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PURPOSE

These studies were made to develop a satisfactory
reservoir  inlet-outlet structure for the new
pump-storage unit to be installed at Horse Mesa Dam,
Arizona.

RESU LTS I‘.»'f

1. The centrifugal force of the flow in the two *

vertical bends and the single hfrlzontal angular
displacementin the penstock caused aﬁsymemcai flow
concentrations in the penstock and the reservoir
inlet-outlet structure. These flow ".,nncentratlons
resulted in high- and low-velocity aress in sections
where veloc:tv distribution data were t‘aken. _

. Interior walls piaced in the raservonr,lnlet-outlet
structure significantly improved the * horizontal

velocity distribution at the trashrack section for
pumped flow. Two interior walls, in an unsymmetrical
arrangement, were found to he most effective.

3. A floor parallel with the centerline, replacing the
diverging floor of the preliminary structure, eliminated

a low-velocity area in the bottom of the trashrack .+

section. The structure was lengthened to restore the
original trashrack section area.

4. Because of a concern that actual penstock flow
conditions may not have been duplicated and the
knowledge that an unsymmetrical structure may
“intensify uneven flow distributions, a structure with
symmetrical interior wall placement was tried. The
resulting velocity distribution was not as good as with
the unsymmetrical arrangement,

5. A tendency for vortex formation was abserved
during generating flow at minimum reservoir water
surface. Topography surrounding the inlet-outiet
structure appeared to have little effect on this vortex
formation tendency. Mo air intake through the
vartices was observed.

6. The observed head loss through the penstock and
reservoir inlet-outlet structure for Alteration 5 at the
maximum design discharge was found to be 4.19 feet
(1.28 m) of water for the pumped cycle and 5.15 feet
{1.67 m) of water for the generating cycle.
Corresponding resistance coefficient values in terms
of velocity head are 0.53 and (.47, respectively. The
observed head loss throughout the inlet-outlet
structure for Alteration 5 at the maximum design
discharge was found to be 1.72 feet {0.52 m} of water
for the pumped cycle and 1.77 feet {0.54 m) of water

for the generating cycle. Corresponding rasistance
coefficient values are 0.21 and 0.15, respectively.

7. Alteration 5 develops the most satisfactory vetocity
distribution of those alterations considered with a
trashrack area equal to the trashrack area of the
preliminary design. The unsymmetrical interior wall

¢ arrangement can be justified through a consideraticn

of the penstock configuration and the effect of this
configuration on the flow distribution.

APPLICATION

The' results ‘of these studies are generally applicable
only to structures - with similar geometrical
configuration and therefore similar flow conditions.
These studies may be useful.in initial evaluations of
similar problems. ' ’

INTRODUCTION

Horse Mesa Dam and Powerplant, two facilities of the
Salt River Project in central Arizona, are located on

~the Salt River about 65 miles {104 km) northeast of

Phoenix. The dam is a 305-foot-high {93.0 m) concrete
thin-arch structure, built by the Salt River Valley
Water Users Association in 1927, It contains 162,000
cubic vards (124,000 cu in) of concrete and creates a
reservoir of 245,100-acre-foot (3,020,000-cu m)
capacity. In 1938-37, a 47,000-cubic-foot-per-second
{1,330 cu m/sec), 30-foot-diameter {9.14 m) tunnet
spiliway was added to the structure by the Bureau of
Reclamation,

-~
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The powerplant, also built in 1927, contains three
25-hz generating units, each with a _maximum
capability of 10 megawatts. These units have not only
been an operational and maintenance burden on the
Salt River Project, but they also do not develop the
full power-generating capacity that is available.

In 1966, after a preliminary evaluation of the Horse
Mesa, Theodore HRoosevelt, and Morman Flat




Powerplants, the Salt River Project initiated a more’

detailed study looking toward reconstruction and
expansion of the generating facilities. In 1967,
Bechtel Corporation was authorized to investigate the
cost of replacement of these generating facilities. This
investigation recommended, in part, an overhauy and
rehabilitation »f the three existing hydraulic turbines,
the spiral cases, draft tubes, penstocks, and ancilary
equipment at the Horse Mesa Powerplant, The existing
25-hz generators would be rebuilt as 60-hz units,
each with a T0-Mw maxirmum capability.

