reasonable freeboard in the Station 1706+10 structure by
control of the head over the downstream staadpipe.

‘Design hydraulic gradient elevations at all freeflow structures

are listed in Column 6, Table 2. At locations where vent structures
are common with tunnel inlets and outlets, the tabulated design
hydraulic gradient elevation is the design water surface elevation
at the tunnel portal which is within a few feet, horizomntally, of
the vent structure. Because of the close agreement between water
surface elevationa measured inaide Alpine—Draper tunnel and in the




inlet vent structure, the test water surface elevation, Columm 5,
Table 2, can be compared with the tunnel portal design water surfa:ze
elevation, Column 6, to show that water surfaces were well below
decign for a discharge of 151 cfs. Water surface drawdown existed

iz the vent structure at tumnel cutlets and water surface elevation
measurements were made at the upstream end of these vents to-minimize
this effect and to obtain a measurement representative of the tunnel

portal. water surface elevation..

The only locatiom where the measured water surface elevation exceeded
' .the design value was in the Station 1495 vent structure just upstream
of the Venturl meter. The water surface elevation at this point is
a function of the head required to maintain a given discharge through
the meter and this tall structure did not present any problems during
any of the test discharges.

Information obtained during the second test with a discharge of 185
cfs conclusively showed that the aqueduct would not safely carry
this flow. This discharge was the computed capacity at design depth
of Alpine-Draper Tunnel; the computation was based upon the hydraulic
gradient slope measured in the tumnel during the 151 cfs test. The
* tunnel discharge was 146 cfs due to a 6 cfs turnout delivery upstream
-of the tunnel. However, with a discharge of 185 cfs, it became evident
that the friction heads of some of the siphon pipelines would be the
factor that controlled the maximum capacity of the aqueduct. The
pressure head required to force 185 cfs through several of the siphons
created excessive water surface elevations at four of the six tunnel
‘outlet vent strictures. As water surface elevations increased in
these vent structures, the outlets of the tunnels became submerged
then backwater progressed upstream through the tunmnels and the tunmel
inlets also became submerged. As a consequence, Tumnnels No. 1, 2, 3,.
and Alpine-Draper were submerged and operated as pressure conduits
during the 185 cfs test. Freeboard in six vent structures was 2 feet
ot less with a minimum of 0.5 of a foot .in the Station 1369463 structure
at the outlet of Alpine-Draper Tunnel. With freeboard of 2 feet or less,
water occasionally splashed out of the vent structures due to turbulence
but there was no sustained overflow in. the test reach.

During the 185 cfs test, the depth of water was sufficien: in all
vent structures to submerge_the inlet and outlet .pipes. This condition
afforded the opportunity to measure the hydraulic gradient of each
ripeline reach. The hydraulic gradient of the siphons that created = -
excesslve depths at the siphon inlets. and the test discharge of: 185 cfs
vere used to compute the discharge that each siphon might carry within
" 1liwits of design hydraulic gradient slope. These computations indicated
a maximum safe capacity of about 170 cfs. - :

I




The third test was performed with a discharge of 174 efs, Comparison
of measured water surface elevation, Column 53, Table 2, and design
hydrablic gradient elevation, Column 6, show that with the exception
of the Station 1495 vent structure all measured elevations were at or
below the design values, The measured elevations show a minimum free-
board value of 5.3 feet at Station 80+20 zxcept in the structures at
Station 1641400 and Station 1706+10 where the freeboard values were
3.8 feet and 3.6 feet, respectively. Here again these minimm free-
board values were influenced by the flow out of the vertical standpipe
at the downstream end of the test reach and these structures are dovn-
stream of the portien of the aqueduct under consideration for nmaximum -
safe capacity.

Two pipeline sections of the aqueduct were constant slope reaches. One
of these reaches extended from Statiom 10404 to Station 49400 and was
designed for freeflow; measurements showed that water surface elevations
were at or below design hydraulic gradient values in thie reach for a
digscharge of 174 cfs. The other constant slope reach extended from the
wasteway structure at Station 64+79 to the vent at Station 80+20, and
water surface elevations at both ends of this reach were below design
values with a discharge of 174 cfs. Therefore, the water surface was
well below the wasteway crest at Station 64+79.

. N

Of particular importance were the water surface elevations at all
tunnel inlets during the 174 cfs flow. .Comparison of wvalues in

Colurns 5 and 6, Table 2, show the water surface elevations were

below design value at all tumnel inlet portals for flow of 174 cfs.
However, standing waves at tunnel inlets, described below, tended to
decrease the apparent freeboard. All test measurements made during
flows of 151 cfs, and 174 cfs revealed the water surface slope in all
tunnels to be greater than the design alope of —0.0008 so the freeboard
below design water surface at tumnel outlets was greater than at tumnel
inlets.

