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PURPOSE 

The studies were made t o  verify the hydraulic design of 
the spillway, the approach channel and the spillway 
chute. Also included were tests to relate discharge 
capaciv to pier location along the spillway profile. 

RESULTS 

1. The turbulence created at the entrance t o  the 
initial spillway approach channel was sigtxficantly re- 
duced by rounding the entrance. An  entrance radius of 
50 feet (15.2 meters) at the botmm of the side slope 
(elevation 1024) yielded good model results. 

2. Although the wide-flange (12 WF 31) pier nose 
created more flow disturbance than the elliptical pier 
nose, identical design discharges were recorded for 
both shapes. 

3 Freeflow and uniform (all gdtes equally open) gate- 
controlled flow were smoott through the spillway i 
chute without tendency to overtop the training walls. 

4. Free-flow discharges with the spillway head,. H 
= 18.5 feet (5.6 meters) through the two center tjavs or 
three adjacent bays produced flow conditions in  the 

, . 
spillway chute which resulted in overtopping of the 
training wall. For these gate operations and a training 
wall elevation of 1030,the spillway head should not 
exceed 17.65 feet (598meters) and 15.90 feet (4.85 
meters) respectively. . . -,. ._ ' 

, . 

5. . k i t h  alternate free-flow bays operating at H = 18.5 
feet (5.6 metes), the 12 WF 31 pier nose produced a 
stable flow separation at the pier nose. The s m e  gate 
operation with the elliptical pier nose y i~ lded  a rela- 
tively unstable but minor flow sepzration at the pier 
nose. However, either pier nose would serve adequstely. 

~ ? .  

6. Relocation of the pier nose from 7 feet (2.!3 
meters) upstream of the spillway crest, to the crest, to 
6 feet (1.83 meters) and 13 feet (3.96 meters) 
downstream from the crest, resulted in an increase in 
the effective spillway width of 38, 67, and 91 percent 
of the total pier width 19 f t  (2.74 meters)], reylec- 
tively. The respective design-discharges were 29,750 cfs 
(842.4 cmsl, 30,800 cfs (871.2 cms), 31,620 cfs (895.4 
cms), and 32,300 cfs (914.6 cmsl for a design head, H 
= 20 feet (6.10 meters). Tests without piers yielded a 
spillway discharge of 32.580 cfs (922.6 cms) for the 
design head. 

. . 
the hydraulic design of similar low head. gated struc- 
tures. 

INTRODUCTION 

O'Sullivan Dam is a feature of the Cotumbia Basin 
Project, located 25 miles (40.2 km) southeast of 
Ephrata, Washington, on Crab Creek (Figure 1). The 
29,000 acre (1 17.4 km2) Potholes Reservoir formed by 
O'Sullivan Dam collects return flowsfrom all irrigation 
in the northern portion of the project for reuse in the 
southern portion. The clam was constructed in  1949. 
The present spillway has an uncontrolled crest which 
also serves as a highway crossing at elevation 1052. A 
rock cut extends downstream from the crest and 
terminates in  a dry coulee. 

Modifications t o  the original plan of operation for 
O'Sullivan Dam resulted ir: the need for a gate 
mntrolled spillway structure which will pass the design 
flood without exceeding a reservoir elevation of 1048 
[Design head = 20 feet (6.1 meters)]. The structure 
will consist of four bays controlled by four 24- by 
19-foot. 4-112-inch (7.3- by 5.9-meter) radial gates.The 
new spillway structure will support a 32-foot (9.8- 
meter) wide highway bridge. 

Figure 1. Location map. 

THE MODEL 

The model. constructed to a scale ratio of 1:36, 
included a portion of the upstream reservoir, the intake 
channel, the spillway and 460 feet (140 meters) of the 



downstream channel (Figure 2a). The model spillway 
was constructed of urethane plastic. The existing 
5OO.foot (152.4.meter) wide rock excavated channel 
downstream of the spillway was modeled and a gravel 
basin was placed immediately downstream of the 
spillway chute to observe the erosion tendencies of the 
f low. Field geological data later indicated that the frac. 
tured granite i n  the downstream channel would ade- 
quately resist the spillway flows thus eliminating the 
need for the erosion study. 

Water waswpplied t o  the model through the permanent 
laboratory system and was measured by one of a bank 
of Venturi meters installed in the laboratory. 