{twas afso recommended that an additional reversible-
generator/motor facility be installed at the Horse Mesa
site (Figure 1). The new 96,500- kva/113,000-hp 60-hz

\\NEW WNLET-OUTLET

STRUCTURE

Figuwre 1. Dam and powerplant plan.

sttt would be of the indoor type. A new penstoch
{Figure 2} would penetrate the existing dam and
connect with the new powerhouse. The penstock
wou!d be 15.5 feet (4,72 m} in diameter and would
contain two vertical curves, one of 90° and one of
75°. The radii of curvature ‘would be 58.25 feet
{17.85 m) and 4650 feet (14.17 m}, respectively,
The penstock would also contain a horizontal angular

deflection of 19°. The reservoir inlet-outtet structure .

for the new penstock is the subject of this report.
(The structure is referred to as the “inlet-outlet
structure” throughout the report.)

Because of the vertical curves and the horizontal
angular disptacement in the penstock, hydraulic model

studies were considered necessary to thoroughly ~

investigate the flow conditions in the iniet-outiet
structure. Bechtel, through Salt River Project officials,

* model

requested the Bureau of Reclamation to conduct

+hydraulic model studies of the inlet-outlet structure

and penstock. The studies were performed at the
Bureau'’s Engineering and Research Center in Denver,
Colerado. The main purpose for the model testing was
to obtain a design which would provide the most
uniform velocity distribution at the trashracks. This
would eliminate any chance for formation of strong
vortex shedding, thus ensuring a irashrack which
would be free from the danger of fatigue failure. ;

-~

THE MODEL

_The maximum reservoir head of 286,25 feet (87.25 m)
“ of water zbove the invert of the penstock was found

to be the controliing physical dimznsion in selecting
the model scale. Considesing this, it was decided that

~a model scale ratio of 1:24 was satisfactory, The

15.5-foot-diameter-(4.72 m} prototype pensiock was,
therefore, represented by a 7.75-inch (19.0-cm} inside
diameter, clear plastic pipe (Figure 3}. The maximum
discharge of 5,000 cubic feet per second (141.5 cms)
was represented in-the model by 1.77 cubic feet per

.second {0.050 cms).

The model included the inlet-outiet structure (Figure
4}, the rectangular-to-circular transition, and the
penstock down to the spiral case (Figure 3). The
spiral case was not represented in the model. The
was arranged so that both pumping and
generating flow could be simulated. Discharges were
measured with venturi and venturi-orifice meters, The
amount of swirl “induced in the pumped flow was
controlled - by varying the opening of the control
valve in the pumped flow supply line.

THE INVESTIGATION
Test Procedure

In the analysis of the inlet-outlet structure, velocity
distribution data were taken at three sections in the
system, ali of which were perpendicular to the
centerline of the penstock or of the inlet-outlet
structure, The first section was in the penstock 11.68
feet {3.56 m) from the section where the spiral case
joins the penstock. The second section was between
the gate slots and the circular-to-rectangular transition
{Figure 2). In these two sections a pitot cylinder was. -

“used for the velocity sensor. Total energy heads and

static pressure heads were observed on a manometer
board, The differential between these two heads is the
velocity head. Because of the extreme damping in this
system, the data indicated only established average
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Figure 3. 1:24 scale penstock model, Left photo P25-D-69544 and right choto F25-D-69|545.

flow patterns but did not indicate the amount of
turbulence in the flow. However, the flow patterns
that were obtained did show the effects of both
induced swirl in the flow and penstock configuration.
The third section at which velority distribution data
were taken was at the trashruck location in- the
structure. The uniformity of the velocity distribution

at this section was the major criterion in the study.