Standing Waves at Tunnel! Inlet Portals

A hydraulic phenomenon of significance occurred at the tunmel inlet
portals in the form of standing- waves created by recovery of: wvelocity
head as the flow passed from a: vent atructure into a’ horseshoe—shaped
tunnel. This phenomenon.is shown by.the photographs of the entrances
~of Tunnels No. 1 and 2, Figure 8. The photographs were takﬁn the

day after the 151 cfs test, and examination of all tunnel . inlets
revealed gimilar conditions. - The first wave crest in the high~water
mark occurred immediately upstream of the horseshce flow section. The
wave had an amplitude, peak to trough, of about 12 inches and a crest-
to-crest wava length of about 3 feet at the tunnel portals. These:
remarks pertain to the high-water marks in the photographs of Figure 8;
the pattern of darker, lower elevation, water marks in the photographa




was influenced by drying of the concrete flow surfaces at the tunnel
inlets where water was in contact with the flow surfaces during a
discharge of 151 cfs the day prior to exposure of the photographs.
The discharge that created the high-water mark is not known.

Although water—surface elevation measurements in tummel inlet vent
structures, during a discharge of 174 cfs, indicated freeboard below

all tunnel inlet design water-surface elevations, the standing waves

at the inlet portals diminished the apparent portal freeboard. The

test results for a discharge of 174 cfs show that the crest of a wave
with an smplitude of 1 foot above the water-surface elevation in the
tunnel inlet vent structure would encroach a maximm of 0.55 of a foot

on the design freeboard of the Alpine-Draper Tunnel inlet. Corresponding
vave peak encroachment upon design freeboards would be less than 0.55 of
a foot at all other tunnel inlet portals.

Conslideration of Flow Surface Conditions

Initial operation of the aqueduct occurred inm 1951. A tabulation of
cleaning operations of the test reach from Station 10404 to the inlet

of Alpine-Draper Tunnel, furnished by the Central 'Utah Projects Office,
is contained in Table 3, This information reveals that no cleaning
operations were performed downstream of Station 10404 after 1959, thus

7 years elapsed between the last cleaning operation and the year in which
' the test being reported was performed. The 69-inch diameter comcrete
pipe reach from the Venturi meter at Station 2+90 to Station 10+04 was
hand cleaned in 1966 prior to che capacity test,.

The water surface elevation at Station 1495, upstream of the Venturi
meter, was the only location along the test reach where the water
surface was up to design hydraulic gradient elevation for a discharge
of 151 efa. The hydraulic gradient at this location is controlled
by the head required to force a given discharge through the Venturi
meter, but freeboard in the Station 1495 vent and access structure

is not a problem because the top of the structute is above the intake
' water surface. :

Flow surfaces of pipeline reaches were not examined prior to the

- capacity test except for areas that were exposed adjacent to vent
structures when the tunnels were unwatered for imspection prior to

the test. The inverted siphon pipeline reaches were not drained and
the opportunity to inspect the two constant slope reaches near the
‘upstream end of the aqueduct had to be passed because of time limita-
tions. However, the concrete pipe flow surfaces that were observed
adjacent to vent structures appeared similar to the tunnel flow surfaces
in regard to smoothmess and freedom from significant deposits,




All 6 tunnels in the aqueduct test reach were unwatered and inspected
throughout their entire lengths prior to the capacity test. The only
material on the tunnel flow surfaces was a dark brown, slick (when
wet) film, where water had been in contact with the concrete flow
surfaces. This film was tenaciously bonded to the concrete and could
appropriately be considered a stain as opposed to an accumulation

of any significant thickneas. The extreme slickness of this wet

film hindered walking on the slight eircular arc slope adjacent to
the tunnel invert. This film possibly presented less frictional
resistance to the flow of water than a clean conerete surface.

The concrete lining in all tunnels was essentially in "as built"
condition and the quality of the flow surfaces was excellent as
illustrated by the photograph of Figure 5A. The excellent quality
of concrete and concrete workmanship; that is, high satrength, lack

. of spalling, minizum form offsets and minimum air voids om flow
‘surfaces in pipelines, tumnels, and vent structures of this system
is well known by persons familiar with the aqueduct. '

Apparently frequent cleaning of the aqueduct pipeline reaches and
tunnels has not been necessary because the system conveyed 174 cfs
down to the standpipe wasteway at Station 1746+60 within the limits

of design hydraulic gradient elevations established for a discharge of
150 cfs. _The only exceptiom was the water surface elevation in the
Station 1495 vent structure at the headworks. There evidently has not
been any significant deterioration of flow surfaces to creat undue
hydraulic frictional resistance. Gaseous state chlorine is injected
into the aqueduct flow at the Station 2+90 Venturl meter to control
bacterial organisms and this possibly inhibits accumulation of other
organisms, There were no filamentatious type growths in evﬂdence on
any of the flow surfaces. &

Operational Procedures and Related Observations

Designers' Operating Criteria instructions for the aqueduct were
followed to establish test discharges in the system and no difficulties
were experienced. Discharges larger than 150 cfs vere established by
flow rate increases of 3 efs per hour.

