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ABSTRACT 

INSTALLATION AND FIELD USE OF CUTTHROAT FLLUMES
 
FOR WATER MEASURFMENT
 

The Cutthroat flume has been developed for operation under both
 
free flow and submerged flow conditions. The flume has a flat bottom
 
and vertical walls. The most obvious advantage of a Cutthroat flume
 
is economy, since fabrication is facilitated by the flat bottom and
 
removal of the throat section. Another advantage is that any particu­
lar flume length has the same convergence, divergence, and wall lengths,
 
thereby allowing the same forms or patterns to be used for any throat
 
width. The use of a consistent geometric shape has facilitated the
 
development of generalized free flow and submerged discharge relations
 
using both English and metric units. Any flume length between 1.5 feet
 
(0.45 meter) and 9 feet (2.7 meters) can be used, while throat widths
 
between 1 inch (2.5 centimeters) and 6 feet (1.83 meters) have been
 
investigated. The differences between free flow and submerged flow
 
conditions are described, together with the necessary criteria for
 
determining which flow regime exists. The transition submergences are
 
listed for the range of flume sizes investigated. For free flow, the
 
ratio of inlet flow depth to flume length should preferably be less
 
than 0.4, while for submerged flow, the accuracy of discharge measure­
ment rapidly deteriorates above submergences of 95 percent. Examples
 
are given which illustrate the design procedure for determining flume
 
size, as well as obtaining the free flow and submerged flow ratings.
 
Proper installation and maintenance procedures for Cutthroat flumes
 
are described.
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NOMENCLATURE 

in English unitsB: Entrance and exit width for Ctthroat flume, 

B: Entrance and exit, width for Cutthroat flume, 	 in metric units 

C: Free flow coefficient, for English units
 

C: Free flow coefficient, for metric units
 

C1: Submerged flow coefficient, for English units
 

C1: Submerged flow coefficient, for metric units
 

ha: Upstream flow depth, in English units
 

a 
h : Upstream flow depth, in metric units
 

hb: Downstream flow depth, in English units
 

hb: Downwstream flow depth, in metric units
 

- hb), in English units
Ah: Difference in flow depth, (ha 


in metric units
Ah*: Difference in flow depth, (ha -hb) , 


K: Free flow flume length coefficient, in English units
 

K: Free flow flume length coefficient, in metric units
 

K1:* 
.. Submerged flow flume length coefficient, in English units
 

Submerged flow flume length coefficient, in metric 	units
KI. 


L: Length of the Cutthroat flume, in English units
 

L: Length of the Cutthroat flume, in metric units
 

M: Constriction ratio for Cutthroat flume, (W/B), in English units
 

M: Constriction ratio fur Cutthroat flume, (W/B), in metric units
 

n1 : Free flow exponent
 

n2 : Submerged flow exponent
 

Q: Discharge through the flume, in English units
 

Q: 	 Discharge through the flume, in metric units
 

Ci/ha), for metric units
S: Submergence, (hb/ha), for English units, or 


vii
 



St: Transition submergence, the value of submergence 
changes from free flow to submerged flow 

at which the flow 

W: 
* 

W: 

Flume throat width, English units 

Flume throat width, metric units 
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INTRODUCTION
 

Procedures and methods for more accurate measurement and improved
 

management of water are continually being sought to make better use of
 

our water resources. Of all the devices and structures developed for
 

measuring water, measuring flumes are among the most widely accepted and
 

used. The most common measuring flume is the Parshall flume developed
 

by Ralph Parshall (1926) at Colorado State University.
 

The problem of determining the flow rate in open channels is
one
 

which has been considerel for many years. The rapidly increasing value
 

of water is commanding new interest in the development of new open channel
 

flow measuring devices. Water measuring devices are important for:
 

(a) water conservation; (b) equitable distribution of water; (c) deter­

mining the amount of available water; (d) meeting legal requirements; 

and (e) successful management of the available supply. 

A water measuring flume consists of an open channel structure
 

containing a constricted section. The constriction is formed by either
 

raising the floor or by reducing the width between the sidewalls. The
 

discharge characteristics are the same for both types; however, the raised
 

floor is usually classified as a weir rather than a flume. Also, unless
 

great care is taken in designing the raised floor section, some of the
 

self cleaning properties may be lost.
 

A flow measuring device which has been recently developed is the
 

Cutthroat flume (Skogerboe, Hyatt, Anderson, and Eggleston, 1967). The
 

original studies have been extended by Bennett (1972) in rating a group
 

of Cutthroat flumes which have the same geometric shape. Then, since all
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of the flumes are basically similar, the flow behavior, or discharge
 

characteristics, of other Cutthroat flume sizes can be predicted.
 

Beca'use of this similarity, the behavior of all flumes intermediate in 

size to 'those tested is capable of being predicted within a degree of
 

accuracy suitable for field use.
 

In flat gradient channels, it may be desirable to install a flume
 

to operate under conditions of submerged flow rather than free flow in 

order to: (1) reduce energy losses, and (2)place the flume on the channel
 

bed to minimize the increase in water surface elevation upstream from the
 

flume. 
The purpose of the research efforts reported herein was to develop
 

a flume which would operate satisfactorily under both free flow and
 

submerged flow conditions.
 

DEVELOPMENT OF FLUME
 

Previous studies by Robinson and Chamberlain (1960) and Hyatt 

(1965) indicate that a flume having a flat-bottom is satisfactory for
 

both free flow and submerged flow operation. The advantages of a level 

flume floor, as opposed to the Parshall flume with an inclined floor in
 

the throat and exit sections, are: (a) ease of construction; (b) the 

flume can be placed inside a concrete-lined channel; and (c) the flume
 

can be placed on the channel bed. 

Ackers and Harrison (1963) recomend a maximum convergence of 3:1 for 

a flume inlet section. Experimental work indieW that this recomend­

ation had merit, and consequently a 3:1 convergence (Fig. 1)
was used in
 

developing a flat-bottomed flume.
 

Studies regarding the length of the throat section, discussed in
 

a preceding report (Skogerboe, Hyatt and Eggleston, 1967), showed that
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flow depths measured in the exit section of the flume resulted in more
 

accurate submerged flow calibration curves than calibrations employing
 

flow depth measurements in the throat section. The water surface profile
 

changes rapidly in the throat section as compared with the exit section
 

where the water surface profile is more nearly horizontal. Consequently,
 

a flow depth in the exit section of the flat-bottomed flume was selected
 

for measurement.
 

The earlier study by Hyatt (1965) indicated that when the divergence
 

of the flume exit section exceeded 6:1, flow separation would occur, and
 

a major portion of the flow would adhere to one of the sidewalls. Al­

though numerous divergences and lengths of exit section were tested, the
 

6:1 divergence proved most satisfactory as a balance between flow separation
 

and fabrication costs.
 

Since the downstream flow depth was to be measured in the exit
 

section, there appeared to be no apparent advantage in having a throat
 

section. Consequently, testirg was initiated with a flat-bottomed flume
 

having only an entrance and an exit section. The flume performed very
 

well. One distinct advantage of removing the throat section was improved
 

flow conditions in the exit section. The converging inlet section tended
 

to confine the flow into a jet which traveled along the flume centerline,
 

thus assisting in the prevention of flow separation.
 

Tho rectangular flat-bottomed flume, which resulted from the
 

testing program, is illustrated in Pig. 1. Since the flume has no
 

throat section (zero throat length), the flume was given the name
 

"Cutthroat" by the developers (Skogerboe, Hyatt, Anderson, and Eggleston,
 

1967).,
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Fig. 1. Defintion sketch of Cutthroat flume. 
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The most obvious advantage of a "Cutthroat" flume is economy, 

since fabrication is facilitated by a flat-bottom and removal of the
 

throat section. Another advantage is that every flume length has the
 

same entrance and exit section lengths, which allows the same forms or
 

patterns to be used for any desired throat width. 

The Cutthroat flume can operate either as a free or submerged flow 

structure as indicated in this report. Methods for obtaining submerged 

flow calibration curves and free flow tables are developed and their use
 

illustrated. Discussion and examples regarding the practical aspects of
 

installing, operating, and maintaining the structures are given.
 

APPROACH TO STUDY
 

The initial Cutthroat flume studies conducted by Skogerboe, Hyatt,
 

L, of 9 feet.
Anderson, and Eggleston (1967) utilized a flume length, 


The throat width, W, was varied from 1 to 6 feet, and the equations for
 

both free flow and submerged flow conditions were developed.
 

An expansion of the initial studies has been recently completed
 

by Bennett (1972). In this study, three flume lengths were used; namely,
 

1.5 feet, 3.0 feet and 4.5 feet. The throat widths selected were based
 

on 4 width to length (W/L) ratios; namely, 1/18, 1/9, 2/9 and 4/9 (Fig.
 

2). By selecting these 4 width to length ratios, the throat widths of
 

two.the flumes of any one length vary from each other by a factor of 

Also, the flumes of a given width to length ratio are scale models of 

each other with a scale factor of two. In addition, the smaller flumes
 

to lengthare scale models of the larger flumes having the same width 

throat width, W,ratio. For example, the 2 in by 1.5 ft flume (2 in 

and 1.S ft flume length, L) is a 1/2 model of the 4 in by 3 ft flume;
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Piezometer Top for h. 

Piezometer Top for hb 

.. L I "' L2 

LL-L 
~17 

2 B 

B W +-L 1 W + IL 2 

Flume W L, L2 L Lb L B 

3'x4.5' 3'' I'- 6" 3'-0 I'-011  2'-5 ' 4.5' 1'-31' 

6"x4.5' 6" 1'-" 3'0" 1'-0" 2'-5-o" 4.5' 1'-6" 

12 x4.5' 12' 1'-6' 3-0' I'-0" 2'-5-" 4.5' 2' -0' 
24"x 4.5' 24" 1'-6" 3'-0" '-0" 2'-5" 4.51 31-01 

2"x 3.0' 2" 1I-0" 2'-0" 0'-8" 1'-7AT1 3.0' 0'-10" 
4!"x 3.0' 4" I'-0" 2'-0" 0'-8" 1 '-7" 3.0' I' - 0" 

8"x 3.0' 8" I'-0" 2-0" 0'-8" '- 7- " 3.0' 1-41 

16"x3.0' 16" I'-0" 2'-0" 0'-8" 1'-7A" 3.0' 2'-0" 

I"x 1.5' I" 0'-6" I'-0" 0'-4" 0'­ , '' 1.5' 0 '-5" 

2" xl1.5' 2" 0'-6" I 0'4" 0'-9i" 1.5' 0'-6" 
4" x 1.5' 4" 0'-6" I'-0" 01-4" O'-0"- 1.5' 0'-8" 

8"x 1.5' 8" 0'-6" It'-0" 0'-4" 0'-9j'" 1.5' I'-0" 

Fig. 2. Dimensions of Cutthroat flumes used in experimental design.
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a 1/3 model of the 6 in by 4.5 ft flume; and a 1/6 model 
of the 12 in
 

by 9-ft flume. By designing the flumes using this criteria, it 
was
 

possible to determine the effect of flume size on 
the flow conditions.
 

Also, the development of the generalized discharge 
relationship among
 

flume sizes was made possible. Furthermore, the data collected in the
 

initial study could also be incorporated into 
the analysis for developing
 

generalized discharge relations for Cutthroat 
flumes.
 

..-FREE FLOW ANALYSIS
 

Uder free flow conditions, critical depth 
occurs in the vicinity
 

This critical depth makes it possible to 
determine
 

of the flume neck. 

the flow rate knowing only the upstream depth, ha - This is possible
 

because whenever critical depth occurs in 
the flume the upstream depth,
 

as shown in
 
ha, is not affected by changes in the downstream 

depth, hb, 


Fig. 3 (water surface profiles a and b), 
thereby resulting in a unique
 

.

relation between discharge, Q, and upstream 

flow depth, ha


For free flow operation, a plot is made of 
flow rate, Q, against
 

with Q as the ordinate and ha 
as the abscissa. 
When
 

upstream depth, ha, 


these two variables are plotted on logarithmic 
paper, all of the points
 

will fall on a straight line as shown in 
Fig. 4. The equation for this 

free flow rating can be written as: 

a 

= free flow coeffici­flow rate, in cubic feet per second; C 

where 


is 1.0 foot; ha upstream flow­
ent, which is the value of Q when ha 


= free flow exponent, which is the slope 
of the
 

depth, in feet; and n1 


Eq. 1 can be
 
free flow rating when plotted on logarithmic 

paper. 


rewritten in metric units as
 
* ............................ (
 



(b) 

FI Ig.3.. I f fl llaonlf fl ow cndI tions in a" Cutthroat b//l 

Fig- 3-.. 1lustration of flow concltjtons in a Cutthoat 'flume: 
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p 

C:1.09 	 . 

I1.0 I~o-I.
 

" ,-0.6-" 	 I 
C1 0.6-	 C I 

= -oL- 4i':0 0~1.0 1.825	 /I 

.C 1.0	 "= 
1.825 


Q=1.09 hI
 

0. n2- 5 

I62OI 

I.
 

0..1
 

0.1 	 0.2 0.4" 0.6 0.8 1.0; 

Upstream Flow Depth, ha, infelet 

Fig. 4. Typical free flow rating curva showing actual data
 
points and development of free flow equation.
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where Q = flow rate, in cubic meters per second; C -free floW coeffi­

clent, which is the value of Q when ha is 1.0 meter; and ha 


upstream flow depth, in meters.
 

The value of n1 was found to be dependent only upon the fluime 

length, L. Therefore, the value of n1 is a constant for all Cutthroat
 

flumes of the same length, regardless of the throat width, W. The values
 

are also the same for both metric and English units. Furthermore, the
 

values of n1 for the flumes tested plotted on a smooth curve as shown
 

in Figs. 5 and 6. Therefore, the value of nI can be determined: for any 

flume length between 1.5 feet and 9 feet (0.45 meter and 2.7 meters). 

by simply reading the value from the graphs shown in Fig. S forEnglish 

units and Fig. 6 for metric units. 

The value of the free flow coefficient is a function of both flume 

length, L, and throat width, W. This relationship is'
 

o K W1 " 0 2 5 (C 

where C z the free flow coefficient, for English units; K u the flume 

length coefficient; and W - the throat width in feet. In metric units, 

0 2 5  C W K W1 ... .... te .0(4) 

where C a the free flow coefficient for metric uztis; K = the flume 
* 

length coefficient for metric units; and W a the throat width in meters.
 

The' values of K can be obtained from Fig. S, while the value of K is obtained 

froi Fig. 6.- .
 

Having obtained the values for n and C for the flume being 

used, the discharge can now be calculated for any ha by using Eq. 1 

or 2, provided free flow conditions exist in the flume. For accurate 

discharge measurements, the recommended ratio of flow depth to flume 

length (ha/L) should be equal to or less than 0.4, with increasing 
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Fig. S. Generalized free flow ratings for Cutthroat flumes, 
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values of this ratio resulting in greater inaccuracies because of
 

higher approach velocities and a more rapidly changing water surface,
 

profile at the flume cross-section where ha is measured.
 

Example 1. A free flow rating is needed for a 
.Cutthroat flume of length, L = 4.0 feet (1.219 meters) and 

width W = 1.167 feet (0.356 meters). From Fig. 5 (or Fig. 

6) the valuQ of ni is found to be 1.75 (1.75) and the value
 

K is 4.15 (K = 3.16). Then, using Eq. 3 (or Eq. 4 for metric
 

units) .the value of the free flow coefficient, C (or ) is
 
calculated.
 

0 2 5 
C - K W

1. 

- 4.15 (1.167)1.025 

.= 4.15 (1.172) 

* 4.86
 

SuK(0.356)1.025 

- 3.16 (0.347) 

1.10
 

Now, knowing the values of n, and C (and C), the
 

flow rate through the flume can be calculated for any value
 

of ha (or ha) using Eq. 1 (or Eq. 2 for metric units).
 
Assuming ha 1.20 feet
 

Q - Ch n.' 

a 

4.86 (1.20)1.75
 

- 4.86 (1.38)
 

-

* 6.70 cfs 
* 

Assuming ha * 0.366 meters 
a

I . Chal
 

.
Q * 1.10 (O..S6)
1 " 5 

!0. 10..(0.172)..1
..
 

..- 1892 cms 

http:1.20)1.75
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SUBMERGED FLOW ANALYSIS 

When the flow conditions are such that the downstream flow depth,
 

hb, is raised to the extent that the flow depths at every point through
 

the structure become greater than critical depth, resulting in a change 

in the upstream depth, then the flume is operating under submerged flow 

conditions as shown in Fig. 3 (water surface profile c). A flume oper­

ating under submerged flow conditions iequires that two flow depths be
 

measured, one upstream, h , and one downstream, hb, from the flume neck. 

The submergence, S, is defined as the ratio, often expressed as a 

percentage, of the downstream depth to the upstream depth.
 

Sa hb/h a ............................
S m !i0 h ........... (5)
 

Submerged flow calibration curves are determined for the Cutthroat 

flume by preparing three-dimensional plots of the parameters describing 

submerged flow. The data is plotted on logarithmic paper with the dis­

charge, Q, as the ordinate; difference in upstream and downstream depths 

of flow, ha-hb, as the abscissa; and the submergence, hb/ha, as the 

varying parameter (Fig. 7). Lines are then drawn connecting points of 

equal submergence. These are straight lines having a slope identical 

to the slope of the free flow rating curve (which is n,) for the same 

geometry. 

From the submerged flow plots, an equation has been developed 

(Skogerboe, Hyatt, Anderson, and Eggleston, 1967) which describes the
 

flow rate through the Cutthroat flume. The equation is:
 

n 

C1 (h-hb) 1 

(-log 5) 2
 



is
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h cQfor S&95%/ 
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1.0 

o ... 

, 
I, 

ZB.25 

I 
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O00 0.1 1.0
 

Difference in,Water Surface Elevotion, ho-hb., infeet
 

Fig. 7. Typical submerged flow rating curve
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where hb - downstream flow depth, in feet; C1 = submerged flow coeffi­

cient for English units; and n 2 a submerged flow exponent. The same 

equation can be written in metric units as 

C1 (hahhb) 1 . 
QE 

(-log S)n 2 

where h= downstream flow depth, in meters; and C1 .submerged flow 

coefficient for metric units. 

The value of C1 and n 2 must be determined from a plot of the sub­

merged flow data. This can be accomplished by determining the discharge 

intercept at ha-hb * 1.0 (Ah = 1.0), denoted by the symbol QAh and 

recognizing that (ha-hb)nl is equal to one, when ha-hb 1.0. Thus, 

Eq. 6 ca-n be reduced to 

-n2
 
a-~C1 (-log S) 2 ......... ......... (8)
 

By plotting Qh against -log S on logarithmic paper as shown in Fig. 8,
 

a linear relationship should result, where C is the value of QAh
 

at Llog S n I and n2 is the slope of the straight line.
 

The value of n2 was also found to be dependent only on the flume
 

length, L. Therefore, like nl, the value of n2 is constant for all 

Cutthroat flumes of the same length regardless of the throat width and 

is the same for both metric and English units. The values of n2 for 

the experimental flumes are plotted on a smooth curve as shown in Figs. 

9 and 10. Therefore, the value of n2 can be obtained for any flume
 

length between L.S feet and 9 feet (0.45 meter and 2.7 meters) by
 

simply reading the value from the graphs in Figs. 9 and 10.
 

The submerged flow coefficient is a function of both flume length
 

and throat width. This relationship is:
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1.025 
C = K1W ........ 

Where C1 * the submerged flow coefficient, for English units; K1 = the 

flume length coefficient, for English units; and W = the throat width, 

in feet. For metric units, Eq. 9 can be rewritten as 

K1 W 1.025C1 


where C1 = the submerged flow coefficient, * 
for metric units; K1 * the flume 

length coefficient, for metric units; and W = the throat widths in meters. 

The values of K1 and K1 can be obtained from Figs. 9 and 10, respectively. 

Having determined the values of n2 and C1 for the flume being used, 

the flow rate under submerged flow conditions can now be calculated for 

any combination of ha and hb (or ha or hb) by using Eq. 6 for English 

units or Eq. 7 for metric units. At high values of submergence (above 

95 percent), small errors in reading ha and hb result in significant 

errors in calculating the discharge. Thus, as the submergence is 

increased above 95 percent, the discharge error becomes greater. 

Example 2. A submerged flow rating is needed for 

a Cutthroat flme of length, L = 4.0 feet (1.219 meters) and 
width, W = 1.167 feet (0.356 meters). From Fig. 5 (or Fig. 

6) the value of ni is found to be 1.75 (1.75). The values of 

and K1 are found from Fig. 9 (Fig. 1Q for metric units)n2 
and are equal to 1.43 (1.43) and 2.37 (R1 = 1.3O), respect­

ively. Knowing K1 (or kl), the value of C1 (or tl) can be
 
calculated using Eq. 9 (Eq. 10 for metric units).
 

1 025
 
= (wI).
C1 K1 

- 2.37 (1.167)1.025 

= 2.37 (1.172) 

= 2.78
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For metric units,
 
t LWJCi. , (W);.0°25-. . 

a . 1. 8(0.356)I.025., 

a 1.80 (0.347)
 

a 0.625
 

Knowing the values of n1 , n2 , and C1 (or C1 ), the flow rate
 
through the flume can be calculated for any value of ha and
** 

h.b (or ha and hb). Assuming ha - 1.20 feet and hb * 1.10 feet, 

S - 1.10/1.20 

- 0.92
 
(ha-hb)nl
C1
Q­

(-log S)n2 

2.78 (0.1)1.75
 

(-log 0.92)1.43
 

2.78(0.1)1.75 

(0.0362) 1. 4 3 

2.78(0.0178) 
0.0088
 

* 5.63 cfs
 

Assuming h * 0.3658 meter and hb - 0.3353 meter,
 

S a 0.3353/0.3658
 

a 0.92
 

(-log s)n2
 

1.750.625 (0.3658-0.3353) 

(-log 0.92)1.43 

0.625 (0.0305)1.75
 

(0.0362) 1.43 

0.625(0.0022)•(0.0088)
 

•0.0386 cms
 

http:0.0305)1.75
http:0.92)1.43
http:2.78(0.1)1.75
http:0.92)1.43
http:0.1)1.75
http:1.10/1.20
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TRANSITION SUBMERGENCE
 

The transition .ubmergence, St, is the value of submergence at 

which the discharge passes from free flow to submerged flow, or vice
 

versa (Fig. 3, water surface profile b). Under this unique condition,
 

both the free flow equation and the submerged flow equation will predict
 

the same value of discharge.
 

To determine the transition submergence, St, the free flow and
 

submerged flow equations are set equal to one another.
 

Chn CI: (h a - hb)nl 

-log (hb/ha)n2 

Dividing both sides of Eq. 11 by hanlnin order to obtain an expression
 

containing only the submergence and known values of coefficients and 

exponents, and then recognizing that the submergence is really the 

transition submergence, Eq. 11 can be reduced to:
 

(-log st)n2 . (CI/C)(1-St)n1 ......... (12)
 

Eq. 12 can be solved by trial and error to obtain a value of the
 

transition submergence.
 

In order to determine whether free flow or submerged flow conditions 

exist in a Cutthroat flume, or any flow measuring flume, it is necessary 

to calculate the submergence, which is then compared with the transition 

submergence to determine which flow equation should be used. If the 

submergence is less than the transition submergence, then free flow 

conditions exist, The flume is operating under submerged flow condi­

tions if the submergence is greater than the transition submergence. 
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The values obtained for the coefficients and exponents for the flumes 

tested are listed in Table I for English units and Table 2 for metric 

units. The relationships of these values with flume length are shown 

in Figs. 11 and 12 for English and metric units, respectively. Table
 

3 has been prepared to provide a ready reference for converting.the,
 

submergence, S (or transition submergence, St) to -log S.
 

INSTALLATION OF CUTTHROAT FLUMES 

Any water measuring device must be properly installed to yield
 

adequate results. The first consideration prior to installing a flume
 

is the location or site of the structure. The flume should be placed
 

in a straight section of channel. If operating conditions require
 

frequent changing of the discharge, the flume may be conveniently
 

located near a point of diversion or regulting gate. However, care should
 

be taken to see that the flume is not located too near a gate because
 

of instable or surging effects which might result from the gate operation. 

Also, a Cutthroat flume should not be located immediately downstream
 

from a culvert, or any other type of constriction.
 

After the site has been selected for the flume, it is necessary
 

to determine certain design criteria. The maximum quantity of water to
 

be measured, the depth of flow necessary to obtain this discharge, and 

the allowable head loss through the flume must be determined. For design
 

purposes, the head loss may be taken as the change in water surface
 

elevation between the flume entrance and exit. The downstream depth of 

flow will remain essentially the same after installation of the flume as 

it was prior to installation, but the upstream depth will increase by the
 

amount of head loss. The allowable increase in upstream depth may be
 

limited by the height of canal banks upstream from the flume. Such a
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Table 1. Smary of coefficients, exponents, and transition submergences

for experimental Cutthroat flues, for English units.
 

Flume 12" x 9.06 3" x 4.5' 2" x 3.0' 1" x 1.5' 

C 3.500 0.960 0.719 0.494 
ni 1.560 1.720 1.840 2.150 
K 3.500 3.980 4.500 6.100 
CI 1.688 0.548 0.413 0.261 
n2 1.390 1.410 1.480 1.741 
K1 1.700 2.250 2.580 3.250 
St 0.800 0.700 0.650 0.600 

Flume 24" x 9.0' 6" x 4.5' 4" x 3.0' 2" x 1.5'
 

C 7.110 1.960 1.459 0.974
 
nj 1.560 1.720 1.840 2.150

K 3.500 3.980 4.500 6.100
 
CI 3.430 1.120 0.837 0.516
 
n2 1.390 1.410 1.480 1.741
 
K1 1.700 2.250 2.580 3.250
 
St 0.800 0.700 0.650 0.600
 

Flume 48" x 9.0' 12" x 4.5' 8" x 3.0' 4" x 1.5'
 

C 14.490 3.980 2.979 1.975 
nl 1.560 1.720 1.840 2.150
K 3.500 3.980 4.500 6.100
 
C1 6.970 2.275 1.705 1.048
 
n2 1.390 1.410 1.480 1.741
 
K1 1.700 2.250 2.580 3.250
 
St 0.800 0.700 0.650 0.600
 

Flume 72" x 9.0' 24" x 4.5' 16" x 3.0' 8" x 1.5'
 

C 22.000 8.010 6.040 4.030 
nli 1.560 1.720 1.840 2.150 
K 3.500 3.980 4.500 6.100 
CI 10.600 4.575 3.465 2.140 
n2 1.390 1.410 1.480 1.741 
K1 1.700 2.250 2.580 3.250 
St 0.800 0.700 0..650 0.600 



Table 2. 	Sueary of coefficients, exponents, and transition sub­
mergences for experimental Cutthroat flumes, for metric
 
units.
 