THE INVESTIGATION 

Initial Design 

Early durinq the model study the basic spillway design 
was changed from seven t o  four bays resulting in an 
increase in design nead frc~m 14 feet (4.3 meters) t o  
20 feet (6.1 meters). Preliminary studies with the 
sevembay model spillway (Figure 2) indicatcd two 
problem areas which were eliminated while modifying 
the model spillway. Turbulence resulting from the 
abrupt drawdown at the entrance to the spillway 
approach channel was significantly reduced by round- 
ing the entrance. The preliminary design also had a 
transi:ional warp from the 1: 1 approach channel side 
slope to the vertical spillway wall in 28 feet (8.5 
meters). This warp was replaced in the modified model 
with a curved transition from the 1 :1 side slope t o  the 
vertical sidewall of the spillway in  the same length, 
Figure 3b. These design modifications are shown on the 
detailed plans included in the appendix. 

The four-bay modified spillway was also constructed 
of urethane plastic. Slots in the spillway surface per- 
mitted pier sections to be added t o  the fixed model 
piers which were located 13 feet (4.0 meters) down- 
stream from the crest (Figure 3b). Provision was made 
t o  place the radial gates on the structure once the piers 
were extended t o  the crest. The study results discussed 
in this report refer t o  the four-bay spillway design 
(Figure 3).  

Spillway Flow Characteristics 

The pro::i.,pe spillway wil l  have the pier nose located 
a t  the crest. The radial gates wil l  thus seat 0.88 foot 
(0.27 meter1 below the crest. Various gate operations 
were tested during the investigation to determine the 
f low characteridcs in the approach channel. at the 
piers. and in the spillway chute. 

a. Flow through reven-bay spillway. P222.D.73810 

b. No flow. ?222.0-73811 

Figure 2. Initial design. 

Approach channel. The tendency for an eddy along 
the 13 sideslopesof the approach channel progressively 
increased as the gate operation changed from two out- 
sideyates (1 and 4),  to the inside gates ( 2  and 3). to one 
outside gate (1 or 4). Figure 4. 

With uniform gate.controllec1 operation, a standing 
wave appeared in  the approach channel upstream of 
the spillway gates but it did not create surging in the 
approach channel (Figure 5). The size of the wave 
dspended on . . gate opening and reservoir head. 

Spillway ph r T s t s  were conducted t o  determine 
discharge cc:, : :ients for a wideflange pier nose and an 
elliptical pi-, nose placed a t  the crest. The test of a 
6.112. by 12-inch (165 x 305 mm)  wide flange is  
shown in Figure 6a. The two pier configurations yielded 
thesame model discharge. Figure 6b illustrates the flow 
patternsaround the elliptical and wide.flange pier noses 
(elliptical pier nose on right). 



a. O'Sullivm Dam model. P222-0-73813 b. Spillway pier slots. P222.D-72812 

F w r e  3. 1:36 scale model layout. 

b. Inside gates-2 and 3 open. P222-D-73815 

c Gate 4 open. P222.D.73616 

Flguri. 4. Flow in rptllwily approach cllmncl. 



Head = 20 It. 
Gate lip 12 It. above crest 

Figure 5. Wave a t  spillway garer. P222-D-73817 

With free-flow or gatecontrolled operation, the w i d e  
flange and elliptical pier performances were essentially 
the same. A drawdown occurred around the piers 
when gates were fully opened adjacent to closed gates. 
A t  H = 18.5 feet (5.64 meters) (reservoir at the top o f  
the closed gates), tt,e f low separated along the ful l  
height of ths wide-flange pier. The contracted flow 
rejoined the parallel pier wall downstream from the 
pier nose. Under the same conditions the flow alter- 
nately separated and rejoined the elliptical pier nose. 

Figure 7 illustrates flow around the two pier nose 
shapes when adjacent gates are closed. The wide.flange 
pier nose yielded a more stable flow condition at the 
pier than the elliptical pier nose under the above 
operating conditions. However, the flow instability 
related to the elliptical pier nose did not create a surge 
in the approach channel and the fluctuation was too 
random to create structural vibrations. 