Head differentials equal 1o the velocity head were
measured with a system consisting of a Prandtl tube
connected to a 0,03-psi {0.002-ksc} diaphragm-type
differential pressure cell. This cell was in turn
connected to a transducer indicator and recorder, an
integrating digital voltmeter and a printer. Data from
this system consisted of a printout of average velocity
~heads and a graph recording of instantaneous velocity
" heads. The instantaneous data were partially damped
by the system.

Head loss data were obtained for the penstock and

the inlet-outlet structure through the use of two_
piezometer manifolds that tapped the penstock, one™”

single piezometer that tapped the reservoir, and three
associated manometers, One piezometer manifold was
located in the circular penstock b feet {1.52 m} from
the start of the circutar-to-rectangular transition and
the other was located approxirnately at the spiral case.

The reservoir water surface elevation washeld at 1,884
feet {(574.2 m) above sea level, the minimum pumping
elevation, when pumping cycle data were taken and at
1,869 feet (8569.7 m} above sea level, the minimum
generating elevation, when generating cycle data were

taken, Past expevience has pro’i.ier'l“ these to be the
critical reservoir elevations with respect to vortex
formation and velocity distribution,

Pumped Cycle

Preliminary structure,—Velocity distribution and head
loss data were taken at prototype discharges of
4,620 cubic feet per second (130.7 cm/sec) and 4,250
cubic feet per second {120.3 cu m/sec). Corresponding
average prototype velocities at the trashrack section
in the initial structure were 6.47 feet per second
(1.87 m/sec) and 5.84 feet per second {1.81 m/sec).
Prototype swirls of 0.8 radian per second, 0.3 radian
per second, and 0.0 radian per second, were induced
at the two discharges. Swirl is defined as an angular
velocity or an angular displacement in the flow, with
respect to time, about-the axis of the penstock.
initéally, it was speculated that the pumped discharge .
from the pump-turbine unit could possibly contain
swirl; therefore, swirl was induced into the flow in an
attempt to determine how it affected the velocity

- distribution, The velocity distribution at the trashrack

section was affected significantly by the induced swirl
of 0.8 radian per second. However, the distribution
was controlled by the penstock configuration anly
when the induced swirl was 0.3 and 0.0 radian per
second.

- Data were taken at the trashrack location to correlate

velocity distributions for the two discharges. it was
concluded that the two distributions were similar and
that they varied only by thelinear factor of the ratio




Figure 4, 1:24 scate model of preliminary inlet-outlet structure, Left photo P25-D-69543 and right photo P25-D-69542.

of their average velocities. Velocities at the trashrack
section which are given in this text are, except where
noted, for a prototype discharge of 4,250 cubic feet
per second (120.3 cu m/sec). 1t is believed that the
0.0-radian-per-second case {no swirl} is the most
representative of actual prototype flow conditions.
This belief is supported by the observation that
pumped flow leaves the spiral case tangentially, which
is not conducive to the formation of a swirling flow.
From considering the mechanics of the flow in the
spiral case, it was concluded that secondary flows will
not be a significant factor.

Flow through the preliminary inlet-outlet structure
{Figure 5) was observed at a discharge of 4,620 cubic
feet per second {130.7 cu m/sec) and at induced swirls
0f 0,8, 0.3, and 0.0 radian per second. in all three cases

there was less flow in the left bay of the structure -

{looking in the direction of pumped flow). Prototype
velocities at the trashrack varied from 0.16 foot per
second (0.052 m/sec) near the upper left corner 10
11.05 feet per second (3.37 m/sec} at the right center
for the 0.8-radian-per-second case {(Figure 1A,
Appendix 1}. The effects of the angular velocity were
also apparent in that the fiow was concentrated near
the sides of the structure with a low flow condition in
the center. With a swirl flow of 0.3 radian per second
{Figure 2A, Appendix 1}, the prototype velocity at the
trashrack section varied from 0.93 foot per second
{0.26 m/sec) at the lower left corner to 10,70 feet per

j—
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second (3.26 m/sec) at the upper center of tife
section. Velocities were in general lower at the left
and bottom of the structure but the distribution was
better than for the 0.8-radian-per-second case. With
ng swirl (Figure 3A, Appendix ), the velocity”
distribution was similar to that of the 0.3-radian-per-
second condition. The minimum observed prototype
velocity with no swirl was 0.60 {oot per second {0.18
m/sec) at the lower left corner and the maximum was
10,20 feet per second (3.11 m/sec) at the upper
center.