Plume 0.0305 x 2.74 0.076 x 1.37. 0.031 x 0.91 0.025 x 0.46 
C 0.6322 0.18110.2103 	 0.1802 

nI ' 1.560 1.720 1.840 2.1S0
 

.3.7756
2.1383. 2.9394. 	 7.4791
 

. . 0.3049........ 0.1200 - .0.1040 0.09S2
C1 

n.1.390 	 1.410 1.480 1.741 
2 

1 ' .0303 1.6789 2.1402 3.9830
 

s 0.800 0.700 0.650 0.600
 

Flume 	 0.610 x 2.74 0.152 x 1.37 0.102 x 0.91 O.OSO x 0.46 

C ...... 1.2843 0.4293 0.3675 .0.353­

. 1.60 1.720 1.840 2.150nI 


K . 2.1383 2.9394 3.77S8 , . 7.4791 

0.6196 0.2453 0.2108 0.1882
C1 


n 1.390 1.410 1.480 1.741
 
2 

K1 1.0303 1.6789 2.1402 3.9830 

0.800 0.700:' 0.650 0.600
st 


Flume 	 1.219 x 2.74 0.304 x 1.37 0.203 x 0.91 0.101 x 0.46 

C 2.6175 0.8718. 0.7503 0.7205
 

- 1.560 1.720 -1.840 2.150
nI 

I 

K 2.1383 2.9394 3.77S8 7.4791 

'1.2591 0.4983 0.4294 0.3823
C1 


1.390 1.410 1.480 1.741
n2 


K 1.0303 1.6789 2.1402 3.9830 
1 . I 

St 0.'800 0.700 0.650 0.600 

Flume 	 1.829 x 2.74 0.609 x 1.37 • 0.406 x 0.91 0.203 x 0.46
 

*- 3.9741 1.7S45 1.5213 1.4701 

1.560 1.720 1.840 2.150 

K 2.1383 2.9394 - 3.7758 7.4791 

nI 


. 1.9148 1.0021 . . 0.8727 0.7806C1 

1.390 1.4i0" 1.480 1.741
 

. 1.0303 1.6789 2.1402 3.9830 

St 0.800 0.700 0.650 0.600 
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Tablo 2. 	 Stimmary of coofficients, exponents, and transition sub­
murgencos for oxperitoutal Cutthroat Fluin.s, for Notric
 
units.
 

FPuta 	 0.0305 x 2.74 0.076 x 1.37 0.051 x 0.91 0.025 x 0.40 

C 0.6322 0.2103 0.1811 0.1802 

ni 1.560 1.720 1.840 2.1S0 

K 2.1383 2.9394 3.7758 7.4791 

C1 0.3049 0.1200 0.1040 U.0952
 

n2 1.390 1.410 1.480 1.741'
 

K1 1.0303 1.6789 2.1402 3.9830
 

St 0.800 0.700 0.650 0.600
 

Plime 	 0.610.x 2.74 0.152 x 1.37. 0.102 x 0.91 O.OSO x 0.46
 

C 1.2843 0.4293 0.3675 0.3553 

1.560 1.720 1.840 2.150 

K .2.1383 2.9394 3.7758 7.4791 

C1 0.6196 0.2453 0.2108 0.1882 
n 1.390 1.410 1.480 1.741 

02 

nI 


Ki 1.0303 1.6789 2.1402 3.9830 

S 0.800 0.700 o.6so 0.600 

Flume 1.219'x 2.74 -0.304 x 1.37 '0:203 x 0.91 0.101 x 0.46 

C 2.6175 0.8718 0.7503 0.7205 

1.560 1.720 1.840 2.150 

K 2.1333 2.9394 3.7758 7.4791 
p 

C1 1.2591 0.4983 0.4294 0.3823 

" n12 1.390 1.410 1.480 1.741 

K1 1.0303 1.6789 2.1402 3.9830 

t 0.800 0.700 0.650 0.600 

Flumo 1:829 x 2.74 0.609 x 1.37 0.406 x 0.91 0.203 x 0.46 

C 3.9741 1.7545 1.5213 1.4701 

n 1.560 1.720 1.840 2.150 

K . : 2.1383 --........ 3.7758 7.4791
2;9394-	 .. 


C1 1.9148 1.0021. 0.8727 0.7806
 

n2 1.390 ).410 1.480 1.741
 

K! 1.0303 1.6789 2.1402 3.9830
 

St 0.800 0.70n 0.6so 0.600
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Table 3. Values of -log S knowing the submergence, S. 

S --log S S. -log S 

0.65 0.1871 0.83 0.0809 

0.66 0.1805 0.84 0.0757 

0.67 0.1739 0.85 0.0706 

0.63 0.1675 0.86 0.0655 

0.69 0.1612 0.87 0.0605 

0.70 0.1549 0.88 0.0555 

0.71 0.1487 0.89 0.0506 

0.72 0.1427 0.90 0.0458 

0.73 0.1367 0.91 0.0458 

0.74 0M1308 0.92 0.0362 

0.75 0.1249 0.93 0.0315 

0.76 0.1192 0.94 0.0269 

0.77 0.1132 0.95 0.0223 

0.78 0.1079 0.96 0.0177 

0.79 0.1024 0.97 0.0132 

0.80 0.0969 0.98 0.0088 

0.81 0.0915 0.90 0.0044 

0.82 0.0862 
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limiting condition may require increasing the flume size, or operating
 

the flume as a submerged flow structure. Economic factors play a deter­

mining role in the flume size selected.
 

Proper installation requires the flume be placed level in the
 

channel. The flume should be aligned straight with the channel and
 

should be level longitudinally and laterally. Note that with time the
 

tendency is for the flume to settle with the exit becoming lower than
 

the entrance.
 

The most important dimension in constructing a Cutthroat flume is
 

the throat width, W. One of the principal advantages of a Cutthroat
 

flume is that an error in constructing the throat width can be taken into
 

account by writing new free flow and submerged flow ratings using either
 

Eq. 3 or Eq. 4 for free flow and Eq. 9 or Eq. 10 for submerged flow. If
 

a particular throat width is desired for a Cutthroat flume to be con­

structed with concrete, a steel angle could be placed at the throat
 

cross-section which would be embedded in the concrete.
 

The experience of the authors, both in the laboratory and with field
 

installations, indicates that a transition structure between the open
 

channel and Cutthroat flume is not necessary. The only restriction is
 

to follow the guideline of using a flow depth to flume length ratio
 

Cha/L) of 0.4, or less. For usual installations in flat gradient channels,
 

this will insure that approach conditions will satisfy the conditions
 

under which the laboratory ratings were developed.
 

Measurements may be made in the flume by the use of staff gages or
 

stilling wells (Fig. 13). Only fair accuracy is obtained from the use
 

of staff gages. When used, a staff gage should be set vertically at
 

the specified location for ha and hb along the converging or diverging
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Fig. 13. Plan view of Cutthroat flume showing various methods
 

for using stilling wells.
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wall. The staff gage must be carefully referenced to the elevation of
 

the flume bottom. Use of stilling wells is recommended, however, for
 

accuracy. Stilling wells have the advantage of providing a calm water
 

surface compared with the fluctuation of "bounce" of the water surface
 

that may exist within the flume. Stilling wells are also necessary if
 

continuous recording instruments are to be used. Under submerged flow
 

conditions, two stilling wells placed adjacent to each other are very
 

desirable and facilitate the use of a double head recording instrument
 

for obtaining a continuous record with time of ha and hb.
 

FLUME INSTALLATION TO INSURE FREE FLOW
 

If circumstances allow, it is preferable to have a flow measuring
 

device operate under free flow conditions. The obvious advantage is
 

that only an upstream flow depth need be measured to determine the
 

discharge. The procedure to follow for installing a Cutthroat flume to
 

operate under free flow conditions is listed below.
 

1. 	Ascertain the maximum fiow rate to be measured.
 

2. 	At the site selected for installing the flume, locate the
 

high water line on the canal bank and determine the maximum
 

depth of flow.
 

3. 	Using Eq. l(or Eq. 2 for metric units), calculate the depth
 

of water that corresponds to the maximum discharge capacity
 

of the canal for the flume being used.
 

4. Place the floor of the flume at a depth which does not exceed
 

ha multiplied by the transition submergence CStha) below the 

high water line (Fig.14). Generally, the flume bottom should 



32
 

Maximum Water Surface 
after Flume Installation 

Maximum 	 Water 
1.23 Actual Water 0.84Surface before ProfileLSurfaceFlume Installation 

-7 ///7 ///1 	 "V</ 7/7/7/7 7V7// 7//7//7///1// 


Original Canal Bottom 

Fig. 14. 	 Installation of 14 inch throat width and 4-foot length Cutthroat
 
flume.
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be placed as high in the canal as grade and other conditions
 

permit to insure free flow.
 

Example 3. A Cutthroat flume of length, L, = 4.0 feet
 
(1.219 meters) and throat width, W 1.167 feet (0.356 meter) is
 
to be installed for free flow operations (Fig. 14). The maximum
 
flow rate in the channel is 7 cfs (0.1982 cms).
 

The transition submergence for this flume can be deter­
mined from either Fig. 11 or Fig. 12 as St = 68.2%. From Eq. 1
 
(or Eq. 2 for metric units), the value of h that corresponds to
 
7 cfs (0.1982 cms) can be calculated, a
 

1/n,
 

ha _( 7)1/1.75 = (1.44) 0.57 1.23 feet
 

ha r6n(4) 
101811/1.75 0. 57
 

h a '0. / - (0.180)0 0.375 meter 

The downstream flow depth, hb(or h in metric units), becomes 
hb a haSt = 1.23 feet (.682) - 0.84 feet 

- h:St - (0.375) (.682) - 0.256 meter
 

Therefore, the floor of the flume should be placed no lower than
 
0.84 feet (0.256 meter) below the high water line in the canal.
 

Example 4. Suppose the logical Cutthroat Flume size
 
nessesary to measure a maximum discharge of 12.S cfs under free
 
flow conditions must be found. Presently, the maximum flow depth
 
in the canal is 0.95 foot and the head loss is not to exceed 0.33
 
foot. Under these conditions, the maximum downstream flow depth
 
would be 0.95 foot and the maximum upstream flow depth 1.28 feet
 
(0.95 + 0.33 = 1.28). The submergence would be 74 precent (0.95 
+ 1.28 = 0.74). From Fig. 11, we find that the only flumes with a
 
transition submergence greater than 74 percent are those with a
 
length of 6 feet. Therefore, a 9-foot flume length could be used.
 
To select the proper flume size, enter Table 12 under 2-foot flume
 
to obtain a value of ha corresponding to a discharge of 12.5 cfs.
 
For this discharge value, the upstream depth is 1.44 feet, which
 
is greater than the allowable maximum upstream depth of 1.28 feet.
 
Hence, the 2-foot flume will have the capacity to measure the
 
desired discharge, but will produce too great a head loss (1.44­
0.95 = 0.49 foot). Consequently, a larger flume size is nessesary
 
to satisfy the imposed conditions. From Table 13, we find that the
 

http:101811/1.75
http:7)1/1.75
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3-foot flume has an upstream depth of 1.18 feet for a discharge
 
of 12.50 cfs, and since this value is less than the restrictive
 
depth of 1.28, it would be selected for use in this particular
 
situation. A larger flune could be used, but the economic factors
 
would make such a selection undesirable.
 

FLUME INSTALLATION FOR SUBMERGED FLOW
 

The existence of certain conditions, such as insufficient grade or
 

the 	growth of moss and vegetation, sometimes makes it impossible or
 

impractical to install a flume to operate under free flow conditions.
 

Where such situations exist, a flume may be set in the canal to operate
 

under submerged flow conditions. The principal advantage of submerged
 

flow operation is the smaller head loss which occurs in the flume as
 

compared with free flow. This reduction in head loss may mean that the
 

canal banks upstream from the flume do not have to be raised to enable 

the same maximum flow capacity in the canal that existed prior to the 

installation of the flume. When a flat-bottomed Cutthroat flume is 

installed to operate under submerged flow conditions, the flume floor
 

may be placed level on the canal bottom. This placement will allow quicker
 

drainage of the canal section upstream from the flume, and reduced seepage
 

losses upstream from the flume, particularly for the flow rates which are
 

less than the maximum discharge. The following procedure should be used
 

in placing a Cutthroat flume to operate under submerged flow conditions.
 

1. 	 Establish the maximum flow rate to be measured. 

2. 	On the canal bank, where the flume is to be installed, locate
 

the high water line to determine the maximum flow depth. 

3. 	 Giving consideration to the amount of free-board in the canal 

at maximum discharge and maximum flow depth, determine how 

much higher the water surface can be raised in the canal 

upstream from the flume location. 
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4.. 	With the floor of the flume being placed at essentially the
 

same elevation as the bottom of the canal, the maximum depth
 
- 7 .	 *,. 

of flow (step 2) becomes hb(or hb), and the-additional 

amount that the water surface in the canal can be raised (step 
• * 

3), 	 becomes ha - h (or ha - h). Using this information, theb 

submergence, hb/ha (which has the same value as hb/ha), can 

be computed. 

S. 	Select the flume length desired. Then, from Fig. 11 (or Fig.
 

12 for metric units) determine the values of-St, n1 , K1 , and
 

(or St, nl, K1 , and n2if Fig. 12 is used) that correspond
n2 


to the chosen flume length.
 

6. 	 Calculate 'the value of C1 using the following equation 

C Q(-log St) n 2
 

a - h ) nl
 

or, C1 can be calculated using the following equation,
 

C1 • QQ (-log St)n2 

(ha 
* 

hb) 
n­

7. 	The throat width, W, can now be calculated by,
 
S(C)10. 97 6
 

The value of W (or W) obtained from these equations is the
 

smallest value that can be used and not exceed the upstream
 

depth which was determined in step 4. If this value is not
 

a convenient dimension, it should always be rounded upward.
 

If the throat width is rounded downward, the head loss will
 

be increased.
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Example 5. A Cutthroat flume is to be installed for 
, 	 submerged flow operation. The maximum flow rate in the channel 

is 7 cfs. (0.1982 cms). The maximum flow depth in the channel 
is 1.5 feet (0.457 meter). The maximum amount that the upstream 
depth can be raised is 0.2 feet. 
A flume length of 9 feet (2.743 meters) is selected.
 
FromFigs. 11 or 12 the values of St, n1, n2, and K1 (St, nl,
 
n 2 , K1) are determined as follows:
 

English units 	 metric units
 

St U 0.80 St a 0.80
 
n* 1.560 n1 a 1.560
 
n22 a 1.390 n 2 , 1.390
 

K - 1.70 	 K - 1.03 
1 *1 .
 

h -1.7 feet h a 0.518 meter
 
a 	 ,


hb u1.5 feet 	 hb - 0.457 meter 

•English .units. 	 metric units
 

( h a n 1 (ha h 	 1 * * OS*-o) n2
Q(-log - St)nn1 

1.3907(0.0969)1 

(0.2) 1.560 	 (0.0610) 1.560 

7(O.0390) 	 O.1982 gO. 059)
 

0O.08f)--	 (0.0126) 

-	 0.611* 	3.37 
0	976 *97
wc .	 1) 0.6


W ( K1/ 

.(3.37N 0.976 (0.611 ) 0* 976
 

0
 .. 	V1.701 

.U(1.98) 0.976 	 -(0.593) 0.976 

' "U 1.95 feet * 	 * 0.60 Meters 

Therefore; a flume width of 2 feet (say 60 centimeters) should be
 

used.
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MAINTENANCE OF CUHROAT FLUMES.-

After a Cutthroat flume has been properly installed, periodic
 

maintenance is required to insure satisfactory operation. Moss may
 

collect on the walls of the entrance section and must be removed. In
 

certain channels, debris may collect on the floor of the entrance section,
 

and should be removed. Walls of steel Cutthroat flumes may become en­

crusted and the encrustation should be removed with a steel-wire brush.
 

Once the walls have been scraped clean, applying asphaltic paint will
 

add to the life of the flume and delay the build-up of encrustation.
 

Commonly, Cutthroat flumes (or any other type of flow measuring 

flumes)'will "settle" after being in operation for a period of time. The 

levelness of the entrance floor should be checked after a few months of
 

operation, and again at the end of the season or year.
 

Either "settling" or improper installation can cause a flume to
 

tilt sideways as illustrated in Fig. 15. If the settling is minor, the
 

discharge can still be estimated with fair accuracy by measuring the flow
 

depths on both sides of the flume. By employing the average of the two
 

readings when using the discharge equations or rating tables, the discharge
 

can be determined.
 

Settlement near the entrance section of a Cutthroat flume is illus­

trated in Fig. 16. And again, if the settlement is not too great, the
 

discharge can be estimated with fair accuracy.
 

Settlement occurs most commonly near the exit section, as illustrated 

in Fig. -17. -Settlement is more likely at the outlet because of channel 

erosion immediately downstream from the flume caused by the jetting action 

of the water. Use of the flow depths ha or ha and hb to obtain the 



38
 

Fig. 15. Cutthroat flume tilted sideways.
 

Fig. 16. Settlement of Cutthroat flume at inlet section.
 

Fig. 17. Settlement of Cutthroat flume at exit section.
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discharge from the equations ,ortables will yield values less than the 

true discharge. This discrepancy between the estimated discharge and 

the"true discharge becomes greater as the amount of settlement increases. 

Satisfactoryj solutions to this problem include-zaising the lower end of 

the flume so that it"is level' again or placing a new level floor fn'the 

flume. 
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APPENDIX A 

DISCHARGE RATINGS IN ENGLISH UNITS 



Table 4 Free flow calibrations for selected Cutthroat flumes, English units 

(Q, cfs) 
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Table 4 (continued) 
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00 

00 
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Table 5 Submerged flow calibration for 4 in x 3ft 

Cutthroat flume, (Q,cfs) hO-hb 

o o2) .04 .00 .08 .10 .1 .14 .1 .1 .20 22 .24 .e6 .e8 e30 .32 .34 *3b o38. o'0 

.02e * 

.04 0 

.V6 * 
Sot 
.10 * 
.12 * 
.14 * 
.lb * 

.1d 

.?0.02* 

.0 

.0 
.0 
.U 
.0 
.0 
.0 
.0.0 
.1 
.1.1 

.O 
.0 
.0 
00 
.0 
.0 
.0 
U 

.1 

.1.2 

.0 

.0 

.U 

.U 

.0 

.U 

.0 

.1 

.1 
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.2 

.0 

.0 

.0 

.0 

.0 
0 
.0 
.1 
.1 
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.2 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.1 

.1 

.1 

.2 

.0 

.0 
00 
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.0 

.0 

.0 

.1 

.1 

.! 

.2 

.0 

.0 

.0 
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.0 
00 
.0 
.1 
.1 
.2 
.2 

.0 

.0 

.0 

.0 
*0 
.0 
.0 
*1 
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.2 
,1 

.0 

.0 

.0 
o0 
.0 
.0 
.0 
*1 
.1 
.2 
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.0 

.0 

.0 
o0 
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.0 
.0 
.1 
.1 
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.2 

.0 
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.0 
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.0 
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.0 
*i 
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.2 
.2 
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.0 

.0 
*1 
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.2 

o 
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.0 

0 
0 

.0 
O 

.0 

.1 
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.2 
.e 

.0 
00 

.0 

.0 

.0 
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.0 
01 
.1 
e.2 
1 

.0 

.0 
o0 
.0 
.0 
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.0 
1 

*1 
.2 
.2 

.0 
.0 
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.0 
.0 
O 

.0 
e1 
o 
.2 
l 

0 
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00 
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.0 
.0 
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.1 
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.6 

.6 

.7 
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.7 
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.7 
.b 
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.7 

.7 

.8 
08 
.8 
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. 

. 

.3 

. 

.d 
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.8 
09 
.9 
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.1*0 

.6 

.8 

.9 

.9 
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.01.01.0 
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.9 
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.9 
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.9 
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* 
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.1 

.b 

.9 

.9 
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1.1 
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1.1 
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1.2 
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I.e 
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1,3 
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193 
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Table 5 (continued) 

ha ha-hb 

.U(2 *. . 0 10 3 .Ij I1 .1. .10 .1 *20 .oU .24 .26 028 e30 .32 .3'. .36 .38 .40 

1.3? 0 
1.14 * 

* 
1.06 0 
1.10 o 
1.12 
1.14 
1.1b 
1.18 
.efJ * 

102 * 
1.24 0 
1.2b * 
1.20 
1.30 * 
1.32 * 
1934 * 
1.3b 0 
1.3b * 
1.40 * 
1.,e* 
1.44 * 

.46 * 

.1 .9 1.0 

.7 09 1.1 

.018d 1U 1.1 

.8 1.U 1.1 

.8 1.0 1.2 
A lob1. 1.4d 
si*$ 1.1 1.2 

..9 1.1 1.3 
09 1.1 1.3 
9 102 1.3 

.9 1.2 1.4 
1.0 1.2 1.4 
1.0 1.2 1.4 
1.00 1.3 1.5 
100 1.3 1.5 
1.0 1.3 1.5 
101 1.4 1.o 
1.1 1.4 1.b 
1.1 1.4 1.6 
1.1 1.5 1.7 
1.2 1.5l 1., 
1.2 105 1.1

I.21.5 18 

1.1 
1.2 
1.2 
1.2 
1.3 
1.3 
1.3 
1.4 
1.'. 
1.4 
1.5 
1.5 
1.b 
1.6 
lob 
1.7 
1.7 
1.7 
1.o 
1.8 
1.9 
1.9
1.9 

1.2 
1.2 
1.3 
1.4 
1.3 
1.4. 
1.. 
1.5 
1ot 
1.5 
l.b 
lob 
1.7 
1.1 
1.7 
1.8 
1.8 
1. 
1.9 
2.0 
e.0 
2.0
2.1 

1.3 
1.3 
103 
1.4 

1.4 
1.5 
1.5 
1.5 
Iob 
1.6 
1.7 
1.7 
1.8 
led 
108 
1.9 
1.9 
2.0 
00 

201 
2.1 

.2
2o2 

1.3 
1.4 
1.-* 
1.4 

1.5 
1.5 
1.6 
1.6 
101 
1.1 
1o 
1.8 
1.d 
1.9 
1.9 
e.u 
210 
2.1 
2.1 
2.e 
2.2 
-2.3
2,3 

1.4 
1.4 
1.4 
LO5 

1.5 
1.6 
1L.6 
1.7 
1.7 
i.8 
1.8 
1. 
1.9 
1.9 
'.0 
2.0 
2.1 
2.1 
e.2 
4.e 
d.3 
e.3
2.4 

1.4 
1:4 
105 
1L.6 

l.6 
&.6 
1.1 
1.7 
L. 
1O8 
1.9 
1.9 
e.0 
2.0 
2.l 
2.l 
2.2 
.2 
.j-

e63 
e.4 
e0#eob 

1.4 
1.5 
105 
1.6 

1.6 
1.7 
1.7 
107 
1.8 
1.8 
1.9 
1.9 
d.0 
2.1 
2.1 
2.2 
2.2 
e.3 
2.3 
2.4 
2.4 
2.5
2.s 

1.4 
11.5 
1.5 
1.6 
1o 
1.7 
1. 1 
1.8 
1.8 
1.9 
109 
2.0 
2d.0 
2.1 
e.1 
2.2 
e.3 
293 
2.4 
204 
deb 
4.5 
. 6 

1. 

1.b 
1.b 
1.7 
1.7 
1 

1. 
1.e 
1.9 
200 
2.0 
2.1 
2.1 
2.* 
2.d 
2*3 
2.4 
2.4 
e,5 
2.b 
2*.b
2.6 

1.5 

1.6 
1.6 
1.7 
1.7 
. 

1#8 
1.9 
1.9 
2 0 
2.1 
2.1 
2.2 
2.2 
e.3 
293 
2.4 
2.5 
2.o 
2.b 
2.6 
2.7 

1.5 

1.6 
1.b 
1.7 
107 
1.8 
1.9 
109 
2.0 
20.0 
2.1 
2.1 
2.2 
2.2 
2.3 
2 4 
2.4 
2.5 
2.5 
2.b 
27 
2.7 

1.5 
1.5 
1.6 
1.7 
1,7 
1.8 
1.8osto 
1.9 
1.9 
2oU 
200 
201 
2.2 
2.2 
2,3 
2.3 
2.4 
2.5 
2.5 
2.6 
2.6 
2.7
28 

1.5 
1.6 
1.6 
1.7 
1.7 
1.8 
o 1. 