The wideflange pier nose could serve a dual capacify 
of stoplog slot as well as pier in  this particular design 
where the pier wil l  not extend upstream of the spillway 
c r e x  However. it is envisioned that the reservoir e le  
vation wil l  recede below the spillway crest each year 
which should provide for normal gate maintenance 
without the use of stoplogs. Therefore the elliptical 

a. Wide-flange pier nose. P222.D-73818 

' " -S9FUA H l i r ~ X n  %-ilI:!!Sbd '~*-;:!34m :_ 
E " 

b. Design flow through spillway. Note less flaw contraction 
around elliplical pier nose on right ride. P222.D-73819 

Figure 6. Wide.fImge pier nose. 
Q = 30,800 cfs 

H = 18.5 I t .  

F igu re  7 .  Widc-llongs ano elliptical pier norcr. 
P222-D-73820 



pier design will be utilized for this spillway. Stoplog 
slots will be provided in  the spillway training walls at 
the crest. I f  ceeded, long stoplogs could be placed 
across the spillway and rest against the nose of the 
elliptical piers. 

Spillwaychute. For free.flow spillway releases and gate- 
controlled releases with four gates equally open (uni- 
form), 3 typical diamond-shape pattern appeared in the 
spillway chute and there was no tendency toward 
overtopping the downstream training walls, Figure 8. 

Tests were also conducted using various free-flow gate 
combinations with H = 18.5 feet (5.64 meters). Flow 
through one or both (Figure gal of the outside gates (1 
and 4) yielded quite satisfactory hydraulic conditions 
in the spillway chute. Flow through one of the inside 
gates alone also produced satisfactor) hydraulic con- 
ditions in the spillway chute, Figu~e 9b. Spillway 
operation with flow through the :wo cw:er gates (2 
and 31 resulted in a flow condition wliich overtopped 
the training walls. Figure 9c. The designed t:aining 
walls were adequate ior H = 17.G5 feet (5.38 meters) 
or less with the two center gates operati~~g under a 
freeflow condition. When three adjacent gates operated 
under free-flow conditions, the flow in the spillway 
chute overtopped the opposite training nzalls. Figure 
9d. The designed training walls were adequate for H 
= 15.90 feet (4.85 meters) or less under thisoperating 
condition. 

Pier Location Studies 

In a study reported by ~hompson' ' an increase in 
effective spillway length of A0 percent of the total pier 
width was realized by moving the pier nose from the 

Q = 30,000 cfs. pier nose a t  crest 
Figure 8. Spillway chute (al l  gates open). P222-D-73821 

*Numbers designate references at end of text. 

upstream faceof the spillway to the crest. To determine 
the effect of pier location in the O'Sullivan model. 
tests were conducted locating the pier nose at various 
stations along the spillway profile. 

The spillway profile is described by the equation: 
x2 = 80 y 

where: x - the horizontal distance downstream 
from the crest 

y = the vert:cal distance below the crest 
eleva'tion 

The basic equation to describe flow over a weir or 
spillway is 

Q = C LIH)~"  Equation 1 
where: Q = discharge 

C = coefficient of discharge 
L = length of weir 
H = total head 

Utilizing methods described by ~ r a d l e y ~  the coeffi- 
cient of discharge was estimated to be 3.49 (The 
O'Sullivan spillway profile coincided with the Tiber 
spillway profile.) The spillway lengtn. L, was 96 feet 
(29.3 meters) for the case where the piers extend~d 
upstream from the crest and 105 feet (32.0 meters) 
for the case where the piers were located downstream 
from the crest. This difference in  spillway length wa: 
due to the total pier width. The dsign head, H, w;s 
20 feet (6.10 meters). 

For tile normal pier nose loc?tion, upstream from the 
crest: 

Design discharqi. = Q = 3.49 (961 (20) 3t2 
= 29,966 cfs 

For the case where the pier is located downstream from 
the spillway crest: 

Q = 3.49 (105) (20) 'I2 
= 32.775 cfs 

However, with the pier nose located near the crest, 
the flow contraction around the pier nose resulted in 
an effective spillway length less than the 105 feet (32.0 
meters) and a discharge less than the theoretical quan- 
tity computed above. I t  is possible to locate the piers 
at somc distance downstream from the crest such that 
they no longer affect the spillway discharge. 