Velocity distribution data were obtained at the two
sections in the penstock for the above operating
conditions. Data taken at the section near the gate
slots showed velocity distribution similar 1o, but not
as unsymmetrical as, the counterpart distribution at
the trashrack section (Figures 4A, BA, and BA,
Appendix 1). The 0.B-radian-per-second swirl condition
had lower velocities in the lower left corner and
higher velocities along the right side; the 0.3-radian-
per-second swirl condition had fower velocities in the
lower left corner and higher velocities near the right
center; and the no-swirl condition had lower velocities
in the lower left corner and higher velocities in the
right and top. The section near the spiral case showed
a fairly symmetrical distribution with no extreme
flow cancentrations for the no-swirl condition (Figure
7A, Appendix |). This section did, however, show a
strong flow deficiency in its upper center for the




INTAKE  GATE—t

‘._-“,.D_-.':‘."
g .._.0:‘._"' A
— G 470748

%" E1.1755.00

st . |
. : - :'- St 'I -: '..: ...'_:‘:: - -: ..' “
TRANSITION OB Vs e ‘ -m
b 5?—9\2/9/,/ \\ d;
. ’ . ] o : : ..[i-.-.‘.‘- .-_

4007'451.

B RN
e e

YCLE

ot

~PU

.5 C-w|
GENERATINS 0TI
AN il
-2 e NG CYCLE

s e

EEE
PING §

d—|4.50| .

29.00"

9._67'_|

Y~ AR

- b

Figure 5. Preliminary initial inlet-outlet structure.




0.8-radian-per-second condition (Figure 8A, Appendlx
[).

These measurements indicated that for the no-swirl
condition, as the flow left the upper vertical curve of
the penstock a flow concentration was-created at the
top and somewhat to the righty This distribution can
be directly inferred from momentum changes due to
penstock configuration. |f an angular velocity initially
exists in the fiow,
concentrate near the boundaries and away from the
axis of rotation can be observed {Figures 4A and 8A,
Appendix |}). This flow is still affected by the penstock
configuration and therefore  unsymmetrical
distribution will be created as before, The effect of
the angular velocity depends completely on.its initial
magnitude.

Modifications.—The first alteration to the design of

the intet-outlet structure consisted of two vertical

walls standing the full height of the structure. The
walls began at the penstock end of the inlet-outlet
structure and were 25.45 feet {8.063 m) in length,
1-foot {0.3-m) thick, and were rounded on both ends.
The walls were unequally spaced at the penstock end
of the structure in such a manner that they equally
divided the flow into thirds based on the distribution
measured at Section 3, shown on Figure 4A, Appendix
1. At the downstream end the walls were in line with
the centerlines of the pierslocated at the reservoir end
of the structure.

The first alteration improved the velocity distribution
at the trashrack section significantly. The minimum
observed velocity: for the no-swirl condition and a
discharge of 4,620 cubic feet per second (1307
cu m/sec) was 1.88 feet per second {0.574 m/sec) at

the bottom right and the maximum was 9.41 feet per

second {2.87 m/fsec] at the top feft (Figure 8A,
Appendix |}.