109 
1.9 
2.0 
20.1 
201 
2.2 
2.2 
2.3 
2 4 
2.4 
2.5 
2.5 
2.6 
Z.7 
2.7
28 

105 
1.6 
I.e 
1.7 
1.7 
1.8 
1.8 
1.9 
200 
2o0 

1 
201 
2.2 
Z.2 
2.3 
2.. 
2.4 
2.5 
2.6 
2*6 
2.7 
2.8
.8 

1.5 
1.6 
1.6 
1.7 
1.7 
1.d 
1.8 
1.9 
2.0 
290 
2.1 
201 
2.2 
2.3 
2o3 
2.4 
2.5 
2 .5 
2.6 
2o6 
2.7 
2.8
2.8 

105 
1.6 
1.6 
1.7 
1.7 
1.8 
1.b 
1.9 
2O0 
2.0 
2.1 
201 
2.2 
2.3 
2,3 
2.4 
2.5 
25 
2.6 
2.7 
2.7 
20 
2.9 

1.5 
1.6 
1.6 
1.7 
1.7 
1.8 
1.9 
1.9 
.00 

2o0 
2.1 
202 
2.2 
2.3 
2*3 
2.4 
2.5 
2.5 
2o6 
2.7 
do? 
2.8 
2 9 

1.4d * 
1.U 0 
1.5Z * 
1.54 * 
1.5b * 
1.58 * 
1.60 * 
1.62 0 
1.b4 * 
1.6b * 
1.6s 0 
I1.u * 

1.72 * 
1.74 0 
1.7b 0 
1.78 f 
1.80 * 
1. *4 
1.84 * 

18b 0 
1.88 * 
1.90 4 
1.92 * 
1.94 * 
1.96 * 
1.98 * 
2.00 0 

1.2 
1.3 
1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.5 
1.5 
1.5 
1.6 
1.6 
1.O 
1.6 
1.7 
1.7 
1.1 
1.7 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
1.# 

lob 
1.6 
1.6 
1.7 
1.7 
1.7 
1.8 
1. 
1.8 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.1 
2 1 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2.4 
2.4 
2.5 

1.8 
1. 
1.9 
1.9 
2.0 
2.0 
2.0 
2.1 
2.1 
2.2 
2.2 
4.2 
2.3 
2.3 
2.4 
2.4 
2.4 
2.b 
2.5 
2.b 
2.6 
2.6 
2.7 
2.7 
2.8 
2.8 
2.b 

2.0 
02.0 

2.1 
2 1 
2.2 
2.2 
2.2 
2.3 
2.3 
2.4 
2.4 
2.5 
2.5 
2.5 
2.6 
2.6 
2.7 
d.7 
2.8 
2.8 
2.9 
2.9 
2.9 
3.0u 
3.0 
J.1 
301 

2.1 
2.2 
2.2 
2.3 
2.3 
2.4 
2.4 
2.. 
2.5 
2.b 
2.6 
2.b 
2.7 
2.7 
2.8 
2.b 
2.9 
2.4 
3.6 
J.U 
3.1 
3.1 
3.e 
3.2 
3.3 
3.3 
3.4 

e.3 
d.3 
2.3 
2.' 
2.4 
2.5 
2.5 
Z.6 
2o6 
2.7 
2.7 
2.8 
!.8 
2.9 
2.9 
3.0 
3.0 
3.1 
3.1 
j.2 
3.3 
3.3 
3.'# 
3.' 
3.5 
3.5 
3.6 

2.4 
2.4 
Z. 3 
2.5 
2.6 
2.6 
2.7 
e.l 
2. 
Z.O 
2.9 
2.9 
3.0 
3.0 
3.1 
301 
s3. 
J.2 
J.J 
-o. 

3.4 
j.b 
3.5 
Jo6 
3.b 
3,7 
4.7 

2.4 
d.5 

.5 
2.b 
e.7 
d.7 
2.8 
2.0 
2.9 
2.9 
3.0 
3.0 
3.1 
3.1 
3.2 
3.3 
3.3 
3.4 
J.-# 
J. . 
3.5 
3.6 
3.7 
3.7 
3.8 
Je8 
3.9 

d.:0 
2.6 
e.6 
e.7 
e.1 
e.d 
2.8 
409 
J.O 
3.0 
3.1 
j.1 
3o. 
J.3 
J.j 
J.4 
J.4 
j5 
J.2 

b 
J.7 
3. 
3,d 
j.9 
3.9 

.0 
4.0 

2b 
2.6 
e.7 
2,8 
208 
2.9 
2.9 
3.0 
3.0 
3.1 
3.2 
3.2 
3.3 
3.3 
3.4 
3.6 
3.5 
Job 
3.r 
3.7 
3.8 
3.8 
3.9 
4.0 
4.0 
4.1 
4.2 

.b 
e.7 
2.8 
2.8 
409 
2,9 
J.O 
3.1 
3.1 
312 
J2 
j.3 
J.4 
j.4 
J.5 
Job 
3o6 
J.7 
j.7 
j.8 
Jo9 
J.9 
*.0 
4.1 
4.,1 
'. 2 
4.3 

2.7 
2.8 
2.d 
Z. 
29 
3.0 
3.1 
3.1 
3.i 
3.3 
3.3 
3.4 
3.% 
3.5 
3.6 
3.6 
3.7 
3.8 
3.a 
3.9 
4.0 
4.0 
4.1 
4.2 
4.2 
4.3 
4.4 

2.7 
2.8 
2.9 
2.9 
3.0 
3ol 
3.1 
3.2 
3.2 
3.3 
3.4 
3.4 
3.h 
3.6 
3.6 
3.7 
3.8 
3.8 

.9 
4.0 
4.0 
4.1 
4.2 
4.3 
4.3 
4 .4 
4.5 

2.8 
2.9 
2.9 
3.0 
3.0 
3.1 
3.2 
3.2 
3.3 
3.4 
3.4 
JOS 
3.6 
3.6 
307 
3.8 
3.8 

3.9 
4 .0 
4.0 
4.1 
4.2 
4.3 
4.3 
4.4 
4.5 
4o5 

2.8 
2.9 
3.0 
3.0 
3.1 
3.1 
3.2 
3.3 
3.3 
3.4 
3.5 
3.6 
3.6 
3o7 
3.8 
J.8 
3.9 
4.0 
4.0 
4.1 
4.2 
4.3 
4.3 
4.4 
4.5 
45 
4,6 

2.9 
209 
3.0 
3.1 
3.1 
3.2 
3.3 
3.3 
3.4 
3.5 
3.5 
3o 
3.7 
3.7 
3.8 
3.9 
3.9 
4.0 
4.1 
4.2 

4.2 
4.3 
4.4 
4.5 
4.5 
4.6 
4.7 

2,9 
3.0 
3.0 
3,1 
3.2 
.2 
3.3 
3.4 
3.4 
3.5 
3.6 
3.b 
3.7 
3.8 
3.9 
ql.9 
4.0 
O.1 
4.1 
4.2 
4.j 
-4.4 

4.4 
4.5 
'..6 
4.7 
4o 

2.9 
3.0 
3.0 
3.1 
3.2 
3.2 
3,3 
3.4 
3.5 
3.5 
3.6 
3.7 
3.7 
3.3 
3.9 
4.0 
4.0 
4.1 
4.2 
4.3 
4.3 
4.o 
4.5 
4.6 
4.7 
4.1 
4.8 

2.9 
3.0 
3.1 
3.1 
3.2 
3.3 
3.3 
3.4 
3.5 
3.6 
3.6 
3.7 
3.8 
3.9 
..9 
40 
4.1 
4.2 
4.2 
4.3 
4.4 
4.5 
4.5 
4.6 
4.7 
4.8 
4.9 

2.9 
3.0 
3.1 
3.2 
3.2 
3.3 
3.4 
3.4 
3.5 
J.6 
307 
3.7 
3.8 
3.9 
4.0 
4.0 
4.1 
4.2 
4.3 
4.3 
4.4 
4.5 
4.6 
4.7 
4.7 
4.8 
4.9 



Table 5 (continued) 

ho h6-hb 

.4 .44 .4b .048 .0 .a2 .Sat .58 .60 .62 .64 .68 .68 -70 

1!4* 1.f7 1.8 1.b 1.8 lo 1.b 1.8 1.8 t.b lob 1.8 1gb lob 1.b 1.8 

1.l1b * 1.6 lob 1.8 1.6 1o 1.6 1.6 lob lob 1.6 lob lob lob lb le6 

1. ** l.r 1.7 1.7 1.7 1. L.7 1.1 1.7 1.7 1.7 1.7 lo7 1o7 1.7 1.7 

1llu * 1.7 1.7 1.7 101 1.1 1.7 1.7 1.7 1.7 101 101 1.7 1.7 1.7 1'.7 

1.12 * 1014 1.8 1.b 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1O8 1.b 1.8 1.8 1.8 
1.14. 1.9 1.9 10. 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 109 1.9 1.9 1.9 

1.10 * 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 109 1.9 1.9 1.9 
1.183 e.0 2.0 2.0 200 2.0 i 02.0 2.0 e.0 200 2.0 2.0 2.0 2.0 2.0 

1020 01.22. * 2.21 2.02*1 e.02.1 ?00201 2.02.1 2.04.1 2.04e d.0.1 '.0201 2.0201 Z.09!l01 2.0291 2,02,l 2*02*1 2.02,1 

1.24 * 2.2 2.2 ?.e 2.2 Z.2 Zo: 2!.2 2.2 2.2 2.2 2d.2 2,2 2,2 2o2 2.2 
1b* 2.2 2.2 2.2 e.2 2.2 2.2 2.2 2.- 4d.2 2.2 2.2l 2.2 2.2 2.2 2.2 

1.2ts * e.3 2.3 2.3 2.3 2..s 4 z.3 e.3 2.4 2.3 2.3 2,3 2.3 2.3 2.3 

1.30 * 2.3 2.3 2.4 2.4 2.'% 4.4 2,4 2.4 2.e4 2.4 2d.4 2.4 2.4 2.4 2.4 

1.3e 
1.34 

* 
* 

2.4 
2.5 

2.4 
2.5 

j!.4 
2.b 

2.4 
2.5 

2.4 
2.b 

2.*4 
2.5 

2.4 
2.6 

2.4 
2.5 

2.4 
e.5 

2.4 
2.5 

2.4 
2.5 

2.4 
2o5 

2.4 
2.5 

2o4 
2.5 

2.4 
2.5 

1.36 * 2.5 2.8 2.b 2.6 2.6 2.6 2.8 4.6 2.b 2.6 2.b 2.b 2.b 2.6 2.6 

1.3h * 2.6 2.6 2.b 2.6 2.6 29b Z.8 .b .b 29b28 .b 2.b 2.6 2.6 2o6 

1.40 * 2.7 2.7 2.r 2.7 2o7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2o7 2.7 2o7 
1.4e * 2.7 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 i.e 2.8 2.8 2.8 2.8 

1.44 * 2.8 2.8 2.d 2.8 2.8 2.9 2.9 2.9 2!.9 2.9 2.9 2.9 2.9 299 2o9 
104b * 2.9 2.9 2.9 2.9 2.9 209 2.9 2.9 2.9 2.9 e.9 2.9 2.9 2.9 2o9 

1*4 * 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 J0 3.0 JO 3.0 4.0 3.0 3.0 
1.50 * 3.0 3.0 3.0 3.1 3.1 3.1 3ol 3.1 J.1 3.1 3.1 3.1 3.1 3.1 3.1 
1.M* 0 3.1 3.1 3.1 3.1 3.1 3.1 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3,2 
1.54 * 3.2 3.2 3.2 3.2 3.2 J.2 3.2 3.2 3.2 3.2 4.? 3.; 3.2 3.2 3.2 
1.5b * 3.2 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3,3 4.3 3.3 3.3 3.3 3.3 

l.*b * 3.3 3.3 3.3 3.4 3.4 3.4 3.4 3.. 4.4 3,4 *4 3.4 3.4 3.4 3.4 

1.eo * 3.4 3.4 3.4 3.4 3.4 3.-# 3.4 3.5 4.6 3.5 3.5 3.6 3.5 3.5 3,5 

1.62 * 3.5 3.5 3.b 3.5 3.5 3.5 3.5 3.5 4.5 3.5 3.5 3.b 3.b 3.5 3.5 
1.64 * 3.5 3.6 3.6 3.6 3.b 3.6 3.8 3.6 j.b 3.6 4.8 3.b 3.b 3.b 3.6 
1.66 * 3.6 3.b 3.b J.7 3.7 3.7 3.7 4.7 4.7 3.7 J.7 3.1 3.7 3.7 3.7 
1.88 * 3.7 3.7 3.7 3.7 3.7 J. 3.8 3.8 3.8 3.8 3.8 3.d 3.6 3.8 3.8 
1.70 * 
1.7,2 * 
1.74 * 

3.h 
3.8 
3.9 

3.8 
3.9 
3.9 

3.b 
3.9 
4.0 

4.d 
3.9 
4.0 

3.a 
3.v 
.U 

3.8 
4.9 
'4.0 

3.8 
3.9 
4.0 

3.8 
3.9 
f.0 

jo8 
j.9 
*.0 

39 
3.9 
4,0 

3.9 
4.0 
4.0 

3.9 
4.0 
4.0 

3o9 
4.0 
4.0 

3.9 
4.0 
4.0 

3o9 
4.0 
4.O 

1. 7o * 4.0 4. f 4.0 4.1 *..1 -#*1 4.1 -*. 1 %6.1 4.1 4.1 4.1 4.1 4.1 4.1 
1.78 * '4.1 4.1 4.1 4.1 '4.1 -0.2 +.e2 -+.2 '+.2 4.2 4.2 4.2 4.2 4.2 4.2 
1.fl0 * 46.1 4.2 4.2 *..2 4.2 4..2 4..3 4..3 4.3 4.4 4.3 4.4 4.3 4.3 4.3 
1.82 * 4.2 4.3 4.3 4.3 *..3 4..3 4.3 '4.4 4.*4 4.4 4.4 4.4 4.4 4.4 4.4 
1.84 * 4.3 4.3 4.4 4.4 4.4 4.4 4.4 '4.4 4.4 4.4 4.5 4.5 405 4.5 4e5 
1.bb 
1.88 

* 
* 

4.4 
4 5 

4.4 
4.5 

4.4 
4.5 

%..5 
4.5 

4.5b 

4.8 
4.6 
4.6 

4.6 
4.b 

4.5S 
4.6 

'*.b 
4.6 

4.5 
4.b 

4.5 
4.b 

4.6 
4.b 

4.8 
4.1 

4.6 
4.7 

4.8 
4.7 

l% * 4..5 4.6 4.8 4.6 4.b -#. 7 4.7 -'.7 4.7 4.7 4.7 4.71 4m7 4.8 4.8 
1.9k 4 4.6 4.7 4.7 4.7 c6..7 4.8 4.8 -+..ts % 4.8 4.8 4.8 4.8 4.8 4.8 
1.94 * 4.7 4.7 4.8 4.8 4.8 4.18 4.9 '..9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 

1.9b * 4.9 4.8 4.9 4.9 4. 4.9 4.9 5.0 .O 5.0 b.0 5.0 5.0 5.0 50 
1.9d * 4.9 4.9 4.9 5.0 5.0 3.0 t1.0 . 3.1 5.61 n.1 bol 51 5.1 5.1 
2.00 0 4.9 5.0 5.0 s.1 5.1 t.1 5.1 t.I 5.25.2 6.2 S.2 6.2 5e2 5,2 



Table 6 Submerged flow colib.otion for Bin x 3ft 

Cutthroat flume, (Q, cf) 
ha 0ha-hb 

.02 .04 .06 .08 .10 .1Z .14 .16 .10 .20 .22 .24 .26 *28 .30 .32 .34 .3b .3b .40 

.02 * 
964 * 
.Ob 0 
.0, * 
.lU 

.0 

.O 

.0 

.0 

.0 

.0-

.0 

.0 

.0 
00 

.0 

.U 

.0 
*0 
.0 

.0 
SO 
.0 
.0 
.0 

.i 

.0 

.U 

.0 

.U 

.u 

.0 

.0 

.0 
SO 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.O 

.0 

.0 

.0 

.0 

SO 
.0 
.0 
.0 
.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
-60" 
.0 
o0 
s0o 

.0 

.0 

.0 
SO 
s 

.O 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
o0 
.0o 

.0 

.0 

.0 

.0 
0 

.0 
0 
s0 
.0 
.0 

.141 
S1b-I6 ** 

.1 
ol*I 

.3 

.1.3 
.1 
..I 

. 

.3.1 
o 
.1.1 

. 1.1 
.1.3 .1.1 .1.3 .1.3 .1.3 

01 
.1.3 .1.1 .1.3 -1.3 

ol 
.1:-.I3 

01.3 
.3si 

.3 

.3si 
63.3 
.3.3 

.3 

.1.3 
01.3 
.1.3 

.18 4 

.20 * 

.Z2 * 

.24 * 

.2b * 
-23 * 
.30 * 
.32 * 
.34 * 
36k* 
3 8**40 * 

, 1*1 
. 

.1 

.2 

.2 

.2 

.2 

.3 
*3 
3 
.3*4 

.1 

.1 

.2 

.2 

.2 

.2 

.3 

.3 
o3 
.4 
0404 

.1 

.2 

.2 

.2 

.2 

.3 

.3 

.3 

.4 

.4 

.4.5 

°1 
.2 

.2 
o2 
.2 
.3 
.3 
.4 
A4 
94 
.5.5 

"4 

.2 

-e 
.2 
e2 
.3 
.3 
.4 
.4 
.4 
.505 

.1 

.2 

.2 

.2 

.2 
o3 
.3 

o4 
o5 
0:0 

.l 

.2 

.2 

.2 

.2 

.3 

.3 

.4 
e4 
ob 
.56 

*1 
.2 

.2 

.2 

.2 

.3 

.3 

.4 

.4 

.5. 

.5.6 

.1 

.2 

.2 

.2 

.2 

.3 

.3 
4 
.4 
05 
0506 

.3 

.2 

02 
.2 
.2 
.3 
.3 
o4 

. 
as 
.56ob 

.1 

.2 

.2 

.2 

.2 

.3 

.3 
o4 

.4 
.s 
.5°o° 

.3 

.2 

02 
.2 
.2 
03 
.3 
e4 

. 
.5 
.56. 

.i 

.2 

o2 
.2: 
.2 
.3 
.3 
o4 

.4 
65 

o5b 

.343 

.2 

o2 
.2 
e2 
o3 
.3 
*4 

.4 
05 

.S66 

.113 

.2 

.2 

.2 
92 
.3 
.34 

". 

4, 
.5: 

o5*6 6 

.111 

.2 

2 
.2 
.2 
o3 
o3 
o4 

e4 
o5 

.5 

.1 

.2 

.2 

.2 

.2 

.3 

.3 
o4 

A4 
as 

.5e6 06 

.2 

.2 
02. 
ea 
o3-
.3 
o4 

.4 

.5 

05o 

.2 

.2 
02 
e2 
*3 
.3 
*4 

o4 
05 

.50o 

.2 

o2 
.2 
.2 
o3 
*3 
o4 

.4 
a5 

0506 .3 

.42* .4 .5 b 6 .6 .6 b .6 o6 .6 o6 b o6 ob b, 06 o6 .6 

.44 * 

.4b * 

.48 0 
.bO * 
.52 * 
.54 * 
.56 * 
.5* 
.60 * 

.b2 * 

.64 * 

.6b * 

.68 * 

.7U * 

.72 * 

.74 * 

.76 * 

.78 * 

4 
.4 
.5 
.5 
.5 
06 
.6 
.6 
.7 
.7 
.7 
.8 
.8 
.8 
.9 
.9 
.3.0 

.5 
a5 
.6 
.6 
.7 
.7 
.7 
.8 
.8 
09 
09 
.9 
ld 
1.0 
1.1 
3.3 
1.21.2 

.6 

.6 

.7 

.7 

.7 

.8 

.8 

.9 

.9 
1.0 
1.0 
1.3 
1.1 
1.2 
1.2 
1.3 
3.31.. 

.b 

.7 

.7 
o7 
08 
.8 
09 
.9 

1.0 
1.1 
1.1 
1.2 
1.2 
1.3 
1.3 
3.4 
1.43.5 

.6 

.7 

.7 

.u 
ob 
09 
09 

l.0 
1.1 
1.1 
1.2 
1.2 
1.3 
1.3 
1.4 
1.5 
1.51.6 

.b 

.7 

.7 

.8 
..9 
09 

1.0 
1.0 
1.1 
1.2 
1.2 
3.3 
1.3 
1.4 
1.5 
1.5 
.617 

.7 

.7 

.8 

.b 
9 
q9 

1.0 
1.1.1 
1.1 
3.2 
1.2 
1.3 
1.4 
1.4 
1.5 
1.6 
1.11.7 

.1 

.7 

.8 
b8 

.9 

.9 
10 

1.1 
3.2 
1.3 
1.3 
L.4 
1.5 
1.6 
3.b 
1.71.8 

.7 . 

.7 .7 

.8 .8 

.8 98 

.9 o9 

.O0 1.0 
IO0 3.0 
1.1 
.1 1.2 

1.2 1.2 
1.3 1.3 

3.4 1.4 
1.4 1.4 
L-5 1,5 
1.6 1.6 
i.1 i.7 
1.7 1.8
1. 18 

.7 

.7 

.8 
08 
.9 

1.0 
1.0 
l.e.3 
1.2 
1.2 
1.3 
3.4& 
1.5 
1.5 
3.6 
1.7 
3.81.9 

.7 07 

.7 .7 
1b .8 
.8 *a 
.IF .9 

1.0 100 
10 1.0 
1. 01 
1.2 102 
1.2 L.Z 
1.3 1.3 

1.4 1.4 
3.5 l5 
3.5 3.5 

1.o 3.6 
1.7 1.7 
lob 3.8
1.9 109 

.7 
07 
*8 
go 
09 

3.0 
100 
13 
k2 
'3.2 
3.3-
3.4 
15 
1.5 
3o 
3.7 
l83.9 

.7 

.7 
*8 
*a 
o9 

100 
10 
101.3 
1.2 
1.2 
1'3 
10'4 
15 
3.5 
3.6 
107-
le81.9 

07 
o7 
.8 
. 
09 

1.0 
3.0 

1.2 
1.2 
1.3 
le34 

...1 
3.5 
lb 
17 
10819 

.1 

.7 

.8 
0 
.9 

1.0 
10 
11 
1.2 
1.2 
1.3 
3.4 
1. 
15 
1.6 
1.7 
383.9 

.7 
o7 
08 
.I8 
.9 

100 
300 
101 
12 
3.2 
3.3 
1.40 
3.5 
3.5 
lob 
1.7 
1.83.9 

.7 

.7 
ea 
8 

09 
1.0 
1.0 
1.1 
1.2 
1.2 
3.3 
3.4 
3.6 
15 
16 
1*7 
1.3.9 

7 
.7 
.8 
.8 
.9 
00 

3.O 
1.1 
1.2 
1.2 
1.3 
1.4 
1.5 
105 
1.6 
1.7 
l83.9 

.80 * 

.t2 * 

.84 * 

.t6 * 

.88 0 

.y0 * 

.92 * 
.9e 

.9b * 

.98 * 
1.00 * 

1.0 
3.0 
1.3 
301 
3.2 
1.2 
1.2 
3.3 
1.3 
1.4 
1.4 

le. 
1.3 
1.4 
1.'. 
1.5 
1.5 
1.6 
3.6 
1.7 
1.7 
1.8ao 

1.4 
1ob 
lob 
3.6 
-1.7 
1.7 
lots 
3.8j 
1.9 
2.0 
2.0O. 