Pier nose located 13 feet (3.96 meters) downstream 
from the crest. The fixed section of the model pier 
with the elliptical nose was placed 13 feet (3.96 meters) 
downstream from the crest, Figure 10. The flow im- 
pinging on the pier nose climbed approximately 4.5 
feet (1.37 meters). Figure 11 illustrates half cross 
sections of the symmetrical approach channel in the 
zone 4 feet (1.22 meters) upstream to  11 feet (3.35 



a. H = 18.5 feet, Gates 1 and 4 open. P222-D-73822 

c. H = 18.5 feet, Gates 2 and 3 open. P222-D-73824 

b. H = 18.5 feet. Gate 2 open. P222-D-73823 

d. H = 18.5 feet, Gates i. 2. and 3open. P222.D.73825 

Figurc 9. Spillway chute (gate combinationsl. 

Figure 10. Picr "0% 13  feet downstream from crest. Figurc 11. Spil lway flow cross sectionr (piers 13 fee1 
P222.D-73826 downrtrcarnl. 



meters) downstream of the spillway crest. Due t o  the 
transition from the 1 :1 side slope t o  the vertical train. 
ing walla larger port ion of the discharge passed through 
the center bays than the outside bays. The discharge 
for a design head of 20 feet (6.10 meters) was 32,300 
cfs 1915 cms). 

Pier nose located 6 fee: 17.83 mefcrsl downsrream from 
the crest. A section of pier representing 7 feet (2.13 
meters) was fastened t o  the upstream end o f  the fixed 
section w i th  the elliptical nose fastened t o  the end o f  
the addition. The pier nose was therefore located 6 
feet (1.83 meters) downstream from the crest. Figure 
12. The f low impinging on  the elliptical nose climbed 
approximately 3.4 feet 11.04 meters). Figure 13  illus- 

trates half crosssectionsof the f low as it paned ov i r  the 
crest. The water surface profiles again indicate a larger 
discharge through the two center bays. The discharge 
for the design head, H = 20 feet (6.10 meters) was 
31,620 cfs (895 cms). 

Pier nose located on the crest. A section of pier repre- 
senting 6 feet (1183 meters) was fastened to the earlier 
addition wi th the elliptical nose fastened t o  the up-  
stream end; the pier now extended to the crest, Figure 
14. The f low impinging on  the nose climbed 2.0 feet 
(0.61 meter). Figure 15 shows half cross sections o f  
the f low in the same area as mentioned previously. The 
discharge for the design head. H = 20 feet (6.10 meters) 
was 30.800 cfs (872 cms). 

Figure 12. Pier nore 6 feet downstream from crest. 
7222-D-73827 

F~gure 13 Spillway flow crorr rectmns (olers 6 feel  
downstream). 

(l = 30.800 cfr. 

Flgure 14. Pier nose on crest. P222-D-73828 

1 , 9 J  -- 

,a L 

... 
Figure 15. Spillway flaw c&r sections biers at crest). 



Pier nose locared 7 feet (2.13 rnetersl upstream from 
crest. A section of pier representing 7 feet (2.13 meters1 
was fastened to the earlier additions. With the elliptical 
nose attached, the pier extended 7 feet (2.13 meters) 
upstream from the crest, Figure 16. Figure 17illustrates 
half cross sections of the f low in  the area 4 feet (1.22 
meters) upstream to 11 feet (3.35 meters1 downstream 
from the crest. The discharge for the design head. H = 20 
feet (6.10meters). was 29,750 cfs (842cms). 

Spillway witliouf piers. The piers were removed from 
the model crest and tests conducted to determine the 
spillway capacity without piers. Figure 18. Figure 19 
illustrates half cross sections of the f low in the same 
area as mentioned previously. The discharge for the 

Q = 29.750 cfs 

Figure 16. Pier nose 7 feet upstream from crest. 
P222-D-73829 

design head. H = 20 feet (6.10 meters) was 32,580 cfs 
(922.6 cms). This would yield a coefficient of 
discharge of 3.47 in  Equation 1. 

Q = 32,580 cfs. 
Figurc 13. Spi l lway without piers. Top Photo 
P222.D-73830, bottom Photo P272-D-73831 

I . .  . . .- - 

Figurc 17 .  Spillmy flow crorr reclions (piers 7 feet 
..u;tteaml. Figure 19. Spillway llow crorr rectionr (w8thout piers). 