For Alteration 2, made to remedy the flow deficiency
at the bottom and flow excess in the left bay at the
trashrack section, the diverging floor was made
parallel with the penstocks centerline and the upstream
end of the interior walls were shifted a prototyps
distance of 3 inches (7.6 cm} to the left, The resulting
data showed a significant increase in bottgm velocities
and a small improvement
distribution from bay to bay. For the no-swurl
condition and a discharge of 4,620 cubic feet per
second (130.7 cu m/sec) the minimum observed
velocity was 1.69 feet per second (0.52 m/sec) at the
lower left-hand corner and the maximum ochserved
velocity was 9.53 feet per second (2.80 m/sec) at

a tendency for the flow to <

in average- velocltv%c_nrr:er AFigure=t

the upper left center of the sectlon {Figure 10A,
Appendix 1},
The- velocity distribution at the trashrack section
obtained -with Alteration 2 was considered
satisfactory. However, because of a concern that
actual penstock flow conditions might not have been
duplicated and the knowledge that an unsymmetrical
structure’ might intensify uneven flow distribution, a
structure'with' symmetrical interior wall placement
i tried for Modification 3. The initial tests had
shown that velocity distribution at the gate slot
section was more nearly ‘uniform than at the trashrack
section, indicating that -~ the uneven velocity

_ distribution was intensified in the intake structure. It

was believed that the symmetrically spaced interior
walls would intercept and stabilize the f!ow before
the uneven velocity distribution :nten5|f|ed

The velocity distribution with the symmetrical
interior walls was better than in_ the preliminary
structure but not as good as with Alterations 1 and 2.
The maximum observed velocity at the trashrack
section was 9.29 feet per second {2.83 m/sec) at the
upper center, and the minimum was 1,75 feet per
second (0.53 m/sec) at the lower left for the no-swirl
flow coridition, In the 0.8-radian-persecond flow
condition, the lower velocity was 1.51-:feet per
second (0.46 m/sec) near the upper left corner while
the maximum velocity of 12.02 feet per second
{3.66 m/sec} was measured near the center of the
right bay. The left bay showed a flow deficiency for
both flow conditions (Figures 11A and 12ZA,
Appendix |}.

In Alteration 4, the inlet-outlet. structure was
lengthened 8,11 feet (2.47 m),.to, return the trashrack
to its initial area and yet retam ‘the nondiverging floor.

The interior walls remaified the same as for Alteration
3. This change did not improve the velocity

" distribution at the trashrack. The velocity distribution

pattern was similar for Alterations 3 and 4 except for
lower velocities along tha invert of the structires, but
the quantity of flow in each bay V\f‘:‘ls nearly the same
for Alterations 3. -afid, 4. The maximum observed
velocity was 947 fi/sec (2. 89 m/sec) in the upper

center of the”section and thé& minimum observed
- o

veloﬂltv/vva/s 0.0 ft/sec:,lf"d/m/sec] in the lower Ieft
13K, Appendlx 1. :
;// .
The final intet-outlet structure scheme to be studied,
Alteration 5 {Figure 8), consisted of the same exterior

structure as Alteration 4 with the symmetrical interior

wall placement of Alteration 2. This outiet structure
produced generally good flow distribution at the
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trashrack  position with only moderate flow

deficienties at the left and bottom of the section. The
minimum observed velocity was 1.67 feet per second
(0.51 m/sec) in tne lower left corner and the maximum
was 8,13 feet per second (2.48 m/sec) in the upper
left center (Figure'14A, Appendix |}.

Free jet outlet.—A free jet outlet was also tested
(Figure 7). This consisted of the flow leaving the
rectangular penstock just downstream from the gate
slots with no expanding outlet structure to influence
it. The resultant velocity distribution was observed at
a section 52 feet (15.85 m) from the end of the
penstock {Figure 15A, Appendix |), approximately
the same location as the trashrack section in the
preliminary design. The maximum observed velocity
was 13.2 feet per second (4.02 mysec), 23 feet
(7.01 m) above the irvert along the centerline of the
outlet. The distribution was fairly symmetrical. An
upward or vertical dispersion of the flow was observed
as high as 40 feet {12.19 m) above the invert; in
previous tests the outlet structure was 29 feet (8.84 m}
high at this section. Lateral dispersion of flow was
also observed 15 feet {4.57 m} to the left of {fooking
in direction of flow) and 18 feet (5.49 m) to the
right of the centerline of the outlet. The preliminary
inlet-outlet structure. extended 14.5 feet (4.42 m} to
both the left and right of the centerline at this section,
This is an indication as to why the velocities were
higher at the top and right botndaries in the previous
tests.