1.6 
l.6 
1.7 
3.8 
3.8 
1.9 
2.0 
2.0 
2.1 
2.2 
2.2 

1.7 
1.7 
3.t 

3.9 
3.9 
2.0 
2.3 
2.3 
2.2 
2.4 

1.7 
1.8 
1.9 
e.0 
2.0 
2.3 
e.2 
2.3 
2.3 
2.4 

t 

l.o 
1.9 
2.0 
2.0 
2.3 
2.2 
2.3 
2.3 
2.4 
2.5 
2.b 

1.9 
139 
e.0 
2d.3 
2.2 
2.2-
2.3 
e.4 
2.5 
2.6 
e.7 

1.9 
Z.0 
20 
2.3 
2.2d 
e.3 
e.4 
2.5 
e.0 
e.6 
e.7 

109 
2.0 
2.1 
2.2 
2.3 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 

1-9 
e.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2d.6 
2.b 
29.7 
2.8 

1.9 
2.0 
2.3 
2.2 
2.3 
2.4 
2,5 
2.6 
2.7 
2.8 
2.9 

2.0 
2.0 
201 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2o 
2o9 

2,-
2.0 
Z.3 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
.8 
2.9 

2.0 
2.3 
2.2 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2*.8 
2.9 

2.0 
2.3 
2.2 
2.3 
2.4 
2.5 
2.5 
2.6 
2.7 
208 
2.9 

2.0 
2.1 
k.i 
2.3 
2o4 
2.5 
2.6 
2.7 
2.8 
2.8 
s.0 

2.O 
2.3 
2.2 
2e3 
2.4 
2.5 
2.6 
2.7 
28 
2o.9 
3.0 

2.0 
2.1 
2,2 
2.3 
2.4 
2.5 
2.6 
2.7 
2,.8 
2*9 
3.0 

2oO 
2.1 
2.2 
2.e3 
Z.4 

2.5 
2.6 
2.7 
2*8 
2*.9 
3.0 



Table 6 (continued) 

ha ho-h b 

* .02 0o. 
 .06 .08 .10 .12 .14 .16 
 .18 -20 .22 .24 .26 .28 .30 
 .32 .34 .36 *38 .'0
 

love 0 
 1.5 1.6 2.1 2.3 e.4 9.6 2.7 .d e.tl 2.9 2o9 3.0 3.4 
 3.0 3.0 3.1 J. 3.1 3o1 J.11 1.5 1.9 2.2 2.4 2.b 2.6 
 2.8 e.a 4 .9 3.0 J.0 3.1 3.1 3.1 3.2 3.2 3.2 3.2 3.02 3.21.0b * 1.5 1.9 ?.2 
 2.4 2.b 2.7 2.8 2.9 J.0 3.1 J.1 3.2 3.2 3,2 3.3 3.3 3.3 3.3 3.3 J331.t.8 * 1.6 2.u 2.3 2.5 2.7 2.8 2.9 3.0 J.1 3.2 4.2 3.3 3.3 3.3 3.4 4.4 3.4 3.4 3.4- 3.41.lu * i.h 2.1 2.'. 2.6 2.7 e.9 3.0 j.1 J.2 3.3 4.4 3.4 3.4 3.5 3.5 J.5 3.5 
 3.5 3.5 4.6
1.12 * 1.7 2;1 2.4 2.6 2.b 3.0 J.l 3.d J.3 3.4 J04 3.5 3.5 3.6 3.6 3o 3o6 3.6 3.6 3.71.1. * 1.7 2.2 2.5 2.? 2.V 4.1 
 3.2 J.3 J.4 3.5 s.5 3.b 
 3.6 3.7 3.7 3.7 3.7 3.8 3.8 3.8
l.lb * 1.4 2.2 2.5 2.8 
 3.0 3.1 4.3 4.4 3.b 3.b Job 
 3.7 3.7 3.8 3.5 JOB 3.9
1.1( * 10b 3.9 3.9 3,92.3 2.b 2.9 3.1 3.2 J.. 3 .5 job 3.7 J.7 3.8 3.8 4.9 
 3.9 4.0 4.0 4.0 4.0 4.0
l.eG * 1.0 2.3 
 2.1 2.9 3.1 4.4 3.6 4.0 4.7 3.8 4.0 3.9 4.0 4.0 4.0 
 4.1 4.1 4.1 4.1 4.1
1.22 * 1.9 2.4 2.8 3.0 3.2 3.4 4.S J.7 4.b 3.9 3.9 4*0 491 4o.1 4.2 4. 4.2 4.2 4.2 4.3
1.24 * 1.9 2.5 
 2.d 3.1 3.3 3.5 J.o 3.8 J.9 
 4.0 4.1 4.1 402 4*2 4.3 
 4*3 4.3 4.4 4.4 4.4
1.28 * 2.0 2.5 k.9 3.2 3.'. 3.6 4.7 3.v -*.0 4.1 4.2 4.2 4.3 4.3 4.A4 4.4 4.5 495 4.5
1.ed * 2.0 2*6 3,0 3o2 3.5 3.7 3.o -. 0 4.1 4.2 44 4.3 4*4 
4*5 


495 4.5 4.6 4.b 4.6 4.6 4.6
1.30 * 2.1 2.8 3.0 4.3 3.o 3.8 3.9 4.1 4.2 4.3 4.4 4.5 4*5 4-6 4.6 4.7 4.7 4.7 4.8 4,81.j2 * e.1 2.7 3.1 3.4 3.b 3.8 4.0 .2 4.3 4.4 4.5 4.6 
 4.6 4.7 498 4.8 4.8 4*9 4*.9 4,9
1.34 * 2.2 2.5 3.2 3.5 3.1 4.9 4.1 
 4.3 4.4 4,5 4.o 4,7 4.8 4*08 4*9 4.9 .0 5.0 5.0 5.0
oJb * 2.2 2.b 3.2 4.b 3.5 -..0 +..e 4.'. 4ob 4.6 4.7 4.6 4.9 4.9 5.0 5.0 5.1 .1 5.1 5.2
1.38 * 
 2.3 2.9 3.3 3.6 3. +.1 4.3 '..5 j+.6 4.7 4.o 4.9 
 5.0 5.1 5.1 5.2 5.2 5.3 5.3 b.3
1.10 * 2.3 
 3.0 3.4 3.7 4.0 4.2 4.4 '.6 
 4.7 4.8 4.9 5.0 5.1 5o2 
 5.2 5.3 5.3 5.4 5.4 b.4
1.42 * 2.4 3.0 3.5 3.5d .1 +.3 .5 
 4.7 4.18 4*9 bo0 5.1 5.2 5.3 
 5.4 5.4 5.5 5.5 5.b S.6
1.44 * e.4 
 3.1 3.5 3.9 4.2 4.4 4.6 4.8 
 4.9 5.0 6.2 5.3 5.4 5.4 
 5.5 6.6 5.6 5.7 5.7 6.7
1.-6b * .5 3.2 3.6 4.0 4.2 4.5 4.7 4.9 5.0 5.2 5.3 
 5.4 5.5 b.6 5.6 5.7 5.7 5o 5.8 6.9
10.4 * 2.5 3.2 3.7 4.0 4*3 -.6 4.8 
 !.0 6.1 5.3 b.4 5.5 5.6 5.7 5.8 s.8 6.9 509 6.0 6.0
1.u 0 2.6 3.3 3.b 4*1 4.4 4.7 4.9 5.1 6o2 5.4 6.5 
 b6 5.7 5.8 5.9 boo 6.0 601 6.1 b.11.s2 * 2.6 3.4 3.8 4.2 4.5 4.8 5.0 
 5.2 5,4 5.5 6.b 5.7 5.8 5.9 boo 6.l 6.1 6o2 6.2 b.31.54 * 2.7 3.4 3.9 4.3 4.6 4.9 
 5.1 5.3 b.b 5.6 bed 5.9 6o0 
 6.1 6.1 b.2 6.3 6;3 6,4 6.4
1.5b * 2.7 3.5 4.0 4 4 4.7 5.0 5.2 5.4 b.6 5.7 5.9 6.0 6.1 b.2 6.3 6.4 6.4 6.5 6.5 6.61.8 * 2.0 3.6 4.1 4*5 4.d 6.1 5.3 6.5 bur 5.9 0o 6.1 6.2 6.3 
 6.4 b.5 bob 6.6 6.7 b.7
1.bO - 2.8 3.6 4.1 4o6 
 4 9 5.2 5.,+ ob b.8 6.0 o.1 b.e 
 8o4 6.5 6.5 6.6 6.7 6.8 b. 6.9
1.t2 * 2.9 3.7 4.2 4.6 5.0 5.3 5.5 5.7 b.9 b.l b.2 6.4 6.5 bob 6.7 6.8 6.8 6.9 7,0 7.0
lob * 3.0 
 3.8 4.3 4.7 5.1 5.4 5.6 5.5 
 b.0 6.2 6.4 6.5 bob 6.7 6.8 
 6.9 7.0 7.0 7.1 7.2
1.66o 3.0 3.b 4,4 4.8 5.2 6.5 5.1 o0 o.2 6.3 b.5 bob 6.7 699 
 7.0 70 7.1 7e2 7.3 7*3
1.ft * 3.1 4.9 4.5 
 4.9 5.3 boo 5.8 b1 6.3 6.4 
 6.o 6.7 6.9 7.0 7ol 7.2 7.3 7.3 7.4 1.51.70 * 4.1 4.0 4.b 0 5.4 3.7 5.9 
 b.2 b.4 6.6 a.7 6.9 700 7.1 
 7.2 1.3 7.4 7.5 7.6 7.6
1.72 * 3.2 4.0 4.6 5.1 5.5 6.8 
 6.1 o.3 6.5 6.7 o.9 7.0 
 7.1 7.3 7.4 7.5 7.6 7.6 7.7 7.8
1.74 * 3.2 4.1 4.1 5.2 5.8 5.9 6.2 b.4 06 6.8 
 7.0 7.1 7.3 7.4 7.5 7o6 7.7 7.8 7o9 7.9
1.7b 4 3.3 
 4.2 4.0 5.3 5.7 bo0 a.3 b.5 
 o.7 6.9 1.1 7.3 7.4 7.5 7.7 7.8 7.8 7.9 8o0 01
1.7s * 3.3 4.2 4.9 .4 5.d o.1 8.4 o.6 o.9 7.1 7.2 
 7.4 7.b 7.7 7.8 7.9 f.0 8.1 8.2 8.2
logo 3.4 4..3 5.0 b.4 6.9 
 8.2 6.5 oO 1.0 7.2 1.4 7.5 1.7 7.8 7.9 8.0 dl 8.2 8.3 5.41062 * 3.4 4.4 5.U 5.5 6.0 b.3 b.o b.9 1.1 7.3 
 1.5 7.7 7.8 8.0 8ol U2 8.3 8.4 8.5 8.51..44 3.5 4.5 
 5.1 5.6 6.1 6.4 6.7 7.0 1.2 7.4 lob 7.8 8.0 8.1 8.2 8.3 b.' 8.5 8.6 8.7
1.86 J4.6 4.b 5.2 t.7 b.2 b.5 6.8 1.1 
 I.J 7.6 7.8 7.9 5.1 8.2 
 8.4 8.5 8.6 8.7 8.8 8.9
1.58 
 3.6 4.6 5.3 5.8 6.3 6.6 
 6.9 7.2 1.5 7.7 1.9 8ol 
 8.2 5.4 8.5 8.6 8.7 5.8 8.9 9.01.9u * 3.7 4.7 5.4 5.9 6.4 b.7 1.1 1.3 1.6 7.8 5oO 8.2 8.4 8.5 8.7 8s 8.9 9.0 9.1 9.2
1.92 * 3.7 4.8 5.5 8.0 .b 0.8 7.2 7.5 
 1.7 8.0 8.2 8.3 8.5 8.7 
 8.8 809 9.1 9.2 9.3 9.3
1.94 * 3.8 4.8 5.5 6.1 6.6 o0.9 7.3 1.b /o. 8l 8.3 
 8.5 8.7 8.8 9.0 9.1 9.2 9.3 9o4 9.5
1.96 * 3.8 4.9 5.6 
 6.2 6.7 7*.1 7.4 7.1 5.0 8.2 8.4 5o6 8.8 9.0 9.1 9.2 9.4 9.5 9.6 9.7
1.9.3 0 J.9 5.0I 5.7 b.3 6. 7.d 7. 1.d 8.1 .3 4.8 8. 8.9 9.1 9.3 9.4 V9b 9.6 9.7 9.8
2.00 - 4.0 5ol 5.h b.4 6.9 7.4 1.6 l.9 s.2 8.5 d.7 809 9.1 
 9o3 9.4 9.5 9*7 9.8 909 1000
 



Table 6 (continued) 

ho, ho-h b
 

& 042 .44 .4b .48 .bu .52 .54 ib .8 ..60 .62 .o4 *66 . b .70
 

3.2 3.e Je 3.e 3.4 3.2 3.2 j.2 3. 3.2 3.z 3.2
1.o'. * 3.2 3.2 3.? 


3.3 3.3 3.3

3.3 3.3 3.3 J.3 J.3' J.3 1.3 3.3 3.3 3.3


l.0b * 3.3 3.3 

3.4 3.4 3.4 3,4 4.4 3.4 3.4. 3.4 3.4
3.4 3.4
1.10d * 3.4 3.4 3.4 3.4 


3.6 3.b 3.6 3.b 3.6 3.6

3.b J.b 3.6 3.6 J.6
* 3.6 3.b 3.b 3.6
1.1U 


3.7 3.7 3.7 3.7 3.7 3.7 3.7
 
1.12 * 3.7 3.7 3.7 3.7 3.7 3.7 3.1 3.7 

3.8 3.b 3.d j. 3.8 3.8 3.8 3.8 3.8 3.8
 
1.14 * 3.8 3.os 3.b 3.8 3.8 

3.9 3.9 3.9 3.9 3.9 . 3.9 3.9 J.9 3.9 3.4 3.9 3.9 
1.16 * .9 3.9 3.9 

4.0 4*.0 4.0 4*.0

4.0 4.0 4.0 '..0 4.6 '4.0 4.0 4.0 4.0


1.15 * 4.0 4.0 

4.2 4.2 4.2 4.2 4.2 4.2 4.2 &.2 4.2 4.2 4.2 4.2 4.2 4e2
 

1.20 * 4.2 

* *.3 4.3 4.3 4.3 4.3 4*3 4*.3
4*3 4.3 4.3 4.3 4.3
1.22 4.3 4.3 4.3 


4e4 4.4 4.4 4.'. 4.4 4.4 4.d+ 1+.4 4.4 4.4 4.4 4.4 4.4 4,4
1.24 * 4.4 

4.o 4.b 4 6 4.b 4.6 4. 4ob 4.6 4e6 4.6 
1.2b 0 4.5 4.5 4.6 4.6 4.6 


e7 4.7 .7 4,7
o7 4.7 4.1 4.1
* 4.6 4.7 4.7 4.7 4.7 4o7 4.71.20 

4.8 4.8 4.8 4.8 'o8 4.* 4*8 4 8 4.8 
 4.8 4.8 4.8
 
1.O * 4.8 4.b 4.8 


b.0 5.0 5.0 5.0 500
 
4.9 4.9 4.9 5.0 5.0 h.0 5.0 5.0 6.0 .0
1.3e * 

5.1 b.l 5.1 b.1 5.1 b.1 t.1 501 *.1 5.1 6.1 5.1 Sl
 
1.34 * S.0 5ol 

5.L 5.2 a.2 5.2 b.2 5e2 5.2 5o2 5.2

5.2 5.2 5.2 5.2 5.2
1.36 * S.? 
 5.o 5.4


5. 5.10 5.4 !.4 o*4 5.4 b.4 5.4 5.4 
1.3d * 5.3 5.3 5.3 h.3 

b.5 5.5 tie5.5.b 5.6 5.6 5.5'5.6 55
1.40 O 5.5 5.5 5.5 
 0
5.7 5.7 5.7 5.7 6o7 5.7
5*6 5.7 5.7 5.7 5.7 5.7
1.42 * 5.6 5o 5.6 
j S.d 6.8 S.8 to8 5.8 .8 5.8 5,8 bo8 58
 
.7 S.t b8 5.8 5.8
1.44 * 60
 

5.v boo0 b. 6.0 oObo6 boo 6.0 6.0 60 

1.46 * 509 5.9 b.9 S.9 


6.1 b.1 6.1 b.1 6*1 6.1
6.1 b.l 6.1 6.1 6.1
1.48 * 6*0 600 b.1 6.1 
6.2 6.2 be. 6.2 6.3 b.3 b.3 6.3 b.3 603 6.3 6.3 6o3
 

100 * 6.2 6.2 6.' 6.4
64 b.,4 6.4 b.e 6.4 b.4 b.4 b.4 

1.b2 - 6.3 6.3 6.4 *.4 6.. 

6.6
b. bb 66 bob
6 bb
6.5 6.5 6.5 6.o bob b 

1.54 * 6.5 6.5 6.5 

6.8 b.8 b.8 b.

6.7 6.7 b.1 6.7 0.? 6.8 bed 6.8 be8


1.56 * 6.6 6.6 

6.9 6.9 6.9 6.9 6o9
6.8 6.9 6.9 b.9 6.9
6.8 6.8
1.58 * 6.8 6.8 b.8 

7.1 1.1 7.1 7.1 7.1 701 701 7.1

7.0 7.0 7.0 7.0 7.0
1.60 * 6.9 6.9 

7.2 1.2 1ez 7.2 7.2 7.e 7*2 792 7.2

7.1 7.1 7.1 7.2 7.
1.62 * 7.1 

1.3 1.4 7.4 7.4 7.4 7.4 7.4 7.4

1.3 7.3 1.3 7.3
1.b4 * 7.2 792 7.3 


7.6 7.5 7.6 7.6 7.b 7o6 7.6 7.6
7.5 7.5
1.bb * 7.4 7.4 7.4 7.5 7.5 

7.5 7.b 7.6 7.6 '107 7.7 1.7 1.7 7.7 7.7 7.1 7.7 17 7.7
 

1.6d * 7.5 

7.9 7.9 7.9 1.9 7.9
7.8 7.9
7.8 7.8 1o8
1.7U * 7.0 7.7 7.7 7.8 7.8 


8.0 8.0 8.1 el 8.1 8.1 8.1
7.9 8.0 d.o 8.0 d.0
1-.72 0 1.8 7.9 7.9 
8.1 d. 8.1 1del 8.2 d.2 8.2 8.2 d.3 8.3 d.3 8.3 8o3
 

1.14 8 0 8.0 
 8.4
a.3 b.3 0.3 8o4 8.4 d.4 8.4 8.4 8.4 

L.7b * i.1 doe 8.2 d.3 8.3 


8.* 8.6 8.b 806
d. d.5 0.5 8.5 8.0
8.4 d.6 0.51.7d * 8.3 8.3 8.4 

8.4 8.6 8.6 8.6 8.b 8.6 d.1 8.1 a.7 8.r 8.7 8.8 8.8 8.8 88 

1.80 * 

8.9 8.9 8.9 9.0 900 9.0 9.0
 

1.82 * 8.6 897 8.1 8.8 8.b 8.8 8.8 8.9 


8.9 8.9 9.u 9.0 i.0 9.0 9.1 9.1 9.1. 9.1 9.1 901 9.1
 
1.84 * 8.8 88 


9.1 9.2 9.2 g.2 9.2 9,e 9.2 902 9.3 9o3 9.3
 
ldb * 8.9 9.U 9.0 9.1 

9.4 v.4 9,4 9. 9.4 9.5 9.5 9.5
9.3 9.3 9.3 9.4
1.88 * 9.1 9.1 9.2 

9.5 9.6 9.6 9.6 906 9.b 9.b 9.7 9.7
 

1.90 * 9.2 9.3 9.4 9.6 9.! 9.5 

9.8 9.9 9.9
9.8 9.b 908 


9.4 9.5 9.5 9.6 9.6 Y.1 9.7 9.7 9.8
1.92 * 
10.0 10.0 10.0 10.0 10.1 10.1
9.8 9.9 9.9 9.9 9.9
9.6 9.8
1.94 * 9.6 9.7 


9.9 10.0 10.0 10.1 10.1 111.1 10.2 10.2 10.2 10.2 10.2 10.3
 
1.b 0 9.7 9.8 9.9 


10.2 10.3 I0.3 10.3 10.3 10.4 104 10o.4 10.4 10.5
 
9.9 10.0 lOl 10.1 lO.2
1.98 * 


10.j 10.4 10.4 10.5 10.6 10o5 10.5 10.b 10.6 10ob 10.7
 
e.00 * 10.1 10.2 10.2 10.3 




Table 7 Submerged flow calibration for 16inx3ft 

hCutthroat ha flume, (Q,cfs) 
b 

ho* -h 

o .02 .04 .Ob .08 .10 .12 .14 .1 .18 .20 .22 .24 .26 .*28 .30 .32 .346 .36 .38 .':-40 

* 10..0 -.0 .0 .0 .u .0 .0 .0 .0 .0 .0 .* .0 .0 .0 - .0 .0 - . -0,0 .0 
o04 * .' 0 0 u .0 o0 " .0 . .0 .0 .0 .0 U .0 .0 0.0 r0 -.0 ".0 '..0 .0 

. 

.0 
b .0 

-.0 
.0 
.1 

.. 

.1 
.0 
.'.6 

. 

.1 
.0 
.1 . 

. 0 . 
1 

0 
.1 

. 

.1 
0 

.1 
0.0 

.1 .1 -. 1 
.0 
.1 

.0 
-. 

o 
1 -: 

. 
.1 

0 
,1 

.0 

., 
.0 
.1 

.10*.i12 

.1 
.1.1 
. 

.1.1

.1 
.1 -.1
.1 

.1.1

.1 
.1.1
.1 

.1 
-.1
.1 

.1.1

.1 
.1
.1 
. 

.1

.1 e.1 
.1 
-.1
01 

.1 1
.1
01 

1
.1
.1 

.1

.1
01 

l
.1 -

.1
o1.
01 

.1" ".1 
-­.1 

.1
-'.
'01 

:1 
S1 
.o
.01 

*1
i--.1

.1 
'.1

'-.1 
-.1 

.1* .2 le .2 -. 2 Sid .4e ie .4! 2 .2 .2 02 .02 - 2 2 .2 02 .2 2 :'~2 
.Id°2u * 
.2 * 

.2.2 

.3 
.2o3 
.3 

.2.3 

.3 
Z2*3 
.3 

le 
.3 

.20J3 

.3 
.2e.3 
.3 

.4e ..j

.4 
e2.3 

.3 
2 -.3 

-.3 
.2ej
.3 

.e*3 

. 
122+3 
e.3 

.2+3

.3 
.2o3 
o3 

2.3
.3 

.2'S

.3 
.02-'o,3
.3 

.02 ....3 
-.3 . 

..3

.3 

* .4 .3 .4 .4 .4 .4 0 .4 .4 .4 . . 44 .44 .4o4 .4 4 .4 
.26 * 
.20 

.3 

.4 
.4 
04 

.4 

. 
.4 

.5 es 
.4 .4 

.5 
.4 
.t.5 

.4 .4 
-..5 

o4 
.05 

04 .04 
-b 

.4 

.b5 
.4 
.6 

.4 
-.5 

- 4 
.5 

.'. 

.5 
--.*4 
-5'5 

o.4 zek. 
. 

030 .4 .bN .5 .6 .b b .6 .6 o. . .bob *b .bob ob 6 6 -6 S6 o6 
.3e .o .5 . .6 .6 .7 .1 .7 .7 .7 .7 :7 .7 7 o7 ? 1 .7 .7 ;7 
.34* . .6 .7 .7 *1 .7 .1 .7 .7 It o7 -.7 o7 o7 .7 .1 .7 .7 .7 0-.7 
.3b . .7 .7 .8 .0 o8 . .d .8 .+ .8 .8 .8 8 8 .8 . .8 .8 -e8 
.36 * .6 07 .8 .8 .9 v9 .9 .9 9 09 99 .V -09.9 -­"9 09 -.9 -9 .9 .9 
.40 * .6 o .v 09 09 100 1.0 1.0 1O0 10 1.0 i.OO 1.0 1.0 IS0 1S0 1.0 1.0 1.0 .00 
.42 o .7 .8 .9 .O ..o 1.1 1.1 1.1 1.1 1.1 101 1.1 1.1 le. 1.1 1*1 1.1 1.1 1.1 1.1 
.44 * .7 .9 1.0 1.1 1.1 1.1e 1t 1.2 Ili 1.2 1.2 s1. i. 12 1.2 1.2 1.2 1.2 1.2 1.2 
.4b * .8 1.O 1.1 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.: 1.3 1.3 1.3 1.3 .1.3 1.3 
.:- * .d 1.0 1.2 1.2 1.3 1.3 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 .14 
.50 * .9 1.1 1.2 1.3 1.4 1.4 1.4 1.5 Lob 1.5 1.5 1.5 1.5 1.5 1.5 1.5 .1.5 1.5 1.5 4.5 
.52 * .9 1.2 1.3 !.4 l.b 1.5 1.6 1.6 1.6 1.6 1.6 l.b 1.6 lob 1.6 1.6 1.6 1.6 1.6 1.6 
.54 * 1.0 1.2 1.4 1.5 1.o 1.6 1.1 1.7 1.7 1.7 147 1.7 l.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
.ti6 * 1.0 1.3 1.5 1.6 1.7 1.7 1.8 1.8 1.8 1.8 l. 1.8 1.8 lo 1.8 -1.8 1.8 1.8 1.8 1.8 
. * 1.1 1.4 . 1.7 1.o 1.6 1.9 1.9 109 1.9 ?.0 2.0 2.0 2.0 2.0 Z.O 2.0 -2.0 2.0 !.0 
.60 * 1.2 1.5 1.6 lob 1.9 1.9 2.0 2.0 2.0 20 2.1 2.1 2.1 2.1 2.1 2.l 2.1 2ol 2.1 2.1 
.62 * 1.2 1.5 1.7 1.9 2.0 2.0 2.1 .l 2.2 202 2.2 2.2 20e. 22 2o2 2.2 2.2 2.2 2.2 2.2 
b4 * 1.3 1.6 1.b 2.0 2.1 e.2 2.2 4.3 2.3 2.3 2.3 2.4 2.4 2o4 2.4 2.4 2.4 2o4 2.4 0.4 

.6b * 1.3 1.7 1.9 2.1 2.2 2.3 '.4 2.4 4.4 2.4 2.4 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
468 1.4 1. 2.0 2.2 2.J ?.4 2.4 2.5 e.7 2.6 26 .2.6 2.b 2.6 2.6 2.6 2.b 2.6 2.6 2*.6 
.70 1.5 1.6 e.1 2.3 2.4 2.5 e.6 2. 2. 1e 2.7 2.7 2.7 2.b 2.6 2.8 2.8 2.8 2.8 2.8 2.8 
.72 * 1.5 10. 2.2 2.4 e.5 2.6 eel 2.8 e.o 2.8 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 
.14 * 1.6 2.0 2.3 2. 2.b 2.7 2.6 2.9 2.v 3.0 j.0 3.0 3.1 J.1 3.1 3.1 3.1 3.1 3.1 J.1 
.7b * 1.7 2.1 2.4 2.6 2.1 2.8 2.9 J.0 J.1 3.1 J.1 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 
.It * 1.7 202 2.! 2.7 2.0 3.0 3.1 4.1 J. 3.3 4.3 3.3 3.4 3.4 3.4 3.4 3.4 3.4 394 3,4 
.80 * 1.8 2.3 2.b 2b 3.0 j.1 3.2 3.3 j.3 J.4 3.4 3.b 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
d2 * 1.9 2.3 2.7 2.9 3.1 3o2 3.3 3.4 J.5 3,5 3.b 3.6 3.6 3.6 3.7 3.7 3,7 3.7 3.7 3.7 

.4 *- 1.9 2.4 2.6 3.0 3.? 4.4 Job ob J.7 j.7 3.6 3.8 4.8 3.9 J.9 3.9 3.9 3.9 3.9 

.Bb * 2.0 2.5 2.9 3.1 3.J 3.5 3.b J. J. 3.8 4. 3.9 3o9 4.0 4.0 4.0 4.0 4.0 4oO .0 

.8 * 2.1 2.b 3.u 3.2 3.4 3.b 3.7 3.d 3.9 4.0 4.0 4.1 4.1 4.1 4.1 4.2 4.2 4.2 4.2 4.2 

.9u * 2.1 2.7 3.1 3.3 3.b 3.1 4.9J 4.0 -4.1 4.1 4.2 4.3 4.3 4.3 - 4.3 4.4 4.4 4o4 4,4 4.4 
• d * 2.2 2.6 3.i 4.5 3.7 .39 4.0 4.1 4.2 4.3 4.4 4.4 495 4.5 4.5 4.5 4.6 4.6 4.b 4.6 
.94 e.3 2.9 3.3 Job 3.6 +.0 4'a. 4.3 4.4 4.5 4.5 4.b 4.6 4.b 4.7 4.7 4.8 4.8 4.8 4.8 
.06 e.4 3.0 3.4 3.7 3. 4.1- 4.j 4.4 4.:i 4.b 4.7 4.b 4.6 4.8 4.8 4.9 b.0 5.0 5.0 b.0 
.9 e2.4 3.1 3.5 3.8 4.1 4.3 4.4 4.b 4.1 4.8 4.9 4.9 boo 500 5.0 5.O 00 5.1 5.1 5ol 