Discharge Capacity Rating 

The discharge rating curves for the four pier locations 
are illustrated in  Figure 20. It was originally assumed 
that the pier locatio;: 13 feet (3.96 meters) downstream 
from the crest was also downseeam of the critical 
section. However, Figure : 1 indicates a slight disturb- 
ance in the water surface 2 feet (0.61 meter) upstream 
from the center pier. Althougl; the average depth was 
below critical, the depth near the center pier and 
therefore the f low in  this zone was slightly above the 
critical condition. This result was further verified by a 
plot of design discharge [H = 20 feet (6.10 meters)] 
versus pier nose location. Figure 21. With the pier nose 
located 13 feet (3.96 meters) downstream from the 
crest, the design discharge is very close t o  the no-pier 
discharge. ,- 

A decrease in discharge is noted as the pier nose is 
moved up througn the crest to a location 7 ieet (2.13 
meters) upstream from the crest. A t  some location 
upswam from the crest the lower end of the curve will 
level off to a constant discharge where the location of 
the pier nose wil l  no longer affect the discharge rating. 

As the pier nose was moved progressively downst, ?am 
from the position 7 feet (2.13 meters) upstream of the 
crest. to the crest, to 6 feet (1.83 meters) downstream 
from thecrest and to 13 feet (3.96 meters) downstream 
from the crest, the effective spillway length was in- 
creased by 38. 67. and 91 percent of the total pier 
width. respectively. 

A model study of Horseshoe Dam spillwa? showed an 
increase in  the effective spiilway length of 59 percent 
of the total pier width, by  moving the pier nose 20 
feet (6.10 meters1 downstream from the crest. The 
O'Sullivan crest yielded a greater increase in the effec- 
tive length in a shorter distance [91 percent in  13 
feet (3.96 meters11 . This was due to the relatively steep 
spillway profile of the O'Sullivan spillway compared t o  
the broad crested horizontal weir profile of, the 
Horseshoe spillway. 

D~scharge measurements were made for uniform con- 
trolled flow at gate openings of 4.8. and 12 feet (1.22, 
2.44, and 3.67 meters), Figure 22. The gate openings 
were wasured vertically from the spillway crest eleva- 
tion to the bottom of the gate. Although these d i r  

DISCHARGE (1000cfs.) 

, <  . , . ' 

Figure 20. Discharge capacity ivariou>p%r locationrl. 



Figure 21. Spillway design discharge lvariaur pier lacationd. 
. . y..- ; 

F~gure 22. Discharge capacity (gateeontrolled flow). 



nose wouid yield identicel resuits. 
' 

It k interesting t o  note the required height of thespill- 
way gate as the piers are moved through the range 
from upstream to downstream of the crest. When the 
pier nose is located Eome distance upsueam from the 
crest the gate seat is usually placed on the crest or 
lmmedlately downstream from the crest. For the 
O'Sullivan Dam sp~llway with the pier nose located at 
the crest, the gate seat is 8.5 feet (2.59 meters) down- 
stream from the crest and approximately 0.9 foot 
(0.27 meter) &low the crest elevation. I f  the pier nose 
were located 6 feet (1.83 meters) downstream from the 
crest, the gate seat would be approximateiy 15 feet 
(4.57 meters) downstream from the crest and 
approximately 2.8 feet (0.85 meter) below the crest. It 
IS obv~ous that the greatest improvement in dischcge 
for a given increase in gate height occurs as the piers 
are moved from the position 7 feet (2.13 meters) 
upstream to the crest. Once past the crest, any more 
shortening of the piers results in an accelerated increase 
in gate height which quickly leads t o  a point of 
diminishing economic retu! ns. 
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Bu,.eu .I R.rlanmlm 

CONVERSION FAmORS-BRITISH TO METRIC UNITS OF MEASUREMENT 

The following anve t r im  f s m n  adopted by  the Bureau o f  Reclamation are those plblirhed by the Amerisan 
h i r m  for Tening and Materials IASTM Metric Pranice Guide. E 380-68) except that additional fanom ('I ' 
m m m n l y  "red in the Bureau have been added. Further discusion of definitions of quantitier a d  units isgiven in 
the PSTM Metric Practice Guide. 