Head losses.—Head loss data were taken for the
Alteration 3 {symmetrical interior walls, floor parallel
with centerline} inlet-outlet structure. The data were
collected both with and without the interior walls in
place. It was observed that for all practical purposes
the interior wall§"did not increase the head loss. With
the walls in place, the head loss coefficient (the ratio
of head loss through the system or a portion of the
system to the velocity head of the flow in the
penstock] stabilized with respect to Reynolds number
at 0.22 for the inlet-outlet structure and at 0.53 for
the penstock and inlet-outlet structure combined
{(Figure 16A, Appendix ). With the interior walls
rerioved, the resistance coefficients stsbilized at
approximately the same values {Figures 1BA,
Appendix 1}, The Reynolds number is a
nondimensional number that consists of. the ratio of
the inertia forces to the viscous forces. Low Reynolds

number values indicate an increased importance of ™

the viscous forces. The Reynolds number values are
related to the values of the resistance coefficients to
show that above a “certain value the resistance
coefficient becomes constant. [t was observed that, in
general, the above resistance coefficients became

Figure 7. Free jet outlet. Photo P25-D-GO546

constant: at a Reynolds number of & x 109,

Corresponding Reynolds numbers in the prototype

will be several times greater than those at which the .
model loss coefficients became constant. Therefore,

the obtained resistance coefficients are reliable

indicators of roughness in the prototype.

Similar flow -conditions were established for the

Alterations 4 and 5 inlet-outlet structures with the
interior walls in place. Head loss data were then
collected for both the structures and the system.

- The findings corresponded with those for Alteration

3 (Figure 16A, -Appendix }),

Generation Cycle

Velocity distribution,--Velocity distribution data were
taken at a prototype discharge of 5,000 cubic feet per
second (141.60 cu m/sec). For these tests, the reservoir
water level was held at elevation 1869 feet (569.67 m}.
Velocity distribution data were taken at two sections
in the penstock, the section near-the gate slot, and
the section near the spiral case {Figure 2).

The -velocity distribution at the gateslot section
reflected the geometry of the interfor wall placement.
In general, the velocity distribution echoed the wall
orientation with elongated vertical flow concentrations
{Figure 17A, Appendix I}). The velocity distribution
at the section '11.68 feet (3.56 m) from the spiral
case was found to be quite uniform with a small flow
deficiency &t the top of the section (Figure 1BA,
Appendix ). This flow deficiency may be directly




inferred from the momentum changes due to the
jower bend of the penstock.

Head losses.—The head loss data showed that for the
generation cycle flow through Alerations 3, 4, and
the resistance coefficient stabilized at 0.15 for the
inlet-outlet structure and at 0.47 for the entire
system {Figure 19A, Appendix ).

It was also observed that for the Alteration 3 structure
with no interior walls the resistance coefficient was
0.11 for the inlet-outlet structure and 0.43 for the
entire system (Figure 19A, Appendix !}. The system
resistance coefficients appeared to stabilize at a
Reynolds number of about 5 x 108 while the inlet-
outlet structure resistance coefficients appeared to
have stahilized at 2 Reynolds number of about 3 x

0.




APPENDIX 1

Velocity Distributions in Penstock and At

Trashrack Section, and Head"Loss Data
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Figure 4A. Horse Mesa Hydroelectric Expansion Model Studies, Secﬁon 2 veloeity distribution.
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Figure 5A. Horse Mesa Hydroelectric Expansion Model Studies, Section 2 velocity distribution.
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4620 CFS PUMPED FLOW