The three air vent pipes at siphon inlets with . long, relatively steep
inlet reaches, shown by Figure 3, performed their intended function
satisfactorily during all test operations of the aqueduct. A hydraulic
jump' formed down ingide the 69-inch entrance pipe of the siphons while
-test discharges were being established. Air entrained in the jump was.
- effectively released through the vent pipes and prevented any appreciable
-air blow-back in the 69-inch aqueduct pipe. As a hydraulic jump pro-
gressed upstream during flow increases, one or two vent pipes relessed
air and occasional spurts of water. The small quantities of water

expelled from the vent pipes fell dawn into the vent structure without
- consequence.: -




'RESULTS OF HYDRAULIC ANALYSES

. Friction Coefficients of Concrete Pipelines

. Friction coefficients of pipeline reaches, computed from test data and
-design diameter and slope lengths of the lines, are shown by Columns.3,
4, and 5, Table 4. These coefficients for pipelines could be computed
- only for the . test: diecherge of 185 cfa when the pipe reaches. wcre full
and the effective head on each pipeline could be measured.

The follouing equations were used for. camputation of the friction - -

L coefficiente°

‘where £ =.Darcy coefficient
: "= measured friction head (feet)
- L= length of pipe (feet):
.D = pipe diameter (feet)
hv - velocity hend in the: pipe (feet)

Q
@ Ce. = 500546 d*- 62530 5

vhere c. « Scobey coefficient
- = discharge (¢fa)
d = pipe diameter (inches) -
‘H = friction head per 1, 000 feet of pipe (feet)

(3). n--.'—haé 2/s s1/2

where n= Hanning ccefficicnt '
'V = gverage velocity in the pipe (feet. per second)
r = hydraulic radius (feet) -
8- energy granient alopc ;

5The friction coefficiente 4in ‘Table 4 indicate ezceptionally low resist-
-ance- pipelinee ‘The exception to this statement is- the friction

- ‘coefficient for the 1,600-foot~long pipe betwecn the vent structure

~at ‘Station 49400 and the.combination vent and wasteway structure.at
-Station 64+79. The wasteway structure inlet includes a circular to

:fjgequare ‘transition that would create a small head loss (all other vent
. ﬁ;structures have a semi-circular invert that is- alined with :the lower
+,one=half of -the: inlet pipe), but not enough to account for an overall

.friction: lose of :1.85:feet per. 1,000 feet of ‘pipe in this reach compared
' o -an-average of :1.52 feet perl, 000 feet for. a11 other pipeline: reaches.

o ata diecharge of 185 cfe.u

s
&




The Reynolds number of the pipelines was 3.15 x 106 for a diacharge

of 186 cfs. The Darey "f" value for smooth pipe, at a Reynolds number
of 3.15 x 105 1a 0.0097 on the Moody diagram. The average "f" walue of
0.0111 for the aqueduct pipelines indicates very smooth precast concrete
pipelines.

A comparison of the average Scobey coefficient of 0.409, for the aqueduct
pipeline reaches, with Mr, Scobey's initial, or early publication of his
studies of friction coefficients for concrete pipelines is worthwhile.l/
Mr. Scobey developed Equation (2) as the result of head loss measure-
ments of 41 different concrete pipelines that ranged from & inches to

216 inches in irside diameter. Although the pubiication by Mr. Scobey
contains results in which the values of "C;" exceed 0.400, he concluded
that a "Cg" value of 0.370 should be used for design of concrete pipelines
even when construction practices necessary to provide the smoothest
possible flow surfaces could be anticipated. To quote from page 8 of

the publication by Mr. Scobey: :

"A few of the pipes upon which experiments were made appear to
have coefficients higher than 0.370, but the writer wishes to
be conservative in recommending a coefficient that necessitates
a surface so nearly ideal. That is to say, a better surface
may be attalned in construction than should be anticipated in
design."