The metric units a d  anversion fasIorr adoptad by the ASTM are bared on the "lntemational System of Units" 
(designated SI for Syrteme lntemational d'Uniterl, fixed by the lnternatioml Committee for Weights and 
Memrer; thir Wrtsm is also known ar the Giorgi or MKSA lmeter.kiiogram lmasrl.smnd-amprel vrtem. This 
Wnem has been adopted by the lnternstioml Orpnizafion for Standardization in IS0 Recommendation R-31. 

The mmrlc tmhnical dn:t of force r t l e  r l ogmmforo :  this is the force whoch, nnen applied to a body hh ing  a 
msrr of 1 k* giver It an a c e  arslon ot 9 80665 d s ~ l s e c ,  the nandad acceleration of free fall l owad  ihz eanh'l 
cemn foe sea lee1 at 45 dep latitude. The mmr's unit of force in SI unrtr is tne newton lhl, which ikdefinedsr 
that force whish, when applied to s body having s maaof  1 kg, g i ~ r  it an acceleration of 1 mlmlree. There unirr 
m u n  be distinguished from the (inconstant) local weight o f  a body having a man of 1 k e  that is. the weight o f  a 
body is that f o r e  with *ich a body ir amacted t o  the eanh and is equal t o  the massof a body multiplied by the 
sseieration due t o  qravitv. However. becaups it ir oeneral oractice to  use "mund" rather than the tRhnicallv 
m r r m  term "pound-force..' the term 'kilogram" ;or derived maa unit1 ha; been u s d  in thir guide instead df 
"kilogram.forcs" i n  expressing the conversion factors for forcer. The newton unit of force will find increasing u s .  
and is enential in SI units. 

Where appaximate or nom:nai Engi ih units are "red t o  express a value or ranged  valuer. the convmed metric 
units in parentherer are also approximate w nominal. Where precise English units are used. the convened metric 
units are exprerred ar equally rigoificant valuer. 

Multiply BY To obtain 

MB . . . . . . . . . . . . . . . . .  
Inches . . . . . . . . . . . . . . .  
Inch- . . . . . . . . . . . . . . .  
Feet . . . . . . . . . . . . . . . .  
Feet . . . . . . . . . . . . . . . .  
Feet . . . . . . . . . . . . . . . .  
Yards . . . . . . . . . . . . . . .  
Miles lrtatutel . . . . . . . . . .  
Mlles . . . . . . . . . . . . . . . .  

25.4 lexactlyl . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  25.4 lexactlyl 

2.54 (exanlvl. . . . . . . . . . . . . . . . .  
. . . . .  Micmn 
. . Millimeterr 
. . Centimeters 
. . Centimeters . . . . .  Meters . . Kilometerr 
. . . . .  Meterr 
. . . . .  Meters 
. . Kilometers 

. . . . . . . . . . .  Square insher 
Square feet . . . . . . . . . . . .  

. . . . . . . . . . . .  Square feet 
Square yards . . . . . . . . . . .  
Acres . . . . . . . . . . . . . . . .  
Acrer . . . . . . . . . . . . . . . .  
Acres . . . . . . . . . . . . . . . .  
Square miles . . . . . . . . . . .  

. . . . . . . . . . . . .  6.4516 Iexanlyl Square centimeters 
. . . . . . . . . . . . . . . . . . . .  '929.03 Square centimeters . . . . . . . . . . . . . . . . . . . .  0.092903 Square meters 

0.836127 . . . . . . . . . . . . . . . . . . . .  Square meters 
. . . . . . . . . . . . . . . . . . . . . . . .  '0,40469 H ~ t a r e r  . . . . . . . . . . . . . . . . . . . . . . . .  '4.048.9 Square meters 

'0.0040469 . . . . . . . . . . . . . . . .  Squwe kilometers 
. . . . . . . . . . . . . . . . . .  2.58999 Square kilometers 

CAPACITY 

. .  . . . . . . . . . . . . . . . .  Fluid iruocer IU.S.1 . . . . . . .  29.5737 :, Cubic centimeters 
Fluid ounce% lU.S.1 . . . . . . .  29.5729.. . . . . . . . . . . . . . . . . . . . . . .  Milliliters 
Liquid pints IU.S.1 . . . . . . . .  0.473179 . . . . . . . . . . . . . . . . . .  Cubicd~imeterr  
Liquid pints IU.S.1 . . . . . . . .  0.473156 . . . . . . . . . . . . . . . . . . . . . . . .  Literr 