1.00 22.5 3.2 3.b 3.9 4.e *.4 4.b 4.7 4.6 4.9 5.0 5.1 5.1 5.2 5.2 5.2 *2 5.3 5.3 5.3 



Table 7 (continued) 

ho ho-hb 

.24 .26 .28 o30 .32. .34 .36 .38 40
 
.1 .14 .1b old .20 042 


4 . 0% o0 .id 610 

5.3 5*4 5.4 50% 6.4 5.5 5.6 5*
4.7 -+69 =.0 5.1 5. 5.3

1.2 * -2.6 3.3 3.7 4.1 4.3 .5 

3. 402 4.b 4.7 4.9 5.0 S02 5.3 5o4 5.4 5.5 5.6 5.6 5.6 5.6 5.6 5.7 5.7 

l.u4 * 2.7 3.4 
5.7 5.7 5.8 5.8 5.8 5.8 5.9 5.9
 

2.7 3.5 3,9 4.3 4.b .'.8 .0 3.e 2.3 5.4 b.5 6.6
1.06 * 6.8 5.9 b.9 6.0 6.0 6.0 6o0 6.2 6.2 
1.0d 9 2.4 3.o ".1 &0.4 4.1 .0 5.e o.5 .b t.7 

6.2 6.2 6.4
Z.7 5.8 i.9 6.0 b.1 0.1 6.2 b.2 6.2 


4.9 .1 5.3 .5
1.lu * 20. 3.7 4.2 4.6 6.4 6.4 6.4 6.4 6i6
ol bz 6.2 6.3 6.4
!.3 .6 5.7 .8 6.0

1.le * 3.0 3.8 4.3 4.7 50o 

6.3 b4 6.4 b.5 6o6 bob 6 b 6.6 6.7 b.8
 
3.9 4.4 4.8 5.1 i.4 5.6 d 0.0 6.1
1.14 * 30 be7 6.8 6.8 6.8 6*9 6.9 b9
 

Sd o02 6.3 0 bo. bob 

1.16 0 3.1 4.u 4.5 4.9 5.4 5.6 6.0 

7.0 7.1 7.1 7.1 
4,b 6.1 5.4 5.1 o.0 o. 6.3 b6 b6. b.7 6.8 6.9 7.0 1.0 


1.18 0 J.2 4.1 7.3 1.3
7.2 7.2 7.3 7.3 

5.o 6.9 o.1 6.4 o.5 6.7 6.8 6.9 7.0 77 


1.20 * 3.3 4.2 4.d 5.2 
7.1 7.2 7'3 7o4 1.4 7.5 7.5 7.5 7.5


6.4 .S . i 6.b9 1001.22l* 3.4 4.3 4.9 b03 5.1 b.0 7.4 7.5 7.6 7o 7.7 7.7 1. 1.8 
i.0 55 5.9 6.2 6.4 o.7 0.9 7.0 1.2 7.4 


1.24 * 3.4 4o4 7o9 7.9 7.9 8.0 800
.4 . 7 5 ro 7.7 7o 

1.eb * J.5 4.6 5.1 5.6 6.0 b3 bob 6.d 1.0 7.2 

8.l 8.2 8.2 .*2
7.2 7.4 7.6 7.7 7.8 799 8.0 8.1


6.2 o0S b. 1.0
1.28 * 3.6 4.b 502 57 8.1 8.2 8.3 8o3 8.4 8.4 d.5

1.4 7.6 7.8 7.9 8.0
ob 1.2
1.3u * 3.7 4.7 .4 5.9 6.3 b.9 8.5 8.6 8.1 8o
ob 7.8 d.0 8.1 8.2 8.3 8.4 8.6 


6.0 6.6 0.8 7.1 7.4
1.32 * 3.8 4.b 5.5 8.9
8el 8.3 8.4 8.5 8.6 8*7 8.o 8.o 809 

7.3 7.5 7.8 8.0


1.34 * 3.9 4.9 5.b b.2 6.b 1.0 
8.4 8.b 88 8.9 80.9 9.0 9.1 9.1 9.2
 

1.1 7.7 8.0 8.2 8.!
6.3 6.8 7.4
1.3b * '.0 5.0 5.8 9.2 9.4 9.4
9.1 9.2 9.3

7.9 8.4 8.5 8.7 8.8 9.0


5.9 6.9 7.3 7.6 d.1
1.3b * '4.0 5.1 6.4 9o3 9.5 9.5 9.6 9.68.6 8.9 9.1 9.2 9.4
d.l a.3 8.7 

4.1 6.0 6.6 7.1 1.5 7.8
1.4U 4 5.2 9.d 9.9


8.1 b.9 9.1 9.3 9o4 9.5 9.6 9.7 9.8 

7.6 d.0 5.3 b.s
5.4 6.1 b.7 7.e
I."! -.. 2 10.0 10.1 10.1
 
7.d 8o.& 8. 8.9 9oi 9.3 9o 9.6 9.7 9.9 9.9 


1.44 * -#.3 5.t 6.3 0.9 7.4 o.1 
9,4 9,5 9.1 9.8 10.0 10.1 lO.2 10.3 10.3 10.4
 

d.6 9.1

1.4b * 4.4 5.6 6.4 7.0 7.5 8.0 8.3 8.9 

9.9 10.1 10.2 1o3 10.4 10.5 10.6 10.6 
7.2 7o7 8.1 8.5 8.8 9.1 9.3 9.6 9.8 


1.4 * 4.5 5.7 b.5 10.8 10.9
9.6 9.8 100 10.1 10.3 10.4 10ob 10.7 10.7 

8.7 V63
* 4.6 5.0 6.7 7.3 7.9 b.3 9.0
Lobo lO. 10.9 11.0 11 11.1
 

9.2 9.8 10.0 10. 10.4 10.5 10o7
8.5 8.9 9.5
1.52 * 6.7 5.9 b. 7.5 8.0 11.1 11.2 11.3 11.4
 
6.9 7.6 8.2 8.6 9.0 9.4 v.7 10.0 10.2 10.4 10.6 10.8 10.9 11.0 


1.54 * -+.8 b.1 11. 11.6 11.6
 
9.2 9.9 10.2 10.4 1O.b 10.8 11.0 11.1 11.3 11.5 


8.3 8.8 9.6
1.56 * 4.9 6.2 7.1 7.8 
11.4 11.6 11.7 11.8 11.9 

9.4 9.8 lu.1 10.4 10.6 10.8 -11.0 11.2 11.5 

6.3 7.2 7.9 8ob 9.0
1.b * .0 11.3 11.4 11.6 11.7 11.9 12.0 12.1 12.2
 

8.l 8.7 9.2 9.6 10.0 10o3 10.6 10.8 11.1 

1.oO * 5.0 6.4 7.4 12.0 12.2 12.3 12.411.7 11.8 1291 


8. 9.3 9. 10.e 1u.5 i0.8 11.1 11.3 11.5 

1.b2 * 6.l b.5 7.h 8.z 12.2 12.' 12.5 12.6 12.7 

7.6 9.0 9.5 10.0 10.4 10.7 11.0 11.3 11.5 11.1 11.9 12.1 

1.64 * 5.2 6.7 8.4 12.7 12.9 13.011.6 12.0 12.*2 12.3 12.5 12.b 


d.5 9.2 v.7 10.2 1O.b Iu.9 11.2 11.7 

b.8 7.8
1.66 * i.3 13.211.7 12.0 12.2 l.4 12.6 12.7 12.9 13.0 13.1 

6.9 7.9 8.7 9.j 9.9 10.3 10.8 11.1 11.4


1.bb * 5.4 12.6 12.8 13.0 13.1 13.3 13.4 13.5
11.U 11.4 11.6 11.9 12.2 12.4
8.1 8.9 .6 10.1 10.5
1.70 * 5.5 7.0 13.1 13.2 13.4 13.5 13.6 13.81e.2 12.4 12.7 12.9 


5.6 7.1 8.2 900 9.1 10.e 10.1 11.2 115. 11.9
1.72 13.5 13.6 13.8 13.9 14.0
1. 4 12.7 12.9 13.1 13.3
11.4 12.1
10o4 10.9 1.17
b.7 h.3
1.14 b ?.3 9.2 9.9 
b 13.7 14.1 14.2 14.3
12.o 13.1 13.4 13.6 13.9 


9.3 10.0 10.6 11.1 1. 1U.9 12.3 12.9 

1.7o * 6.8 7.4 8.5 14.2 14.5 14.613.1 13.6 13.8 14.0 14.3
12.5 1 .8 13.4 


* 5.9 1.5 .6 9.5 10.2 10.8 11.3 11.6 12.21.70 14.3 14.4 14.6 14.7 14.9
13.6 14.1
IJ.1 1.4 13.9 

7.7 8.8 9.7 10.4 11.0 11.5 12.0 12.4 12.7


1.dO f3.0 14.1 14.3 14.5 14.7 14.9 15.0 15.1
 
9.8 10.6 11.2 11.1 12.2 12.6 13.0 13.3 13.6 13.9 


I.,2 6.1 7.8 8.9 14.6 14.8 15.0 15.1 15.3 1.4
13.8 14.4
13.2 13.5 14.1 
1.A4 * 

(.0 9.e 10.1 10.9 11.5 12.1 j2.o I.O 13.4 IJ.8 14.1 14*4 14.6 14.8 15.0 15.2 15. 15.6 15.7b2 7.9 9.1 10.0 10.1 11.4 11.9 12.4 12.8 


1.80o * 6.3 15.8 16.0 
11.7 12.8 1jo 13.b 14.0 14.3 14.6 14.9 15.1 15.3 15.5 15.7 


1.88 * S.*4 4.2 9.4 10.3 11.1 12.3 

S.3 9.5 10.5 ll.J 11.9 12.5 14.0 L.sos 13.9 14.2 14.b 14.8 15o.1 15.4 156 15.8 16.0 16.1 16.3
 
1.9u * 6.6 16.0 16.4 16.514.1 14.6 14.8 15.1 15.4 15.6 15.8 16.2 


11.4 12.1 12.7 13.e 13.7
8.4 10.6
1.2 * 6.6 9.7 
b.7 8.6 9.8 10.8 11.b 12.3 12.9 13.4 1j9 14.3 14*.7 15.0 15.3 15.6 15.9 16.1 16.3 16.5 16.7 16.8
 

1.94 * lb.4 16.8 17.0 17.114.9 15.6 16.9 16.1 16.6

11.0 11.b 12.5 13.1 13.7 14o. 14.6 15.3


l.0b * b.8 8.1 i0.U 16.4 16.1 16.9 17.1 17.3 17.414.8 15, 15.5 15.9 16.1
14.4 14.4
12.0 12.7 139
1.98 * 6.9 ded. 10.1 11.2 

12.9 14.5 14.1 14.6 15.0 16.4 15.8 lb.l lb4 16.7 16.9 17.2 17.. 17.6 17.7
 

2.00 * 7.0 9.0 lo.4 11.3 12.2 



Table 7 (continued) 

ha ha-hb 

*.42 .44 '. .48 . U .52 .54 956 05 .6.0 .*? .64 .66 .6d .70 

1.C'. * 
1.46 * 

S.7 5.7 6.71 
59 

b.7 
!2099 

5.7 
5* 

!:.7 
509 

5.7 
509 

*: .7 
:,9 

:).7 
b.9 

b.7 
599 

tp.7 
5.9 

5.7 
5.9 

S.7 
.5.9 

S.7 
5.q 

5.7 
5.9 

1.08j 6.2 6.2 6i2 6.2 6.2 f0.2 6.2 6.2 0.2 6.2 b.2 6.2 6.? 6.2 6.2 
1.10 6.4 5.4 0.4 0.'. 6.4 c.4 a.4 b.4 0.4 6.4 6.4 6.4 6.4 6.4 6.4 
1.12 * o.6 b.b 6.b 6.6 6.0 o.6 06 0.0 Oeb bob o.b b6 bob 6*6 6.6 
-1.14 * f. 6.8 6*8 6.8 6.0 0.3 bo0 0.d 0. 608 f.8 6.8 6.8 6.8 6.8 

1.10* 
1.18 0 

7.o01.U 
1.2 1.2 

/;0 
7.2 

70 
7.2 

7.0 
7.2 

100 
I. 

7.0 
1.2 

7.0 
1.;2 

1.0 
1.2 

7.0 
702 

70 
1.2 

7.0 
7.2 

7.0 
7.2 

70 
7.2 

7.0 
7.2 

l.2u * 1.5 7.5 7o5 1.5 7.5 7. 7.5 I. 105 7.5 l.b 7.5 7. 7.5 7.5 
1.22 * 1.5 7.7 7.7 1.7 7.7 1.7 7.1 707 I.7 7.1 1.7 .7,7 7.7 7.7 7.7 
1o2 * 1.8 7.9 1.9 7.9 7.y 7.9 1.9 7.d 1.9 7.9 7.9 7,9 7.9 7.9 7.9 
1.?b 0 8.0 d.0 d. d.2 8.2 d.2 o. 80. b. 8.2 8o 8.2 8.2 8.0 8.2 
1.e8 * 83.2 8.2 8.4 8.4 8.4 18.4 8.4 6.4 t8.4 6.4 8.4 8.4 8.4 8.4 8.4 
1.30 * 8.5 8.5 8.7 8.7 8.1 4.7 8,7 d.7 d.7 8.7 8.7 8.7 8.1 87 8.7 
1.32 * 8.7. 8.7 8.7. 809 8.9 8.9 U.9 d.9 d.9 8.9 8.9 8.9 8.9 809 8.9 
1.34 * d.9 900 9.0 9.2 9.e 9.2 9.2 . 9'a 9.2 9.2 9.2 9.2 9.2 9.2 9.2 
1.36 0 9.? 9.02 9.2 9.'. 9.4 9.% 9.4 4.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 
1.38 * 9.4 9.0 9.5 J.5 9.1 J.7 9.7 9.7 v0.7 9.7 9.7 9.7 9.7 9.7 9.7 
1.,,0 * 9.7 9.7 9.1 9.7 909 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 
1 4"d0 9.9 10.0 10.0 10.0 10.2 10.2 10.2 O.2 Ie 10.10.d10.2 10. 10.2 10.2 10.2 
1.44 * 10.2 10.2 10.2 10.2 10.2 10b. 10.5 10. 10.5 10.5 10.5 10.5 10.5 10.5 10.5 
1.4b * 10.4 10.5 10.5 10.5 10.! 10.7 10.7 0.7 10.1 10.7 10.7 10.7 10.7 10.1 10.7 
1.48 " 10.7 10.7 10.7 10.8 10.6 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 
1.50 * 10.9 11.0 11.U 11.0 11.0 11.0 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 
1.52 * 11.2 11.2 11.3 11.3 11.3 11.J 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 
1.5. * 11.4 11.5 11.5 11.6 11.I 1lob 11.6 i1,8 11.8 11.8 11.8 11.6 11.8 11b 11.8 
1.56 * 11.7 11.o 11.8 11.8 11.t 11.9 ii.9 10.1 1.1 12.1 1.1 12.1 1U.1 12.1 12.1 
1.58 * 12.0 12.0 12.1 12.1 12.1 1.1 12.1 12.4. 1.4 12.4 1.4 12.4 12.4 12.4 12.4T 
1.bU * i2.2 12.3 12.3 12.4 12.4 12.4 12.4 12.7 l.7 12.7 12.7 12.7 1U.7 12.7 12.7 
1.62 * 12.5 12.6 12.6 12.6 12.7 12.7 12.7 12.7 1J.0 13.0 13.0 13.0 13.0 13.0 13.0 
1.f4 * 12.8 12.8 12.9 12.9 13.0 1'.0 14.0 13.0 14.3 13.3 Ij.3 13.3 13.3 13.3 13.3 
1.66 * 13.0 13.1 13.2 13.2 13.2 13.3 13.3 13.3 14.3 13.6 lj.b 13.b 13.6 13.6 13.6. 
I. * 13.3 13.4 13.4 13.5 13.5 13.6 14.b 13.6 1.6 13.9 13.9 13.9 13.9 1309 13.9 
1.70 * ii.6 13.7 13.7 13.8 13.d 13.8 13.9 13.9 Ij.9 14.2 14.2 14.2 14.2i 14.2 14.2 
1.12 * 1-.9 13.9 14.0 14.1 1-..1 14.1 1+.2 v*.2 1+.e 14.2 14.5 14.5 14.5 14.5 14.5 
1.14 14.1 14.2 14.3 14.3 14.4 14.4 14.5 14.5 14.5 14.5 14.8 14.8 14*8 14*8 14.8 
1.73 14.4 14.5 14.b 14.6 14.7 14.1 14.8 14.8 14. 14.8 15l.1 15,1 1.1 15.1 15.1 
1.78 * 14.7 14.8 14.9 14.9 15.0 1D.0 15.1 1 .1 6s.1 15l. 15.1 15.4 15.4 15.4 15.4 
l.bO It.0 I.1 15.1 1.e 15.3 1.3 15.4 1Z.4 1.4 15.4 Ib.4 15.8 15.8 15o8 15.8 
1.;1 15.2 15.3 15.4 15.5 15.6 15.0 15.7 I.7 ID.7 15.7 1b.8 16.1 16.1 16.1 16.1 
1.04 * 15.5 15.6 15.7 15.8 15.9 15.9 16.0 Ib.0 I1.0 16.1 1b.1 16.1 Ib.4 Ib.4 16.4 
l.b * I .8 15.9 16.0 16.1 16.2 Io.2 16.3 Io.3 Io.4 16.4 Ib.4 16.4 Ib.7 16.7 16.7 
1.88 * 16.1 16.2 16.3 16.4 16.5 16.5 16.6 lo.b I.7 16.7 16.7 16.7 17.1 17.1 17.1 
1.90 * 16.4 16.5 16.6 16.7 1b.8 lo.9 16.9 17.0 11.0 1.7.0 17.0 17.0 17.0 17.4 17.4 
1.92 * 16.7 16.b 16.9 170 17.1 17.2 17.2 17.3 11.3 17.3 17.4 17.4 17.4 178 17.8 
I.v4 * 17.0 17.1 17.2 17.3 17.4 17.5 11.5 17.6 11.b 17.7 17.7 17.7 17.1 18.1 18.1 
1.96 * 17.3 17.4 17.5 17.6 17.7 11.8 17.9 11.9 1b.0 18.0 18.0 18.0 18.1 18.1 18.4 
1.98 * 11.6 17.7 17.8 17.9 13.0 18.1 18.2 L8.2 18.3 18.3 18.4 18.4 18.4 18.4 18.8 
2.00 * 11.9 1d.0 18.1 10.2 18.3 18.4 18.5 18.b 1d.0 18.7 1d.7 18.1 18.7 18.7 19.1 



..Table ,8- -. ,Submerged'flow calibration for 8inx 6ft 

Cutthroat flume, (Qcfs) ha-hb .­ha 
h -h 

o26 .2d 1'.30 .32. .3 o.36 .38-

* 	 .-.02 -.04 .0b ,Ud .10 .1441 .j6 l. .20 -.22- .24 40 

.0 "0 .0 0 .-0 0 .0 00 .0 
* -- .0 .0 .0 -.0 g . .0 .0 "0. 0 

.u02 . .0 o.0 0-. .0 .0 .0 ..0 0 .0 .0 0 .0 -.o0 .0 .0". -00 . .O .0 
14i* . -.U 0 .0 -.0 .0 .-. 0 . 0 .,O . 0 -. 0O .0 -. 0 .0 " 0 .0 .0 .0 

.0 .0 .0-. .0 "+"0 
'' .0 -.o . 0 .0 .00 	 .1, .1

0* -.0 •--.0 -,'.u .,.0 -oIUe. 00 .0 -. 0 .0 .I .1 ..1 .1 -.-.1 .:-.1 .1 o3 o.1
.I .1 ".1 .1-'.1 ,-.1 . -.1olO + .I 1 .+1-.,ol , - -:.1 . 1 .1 ..1 . 1 .1 

-. . 6 . --.* .... .++.12 * .1 +.1 - . .1 .1..-- -1 -. o l .i -o--p1 .1 .. . ol 	
I + . 1 .1 . -. .1. . .;1

.1 - - .1I I .1 -+I-o. 
. * -. .1.I .1 -.1 +.. .. .1 -

.1 .1 -o .1 -. 1 _- ... +:..;*I . .1 .1 .a .I 
..1 --..I .O. ..I .1 : -.I 

. 1 . .1 .I .1 .1 .1 -+Si .I .1 - .1 .1 "+.1 o' . .e .ll . 
-Its * o1 .1 ­

2 .2 - . 2 -'o2 - o2 .2 .2- .2S ' 2
.21O .2 - -' ;'r.2 -. ." .2 . . -.	 *.2 .2 .2

.2 .2 .2 .2l-.2 --. 2- .2 . 
.2 .2 ,.2 .2-. 2 . .. 2 .2 	 o 3 , o.22 	

'3 .3 :3 .,3 .3 -3 o3 +'0'3 .o3.2 .3 +:°.2- .23 2 .O2 *2 .
.P .3 .3 	 .2 .2-23 	 .,2.2 .2 .2. +.03 3 :03 .3.24 - 2. -2 -..2.2 2 	

03 1 :..3 "3 o3 *+3 3 , . 
.3 03 -. 3 .3 O3 03

.2br .3 03 .3 


.3
3 3 3 3 

.30 * .3 .3 .3 .3 .3 .3 .3 

*a4 1o4 .4
 
-- 3-- 3 93.3 .3 3 - :-.3-

.4 * 4 -. 4' -- 4 .4 4 .4
*4 .4 04 -* 	 .-as o " , 5.3 .4 04 *4 	 :.+o5 o5 o5 .5 of .44 -4.32* .3 	 i -.5 .05 : 5 .5 .4 .4 o4 o4.5 -- .0b 4 -.4 ;--4 -. 4 .4.4 o4 .4.4 as . 4 .4 *-4.36 4 .4
.3* .
 

5 o5 .5 .5 .5 .5 .5
-is o5 . . 5.5 .5 .5 .5


.36* .4 .4 .5 -.5 .5 	 .5 .5 5 .5.: .5.5 -o5 5 -5 

.5 .5 .5 .5 . .5 .5 	

ob . .- o06 o6.4 .5 ..5 .5 	 * ob - b ob o- b .6 .6 .6 -b 6.'0 .4 05 0 o "o ob .3 •b o.6 °b .6 .6 -- .oO . .6 .6 
o.42 .6 ..6 -6. .6 . .. 6 6 -6 

07 .7 7 07::. .7­
.7 7 .7 .7 .7 o7 .7 '07 .7 .07 -. 7 .7 7 7 .,7 7.46 S5 - .6 .6 	 7 7 7 .7 . 7 7 . 7 

-7 7 .7
* .5 -o .7 .7 7 	

­.48 	 so .. °8 .8 --*8 .8 .a8 .,8 -. 8
8 8 -. 8Oki s.bO * -. 6 .7 '.7 . .- .8 a 	

.8 8- .8 
° .8 -. 8 ad 0 :* 8 A8.a 	 .8

S5.2 .6 -S.7 .8 .8 -.8 -. 8 .	 
.9 .9 .09 -09 .9 9. 09 .9 .9. 