I884' ELEVATION OF W.S.
CORRECTED PROTOTYPE VELOCITIES
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Figure 6A. Horse Mesa Hydroelectric Expansion Mode! Studies, Section 2, velocity distribution.
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LOOKING IN :
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Figure 7A. Horse Mesa Hydroelectric Expansion Model Studies, Section 1 velocity distribution.
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Figure 8A. Horse Mesa Hydroelectric Expansion Model Studies, Section 1 velocity distribution.
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Figure 15A. Horse Mesa Hydroelectric Expansion Madsl Studies, free jet outiet velacity distribution,
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CONYERSION FACTORS—BRITISH TO. METRIC UNITS OF MEASUREMENT

The following conversion faetors adopted by the Bureau of Reclamation are thase puhblished by the American
Saciety for Testing and Materials (ASTM Metric Practice Guide, E 380-68) except that additions} factons {*)
commonly usad in the Bureau have been added. Further discussion of definitions of quantities and wnits is given in
the ASTM Metric Practice Guide,

The metric units and conversion factors adopted by the ASTM are based on the “International System of Units”
(designated S| for Systeme [ntemational d'Unites), fixed by the Internationa! Committee for Weights and
Measures; this system is also known as the Giorgi or MKSA {meter-kilogram [miass)-second-ampere) system, This
systemn has been adapted by the International Organization for Standardization in 150 Recommendation R-31.

The metric technical unit of force is the kilogram-foree; this is the force which, when applied to a body having a
mass of 1 kg, gives it an acceleration of 9.80665 m/sec/sec, the standard aceeleration of free fall towerd the earth’s
center for sea level at 45 deg latiwude. The metric unit of force in S units is the newton {N}, which is defined at
than foree which, when applied to a body having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec, These units
must be distinguished from the (inconstant) Jocal weight of a body having a mass of 1 kg, that is, the weight of 2
bxdy is that force with which a body is attracted to the earth and is equal to the mass of a body multiplied by the
a. zleration due to gravity. However, because it is general practice to use “pound” rather than the technicaity
i crect term “pound-force,” the term “kilogram® (or derived mass unit) has been used in this guide instead of
* 1logram-force™ in expressing the conversion factors for forces. The newten unit of force will find increasing use,
ai 1 ¥ essential in 51 units. = :

«"ere approximate or nominak English units are used to express a value or range of values, the converted metric
units in parentheses are also approximate or nominal. Where precise English units are used, the converted metric
units are expressed as equally significant values.

Table I

OUANTITIES AND UNITS OF SPACE

Multipiv - By To obtain

LENGTH

" 25.4 (exactly)
%5.4 {exactly}
2.54 [exactiy}™ Centimeters
.30.48 (exactly} Centimeters
0.3048 {exacily]} ™ ;i Meters ©
0.0003048 lexactiy]® .

. 0.9744 {exactly)
1,600.344 (exacily)®
1.609344 (exactiy}

Millimeters

i Mitas {statutel . L ... L. "
Kilometers

AREA .. S

Square inches _ . .. ... .. .. o 6.4516 {exactly).
Squarefeet G, .. .. ...%, © *929.03

Square feet 0.082903

Square yards 0.836127

Square centimeters

.- Square centimeters
Square meters
Square meters
Hectares

Square meters
Square kilometers
Square kilometers

- VOLUME

Cubic cantimeters
Cubic meters

Cuhic inches 16.3871
Cubic feet 0.0283168

Cubic yards

0.764555 Cubic meters

CAPACITY

Fluid ounces (U.S.}
Fluid ounces (U.5.}
Liguid pints {U,5.}
Liquid pints {U.5,)
Quarts {U.5.)
Quarts {U.5.}
Gatlons {U.S.)
Gallong (US.)
Gallons {U.S.}
Gallens (US.} .. .. .. .....
Galions (U.K,)
Gallons {U.K.)
Cubic feet

Cubic yatds
Acre-feet

Acre-feet

T 0473179
0473166
546,358
*0,846331
*3,785.43

Cubic centimeters
Milliliters

Cubic decimeters
P Liters
Cubic centimeters
Liters

Cubic centimeters
Cubic decimeters
Liters

Cubic meters
Cubic decimeters
Liters

Liters

Liters

Cubhic meters
Liters
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