. . .  . . . . . . . . . . . . . .  Ouanr lU.S.1 . . . . . . . . . . .  '946.358 .:. Cubic centimeters 
Oualff IU.S.1 . . . . . . . . . . .  '0.946331 . . . . . . . . . . . . . . . . . . . . . . . .  Liters 
Gallons 1U.S.l . . . . . . . . . . .  '3565.43 . . . . . . . . . . . . . . . . . . . .  Cubic centimeters 
Gallons lU.S.1 . . . . . . . . . . .  3.78543 . . . . . . . . . . . . . . . . . . .  Cubicd~imeterr  

. . . . . . . . . . . . . . . . . . . . . . . . .  Gallons IU.S.1 . . . . . . . . . . .  3.78533 Liters 
Gallons 1U.S.l . . . . . . . . . . .  '0,00378543 . . . . . . . . . . . . . . . . . . .  Cubic meterr . . . . . . . . . . . . . . . . . . .  Gnlionr 1U.K.I . . . . . . . . . .  4.54609 Cubicd~imeterr  

. . . . . . . . . . . . . . . . . . . . . . . . .  Gallonr lU.K.1 . . . . . . . . . .  4.54596 Literr 
. . . . . . . . . . . . . . . . . . . . . . . .  Cubic f m t  . . . . . . . . . . . . .  26.3160.. Liters 

Cubic yards . . . . . . . . . . . .  '764.55 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Liters 
. . . . . . . . . . . . . . . . . . . . . . . .  Acrefeel . . . . . . . . . . . . .  .1.2355 Cubic meters 

Acrefeet . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  '1.233.500 Liters 



Table I, 

OUANTITIES AND UNITS OF MECHANICS 

Multiply BY TO obtain 

Table Il-Cmfinuld 

Mulliplv 8~ To Dbflin 

WORK AND ENERGY* 

p~ ~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . .  ~ m i n s  l l l7.0W ib l  . . . . . . . . .  64.79891 leiacnv) Milligrams 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m my ouncer (480 . . . . . .  31.1035 Grams 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ovnceslndpl . . . . . . . . . . . .  28.395 Gramr . . . . . . . . . . . . . . . . . . . . . .  ~ w n d r  l d p l  . . . . . . . . . . . .  0.45353237 l suc t l y l  Kilograml . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s h a n r o n % l 2 . ~ ~ l l b )  . . . . . . . .  907.185 Kilapremr . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s ~ n t o n s l 2 , o ~  lb) . . . . . . . .  0.907185 ~ e r r i s t a n r  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Longlons12.240ib) . . . . . . . .  1.01E.ffi l(iiogramr 

FORCEIAREA -- 

MASSIVOLUME IOENSITYI 

MASSICAPACITY 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  Ounesrpergallon iu.s.1 7.4893 G~amrper l i t r r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  Ouncerprgmon IU.K.I 6.2362 Gram5wrliter . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... Poundsper gailon (U.S.~ 119.823 Grams p n  liter . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  Pound$p~~gallon (u.K.~ 99.779 Gramrper liter 
, ~ 

Bt:!DING MOMENT OR TOROUE 

lnrh.paund$ . . . . . . . . . . . . .  0.011521 . . . . . . . . . . . . . . . . . . . . . . . . .  Meter l i lwamr 
. . . . . . . . . . . . . . . . . . . . . .  ~ ~ ~ h - p u n d s  . . . . . . . . . . . . .  1.12985 x 106 Centimet~rdyner 

. . . . . . . . . . . . . . . . . . . . . . . . .  Fmt-pounds . . . . . . . . . . . . .  0.138255 Mete+kilograrnt . . . . . . . . . . . . . . . . . . . . .  ~ ~ b p a u n d l  . . . . . . . . . . . . .  1.35582 x 107 Centimeterdyne 
. . . . . . . . .  . . .  F O O T - ~ U ~ ~ S ~ ~ ~ ~ C A  . . . . . . . .  5.4433 :. Centimetu.kilogram~~e~centimittt 

. . . . . . . . . . . . . . . . . . . . . . . . . .  ounce.inches . . . . . . . . . . . . .  72.0-38 Grmcrntimears 