..9 .9 09 09" . .9 09 .9.54* .6 --. 7 .8 	 0 1.0 1.0 1.0 1.0 '1.0. 1.0 
.9 .9 I.0 1.0 1.0 1.0 I.0 1.0 

. *64 .7 .8 .9 .9 .9 	 111 .101 lol 101, 1o1 -.1.1 101
111 1.1 101 111 1.0 .10 1.0 -1.0 O100 1.1 111 111 100 I.0 1.0 1.001;7 .9 .9 1*0 1.0IS0 1.0 .1.0 1.0 1.0.60 .7 .6 .9 .9 	 11 il 11.58 	 1.1 a41 10I I ol I1I1 

1.0 101 101.1ol A 1 01o 1.1 1.1
.1b2 .as 09 100 

1.2 1.2 .'Io2 1.2 12 1:2 1.2

1.2 1.2 1.2 1.2 


. .8 1.0 1.0 1.1 1.1 1.2 1.2 1.2 1.2 	
1.3 -10o3 1.3 1 3 

1.3 1.3 1.3 .1.3 133 1.3 1. 1.3 
1.1 1.2 1.2 1.2 1.2

.66 * .8 1.0 1.1 	 1o3 -1.3 1.3 1.3 1.3 1.3 1.3 
1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 	 * 

_ .68 * .9 100 1.1 1.2 	 1.4 1.4 1.4 1.4 1.4 1.4 1.4 .4---A I-..70 -.9 1.1 1.2 1.2 1.4 1.3 1.3 1-4 1.4 1.4 1.4 
.I2 * 1.0 1.1 1.2 1. o 1.4 1.4 -1.1 1.4 1S4 1.4 -1.4 1.4 1.4 1.4 1.4 1.4 1 4 1 4 1.*4 
.72 * 1.0 1. 1.3 1. 1. . 15 1.4 1.5 1.5 lo 1.5 1.5 1.5 .5 1.5 1.5 1.5 1.5
 

1.6 lb 1.6 .1Ob 1 6 1.b lob 1.6
 
1.5 lob 1.5 1.6 1.6 lb 1ob 


.76 * 1.0 1.2 1.3 1.4 1.5 	
1 61.6 1.6 1.6 1:6 l16 1.6, 1.6 

1 61.6 1.6 1.6
lo1b 1.6 
-. 78 1.1 13 1.4 1.5 1. 1.6 	 1.7 1.7 1.7 1.7 1.7 1.7- 1.7 .-1.7 
1.1 1.3 1.4 1.5 1.6 1.6 1.7 1.7 -1.7 1,7 1.7 1.7
0 
 1.8
108 18 1.8 18.
l.8 18 1.8 1,8
1.7 1.8 1.8 1.8 


o.2 * 1.2 1.'. i.5 1.6 lob 1.7 1.7 	 1.9 1.9 1.9
1.9 1.9 1.9 1.9 

1.4 1.5 1.6 1. 1.7 1 1.8 1 . i 1.8 1.9 1.9 1.9 	

1.9 : 1.9.4 * 1.2 	 1.9 1.9 1.9 1.9 
l.8 1.9 1.9 1.9 1.9 1o9 109 1.9 


.b * 1.o2 1.5 1.6 1.7 l. 1.8 	 2.0 2.0 - 2.0 
1.9 1.9 1.9 - oe.0 2.0 2 o 2.0 2.0 2-0 2.0 2.O 2.0 

.8d 1.3 1.5 l.b 1o. 1.8 	 2.1 2.1 2.1 2.1 2.1
 
.0 . .0 2.I-2. 2.1, 2.1 .2.1 2.1 

1.8 1. 1.9 . 2.
.90 .1.3 .1.6 1.7. 
 2.2 -2.2
2.,e 2.2 2.2 2.2 2.2 2.? 2a2 

1.9 1.9 j!.0 2.1 2.1 2.1 2.1 	 2 2*2,
M. 	 2o 2*2 22"
99i * 1.4 1.6 1.8. 	 2.2 292 2.2 2.2 

2. -0.1 2.1 2.2 2.2 2.2 2.2 2.2 

.94 * .1.4 1.7 1.6 1.9 	 2.3 2.3 2.3 2.32.3 2.3 
.9b * 1.4 1.7 1.9 2.0. 2.1 2*1 2.2 e.d ej 2.3 2.3 

2.4 2.4 2,4 2.4
2.3 2.3 2.3 


2.3 2.4 2.4 2o4 2.4 2.4 2.4 

2.2 e.2 2.3 ?o3 


.9b * 1.5 1.ot1a 2.0 2.1 	 Z.5 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5
e.4 e.4 Z.4 2.4 
1.00 * 1"- 1.8 2.0 Z. 2.2 2.3 2.3 



Table 8 (continued) 

ha ha-hb 

.02 .04 .ub .06 *lu O1 .1 .1b .18 .20 .22' .24 .26 .28 .30 .32 .34 .36 .38 &40 

I.ue * 1.6$ 1.9 2.U 2.2 e.4 2.3 2.4 e.,4 'CO6 2.S d.S 2.5 2.5 2.6 2.6 2.6 2.6 2.6 2.6 2.6 
1.04 0 
I0a * 
l.A-

1.6 
1.7 
1.1 

1.9 
2.0 
2.oU 

2.1 
2.1 
2.e 

2.*2 
e.3 
2.3 

2.4 
2.4 
2.6 

2.4 
.5 

2.5 

4!.b 
2.5 
2.6 

2.5 
d.6 
e.7 

4.5 
6o 

e.7 

2.6 
2,7 
2.7 

2.b 
2.7 
.8 

2.b 
2.7 
2.8 

2.6 
2.7 
2.8 

2.7 
.7 

2.8 

2,1 
27 
2.8 

2.7 
2*.7 
?.8 

2.7 
2.7 
2.8 

2.7-
2.7 
21.8 

2.7 
2o7 
28 

2.7 
2.7 
2.8 

I~o* 
0l.e * 

1.14 * 
l.lb * 
1.1 * 

1.7 
1.8 
1.8 
1.4 
1.9 

2.1 
2.1 
2.2 
2.2 
2.3 

2.3 
2.3 
2.4 
2.4 
i.5 

2.'. 
2.: 
2.5 
2.b 
2.7 

2.S 
2.b 
2.7 
2.7 
2.b 

2.6 
e.7 
e.7 
2.6 
2.9 

2.1 
?.7 
2. 
e.4 
3.0 

2.7 
4.8 
'2.9 
J.0 
4o0 

e.8 
d.1 
.9 

3.0 
4.1 

2.8 
2.9 
300 
3.0 
3.1 

e.u 
2.9 
4.0 
4.1 
4.2 

2.9 
2.9 
3,0 
3,1 
3.2 

2.9 
300 
3.0 
3.1 
3.2 

2.9 
3.0 
3.1 
3.1 
3.2 

2.9 
3.0 
3.1 
3.1 
3.2 

e2.9 
.30 
3.1 
3.2 
J.3 

2.9 
3.0 
J.1 
3.2 
3.3 

.2,9 
300 
3.1 
3. 
3.3 

2.9 
.3.0 
J.l 
32 
3.3 

2.9 
.0 
.3.1 
J.2 
3.3 

1.20 
1.?? 

* 
* 

2.0 
2.0 

4.3 
2.4 

2.6 
2.6 

2.7 
2.h 

2.9 
2.9 

3.0 
3.0 

3.0 
3.1 

.1 
.2 

4.2 
j.,2 

342 
3.3 

3.2 
3.3 

3.3 
3e4 

3.4 
3o4 

3.3 
3.' 

3.3 
3o4 

3.4 
35 

3.4 
3.5 

3.-
3.5 

3.4 
3.5 

3.4 
3o5 

1.24 * 
1.2t o 

2.1 
2.1 

2.4 
2.! 

2.7 
2.6 

2.9 
2.9 

3.0 
3.1 

J.1 
3.2 

3.2 
3.3 

3.3 
4.3 

4.3 
3.4 

30 
3.5 

J. 
3o 

3.4 
J3o 

4.5 
3.b 

3.5 
4.6 

3.5 
3.6 

3.5 
3.o 

3.6 
3.b 

3.6 
3.6 

3.6 
3.6 

3.6 
J.3 

1.26 * 
1.o * 

2.2 
2.2 

2*. 
2.b 

2.8 
2.9 

3.0 
3.1 

3.1 
3.2 

3.3 
3.3 

3.3 
3.4 

3.4 
3.5 

J .5 
Job 

3.5 
o6 

3.6 
4.7 

3.6 
3.7 

3.7 
3.7 

3.7 
3.8 

3e7 
3.8 

3.7 
3.8 

397 
3.8 

3.7 
3.8 

3,7 
3.d 

4o7 
3.d 

1.32 * 
1.34 * 
1.Jb * 
1.38 * 
1.40 * 
1.42 4 
1.4k * 
1.4b * 
1.s* 
1.0 * 

2.3 
2,3 
2.4 
4.4 
2.4 
2.5 
2.5 
2.6 
2.b 
d.1 

2.7 
2.7 
2.b 
2.8 
2.9 
3.0 
3.0 
3.1 
3.1 
3.2 

2.9 
3.0 
4.1 
3.1 
3.2 
3.3 
3.3 
3.4 
3.5 
3.5 

3.1 
3.2 
3.3 
3.3 
J.. 
3.5 
3.5 
3.6 
3.7 
3.8 

3.3 
3.4 
3.-
3.6 
3.b 
3.1 
3.1 
3.b 
3.9 
4.0 

3.4 
3.5 
Job 
Job 
3.1 
3.8 
3.9 
3.9 
4.0 
.1 

3.5 
J.o 
4.1 
4.7 
4.6 
3.9 
-+ou 
4.1 
4.1 
'.2 

3.6 
4.7 
4.1 
4.d 
3.9 
+.0 
4.1 
4.2 
&.2 
'+.3 

j.7 
j.7 
4.d 
4.9 
*.0 
'.01 
4o02 
'.-2 
+e3 
-.4 

3.7 
3.d 
3.9 
4.0 
4.1 
4.1 
4.2 
4.3 
4.4 
4.5 

3.b 
41. 
3.9 
4.0 
4.1 
4,2 
4.3 
4.4 
4.5 
*.b 

3.8 
3.9 
4.0 
4.1 
4. 
4,2 
4.3 
4.4 
4.5 
4.b 

3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 

3.9 
3.9 
4.0 
4.1 
4.2 
4.3 
4. 
4..;p 
4.b 
&..7 

3.9 
4.0 
4.1 
4.2 
4.3 
4.3 
4o4 
4.5 
4.6 
4.7 

3o9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 

.3o9 
4.0 
4.1 
4.2 
*.3 
4.'. 
4.5 
4.6 
4.7 
4.8 

3.9 
4.0 
4.1 
4.2 
4.3 
4,4 
4.5 
4.6 
4.7 
4.8 

3.9 
-4.0 
4.1 
4.2 
4.3 
4A 
4.5 
4.7 
4.7 
49d 

3.9 
4.0 
.*.1 
4.2 
4.3 
4.4 
.40S 
4.7 
4.8 
#.9 

q 

1.62 * 
1.54 * 
1.56 * 
1.58 * 
l.h*j 
oh.e * 

1.0b * 
1.6b * 
1.o * 
1.71/ * 
1.72 * 

2.7 
2.8 
2.4 
2.9 
3.0 
3.9 
3.1 
4.1 
3.2 
3.2 
3.3 

3.3 
3.3 
3.4 
3o4 
3.o 
3.6 
3.6 
3.1 
3.b 
3. 
3.9 

Lb. 3.8 
3.7 3.9 
3.1 4.0 
3.8 4.1 
3.Y 4.1 
3.9 4.2 
4.0 -#*3 
4.1 4.3 
4.1 4.-
4.2 4.5 
4.3 4.6 

4.0 
4.1 
4.2 
4.3 
4.3 
4.4 
..b 
-..b 
w-. 
4.1 
4.b 

'..2 
4.3 
-+.. 
'.-*# 

+.5 
+.6 
4.7 
'.b 
'-. 
4.9 

2.0 

4.3 
*.4 
-+.b 
-..6 
4.b 
4.1 
4.. 
'.9 
5oo 
6.1 
5.2 

-+.4 
+.5 
-+.b 
'+.7 
#.8 
'.9 
+.9 
5.0 
s.1 
1.2 
S.3 

'0b 
4.6 
4..7 
i.8 
4.9 

o.0 
!.0 
t.1 
.2 

b.3 
5.4 

4.6 
4.7 
4. d 
4.9 
5.0 
5.0 
501 
502 
5.3 
5.4 
5.5 

'..7 
4.7 
4.6 
+.9 
5.0 
5.1 
5.2 
j. 
6.4 
b. 
!.b 

4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5o3 
5.4 
50b 
5.6 
5.1 

4.8 
4.9 
S.0 
5.1 
5*2 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 

4&8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.6 
5.6 
5.7 
b.8 

4.8 
4.9 
6.0 
5.1 
5.2 
53 
5.4 
5.5 
5.0 
5.8 
5.9 

4e.9 
5.0 
b.1 
a92 
5.3 
5.4 
5.5 
!.6 
5.7 
5* 
5.9 

4.9 
5.0 
5.1 
b.2 
5.3 
5.4 
5.5 
5.6 
b.7 
5.6 
6.9. 

4.9 
5.0 

5.1 
52 
593 
5.4 
5.5 
5o 
6.7 
5.9 
6.0 

4.9 
5;0 
5.1 
5.2 
5.3 
5.4 
5.6 
5.7. 
5. 
5.9 
6.0 

500 
5.O. 

5'.1 
2.2 
5 4 
5.5 
6.6 
5.7 
:.8 
S.9 
6.0 

1.14 
1.7, 

* 
* 

3.3 
3.4 

3.9 
4.U 

4.4 
4.4 

4.7 
4.7 

4.9 
5.0 

5.1 
b.2 

t .2 
6.J 

!.4 
t.5 

6.5 
:ob 

5.6 
5.7 

6.7 
5ob 

5.6 
5.9 

5.8 
6.0 

5.9 
b.0 

6.0 
6.1 

6.0 
6.1 

6.00 
o.z 

6 
b.2 

b6l 1.1 
6.2 6.2 

1.76 * 3.4 4.1 4.6 4.8 5.1 b.4 S.4 . !:,.I So.8 5o9 bo be b1 .2 6.2 b.3 6.3 6.3 b.3 
* 

l.02 * 
1.I4 * 
I.pb 0 
1.66 * 
1.1O * 

4.bu3.5 
3.5 
3.6 
3.6 
-. 7 
3.8 

4.1 
4.2 
4.3 
4.3 
4.4 
4.5 

4.6 
4.6 
4.7 
4.8 
4.9 
4.9 

4.9 
5.0 
50 
5.1 
5.2 
'6.4 

h.1 
5.e 
5.3 
5.4 
5.! 
5.! 

S.3 
5.4 
5.5 
5o 
5.7 
6.8 

5.5 
5.b 
6.7 
5.6 
S. 
6.0 

6.7 
5.8 
5.6 
5.9 
b.0 
6.1 

.a 
!.9 
o.0 
o.1 
b.2 
b.4 

5,9 
6.0 
6.1 
6.2 
6.3 
6.4 

b. 
b.1 
o.2 
6.3 
b.4 
o.6 

b.l 
6.2 
b.3 
6.4 
b. 
bo 

6.2 
6.3 
b.4 
b5 
6.b 
6.7 

6*2 
6.3 
b.4 
6.5 
6.6 
bo 

6.3 
6.4 
6.5 
6.6 
6.7 
b.8 

6.3 
6.4 
b.5 
6.7 
b.8 
6.9 

b.4 
6.5 
bob 
b.7 
6.8 
b.9 

6.4 
6.5 
b.6 
b.7 
6.9 
7.0 

b.4 
6.5 
6.7 
6.8 
6.9 
7.0 

6.5 
6.6 
b.7 
6.8 
6.9 
7.0 

1.92 * 
1.94 * 
1.95 * 
1.40 * 
2.00 * 

3. H 
3.9 
3.9 
4.0 
4.0 

4.5 
4.6 
4.7 
4.7 
4.6 

6.0 
5.1 
3.1 
5.2 
5.3 

6.4 
5.4 
5.6 
b.6 
b.7 

5.6 
5.7 
5.b 
5., 
6.0 

5.9 
!.9 
b.O 
o.1 
o.2 

6.1 
b.1 
o.2 
6.4 
b.4 

0.2 
6.3 
b.4 
6.5 
o.6 

b .4 
b.5 
.b 

b.1 
b.6 

b.,S
b.b 
b.7 
6.8 
6.9 

0.6 
b.7 
o.b 
o.9 
7.0 

6.7 
b.b 
6.9 
7.0 
7.1 

6.8 
b.9 
7.0 
7.1 
7.2 

6.9 
7.0 
7.1 
1-.2 
7.3 

6.9 
7.0 
7.1 
73 
7.4 

10 
7.1 
1*2 
1.3 
7.4 

7.0 
7.1 
7.3 
7.4 
7.5 

7.1 
7.2 
7.3 
7.4 
7.5 

7.1 
7.2 
7.4 
7.6 
7.b 

7.2 
7.3 
7.4 
7.5 
7.6 

lfiore
Rectangle



Table 8 (continued) 

h a ha-hb 

* .0? .04 

2.2* .1 4*9 
2.u4 * 4.1 4.9 
2.eb * o*.2 5.0 

* -+.3 5.1 

2.10 * 4.3 5.1 

2.1e4 4..4 bee 
2.4* 4.4 5.4 

.lb * *-.5 t.3 
Z.18* 4 '.6 b.' 
2.20 * 4.6 5.5 

2.20 +.7 6.6 
e.24 * 4.7 5.6 
2.2b * -+.6 6.7 

2.26 * 4.8 5.6 
2.4 * 4 .9 5.b 
4.32 

* 5.0 5.9 
2.34 * b.0 6.0 
2o3b t.1 6.1 
2.j! * . 601 
2.40 * 5.2 6.2 

e.?* to.3 6.s 
e.44 * 5.3 6.3 
2.4b 0 3.4 6.4 
2.4b* t .5 6.5 
2.60 * 5.5 6.6 

.tb 

5. 
5. 
5.5 
ob 

5.7 
So.6 
*a 
5.9 
b.0 
b.1 

6.1 
b.2 
6.3 
b.4. 
6.5 
b.5 
6.6 
b.7 
6.8 
b.9 
6.9 
7.U 
7.1 
7.2 
7.3 

.08 

5.6 
b.d 
6.9 
b.0 
b.1 
6.e 
6.2 
6.3 
6.4 
b5 

6.6 
b.7 
6.7 
6.8 
6.9 
1.0 
7.1 
7.2 
7.3 
7.3 

4' 

Z.5 
7.6 
1.7 
7.8 

.10 

b.1 
6.1 
6.e 
6.3 
6.4 
b.5 
6.6 
6.1 
6.1 
6. 

6.9 
7.t, 
7.1 
7.2 
7.3 
7.4 
7.5 
7°. 
7.6 
7.7 
7.b 
7.9 
8.0 
8.1 
8. 

.1? 

b.3 
0.4 
6.5 
6.0 
b.7 
6.8 
b.8 
b.9 
7.0 
1.1 
7.2 
7.3 
1.4 
7.b 
7.b 
7.7 
1.6 
7.9 
C.0 
6.1 
d.42 
6.3 
8.4 
8.5 
6.b 

.14 

bob 
bb 
b.7 
b.b 
b.9 
1.0 
lei 
7.2 
7.3 
7.4 

7.5 
1.b 
1.7 
7.8 
1.9 
8.0 
d.0 
do31 
ts. 
8.3 
8.4 
8.5 
8.b 
8.1 
8.9 

.16 

0. 7 

o8 
6.9 
7.0 
7.1 
1.2 
7.3 
7.4 
1.s 
1.6 
1.7 
1.8 
1.9 
d.0 
d.1 
6.2 
d.3 
d.4 
d.5 
8.b 
d.7 
d.u 
8.9 
9.0 
9.1 

.1d 

0*9 
1.0 
1.1 
1.2 
1.3 
(.4 
105 
1.6 
1.7 
(. 

1.9 
d.0 
o0.1 
8s.2 
o.3 
d.4 
d.5 
8.6 
d.1 
6.8 
e. 
v.0 
9.1 
9.2 
V.3 

.2 

7.0 
7.1 
7.2 
7.3 
7.4 
7.6 
7.6 
7.7 
7.8 
1.9 

d.0 
8.1 
8.2 
8.3 
8.5 
8.6 
8.7 
d.8 
8o9 
9.0 
9. 
9.2 
9.3 
9.4 
9.5 

0.22 

1.1 
7.2 
7.J 
1.4 
15 
7.6 
7.7 
1.9 
d. 
d.1 

ts.2 
doI 
d.4 
ts.5 
8.b 
8.7 
8.8 
8.9 
9.1 
9e2 
.3 
9.4 
9.5 
9.b 
9.7 

.24 

7.2 
7.3 
7.4 
7.5 
7.7 
7.8 
.7.9 
8.0 
8.1 
see 

8.3 
8.4 
8.5 
8.6 
8.7 
8.9 
9.0 
9.1 
9.2 
9.3 
94 
9.5 
9.7 
9.8 
9.9 

*2b 

7.3 
7.4 
7.5 
7o 
7.8 
1.9 
8.0 
de. 
8.2 
8.3 

8.4 
8.5 
8.6 
b.8 
8.9 
9.0 
9.1 
9.2 
9 .3 
9.5 
. 
9.7 
9.8 
9.9 

10o0 

.28B 

7.4 
7.5 
7.6 
7.7 
7.8 
6.0 
8.l 
8.2 
8.3 
8.4 

8.5 
806 
8.8 
8.9 
9.0 
9.1 
9.2 
9.3 
95 
9*6 
9.7 
9.8 
9.9 
10.1 
10.2 

o30 

7.5 
7.6 
7.7 
7.8 
7.9 
8.0 
8.2 
8.3 
8.4 
8.5 

8.6 
8.7 
809 
9.0 
9.1 
9.2 
9.3 
9*4 
9.6 
9.7 
9.8 
9.9 
10.0 
10.2 
10.3 

o32 

7.5 
1.7 
1.8 
1.9 
8.0 
d.1 
8.2 
8.4 
8.5 
a.6 

8.7 
8.8 
8o9 
9.1 
9.2 
9.3 
9e4 
9.5 
9o.7 
9.8 
9.9 

10.0 
10.2 
10o3 
10.4 

.3-% 

76b 
7.7 
7.8 
8.0 
8o 
8,2 
8.3 
8*4 
8.6 
8.7 

8.6 
8.9 
9.0 
9.1 
9.3 
9.4 
9.5 
9.b 
90 
9.9 
10.0 
10.1 
10.3 
10.' 
10.5 

.36 

7.7 
7.8 
7.9 
8.0 
8.1 
8.Z2 
af.; 
6.i 
8.b 
8.7 

8.8 
9.0 
9.1 
9.2 
9.3 
9.5 
9.b 
9,7 
908 
100 
10.1 
10.2 
10.3 
10.5 
106 

A3S 

7.7 
7.8 
7.9 
8.1 
8.2 
8.3 
8.4 
8.6 
8.7 
8.8 

8.9 
9.0 
9.2 
9.3 
9.4 
9.5 
9.7 
9.8 
9.9 

10.0 
10.2 
10.3 
10.4 
10.5 
10.7 

e40 

.7.7 
7.9 
8.0 
d81 
8.2 
d.3 
d.s 
8o 
8.7 
8.8 

900 
9.1 
9.2 
9.3 
9.5 
9.b 
9.7 
9.8 

10.0 
10.1 
10.2 
10.4 
10.5 

10.6 
10.7 

L" 
M 



Table 8 (continued) 

ho ho-h b 
*000*000**0*004000*0000aOi000*ooo.**@Q 0 O o..90*..,m.O...*............*.*. 

0 

S.42 .44 .4b .48 .50 .52 .54 .i6 o58 .60 .6e .64 .66 

l.tbo 2.7 2.1 2,7 2.7 2.1 4.7 eo e.1 e.7 2.7 4.7 2.7 2.7 
0.. 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 e.8 2.8 e-.8 2.8 2.8 

1.11 * e.9 2.9 2.9 2.9 2.9 2.9 4.9 2.9 ' 2.9 2.9 2.9 2.9 2.9 
1.12 0 3.0 3.0 3.0 3.0 3.o 3.0 3.0 3.0 .0 3.0 J.0 3o0 3.0 
1.14 * 3.1 3.1 3.1 3.1 3.1 3o1 3.1 3.1 3ol .31 Jol 3*1 3.l 
1.16 * j.2 3.2 3.e 3.2 3.e .3.2 .3 3.2 Joe 3.2 J.2 3o2 3e2 
1.1$ * 
i.20 * 

3.3 
3.4 

3.3 
3.4 

3.3 
3.4 

3.3 
.4 

3.3 
3.. 

3.3 
3.4 

4.3 
3.4 

3.3 
4.4 

j.3 
3.4 

3.3 
3.4 

3o3 
3.4 

3.3 
3.4 

3o3 
3.4 

1.2e 
1.24 
1.2b 
lot 

* 
* 
* 
* 

3.5 
3.6 
3.6 
3.7 

3.5 
3.b 
3.6 
3.7 

3.5 
.,0 
3.b 
3.7 

3.5 
.3.6 
3.6 
3.7 

3.5 
3.o 
3.b 
3.1 

j3,s 
3.6 
Job 
3.7 

3. 
3.6 
3.b 
3.7 

J3 
.3.%) 
3.6 
3.7 

Job 
jsb 
jb 
3.7 

3.5 
3.6 
3.b 
3.7 

J3o! 
Job 
Job 
3.7 

3.b 
3.6 
3.6 
3.7 

3.5 
306 
3.6 
3.7 

1.s0 * 3.8 3.8 3.8 38 3.8 4.8 3.8 J.d 3.8 3.8 J.8 3.8 3o8 
1.34 * 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 J.9 3.9 3.9 3.9 309 
1.34 * 4.0 4.0 4.0 4.0 4.0 .0 4.0 -#.0 4.0 4.0 4.0 4.0 4.0 
1.46 * 4.1 4.1 4.1 4.1 4.1 +.1 4.1 .,1 .1 4.1 4.1 4.1 4.1 
1.3d * .2 4.2 4.2 -. 2 4.2 4.2 4. -&.2 .! 4.2 4.2 4.2 4o2 
1.40 * 4.3 5.3 4.3 4.3 d+.3 4.3 4.3 4.3 '.o3 5.3 4.3 4.3 4.3 
1.42 * 4.4 4.4 4,4 4.4 4.4 4.4 4.4 *.4 4.4 4.4 4.4 4e4 4e4 
1.44 * 4.5 4.5 4.5 4.5 4. 4.5 4.5 4.5 4.5 4.5 4.5 4.5 45 
1.40o * 4.7 4.7 4.7 4.7 4.1 4.7 4.7 4.7 4.7 4.7 4.7 4.' 4.7 

0."b0 4. 4.8 4.8 .8 4.8 4.8 4.8 *.a 4.8 4.8 4.8 4.8 4.8 
1.0 * %0.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 
1.52 * 5.0 6.0 6.0 6.0 5.0 5.0 b.0 6.0 b.0 5.O oO 50 Soo 
1.5,4 * 6.1 5.1 5.1 5.1 5.1 5.l 5.1 5.1 a.1 5.l 5.1 5.1 5.1 
1. 6 * 5.2 5o2 5.2 6.2 5.2 5., 5.2 60. 6.2 5.2 6.2 5.2 5.2 

. * 5 ,35.3 5.3 ,.3 5.3 6.3 5.3 5.3 b.3 5.3 b.3 5.3 5.3 
1.70 * 
1.o2 * 
1.64 * 

5.4 
6.5 
t.6 

5,4 
505 
5.6 

5.4 
b.6 
5.6 

5.4 
bo.5 
o.6 

5.4 
5.5 
5.6 

b.4 
:6 
bob 

5.4 34 
5.bbob 6.5 
6.6 6.6 

b.4 

6.6 

5.4 
5.6 
5.6 

%).4 5.4 
ob Sob 
.0o 5.6 

5o4 
5.5 
5.6 

1.66 0 5.7 5.8 6.8 b.8 5.8 56 5. d 6.8 be85. d .8 6.8 5.8 
I.6b * 
1.10 * 

nod 
b.10 

5. 
5.9 

6.9 
6.0 

6.9 
6.0 

5.9 
6.0 

5.9 
6.0 

o.9 
6.0 

b.9 
6.0 

6.9 
6.0 

5.9 
6.0 

;.9 
b.0 

5.9 
b.0 

5.9 
6.00 

1.7e 0 6.0 6.0 6.1 6.01 .1 6.1 6.1 t.l 6.1 b.1 0.1 6.1 6.1 
1.74 b.1 6.2 6.2 t6.2 b.2 6.2 6.2 .2 6.i 6.2 .2 6.2 6.2 
1.16 0 b.3 6.3 6.4 6.3 6.4 6.3 6.3 b.3 6.3 6.3 6.3 b.3 6.3 
1.7d 0 b.4 6.4 6.4 b.5o.5 b.5 b.5 b.5 b.5 6.5 bo. 6.6 6.5 
1.,0 0 o.5 6.5 6.5 6.6 6.b 6.6 b.b o.6 0.0 6o6 o.6 bob 6o 
Io02 * 

1.3 
bo 
o.7 

6.6 
6.7 

6.6 
6.7 

t).7
6.8 

6.7 
6.b 

6.7 
6.8 

6.7 
6.8 

o.7 
o.8 

to.7 
6.8 

6.7 
6.8 

.7 
0.8 

6.7 
6.8 

6.7 
6.8 

1.b6 * 6.8 6.8 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 b.9 6.9 6.9 
1.ad * b.9 7.u 7.0 7.0 7.1 1.1 7.1 1.1 101 7.1 7.1 7.1 7.1 
1.90 * 7.1 7.1 7.1 7.1 7. 2 792 7,2 7.2 1.2 7.2 71.2 7.2 7.2 

1. 0 7.2 7.2 1.2 7.2 7.4 7.3 7.3 7.3 1.3 7.3 7.3 7.4 7.3 
1.94 * 7.3 7.3 7.3 1.4 7.4. 1.4 7.4 7.4 1.4 7.*4 1.4 7.4 7.4 
1.96 * 1.4 7.4 7.6t 7.5 7.6o 1.6 7.b 1.6 1.6 7.6 7.6 7.6 7.6 
1.ri 
C.O 

0 
0 

1.5 
1.7 

7.6 
1.7 

7.6 
7.7 

7.6 
1.7 

7.b 
7.' 