The average C_ value of 0.409 for the Salt Lake Aqueduct pipeline
reaches indicates excellent construction results. These 69-inch
inside-dismeter pipelines were constructed of 20-foot long precast
sections with bell and spigot joints. The inside surfaces of the
plpe sections were cast against oiled steel forms and the form
Jjoiats were in the longitudinal direection osly; that is, parallel
“to .the flow of water in the pipe. Specifications for manufacture
of the pipe sections required that a special tool be worked up and
down next to the form until the coarser material was forced back
and 2 layer of mortar brought next to the form. When the pipelines
were constructed, not more than a 1/8-inch offset of flow surfaces
at joints was allowed, and the annular groove at each bell and spigot
‘joint was filled with hand-tamped mortar and.the mortar was troweled
- smooth. The above requirements evidently provided extremely smooth
and practically continuous flow surfaces in the pipelines as indicated
by low Darcy and Manning coefficients and a high Scobey coefficient.

All of the pipeline reaches contained horizontal bends of either
200~-foot or 400-foot radius. All, except two reaches, contained
‘small-angle vertical bends. These two constant slope reaches are
- indicated on Figure 2. The largest angle vertical bends are in
the pipeline reach that crosses the Provo River between the outlet

1/Fred C. Scobey, the Flow of Water in Concrete Pipe, United States
Department of Agriculture Bulletin No. 852 October. 28, 1920
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of Tunnel No. 4 and the inlet of Olmstead Tunnel. Bend losses were
evidently not an appreciable factor in pipeline head losses as
evidenced by the low frictional resistance of the lines.

To verify that the friction coefficients that resulted from test
measurements are nct a product of erroneously high discharge measure-
ments, an examination of discharge meagurements and related discharge
coefficientauof the Venturi meter vas made.

Venturl Meter Accuracy and Discharpe Coefficients

" The equation for V!mturi meter flnw ie:

Q= 22 (50 am)
Gf - 2% -

where Q = discharge (cubic feet per second)
C = coefficient of discharge '
A, = inlet area (square feet)
A; = throat area (square feet) :
~ g = gravitational acceleration comstant = 32.14 feet per second
' squared at the test site
Ah differential pressure head in feet of flowing fluid

Four inside-diameter measurnnents were made at the inlet preasure
ring and at the throat pressure ring of the Station 2490 Venturi
meter. These measured diameters and averages have been entered on
Figure 7. The average diametera and Ay and A, ‘values are:

average diameter at inlet pressure ring - 5 750 feet
_ __41 = 25 97 aquare feet

. average diameter at throat pressure ring = 2.874 feet
: Ay = 6.487 square feet

‘Therefore, |

00t - 4"

C= +— = 0.018
MA,(2gamE | 0018l o

The discharges-measured a ahort_diétance'déunstféam of the meter
by the color-veloéity'method,‘water'mannmeter'differentjal head




values, and computed Venturl meter discharge coefficients are:

Q oh
{cEs) ‘ © (ft) c

151.9 "8.20 .0987
174.1 10.75 .0988
186.2 | 12.48 ,0981

The Venturi meter had a throat to inlet diameter ratio of 0.500. The
Reynolds number at theemeter throat for all the discharges showm above
was In excess of 4 x 10" or well into the turbulent flow-range. An
authorative references/ reveals that a Herschel-type Venturi meter of

the size under discussion, constructed of cast iron, would have a
turbulent flow-range discharge coefficient of 0.99. The concrete flow
surfaces in the Station 2490 Herschel-type Venturi meter were smooth

and in excellent coadition and the 4-foot radius tangential curved
surfaces at both ends of the throat szection were well formed and uniform.
It would be reasonable to expect that this Venturi meter would have a.
turbulent flow-range coefficient very close to 0.99. The three discharge
coefficient values tabulated above, based entirely upon test data obtained
- during the aqueduct capacity test are in good agreement with the expected
“discharge coefficient of this Venturi meter. This agreement of discharge
coefficients verifies that the test discharge measurements were of sufficient
accuracy to serve as a basis for pipeline and tunnel friction coefficients.
Comparison of test discharges measured at the upstreanm colornvelocity site
and discharges shown by the Station 2490 Venturi meter readcit system

can be made with the results shown in the bottom three lines of Table 1.
The meter recorder-chart and indicator values were both low by small
amounts, except the indicator overregistered slightly during a discharge
of 186 cfs. .

Friction Coefficients of Tunnels

Manning friction coefficients for the six concrete lined, free-flow,
horgeshoe cross section tunnels, with nominal diameter of 6.5 feet,
are shown ia Table 3. The Manning coefficlents were computed with
“equation (3).- : S

Depth of flow at each tunnel inlet and outlet were used to determine an
average depth of flow in a tunnel and the hydraulic radius and average

2/A. L. Jorrissen, Discharge Coefficients of Herschel-Type Venturl
Tabes, and discussion by W. S. Pardoe, Transactions of the ASME,
‘Volume 74, August 1952




velocity were determined from average depth for the horseshoe section.
Velocity head at water surface elevation measuring points at each end
of the tunnels was added to the measured water surface elevations to
arrive at emergy gradient elevations. The values of energy gradient
slopes were taken as the difference in energy gradient elevations
divided by the invert slope length between water surface measurement

* points. .