VELOCITY 

ACCELERATION' 

feet WMZ . . . . . . . . . . .  -0,3048 . . . . . . . . . . . . . . . . . . . . . . . . .  Mcl-5 pets-nd2 

FLOW 

FORCE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  p a r d s  . . . . . . . . . . . . . . . .  '0.453592 Kilograms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  pwnds . . . . . . . . . . . . . . . .  '4.4482 N m o n r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pmnds . . . . . . . . . . . . . . .  '4.4482 116 Dynes -- 

........................... . . . . .  ~ r i t i h m e r m a l  unie [atu] '0.252 Kilogram dor ie l  .................................. ~ r i t i h h e r m a l  unim ~ ~ t d  . . . . .  1.05s.06 hules 

HEAT TRANSFER 

Btll in.lhr It2 dqr- F lk. . ...................... ....... t h n m l  mndmliviryl 1.442 M i l l i w ~ ~ l l c m  drgreeC 
Btu in.lh.fc2dqrw f lk ,  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  therml mnduslirifyl 0.1240 Kgml lh rm d m -  C . . . .................. . . . . . . . .  st l l  W b  I tZdqree f -1.4880 Kg ol mlhr m 2 d 4 . e c  

~ w l h r I t ~ d F g ~ ~  F IC. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  r n n d u ~ ~ ~ d  0.566 ~ i l l b a t d c m ~ d e g r w ~  
Btlllhr f12degce F IC. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  marmrl mndunanee! 4.882 Kgn l lh r  m2 degr* C ...................... 
D O ~ W  F Rf t2 lB tu  (R, . . . . . . . . . . . . . . . . . . . . . . .  ........ thwmai mrinance~ 1361 ~ e g e a  c s d l m i ~ ~ i w a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Btllllb W e e  f Ir. heat capsciryl 4.1868 3 3  d W e  C . . . . . . . . . . . . . . . . . . . . . . . . . .  ........... Bfullb degw F .1.WO GIIgmm dsgrc C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. . . . .  F&, (thermal difhld~iry) 0.2581 ~ r n ~ l a c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  f?lhr Itherma1 dilfuswfyl '0.09290 M21hr 

- 
WATER V A W R  TRANSMISSION 

~ r a i n d h r  It2 lwats  vapor1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  wan$mlr~onl 16.7 ~ n m r ~ 4  hr m2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......... P~~~ Iprrneaod 0.659 ~ e v i c  perms . . . . . . . . . . . . . . . . . . . . . . . .  ..... Pam.incher Iprrnrabilityl 1.67 &Lric~+rmi.mi.ntimfen 

Tabla 111 

-OTHER OUANTITIES AND UNITS 

Mulliply BY To ohfain 

. . . . . . . . . . .  .... CybL f m  p r  muam foot per day lbeepagcl .m.B  Litem p r  w a r e  meter p r  d w  ....... ...... P w d - s x o n d t  per square foot l v inodwl  '4.8824 K i l w s m  rpmnd p r q u a a m e w r  . .......... . . . . . . . . . .  Sauare feet p r  -and (uirorifyl '0.092303 Square materr per reeond . . . .  . . . . . . . . . . . . .  Fhrenhait d- l~hmgel. 5 m  exactly Celrius or Kelvin drgres. Ichi~lgel. 
. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  V;lmpa mll 0.03937 Kilwoltrwrmil l imsfsr . . . . . . . . . . . . .  ........ k m ~ ~ p q ~ ~ f ~ o t  l t D ~ f . ~ d ; l s l  10.764 ~ v m m  p r m v s m m r u r  

. . . . . . . . . . . . . .  ...... ohmi r ru la r  mib p r  foot 0 . ~ 1 6 6 2  Ohmswam rnillirnsterrpermstrr . .......... . . . . . . . . . . . . . . .  ~ i l l i r u r i s r p e r c u b i ~ f m t  '35.3147 Millicuriapermbismstsr . . . . . . . . . . . . . . .  .:........... ~ l l l i a r n p  per quam f m f  '10.7839 Mi l l i rmprpr vlUarF meter . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ~ a l l o n r  ~ e r v l u a n y a i d  +4.527219 Liters per vlvsre meter . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  ~ w n d i  p inch '0.178s8 Kilogrilmlprrmntirnallr 
GPOBII-IBB 
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