7.7 
1. 

7.7 
lou 

r.7 
l.d 

1,7 
1.6 

7.1 
7'.8 

1.7 
le 

1,7 
7.8 

1,7 
1.8 

2-02 o 7.8 7.8 7.8 7.9 7.9 7.9 d.0oO .0 d.0 8.0 doo 8.0 8.0 



Table 8 (continued) 

h6-hb 

.42 .'4 .4b .48 .0 .54 .54. 4.b .5d .60 .bi! 64 ebb 

e.u4 * 2.ub * 109
8.0 
1o.0.ol 

709
8.1

2 
6.0 
8.1 
bo2 

8 
8.1 
8.2 

0 0 oo 0 
8.1 8ol 
8e d.3 

.0del 
8.2 
d.3 

1 
8.2 
d.3 

t.2 
8.3 

8.1 
8.2 
8.j 

uol. 
8.2 
d.3 

8.1 
8.2 
8.3 

8.1 
802 
8.3 

2.1u 4 3 8.3 8.3 8.4 8.4 8. 8.4 d.5 d.5 8.5 8.5 8.5 8.5 

2.12 * 
204* 

2.1b * 

2.1 
2.2u * 
d.22 * 
022 *2.26 0 

8.4 8.4 
tie5 d.5 

8.6 8.7 
8.8 8.8 
3.9 s.9 
9.0 9.1 

91 9.29.3) . 3 

8.5 
b.6 

b.7 
. 

9.0 
9.1 
9.29.3 

8s.5 
8.6 
8.7 
8.9 
'00 
9 .1 
#.39:. 

5 
8.b 

8.8 
8.9 
9.U 
9.1 
9.3 
9.4 

8. 
8.6 
8. 
8.'. 
900 
9.2 
9.3 
9.4 

u.b 
.7 

db 
8.9 
V.1 
9.2 
9.39.5 

. 8. 
a.8 
tid 

8.9 
9.1 
9.i 
Y.3
9.5 

6 
t8 
8.9 
o.u 

.2 
9.j 
v3
9.5 

8.6 
8.8 
8.9 
9.0 
9.2 
9o3 
9.4 
9.6 

8.6 
8.8 
6*9 
9.0 
9.2 
9e3 
9.4 
9.b 

8.6 
".8 
8.9 
9.0 
9.2 
9.3 
9.4 
9.b 

8.6 
8.8 
8.9 
9.0 
992 
9.3 
9o4 
9.6 

2.2t * 
2.30 * 
2.32 * 
2.3. * 
2.3b * 

2.jd* 
2.40 * 
2.42 

2.44 0 

2.4b * 
2*8 * 
e.tO 0 

9.4 
9.5 

9o 
9.8 
9.0 

10.0 
10.2 
10.3 
10.4 
10.6 
10.7 
10.8 

9. 
9.6 
9.7 
9.8 
10.0 
10.1 
10.2 
10.. 
10.5 
IO.b 
10.7 
10.9 

.59 
9.b 
9.7 
9.9 
10.0 
10.1 
10.3 
10.4 
10.5 
IU.7 
10.8 
10.9 

.5 
9.8 

9.8 
909 
10.0 
10.2 
10.3 
10.4 
10.6 
10.7 
10.8 
11.0 

9., 
9.7 

9.8 
9.9 
10.1 
10.e 
10.3 
10.5 
10.6 
10.8 
10.9 
11.0 

9.6 
9.7 

9.8 
10.0 
10.1 
1O2 
10.4 
10.5 
10.7 
10.8 
10.9 
11.1 

9.6 
Y.7 
9.9 
10.0 
10.1 
10.3 
10.4 
10.5 
10.7 
10.8 
1100 
11.1 

9.6 
j.7 
o 

10.0 
10.2 
10.3 
LI.4 

10.6 
10.7 
10.8 
11.0 
11.1 

'Jo 

9.8 

9.9 
10.0 
10.2 
10.3 
10.4 
10.6 
10.7 
10.9 
11.0 
11.2 

9.7 Y.7 
'.9 9.9 

9.9 10.0 
10.0 10.1 
10.2 10.3 
10.3 10.4 
10.5 10.6 
10.6 10.6 
10.7 10.8 
10.9 10.9 
11.011.0 
11.2 11.2 

9.7 
Y.9 

10.0 
10.1 
10.3 
10.4 
10.b 
10.7 
10.9 
11.0 
1101 
11.2 

9.7 
9.9 

10.0 
10.1 
10.3 
10.4 
10.6 
10.7 
10.9 
110 
11.2 
11.3 

D 



Table 9 Submerged flow calibration for 16 in x 6 ft 
Cutthroat 

ha 
flume, (Q,cfs) 

ho-h 6 

..02 .04 Sub .08 .10 .I .14 .16 .18 .20 .22 024 .26 0Z8 .30 ,32 .34 .36 .38 ..40 

.02 4 

:04 * 
• 0 
Ud * 
10 0 

.0 

.0 

.0 
61 
*1 

,u 

*U 
. 
*1 
.1 

.0 

.0 

.0 

.1 

.1 

.0 

.0 

.0 

.1 

.1 

.0 
,O 
.0 
.1 
.1 

.0 
.0 
.0 
.1 
.1 

.0 

.0 

.0 

.1 

.1 

.0 
.0
.U 
.1 
.1 

.0 
.0 
.0 
*1 
el 

.0 
.0 
.0 
.1 
el 

.0 

.0 

.0 
01 
*I 

.0 

.0 
.0 
*1 
*I 

.0 
.0.U 
-0! 
el 

0 
.0 
.0 
al 
*1 

.0 
".0 
.0 

.0 

.0 

.0 
ol1 
'0!1 

0 
.0 
*0 
. 
at 

0 
.0"0 
.0 
. 
01 

.0 

.0 
1 

el 

0 
.0 
.0 
. 

.i . 

.12 .2 .2 .2 .2 .42 .2 .2 .2 .2 .2 .2 .2 .2 .2 .2 .2 .2 .2 .2 '--..2 

.1b0 
eifw 
.22! 
ke4 
e,6 

.2b* 

.30 

.32k 

.J4 

.3 
03 
.4 
.4 
.5 
.5 
9.6 
.6 .7 

.3 

.3 

.4 

.b 

.6 

.b 

.7.8 

. 

.3 

.' 

.4 
i 

.5 

.6 

.7 

.7

.d 

.4 

.3 

.4 
05 
.5 
.6 
.7 
.8 
.8 

.4 

.3 
.4 

.4 
b.b 

.5 

.6 

.7 

. 
v 

03 

.4 

.5 

.5 

.6 

.7 

.83 

.9 

.4 
.3 

.~ 
.4 
.50 
.5 
.b 
.7 
d 
.9 

.3 

.4 
s 

.5 

. 

.7 

.8 v 

.4 

.3 

.4 
5 

.5 

.b 
,7 
*a09 

4 

.3 

.4 

.5 
,5 
.6 
.7 
.8.9 

.4 
,3 

.4 

.5 

.5 
go 

.7 
.8.9 

.3 

.44 

.4 

.5 
6 
.b 
*7 
.8.9 

.3 

.4 
4 
05 
v5 
.6 
.7 
.809 

,3 
.4 
.4 
.6 
*5 
o6 
.7 
8
09 

.3 

.4 

.4 
b6 

.5 

.6 

.7 

.8.9 

.3 

.4 

.4 
. 
o5 
ob 
.7 
* 09 

,3 
.4 
4 
.05 
.6 
.6 
.7 
.8 ov 

.3 
o4 
e4 
.b 
I5 
.6 
.7 
*899 

.3 
*4 
.4. 

o5 
.6 
.7 
.8109 

.3 

.44 

.4 
. b6 
95 
.6 
.7 

'.8 .q 

.35 * 
• 0 * 
.*. * 
.44 o 
.46 * 
.48 * 
.50 * 
.52 * 
.,4 * 
.So * 
.58 * 
.60 * 
.62 * 
b4 * 
.6b * 

.8 

.8 

.9 
1.0 
1.0 
1.1 
1.2 
1.2 
1.3 
1.4 
1.4 
1.5 
1.6 
1.7 
1-7 

.9 
1 0 
1.1 
1.1 
1.2 
1.3 
1.4 
1.4 
1.5 
106 
1.1 
1.8 
1.9 
1.9 
2.0 

1.00 
1.0 
1.1 
1.2 
1.3 
1.4 
1.o 
l.b 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 

1.0 
1.1 
1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2*1 
2.2 
2.3 

100 
1 1 
1. 
1.J 
1.4 
1.5 
1.6 
1.7 
1.b 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4. 

1.0 
1 1 
1.9 
1.3 
1.4 
1., 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
21.2 
e.3 
2.5 

1.0 
1.1 
1.9 
1.J 
1.4 
.b 

1.o 
1.7 
I. 
1.9 
g.0 
2.1 
.3 
.4 

2.. 

I.O 
.1 

1.2 
1.4 
1.4 
1.5 
A. 
1.1 
1.8 
1.9 
e.1 
2. 
e.j 
2.4 
.5 

1.0 
11 
1.L 
Il. 
1.4 
l.b 
1.6 
L.o 
i.8 
1.9 
2.1 
2.2 
e.J 
2.4 
26 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.1 
2.2 
2.3 
2.4 
2.5 

1.0 
1ol 
1.2 
1.3 
1o4 
1.5 
1.b 
1.7 
i.8 
1.9 
2.1 
i!.2 
20.3 
2.4 
2.5 

1.0 
101 
12 
1.3 
1.4 

!1.5 
1.6 
1.7 
108 
1.9 
2.1 
2.2 
Z.3 
2.4 
2 .5 

1.0 
101 
1.2 
1o3 
1.4 
1.5 
1,6 
1,7 
108 
109 
2.1 
2.2 
2e. 
2.4 
2.5 

I.0 
101 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
108 
1.v 
2.1 
2.2 
2.3 
2.4 
2.5 

1.0 
Il l 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.1 
2.2 
2.3 
2.4 
2.5 

1.0 1.0 
l 101 1 
I.2 1.2 
1,3 1.3 
1.4 1o4 
1.5 195 
1.6 1.6 
1.7 1.7 
108 1.8 
109 1.9 
2.1 2.1 
.2 2.2 

2*.3 2*.3 
2.4 2.4 
2.5 2*.5 

1.0 
*1 

12 
1.3 
1.4 
1.5 
1o6 
1.7 
1.8 
109 
2.1 
2.2 
2.3 
2.4 
2.5 

1.0 
ll 

1.2 
1.3 
1.4 
1.6 
1.6 
1.7 
1.8 
1.9 
2.1 
2.2 
2.3 
2.4 
2.5 

1.0 
I ll10 
1.2 
1.3 
1.4 
15 
1.6 
1.7 
1.8 
1.9 
2.1 
2 .2 
2.3 
2.4 
2.5 

:E,t 0 * # .70 * 1.9 
.72 * 2.0 
.74 * e.0 
.7b * 2.1 
.78 * 2.2 
.b0 * 2.3 
•e2 * e.4 
•o4 0 e.4 
.86 - 2.5 
.88 * 2.6 
.90 0 2.7 
.92 * 2.8 

lV4 * 2.8 
* 2.9 

.98d 0 0 
1.00 * 3.1 

2.12.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2. 
2.9 
3.0 
3.1 
3.2 
3.3 

3.4 
3.!D 
3.b 
3.7 

2.42.4 
2.b 
Z. 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.5 
3.6 

3.7 
3.ts 
3.9 
'..0 

2.4'2.5 
2.6 
2.8 
2.9 
.3 0 
3.1 
3.2 
3.3 
3.4 
3.5 
J.7 
3.8 

3.9 
4.0 
4.1 
4..3 

. = 2.t 
2.7 
2.v 
3.0 
3.1 
3.2 
3.3 
3.4 
3.b 
3.7 
3.8 
3.9 

-+.1 
4.2 
4.3 
'a.5 

Z .6 2.7 
2.8 
2. 
3.1 
3.2 
4.3 
3.4 
3.5 
3.7 
3.8 
4.9 
4.1 

4.2 
4..3 
4.65 
'.6 

.62.7 
2.9 
3.0 
i.l 
3.2 
3,4 
3.5 
3.6 
3.8 
3.9 
4.0 
4.2 

4.3 
4,4 

4..6 
4.1 

2.b
2.d 
2.9 
3.0 
4.1 
j.3 
4.4 
3.5 
3.7 
3.8 
4.0 
4.1 
4.2 

4.4 
4.5 

%.1 
.&.8 

27
2.8 
e.9 
J.0 
4.2 
J.3 
j.4 
Job 
j.7 
1.9 
4.0 

4.1 
4.3 

4.4 
4.b 
4.7 
4.9 

.7
2.8 
2.9 
3.1 
3.2 
3.3 
3.5 
3.b 
3.7 
3.9 
4.0 
4.2 
4.3 

4.5 
4.0 
4.8 
4.9 

27 
2.8 
2.9 
j.1 
3.2 
J.4 
J,. 
Job 
J.8 
3.9 
4.1 
4.2 
4.4 

4.5 
4.7 
4.8 
b.0 

207 
2.8 
209 
3ol 
3.2 
3,4 
3.5 
3.b 
3.b 
3.9 
4.1 
4.3 
4.4 

4.b 
4.7 
4.8 
5.0 

27 
2.8 
2.9 
3.1 
3.2 
3.4 
3.S 
3.6 
3.8 
3.9 
4.1 
4.3 
4.4 

4.6 
4.? 
4.9 
5.1 

27 
2.8 
209 
3.1 
3.2 
3.4 
5 3 
3.6 
3.8 
3.9 
4*1 
4.3 
4o4 

4.6 
4.7 
4.9 
5.1 

27 
2.b 
2.9 
3.1 
3.2 
3.4 
3.5 
3.6 
3.8 
3.9 
4.1 
4.3 
4.4 
4.b 
4.7 
4.9 
6.1 

27 
298 
2.9 
31 
4.2 
4.4 
4.5 
3.6 
39. 
3.9 
4.1 
4.3 
4.4 
4. 
4.7 
4.9 
5.1 

27 
?.d 
e.9 
3.1 
3.? 
3.4 
3o5 
3.6 
3.8 
3.9 
4.1 
4.3 
4.4 

4o. 
4.7 
4.9 
5.1 

2.7 
2.8 
2.9 
3.1 
302 
3.4 
3.5 
3.6 
3.8 
3.9 
4.1 
4,3 
4.4 

4. 
4.7 
4.9 
5.1 

27 
2.8 
2,9 
3.1 
3.2 
3e4 
3.6 
3.6 
3.8 
3.9 
4.1 
4*3 
4,4 

4.6 
4.7 
4.9 
5.1 

27 
2.8 
2.9 
3.1 
3.2 
3,4 
3.5 
3.6 
3.j 
3,9 
4.1 
4e3 
4.4 
4.6 
4.7 
4.9 
5.1 



Table 9 (continued) 

ho ha-h b 

.U2 .04 .06 .0Ok .10 ole .1,4 .16 .18 .20 .2e .24 026 o8 o30 o32 .34 .36 .38 e40 

1.; * 3.2 3.6 4.1 4.4 4.b .1 '..9 .0 .0 5.1 b.1 5.Z 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 

1.04 * 3.3 3.9 4.3 4.5 4.7 -0.9 5.0 b.1 b.2 5.2 5.3 5.3 5.3 5.4 5.4 b94 5.4 5.4 S.4 5.4 
l.ub * J.4 4.0 4.4 4.6 4.V .O b.2 .3 t.3 5.4 bob 5.5 5.5 5.6 5.6 .b 6.6 5.6 5.6 5.6 

l.Od * 3.5 4.1 4.5 4.8 6.0 50. 5.3 5.4 0.5 5.6 bob 5.7 5.7 5.7 5.7 Z*7 5.7 5.7 5.7 S.7 

1.10 * 4.6 4.2 4.b 4.9 5.1 .3 b.4 5b b.b 5.7 bs 5.8 5.9 5.9 5.9 5.9 5.9 5.9 5.9 S.9 

1.1e * -1.6 4.3 4.7 .00 5.3 5.4 5.8 5.7 .b 5.9 5.9 b.O 6.0 60 6.1 6.1 bl 6.1 6.1 601 

1.14 0 
.lb* 

3.1 
3.d 

4.4 
4.5 

4., 
b.O 

b.2 
5.3 

5.4 
5.5 

566 
6.7 

5.7 
5.9 

5.9 
o.0 

6.0 
b.1 

6.0 
6.2 

o.1 
6.3 

b.2 
6.3 

6.2 
6.4 

6.2 
6.4 

6.3 
6.4 

6.3 
695 

6.3 
b5 

6o3 
6.5 

6.3 
6.5 

6.3 
6.5 

1.1b * 3.9 4.6 b.1 6.4 5.7 5.9 6.0 b.2 0.3 6.4 6.4 b.5 6.5 6.6 6.6 6.7 6.7 6.7 e7 6.7 

1.20 * 4.0 4.8 5.2 b.6 5.8 0.0 o.2 .3 o.4 b.5 ob 6.7 6.7 6.8 6.8 6.8 bo. 6.8 6.8 6.8 

1.22 * 4.1 4.9 5.3 5.7 6.0 6.1 b.4 bob b.6 b.7 bob 6.8 b69 609 700 7.0 70 7.0 7.0 7.0 

1.4 * 4.2 5.0 5b 5.8 6.1 6.3 6.5 b.7 b.8 6.9 100 7*0 7.1 7ol 7ol 7.2 7.2 7.2 7.2 7.2 

1.26 4.3 5.1 5.6 boo 6.2 0.5 6.7 D.8 b.9 too 1.1 7.2 7.3 7o3 7.3 7.3 7.4 7.4 7.4 7.4 

1.2b * 
1.30 * 
1.32 * 

4.4 
4.5 
'.6 

5.2 
5.3 
5.4 

5.7 
5.9 
6.0 

b.l 
6.2 
6.4 

6.4 
6.b 
6.7 

6.6 
o.8 
6.9 

6.8 
7.0 
7.1 

7.0 
7.1 
7.3 

/.1 
1.3 
1.4 

7.2 
7o4 
7.6 

7.3 
7.5 
7o7 

7o4 
7.6 
7.7 

7.4 
1.6 
7.8 

7.5 
7.7 
7.8 

7.5 
7.7 
7.9 

7.5 
7.7 
1.9 

7.6 
7.8 
7.9 

7.6 
7.8 
8.0 

7.6 
7.8 
8.0 

7.6 
7.8 
8o0 

1.3 * 4.7 t.b 6.1 6.5 6.b 7.1 7.3 1.5 1.6 7.7 7.8 7.9 8.0 8.0 8.1 8.1 8.1 8.2 8.2 8.2 

1.36 * 4.d 5.7 6.2 b.7 7.0 7.2 7.5 7.6 7.8 7.9 8.0 8.1 8.2 8.2 8.3 d.3 8.3 8.4 8.4 o.4 

1.3 0 4.9 5.8 6.4 6.8 7.1 7.4 7.6 7.8 s.0 8.1 d.2 8.3 8.4 8.4 8.5 8.5 8.5 8.6 8ob 8.6 

1.40 * 5.0 5.9 b.5 699 7.3 7.6 7.b 8.0 8.1 8.3 a.4 8.5 8.5 8.6 8.7 8.7 8,7 8o7 8.8 8.8 

1.4e * !.1 6.0 b.b .1 7.4 1.7 7.9 o.1 0.3 8.4 8.6 8.7 8.7 8.b 8.9 d9 8.9 900 9.0 9.0 

1.44 * 5.2 6.2 6.8 1.2 7.b 7.9 8.1 8.4 1.5 8.6 6.7 8.8 8.9 9.0 9.1 9.1 9.1 9.2 9.3 9.3 
1.4b * i.3 b.3 6.9 7.4 7.7 8.0 8.3 8.5 0.7 8.8 8.9 9.0 9.1 9.2 9.2 9.3 9.3 9o4 9.5 9.5 0 

1.48 * S.4 6.4 7.0 7.5 7.9 8.2 8.4 d.6 08 9.0 9.1 9.2 9.3 9.4 9.4 9o5 9.5 9.6 9.6 97 

1.50 * 5.5 6.5 1.e 7.7 8.0 d.4 dl 8.8 9.0 9.2 9.3 9.4 9.5 9.6 9.b 907 907 9.8 908 9.9 

1.52 * 1.6 6.6 7.3 7.8 8.2 8. 8.8 9.0 9.2 9.3 905 9.6 9.1 9.8 9.8 9.9 10.0 1000 10.0 1001 
1.54 0 
1.S6 * 

b.7 
5.8 

6.8 
6.9 

7.4 
7.6 

6.0 
d.1 

8.4 
8.5 

807 
d.8 

8.9 
9.1 

9.2 
9.3 

9.4 
9.5 

9.5 
9,7 

9.7 
v.9 

j.8 
10.0 

9.9 
10.1 

10.0 
10.2 

10.1 
10.3 

10.1 
10.3 

10.2 
10.4 

10.2 
10.4 

10.2 
10.4 

10.2 
10.5 

1.t8 * s.9 r.u 7.7 U.3 8.7 9.0 9.3 9.5 9.7 9.9 10.0 10.2 10.3 10.4 1045 10.5 10.6 AO.6 10.7 10.7 

1.b * 00 7.1 7.9 8.4 8.8 9.2 9.b 9.7 9.9 10.1 10.I 10.4 10.5 10.6 10.7 10.7 10.8 10o8 10.9 10.9 

1ob2 * 6.1 7.3 8.0 d.6 9.0 9.3 9.b 9.9 10.1 10.3 10.4 10.b 10.7 10.8 10.9 !0.9 11.0 11.1 11.1 111 

1.04 * 6.2 7.4 b.1 8.7 9.1 9.5 9.8 1U.1 10.3 10.5 lO.b 10.8 10.9 11.0 11.1 11.2 11.2 11.3 11.3 11.3 

1.66 * b.3 1.5 b.3 8.9 9.3 V.7 10.0 10.2 10.5 10.7 10.8 11.0 11.1 11.2 11.3 11.4 11.4 11.5 11.5 11.6 
1.68 * 6.4 7.6 8.4 9.0 9.b 9.8 10.2 10.4 10.6 10.8 11.0 11.2 11.3 11.4 11.5 11.6 11.6 11.7 11.8 11.8 

1.70 * b.5 1.8 8.b 902 9.6 10.0 10.3 10.6 lu.8 11.0 11.2 11.4 11.5 11.6 11.7 11.8 11.9 11.9 12.0 12oo 

1.7e * s.7 7.9 8.7 9.3 9.d 10.2 10.5 10.b 11.0 11.2 11.4 11.b 11.7 11.8 11.9 12.0 12.1 12.1 12.2 12.2 
1.7'. * 13.d 8.0 b.9 9.5 10.u 10.. 10.7 11.0 11.2 11.4 l.b 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.4 12.5 

1.76 * b.9 b.2 9.U 9.6 10.1 10.5 10.9 11.2 11.4 11.6 11.8 12.0 12.1 12.2 12.3 12.4 12.5 l.b 12.6 12.7 
1.7d * 7.0 8.3 9.1 9.8 10.3 10.7 11.0 11.3 ll.b 11.8 1.U0 12.2 12.3 12.5 12.6 12.7 12.7 12.8 12.9 12.9 

l.bO 0 1.1 8.4 9.3 9.9 10.4 10.9 11.2 11.5 11.l 12.0 12.2 12.4 12.5 12.7 12.8 12.9 13.0 13.0 13.1 13.2 
1.8e * 1.2 8.6 9.4 10.1 10.o 11.0 11.4 11.7 le.0 12.2 12.4 12.b 12.7 12.9 13.0 13.1 13.2 13o3 13.3 13.4 

1.14 r.J 0.1 .6 10.3 10.d 11.2 1 11.11.9 12.2 12.'. L.6 12.8 13.0 13.1 13.2 13.3 13.4 13.5 13.6 13.6 