The Manning "n" wvalues of the tunnels ramge from 0.0105 to 0.0112 and
-average 0.0108 for a discharge of 151 cfs and average 0.0105 for a
discharge of 174 cfs and indicate exceptionally low-resistance flow
surfaces in the tunnels. The Manning n'" values of 0.0106 and 0.0105,
based upon water depths measured with pressure-head probes ingide
Alpine-Draper Tunnel, spaced 14,857 feet apart, can be conaidered as
the most reliable frictional resistance coefficients for the tunnels.
The .discharge through Alpine-Draper Tumnel was 145 cfs during the lowest
test discharge, because 6 cfe was turned out upstream of the tunnel.

By way of comparison the design Manning "n" values for all the tunnels
was 0.014 for a discharge of 150 cfs. The excellent quality and slick-
ness of the tunnel flow surfaces are described under the heading,
"Consideration of Flow Surface Conditioms.'

Conclusions

A maximum capacity test of the Salt Lake Aquzduct, from the headworks

to the standpipe overflow at Station 1746460, was performed with
"discharges of 151 cfs, 174 efs, and 185 cfs. The design capacity

of this system is 150 cfs. Data necessary to document hydraulic
performance of this system were obtained under steady flow conditions

with each test discharge. Test discharges were measured at two widely
separated locations in the test reach of the aqueduct by the colozr-
velocity method. The discharges :neasured near the operational control
Venturl meter and corresponding measured differential heads of the meter
resulted in discharge coefficients for the meter that agreed with the
established coefficient for this particular type of Venturi meter. This
agreement would not have resulted from inaccurate discharge measurements.
Water surface elevation measurements and observation throughout the test
reach revealed that the system would safely convey appreciably more than _
151 cfs. A second test with a discharge of 185 cfs resulted in submergence
of four of the six free flow tuunels due to backwater created by

inverted siphon pipeline reaches. The tested portion of the aqueduct safely
conveyed 174 cfs within the limits of design hydraulic gradient at-all
water surface locations as far downstream as the Station 1706+10 vent
‘structure with two minor exceptions. These exceptions were the first

two vent structurea in the system at Station 1+95 and Station 10404

where freeboard is not critical.




The .flow surfaces in the six free-flow horseshoe tunnels were examined
--and found to be ‘in excellent condition and of a nature to provide
 minimum: resistance to flow. . The 4inside of ‘pipeline reaches were

‘not examined but analysis of;test ‘data revealed that the hydraulic
ffriction coefficient of :both" ‘the ‘tunnels and pipelines were in a
_ range’that would result only\frem uniform flow surfaces in excellent
- "condition, ‘Absence-of- energy“diesipation-type turbulance in ‘the

24 wvent structures of the system ‘undoubtedly ‘contributed to the :
'*ability of the system to convey 174 cfs without creation of any problems

xThe system conveyed 174 ‘cfs .even though cleaning of ‘the pipeline

.reacheg ' upstreum of. Alpine—Draper ‘Tunnel was discontinued after

‘1959, .From the viewpoint.of =zpractical operational considerationa ‘
- .of the. tested portion of :the.aqueduct, a.discharge of 175 cfs would -

‘-fynot be distinguishable fram the 17& cfs. uaed for test purposes.-




TABLE 1
The Salt Lake Aqueduct

. Maximum Capacity Test - 1966
: Dlscharge Measurement Results -

Co ﬁ-':‘ - . Dlschar es in second-feet
Color velocity T First < Second . 1hird
" measurements - : . ‘test - test test

Upstream Sta.-49+00 =~ - 152.0 185.6 174.0

' to‘Sta.-98+20 - - 151.8 186.7 - 174.2
' CoeE L 186.4

Upstream average o ) 151.9.. 186,

 Downstream Sta. '1523¢60 . *150,4 184,
T

 “to Sta, 1641+00 . *150.6 = '183.6
Downstream: Average : *130.5 - 84.0

" Average of upstream and o .
downstream e 151.2 . 173.7

Venturi Meter at Sta. 2+90 |
Recorder . 148, 1s8s, 170, o
Indicator . o 150, 187, 172.

:.Celor%velocity, upstream S »151 9. 186.,2 - 174.1.

*6.5 cfs. added to measured dlscharge to compensate fbr metered
“turnout : de11very at Sta. 551+18, -
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‘TABLE 2 - Continued

S ST e B Test - :DeS1gn hydraulic
g _Aqueduct _ Disdhérge " - Freeboard water surface gradien¥“~ : :
. -Feature - . - station . = (cfs) - - (fcet) elevation elevation™ - Remarks -
S R T N 3 8o 5 . 6 ' Ci s .

J”7fVent and Olm= 4és+oz S 181, &, 5196.01 5197,17
. stead tunnel - 174 ' 7 96,51 o (B)
: 1n1et T - 185 - _ 97.06 - S

| Ventranq_Dlhé . .541%¥19 151 - 7,1 - 5192,41 5194,29
“-stead tunnel s 1 ' 92,75~ - (B)
. outlet .- -'x Ce T 188 .6 . 93,90 * 3
S Vemt ... - 630+35 145 1 517914 -~ S181.1 .~ 6 cfs T.0. at Station S51+18
R 174 . 6.3 - 79,42 ' R -
187 - 79,52

- 763+46 145 7 - 5158,57 .- © . 5162.0
, 185 . 5.3 60,50
o 834410 0 0 145 B . 5147,98 ~ 5150.8
- TS ¥Z 5 70 48,08 . S
185 @ . 50,23

1039470 . 145 8.4 - 5116.,59
oo e e 82 16485
185 LT 23,28

‘Ventrand A-D- 1218474 = . 145 - s ' 5004.34  5095.39
‘tumnel 174 5.7 94,95 . " (8) -
" dnlet ... o 188 - B 98,72 . . Submergedhat 185 cfs

: (B] At tunnel 1n1et and outlet the de51gn hydraulic grad1ent elevation at tunnel portal is listed but water surface
g elevatlon was measured in adJacent vent structure.
o } : (Continued)
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TABLE 3

Provo River Project
Salt Lake Aqueduct
Inverted Siphon Pipelines
Station 10+04 to Station 1706+10
Agueduct Cleaning History

~Pipeline Reach
Station to Otation

10+04 - 49400
A9+00 64+79

Date _
glesped

. Rema:ki

The agqueduct retween Station
10404 and 1218474 has been cleened
four different times with a water
-propelled cleaning tool designed
specielly Tor the agueduct size
pipe of 9" - diemeter.

March 16, 1959
._March 1959

64+79 80420 . March 16, 1959

80+20 . 98+29 March 1959 '
' "The first cleening wes April 21 L
to April 30, 1954; second cleaning -
April 26 and 27, 1935; third clean- .
ing - March 1950; end fourth clean- -
ing March 15 and 17, 1959 S

108479 140+84  March 16, 1959

146+30 - 195+44 March 1959

222+13 - A52e+72 March 1959
1in the Fureau's bperauion and :
Maintenance Equipment and Procedureg"
Release No. 15 for Janmuary, Pebruary
and March 1956. .

456487  498+02  March 15, 1959

541419 630435 March 16, 1959

1630+35 763+46 * Eeyond Station 12i8+T4 the only
cleaning of the agueduct has been
[lushing with water flows up to 105
of's between stations 1218474 and
1746450 following each of the four

cleanings mentioned above,

March 1959

763+46 834410 March 16, 1959
,sj4+1o 1039470 Meireh 1 1959
1039+7o' 1218474 March 17, 1959
| 136964 1523460 ¥ Flushings
1523460 1641400 Flushi;_ngs ‘

1641400  1706+10

B 40 %2 % B0 4% 54 % ¥4 4% 4% & BE FE BB B

' Flushings




TABLE 4

The Salt Lake Aqueduct - Provo River Project
Maximum Capacity Test - 1966
Hydraulichriction'Coefficients.of-Pipelines

. Conditions: 69-inch 1.D, precast concrete pipe dlscharge = 185 cubic
+ ~feet per second, ‘Reynolds Number = 3.15 x 106

_ §lope' R - _ -
- Aqueduct length ~ -Darey Scobey Manning Remarks
-stations = (feet) £ - Cs 3 n ‘ ' :
1 2. - S S T

10404 to- - 3,896 . .428
49400 S o
49400 to 1,600 . . 371
64479 to 1,543 - .0113  ,405
80420 to 1,797  .0106 .418
98429 ' S |
108479 to. 3,175 L0115 402
. . 140+84 R R . )

146+30°to - 4,922 0112 397
:195+44 o S . )

222413 to . 25,477 . .410
452472 e e

| 456+87-to 4,105 ,0106  .418 0102 2,315 feet (56 percent) .
. 498+02 - e . S .. 70-inch steel pipe -

541419 to 8,943  .0110 .410
630435 o |

3-630+3s to 13,230 . 410
Te3ed6 '

"763+46”to 7,084 5. .420
834410 - o

{Cohfinﬁed)




TABLE 4 - Continued

e -Slope S ‘ _
“Aqueduct ‘length = Darey = Scobey . Manning : Remarks
~stations (feet) £ G m
S DR SENT 3 . . .5

834410 to- " 19,105  .0105  .420 0101 -

1039470 R o -

1039470 to 17,860  ..0100 - . .431 . 0098 13,860 feet (77 percent) . .

Co 1218474 . T : IR 70-inch steel pipe
1369+63 to 15,445 .,0115  .402 . .0106 - 5,563 feet (36 percent).
/182360 0 - - T e ; - '70-inch steel pipe

| /1523+60 to 11,850 0113 ,405 = ..0105 - 2,180 feet (I8 percent)
1641400 - - ' e T c .. .. ' 70-inch steel pipe
1641400 to 6,556 . .0113 ° . ,405 -  .0105 | :

Averages . . _,0111. - ;409 - 0104 °




TABLE §

The Salt Lake Aqueduct - Provo River Project
Maximum Capacity Test - 1966
Manning Friction Coefficients of Tumnels

‘Descriptiont Free flow, Concrete-lined Horseshoe Cross Section, 6,5-
foot diameter, Invert Slope = 0.0008

S - Slope , - .
‘Tunnel -‘length Discharge Manning Remarks
- designation (feet) » (cfs) n

S ) o
No. 1 1,050 151
T 174

No. 2 547 . 151
; . i 174

"No. 3 2,607 - 151
: ' 174

Ne. 4 . 435 151

174

Olmstead 3,657 151
‘ ST 174 .
~Alpine- 15,090 | 146 [ ' Inlet to outlet
Draper : C 174 ' . : o

Alpine- ‘14;857 146 ' '~ Between water depth
Draper 174 . “probes
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Figure 5
Report HYD-585

A. Upstream view toward intet of Alpine-Draper Tunnel.
Prandtl-type pressure head probe and manometer connection

tube anchored at the left of the tunnel invert.
Photograph P66-418-2687

B.

Close view of pressure head probe installed near
the outlet of Alpine-Draper Tunnel for water depth

measurements. Photograph P66-418-2691

Salt Lake Aqueduct - Provo River Project
Maximum Capacity Test - 1966
Pressure Head Probes in Alpine-Draper Tunnel
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Figure 8
Report HYD-585

A. Dounstream view of Tunnel No. 1 inlet from the
Station 98+29 vent structure. A standing wave profile
is shown by the high water mark along the right wall of
the inlet transition and tunnel. Photograph P244-D=61629

a0

Downstream view of Tunnel No, 2 inlet from the

B.

Station 140484 vent structure. The first wave crest

in both photos is immediately upstream of the tunnel
portal where veloclty head recovery occurs. Darker

lower elevation water marks were drying and deo not
indicate true water surface marks. Photograph P244-D-61528

Salt Lake Aqueduct - Prove River Project
Maximum Capacity Test - 1966

— E
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CONVERSION FACI'ORS-ERH‘IBH TO M'ETRIC UNI'I‘S OF M'EASUREM.ENT

 The fo‘]lowlug comrersﬂm iactors a.dopted by the Bureau of Recla.maﬂon are those ﬂ{:}lshed y the Amerlca.n Soctety for -

. Testny and Mateidals (ASTM Metric Pracuce Guide,  January 1884} that tHonal factors (*) commonly used In- ..
‘the Boreau kave been added, Funher discussmn nfdeﬂniﬁunsoiquanﬂ a.n.dun‘ltsis giv'en on;a.ges 10-11 o:lt.he T
ASTM Metric Pra.cﬁce Guide. RN

" :'The metric wnlts and comreraton !a.ct.ors a.dopted hythe .AS'I'M are ba.sed oan th. "Interna.ﬂana.l Sy.stem aj.' U‘n:us" (deslg'na.ted
) SI for'Systeme International .d'Undtes), fixed by the International Committee for Wedghts and Measvres; this syste
also known as the Glorg! or MKSA (meter-ldlogram {mase}-second-ampere}. system. Tlus system h.a.s been: adppted by the
Internationat Organmmon for Sts.ndardjza.uon in ISO Recommen:laﬂon R-‘31

The metric technical. uxﬂt oI farce 1s the kﬂ%am-iorce, this is the force” which 'when ag?ued toa body haviug' oo
-~ masg of-1 kg, gives it an acceleration of 9 85 m/sec/sec, the standard: acceleration iree fall toward the earth's '
.-+ center for sea level at 45 deq Intitide, | The metric unit of fores in SI umts is the newton {N), which 1z defined as - =
-, that force which, when appued. to a hody. having a mass of Lkg, gives it an acceleration of 1 m/sec/sec. These units -
'_ mustbedistingtﬂshedfrom constant}localweightoiabodyhavingamassoflkg,thatis.thewe!.htoia )
“body 13 that force. withwhicha.bodyis atiracted to.the earth and Is equal to the mass of a hody. ‘mulHplied by the .
: acceleration due to-gravity. * However, because 1t s general practice to wse "pound" rather than the techniegily -
. correct term Pponnd-force, " the term "Iid " {or derlved mass unit) kas been used in this guide tnstead af “lﬂlogram
» - foree™in tinxpsrlessing the conversion fm:tors forces. The newtcn unit of force will find innreasing use,’ a.nd is. "¢
: esserﬂial
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" Fleld tests were perrdrméd on the upstream 32-mi portion of the Salt

e Lake Aqueduet to determine the safe capacity asbove the deaign value

‘of -150 efs. The section, coneisting of 17 reachee of 5.75-ft-dle pre-~
‘‘cast pipe and 6 reaches of 6.5-ft-dis concrete-lined free-flow horse-
.. shoe tunnels, safely conveyed 17h efs. Water surface elevations wers
“'meaaured at 2L open-vent structures and discharges were measured by
-the. color-velocity method., Tables are included of Darcy, Scobey, and
Manning coefficients for 16 pipeline reachee and Manning coefficlents
.for 6 turmels, Friction coefficients indicate excellent hydraulle
”chmracteristics of flow purfaces. This was verified by inspecting the
_tunnela, pipelines. were not inspscted. Discharge measurement results
- nn& coefficients of a 69—1n. by 34, 5 =-in. Herachel-type Venturi meter
-.are included,

- ABSTRACT

—'Field tests were performed on the upstream 32-mi portion of the Salt

- Lake Aqueduct to determine the safe capacity above the design value
of 150 efe, The:s=ction, consisting of 17 reaches of 5. T5-ft-dla pre-
cast pipe and 6 reaches of 6.5-ft-dia concrete-lined  free-flow horse-
. . shoa tumnnels; earely conveyed 1Tk ‘efs. Water surface elevaticns vere
" measured at-2h-open-vent structures and discharges were measured by
“the color-velocity method. Tables are included of Darcy, Secohey, and’

. Hannins coefficients for 16 pipeline reaches and Manning coeffricients

" for 6 tunnels, Friction coefficients indicate excellent hydraulic
churacteristics of flow surfaces. This was verified by inspecting the
. [ tunnels; pipelines were not inspected. Discharge measurement  results
.. and coefficients of a 69-in. by 3h 5-in. Herschel-type Venturi meter

‘ " are 1nc1uded.-

ABSTRACT

Fleld tests were performed on the upstream 32-pd portion of the Salt
Lake Aqueduct to determine the safe capacity above the deaign value
of 150 cfs. The sectlon, consisting of 17 reaches of 5.75-ft-dia pre-
cast pipe and 6 reaches of 6.5~ft-dla concrete-lined free-flow horse-
shoe tunnels, safely conveyed 174 cfa. Water surface elevntiona were
measured at 2k open-vent structures and discharges were memsured Yy
the color-~velocity method. Tables are included of Darcy, Scobey, and
Manning coefficients for 16 pipeline reaches and Hanning coetficients
for £ tunnels. Friction coefficients indicete excellent hydraulic
characteristics of flow surfecea, This was verified by inspecting the
tunnels; pipelines were not inspected. Discharge measurement results
and coefficients of a 69~1r. by 3b.5-1n. Herschel—type Venturi meter

- are inecluded.

ABSTRACT

Field tests were performed on the upstreem 32-mi portion of the Salt
Lake Aqueduct to determine the safe capacity above the design value

of 150 ¢fs, The sectian, conslsting of 1T reaches of 5.75-ft-dia pre-
cast pipe and 6 reaches of 6,5«ft-dia conerete~lined free-flow horse-
shoe tunnele, safely conveyed 1TL cfa. Water surface elevations vere
measured at 2L open-vent structures and digcharges were measured by
the color-veloeity method., Tebles are included of Derey, Scobey, and
Manning coefficlents for 16 pipeline reaches and Manning ccefficlents

‘for 6 tumnels, Friction coefficients indicate excellsnt hydraulic

characteristice of flow surfaces, This wae verified by inspecting the
tunpels; pipelines were not inapected; Diacharge measurament regults
and coefficients of a 69-in. by 34.5-in. Herschel-type Ventur!l meter
are included.
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