1.do * 1.4 8.8 9.7 10.4 11.U 11.4 11.8 12.1 l&.4 12.O 1le8 13.0 13.2 13.3 13.4 13.5 13.b 13.7 13.8 13.9 

1.d * 7.5 9.0 9.9 10.6 11.1 11.6 12.0 12.3 le.6 12.8 13.0 13.2 13.4 13.5 13.7 13.8 13.9 14.0 14.C 14*.1 
1.90 * 1.6 9.1 10.0 10.7 11.3 11.7 12.1 12.5 le.6 13.0 1J.2 13.4 13.6 13.7 13.9 14.0 14.1 14.a 14.J 14.3 

1.92 * 
1.94 * 

1.8 
1.9 

9.2 
9.4 

10.2 
10.3 

10.9 
11.1 

11.5 
11.b 

11.9 
le.1 

12.3 
12.5 

12.7 
12.9 

1j.0 
13.2 

13.2 
13.4 

13.4 
13.b 

13.6 
13.8 

13.8 
14.0 

14.0 
14.2 

14.1 
14.3 

14.2 
14.4 

14.3 
14.6 

14.4 
14.6 

14.5 
14.7 

14.6 
14.8 

1.9b * .4.0 9.5 10.5 11.2 11.8 12.3 IZ.7 13.0 I., 13.6 13.9 14.1 14.2 14.4 14.5 14.7 1'.8 14.9 15.0 15.0 
1.98 * 
2.00 * 

8.1 
d.2 

9.6 
9.8 

10.b 
10.8 

11.4 
11.5 

12.0 
12.1 

12.5 
l.6 

12.9 
13.1 

13.2 
13.4+ 

13.6 
14.8 

13.8 
14.0 

14.1 
14.3 

14.3 
14.5 

14.5 
14.7 

14.6 
14.8 

14.8 
15.0 

14.9 
15.1 

15.0 
15.2 

15.1 
15.4 

15.2 
15.4 

15.3 
15.5 



Table 9 (continued) 

ha ha-hb 

.18 .20 .22 -.2 046 028 .30 .32 .34 .36 .38 .40
 
S.02 .04 .06 .08 .10 .1? .14 .1b 


15.7 15.8
15.1 15.2 15e4 15.5 15.6
13.6 14.0 14.2 14.5 14.7 14.9 

2.0? * 8.3 9.Y 10.9 11.7 12.3 12.8 13.3 

15.6 15.7 15.8 15.9 16.0
1'.Z 14.4 14.7 14.9 15.1 15.3 15.5 

2.04 * 8.4 10.0 11.1 11.9 12.o IJoO 13.5 14.8 
 16.2 16.3
15.5 15.7 15.8 16.0 16.1
14.0 14.4 14.6 14.9 15.1 15.3

2.Ub * 8.6 10.2 11.2 12.0 12.7 14.2 13.6 16.515.9 16.1 16.2 16.3 16.4
14.9 lbel 15.4 15.6 15.7
12.b 13.' 1.3. 14.2 14.6
2.Id * 8.7 10.3 11.4 12.2 15.b 15.8 1b.0 16.1 16.3 16.4 16.5 16.7 16.7 
2.10 * 8.8 10.5 11.8 12.4 13.0 13.6 14.0 14.4 14.8 15.1 1b.3 

18.7 16.8 16.9 17.0
 
13.8 14.e 14. I10.0 15.3 16.b 15.6 16.0 16.2 16.4 16.5 


2.12 0 8.9 10.I 11.7 12.5 13.2 16.8 1o.9 17.0 17.1 11.2
15.5 1s.8 16.0 16.2 16.4 16.6

2.14 * 9.0 10.7 11.9 12.7 13.4 13.9 14.4 14.d 1:.2 

17.0 17.1 17.3 17.4 17.5
15.7 1b.0 16.2 16.5 16.7 16.8

2.1b * 4.1 10.9 1Z.U 12.9 13.b 14.1 14.6 15.0 1.4 

17.4 17.5 17.6 17.7
16.2 16.5 16.7 16.9 17.1 17.e
13.7 14.3 14.8 16.2 1b.6 15.9
k.1b * 9.3 11.0 12.2 13.0 17.6 17.8 17.9 18.0
I.' 16.7 16.9 17.1 11.3 17.513.9 14.5 15.0 1t.4 1!.d 16.1e.2u 0 9.4 11.2 12.3 13.2 
 It.7 17., 16.U 1b.1 18.2

0o I.0 16.3 I.0o I.9 17.1 17.4 17.5
1-+.1 15.2
2.22 * 9.5 11.3 14.5 13.4 14.1 18.0 16.1 18.3 18.4 1d.5
16.b 18.9 17.1 17.4 17.6 17.8 


.24 * 9.b 11.5 12.7 14.6 14.3 14.9 15.4 15.6 lo.2 

18.5 18.6 1d.8
 

15.1 15.b Lo.0 lo.,4 16.8 17.1 17.4 17.6 17.8 18.0 18.2 18.4 

2.26 * 9.7 11.6 le.8 13.7 14.5 18.8 18.9 19.0
17. 17.8 1d.1 18.3 18.4 18.6
15.3 15.8 I.2 1o. 17.0 17.3
2.26 * 9.9 11.7 13.u 13.9 14.b 

18.5 18.7 18.9 19.0 19.1 19.3
18.4 I.9 17.2 17.5 17.8 18.1 18.3 

2.30 * 10.0 11.9 13.1 14.1 14.8 1b.5 10.0 19.5
18.5 18.7 18.9 19.1 19.3 19.4
18.7 11.1 17.4 11.8 18.0 16.3 

2.32 * 10.1 12.0 13.3 14.3 15.0 15.6 16.2 


19.2 19.4 19.5 19.7 19.8
17.8 18.0 18.3 18.5 18.8 19.0 

2.3 * 10.2 12.2 13.5 14.4 15.2 15.8 Ib.4 A£.9 11.3 

19.4 19.6 19.8 19.9 20.0
 
14.6 It,.4 Ib.0 Ib.8 17.1 11.5 17.9 Id.2 18.5 Id.8 19.0 19.2


2.3b 0 IU.4 12.3 13.b 
1.4 18.7 19.0 19.2 19.5 19.7 19.9 ?0.0 20.2 20.3
 

15.0 16.2 16.8 17.3 11.7 18.1
k.36 * 10.5 12.5 13.8 14*8 19.9 20.1 20.3 20.4 20.6
18.3 18.7 19.0 19.2 19.5 19.7 

2.40 * 10.6 12.b 14.0 15.0 15.8 1b.4 17.0 17.5 11.9 


20.5 20.7 20.8
19.2 19.5 19.7 i0.0 20.2 20.4
16.6 17.L 17.7 1b.1 18.5 18.9
2.42 * 10.7 12.8 14.1 15.1 15.9 20.4 20.6 20.8 20.9 21.1
18.8 19.1 19.4 19.7 20.0 e0.2
16.1 l.8 17.4 17.9 18.4
2.44 * 10.8 12.9 14.3 15.3 
18.0 19.0 19.3 19.7 2U0.0 20.2 20.6 20.7 20.9 21.0 21.2 21.4 

2.4b * 11.0 13,1 14.4 15.5 16.3 17.0 17.b 18.1 
21.5 21.6
19.9 20.2 20.5 20.7 20.9 21.1 21.3 

2. 48 * 11.1 13.2 14.6 16.7 16.0 11.2 17.8 1d.3 18. 19.2 19.6 
20.4 20.7 21.0 21.2 21.4 21.6 21.7 21.9

11.4 18.0 Io.5 19.0 19.4 19.8 20.12.sU * 11.2 13.4 14.8 15.8 16.7 



Table 9 (continued) 

ha •ho-hb 

S.42 
0 

.44 . b .48 .'o t)2 .54 .5b .5 .60 .b2 .b4 .b6 

1.0 5.4 
*.Ob S.6 

1.U 8 5s. 7 

l.IU * 5.9 
1.1e 6.1 
1.14 b .3 
1.16 0o.5 
1.1Is b.7 
looo 6.d 
1.2e * 1.0 
1.2- 7.2 

5.4 5.4 
5.6 5.6 
5.7 5.7 
5.1 5.* 
6.1 6.1 
6.3 6.3 
6.5 6.5 
6.7 6.7 
b.8 b.8 
7.0 7.0 
7.2 7.2 

b.4 
5.6 
5.7 

:509 
6.1 
b.3 
6.5 
'6.7 
.608 
7.0 
7.2 

5.4. 
5.b 
5.1 
S.9 
6.1 
6.3 
6.s 
6.7 
b.b 
7.0 
7.e 

!.4 
:i.6 
5.7 
5.9 
o.1 
b.3 
6.5 
6.7 
b.8 
7.0 
7.2 

5.4 
5.6 
5.7 
5*9 
6.1 
6.3 
b.b 
b.7 
bo 
7.0 
7.e 

5.4. 
5.6 
5.7 
5.9 
b.1 
b.3 
0.5 
o.7 
o.d 
7.0 
t.2 

!:.' 
60 
b.7 
*.9 
0.1 
0.3 
b05 
o.7 
6.8 
o0o 

7.2 

5.4 
5.6 
5.7 
5.9 
6.1 
6.3 
b.5 
6.7 
6.8 
700 
7.Z 

'-*4 
b.b 
b.7 
b*9 
6.1 
b.4 
6.5 
b.7 
b.d 
7.0 
7.2 

5.4 
506 
5.7 
5.9 
6.1 
6.3 
b.5 
b.7 
b.8 
70 
7.2 

6.4 
Sob 
5.7 
5*9 
601 
a.3 
boS 
b.7 
0.8 
7.0 
7.2 

1.;?b * 

1.2s * 
1..O * 
1.32 
1-3' * 
1.3b 
1.36 * 

1.40 
I.42 * 
1.44 * 
1.1+ * 
1.48 * 
1.5U 0 
1.52 * 
1.54 * 
1.t6 * 
1.58 * 
l.bO * 
1.be * 
1.64 0 

7.4 
lab 
7.8 
13.0 
8.2 
f3.'. 
8.6 
18.8 
9.0 
9 .3 
4.5 
9.7 
9.9 
10.1 
10.3 
10.6 
10.8 
11.0 
11.1 
11.4 

7.4. 
7.6 
7.8 
800 
8*2 
d4 
8.6 
8.8 
9.0 
9.3 
9.5 
9.7 
vov 
1001 
10.3 
10.b 
10.8 
11.0 
11.2 
11.5 

7.4 
1.6 
7.d 
8.0 
8.2 
8.4. 
b.6 
8.8 
9.0 
9.3 
9.$ 
9.7 
9.9 
A0.1 
10.3 
10.6 
lu.5 
11.0 
11.2 
11.! 

Taft 
7.6 
7.8 
8.0 
8.2 
8.4-
d.6 
8.8 
9.0 
9.3 
9.5 
9.7 
9.9 

10.1 
10.3 
10.6 
10.8 
11.0 
11.2 
11.5 

7.4. 
7. 
7.8 
800 
8,2 
8.4 
8.6 
8.8 
9.0 
9.3 
9.5 
9.7 
9.9 

10.1 
10.3 
10.b 
10.8 
11.0 
11.2 
11.5 

I.' 
7 a 
7.8 
b.0 
8.2 
8.94 
d.6 
8.8 
9.0 
v.3 
9.5 
9.7 
V.9 

10.1 
10.3 
10.6 
10.8 
11-0 
11.-
11.5 

7.4 
7.6 
78 
8.0 
8.2 
8.4 
8.b 
8.8 
9.0 
9.3 
9.! 
9.7 
9.9 

10.1 
10.3 
1O.b 
IO.8 
11.0 
11.e 
11.5 

7.4 
7.6 
7.8 
8.0 
8 0 
8s.4 
8.6 
6.8 
9.0 
9.3 
9.5 
9.7 
9.9 

10.1 
10.3 
1O.b 
10.8 
11.0 
1I.2 
11.5 

1.4 
7.b 
1.8 
0.0 
.2 

a.4 
d.b 
t.i 
9.0 
9.3 
v.5 
9.7 
9.9 

10.i 
10.3 
Iob 
10.8 
li.O 
11e? 
11.5 

7.4 
7.6 
7.8 
8.o 
8,2 
8.4 
8.6 
808 
90 
9.3 
9.5 
9.7 
909 

10.1 
10.3 
10.6 
10.8 
11.0 
11.2 
11.5 

7.4 
7.b 
18 
oUO 
.2 

8.4 
8.b 
8.8 
9.0 
9.3 
V.5 
9.7 
909 

10.1 
10.3 
10.6 
10.8 
11.0 
11.2 
11.5 

7.4 
7.b 
7.8 
8.0 
8.2 
8.4 
8o 
8.8 
9.0 
9.3 
9.b 
9.7 
9.9 

10.1 
10.3 
10.6 
10.8 
11.0 
11.,E 
11.5 

7e4 
7.6 
708 
8.0 
8.2 
8.4 
8ob 
8.8 
900 
9e3 
9.5 
9.7 
909 
1001 
10.3 
10.6 
10.8 
11.0 
11.2 
11 5 

1.66 * 
1.66 * 
1.70 * 
1.74 * 
1.74 * 
1.76 * 
1.78 * 
1.50 * 
1.2 * 
1.84 * 
1.8b * 
1.88 * 
l.90 * 
1.92 * 
1.9' * 
1.96 * 
1.9d * 

11.6 
11.8 
12.0 
12.3 
12.5 
12.7 
1-.0 
13.2 
13.4 
13.7 
13.9 
1".1 
14.4 
14.6 
14.9 
15.1 
15.3 

11.7 
11.9 
12.1 
12.3 
12.5 
12.8 
13.0 
13.2 
13.5 
13.7 
13.9 
14.2 
14.4 
14.7 
14.9 
15.2 
15.. 

11.7 
11.9 
12.2 
12.4 
12.6 
1?.9 
13.0 
13.3 
13.5 
13.1 
14.0 
14..2 
14.S 
14.? 
14.9 
15.2 
15.4 

11.7 
11.9 
12.2 
12.4 
12.6 
12.9 
13.1 
13.4 
13.6 
13.9 
14.0 
14.2 
14.5 
14.7 
15.0 
15.2 
15.5 

11.7 
11.9 
12.e 
IU.4 
12.6 
12.9 
13.1 
13.4 
13.6 
13.v 
14.1 
14.'. 
14.b 
14.Yv 
15.0 
15.3 
15.5 

11.7 
11.9 
1.2 
12.4 
12.t 
1.9 
13.1 
13. 
13. 
13.9 
14.1 
14.4' 
14.6 
14.9v 
15.1 
15.4 
15.7 

11.7 
11.9 
21.2 

le.4 
12.6 
12.9 
13.1 
13.4 
13.6 
13.9 
14.1 
14.4 
14.(3 

14.9 
15.1 
15.4 
15.7 

11.7 
11.9 
Ie.2 
£2.' 
1.6 
12.9 
14.1 
13.. 
13.6 
13.9 
14.1 
114.4 
14.6 
14.9 
15.1 
15.4 
I.7 

11.7 11.7 
11.9 11.9 
le. 12.2 
14.4 12.4 
12.6 12.6 
12.9 12.9 
1j.1 13.1 
1J.4 13.4 
1..6 13.6 
Ij.9 13.9 
14.1 14.1 
14.4' 14.4 
14.b 14.6 
14.9 14.9 
I.1 15.1 
I.4 15.4 
Ij.7 15.7 

11o7 
11.9 
12.i 
12.4 
l.b 
12.9 
1J.1 
13.4 
13.6 
14.9 
14.1 
14.4. 
14.b 
14..9 
1.1 
16.4 
15.7 

11.7 
11.9 
12.. 
12.4 
12.6 
12.9 
13.1 
1394 
13.6 
13.9 
14.1 
14.4 
14.b 
14.9 
15.1 
15.4 
15.7 

11.7 
1109 
12.2 
12.4 
12.6 
12.9 
13.1 
13.4 
13o 
13.9 
14.1 
14.4 
14.6 
14.9 
15.1 
15.4 
15o 

2.00 
2.02 

* 
* 

15.6 
15.8 

15.b 
15.9 

15.7 
15.9 

Is.7 
1b.0 

15.8 
16.0 

Is.9 
16.0 

1S.9 
16.2 

1.9 
Io.2 

1.9 
16.2 

15.9 
16.2 

15.9 
Ib.2 

15.9 
16.2 

15.9 
16.2 



Table 9 (continued) 

ha ha-hb 

.42 .44 *.46 .48 .50 S~2 .134 .56 .513 .60 .62 .64 .66 

2.u4 0 16.1 16.1 la. 16.? 16.3 16.3 lo.b b.i Io.z 16.i la.5 Ib.5 16.5 
e.-16 0 16.3 16.o Ib. Ia.5 16. I.0 I.7 16.7 lo.? 16.7 Io.7 Ia.7 16.7 
2*.14* 1b.6 16.b Ib7 lb.7 16.8 food 1b.5 17.0 17.0 17.0 17.0 11.0 17.0 
2010 * lh.b lo.9 17.u 17.0 17.0 17.1 11.1 11.3 11.3 17.3 11.3 17.3 11.3 
2.12 * 17.1 17.1 17.e 17.3 17.3 17.4 17. 17.5 11.5 17.5 11.5 17.5 17.5 
2.14 * 11.3 17.4 11.t 17.5 17.e 11.6 17.6 17.d 11.8 17.d 11.b 17.8 11.8 
2.16 * 11.b 17.7 17.1 1.M 17.Pi 11.9 17.9 11.9 1.1 18.1 1b.1 18.1 18.1 
2.18 * 11.8 17.v lb.u 16.0 16.1 1d8L 18.2 18.2 1o.4 18.4 16.4 18. 1894 
2.eO * 
e.22 a 

1Is.1 
L3.3 

1.2 
18. 

1b.2 
18.5 

18.3 
18.6 

1,3.4 
I8.b 

1d.' 
18.1 

1.4 
18.1 

18.5 
Ld.7 

18.6 
18.9 

18.b 
18.9 

Id. 
18.9 

18.b 
18.9 

18.6 
18.9 

2.24 * 18.6 11. 18.8 18.8 18.9 18.9 19.0 19.0 19.0 19.2 19.g 19.2 19.2 
.26 * 

2.23 * 
13.9 
19.1 

1.9 
19.i 

19.0 
19.3 

19.1 
14.4 

19.2 
19.. 

19.g 
19.5 

19.2 
19.5 

19.3 
19.6 

Iv.3 
19.6 

19.5 
19.8 

19.5 
19.8 

19.5 
19.8 

19.5 
19.8 

2.30 * 19.4 19.5 1v.6 19.6 19.7 19.7 19.b 19.-J 1.9 20.1 20.1 20.1 20.1 
2.32 * 19.6 19.7 19.8 19.9 20.0 20.0 20.1 20.1 2u.1 20.2 20.3 20.3 20.3 
2.3. * 19.9 2U.0 20.1 20.2 20.2 20.3 20.3 dO.4 2u.4 dO.4 20b 20.b 20.6 
2.3b * eo.2 20.3 20.4 20.4 20.t 20.b ?U.b eu.7 2u.7 20.7 20.9 20.9 20.9 
2.i * 20. 20.t 2U.6 20.7 O.b 40.d 20.9 ?U.9 21.0 21.0 21.2 21.e 21.2 
Z.'.U * 20.7 20.8 20.9 21.0 e1.1 21.1 21.2 21.g 21.3 21.3 21.3 21.6 21.5 
e.42 * 21.0 21.1 21.2 21.3 ?1.3 21.4 21.5 21.5 21.6 21.6 2L.b 21.8 21.8 
2.44 * 21.2 21.3 21.4 21.5 2l.b 21.7 21.7 21.8 21.8 21.9 21.9 22.1 22.1 
2.b * 21.5 21.6 21.7 21.8 i1.9 22.0 22.0 22.1 2e.1 22.2 2e.2 22.4 22.4 
2.45 * 21.8 21.9 22.0 22.1 22.2 22.d 22.3 22.4 2e.4 22.5 2d.5 22.5 22.7 
2.t * g2.0 22.1 22.3 22.4 22.4 22.5 2.2.6 2.7 2d.7 22.7 22.8 22.8 23.0 



Table 1o Submerged flow calibration for 24 in x 6 ft 

hah Cutthroat flume, (0, cfs) ha-hb 
- hb 

.02 .04 .1 .0 .10 12 .14 .1b .1 .20 .22 .24 .26 .8 930 32 .3' .36 .38 .40 

O e.04 * 
04•1 * 

.0

.0

.1° 
.0
.0
.11 .1 

*u
*0
.1° ..1 

.0

.0 
00 

.U

.0 
1 . 

.0 

.0 
1.1 

so 
.0 
..1 

.0 

.0 
01 

.0 

.0 

.1 

.0 

.0 

.11 

.o 

.0 
1l 

.0 
.0 
010 

.0 

.0 
01.1 

0 
.0 
.101 

.0 

.0 
.10l 

.0 

.0 
01 1 

.0 

.0 

.1 01 

.0 

.0 

.1 

.0O 

.0 

.1 

.0 

.0 

.11 

.10 
.2.14* 

.2 
*2.3 

.2 

..3 
.2 
*2.3 

.2 
..3 

.2 
*e.3 

.2 
..2.3 

.2 

.2.2.2 .3 

.2 

.3 

.2 

.3 

.2 

3 

.2 
2 .3 

.2 

.23 

.2 

.2.3 

.2 

.2.3 

.2 

.2.3 

.2 

.2.3 

.2 

.e

.3 

.2 

.2

.3 

.2 
2

.3 

.2 

.
.3 

*14.U1b .3.5 .3.4 .3 . 5 .3 . 04' .44 .4.4 
.4.5 ..5 .5 

4 .4
5 

. 
.5 

4 
o5 

A4 
.5 

.4 
.5 

.4 
.5 

4 
.5 

.4 
.6 

. 

.5 

.05 * . .6 .6 .6 . 6 .6 .b ti .5 IS b .b .b .6 .6 .b .6 .6 . " .6 

.4 .6 .7 . .6 . .7 .7 .7 .7 .7 .7 07.7 .7 -7 .7 .7 .7.7 

. *60

.28w 

.30 * 

.32 * 

.34 * 

Sib * 
.3* 
.40 *.0 

.4 * 

. -6* 

.7

.8 

.9 

.9 
1.0 

1.1 
1.2 
1.31.4 

1.5 
1.6 

.d

.9 
1.0 

1.1 
1.2 

1.3 
1.4 
1.5.b 

1.7 
l8 

.8

.9 
1.0 

1.1 
1.2 

1.4 
1.5 
1.61.7 

1.8 
2.0 

.8

.9 
1.1 

1.2 
1.3 

1.4 
1.5 
1.71.8 

1.9 
Z.1 

.8 

.'i 
1.1 

1.2 
1.4s 

1.4 
1.6 
1.71.8 

2.0 
2.1 

.d 

.9 
1.1 

1.2 
1.3 

1.,+
1.6 
1.71.8 

2.0 
?.1 

.d 

.j 

1.1 

1I2 
1.i 

1.4 
1.6 
1.71.8 

i.0 
e.l 

.8 .8 

.9 
1.1 1.1 

1. 2 1.2 
1.3 1.3 

1,4 1.4 
1.b 1.6 
17 1.7
1.8 1.8 

0.0 e*0 
d.1 01 

.8 
09 .909 

101 

1..2 
1.3 

1.4 
1.6 
1.7
1.8 
2.0 
201 

.8 

1.1 

1.3 

1.4 
1o 
1.7
1.8 
e.0 
2 1 

.8 
09 

1l 

1.3 

1.4 
.b 

1.7 
1.8 
2.0 
2.1 

.8 

. 
1.1 

1.2 
1 

1.4 
1.b 
1.7 
1.8 
200 

2.1 

.8 
9 0 

1.1 

1.2 
1 

1.4 
.b 

1.7 
1.8 
200 

2.1 

.8 
9 

1.1 

1.2 
. 

114 
1.b 
1.7 
1.8 
2.0 

2.1 

8 
.9 

1.1 

1.2 
1.3 

1.6 
1.7 
1.8 
2.O 

2.1 

.8 

.9 
1.1 
1.3 
13 

1.4 
1.6 
17 
1.8 
2.0 

.1 

.9 .8 

.9 .9 
1.1 1.1 

1.2 1.2 
1.313 

1.4 1.4 
1.6 16 
1.7 1.7 
1.8 1.8 
2o0 2.0 

2.1 2.1 

.8 

.9 
1.1 
1.2 
1.3 
1.4­
1.6
1.7 
14a 
2:0 

2.1 

.48 * 

.20 * 

.50 * 

.5e 

.56 * 

.ta ** 

.b2 * 

1.7 1.9
1.8 2.1
1.9 2.2 

.0 2.3 
2.1 2.4 

2.2 2.62.3 2.7 
2 4 .8 

2.1 
2.2
2.4 

.5 
2.6 

2.82.9 
3.1 

2.2 
2.3
2.5 
2.6 
2.8 

2.93.1 
3.2 

2.2 
2.4
2.b 
2.7 
2.7 

3.03.2 
3.3 

2.3
2.42.6 
.7 

2.9 

3.13.2 
3.4 

2.33 
12.b2.6 
2.b 
2.9 

3.13.3 
3.4 

2.6
.6 

e.O 
3.0 

J.13.3 
3.5 

.52.6 
9.8 
S.O 

3.1
j.3 
j.5 

2.5
2.6 
2.8 
3.0 

3.1
3.3 
3.5 

e.5
2.b 
2.8 
3.0 

3.1 
J.3 
3.5 

2.3.3 
2.52.6 
2.8 
3.0 

3.1 
3.3 
3.b 

2 
2.52.6 
2.8 
3.0 

3.1 
3.3 
305 

2.52.6 
2.o 
3.0 

3.1 
3.3 
3.6 

2.52.6 
2.8 
3.0 
3 
3.3 
3.5 

23 
2.52.6 
2.8 
3.0 

ol 3 
3.3 
3.5 

2.3 
2.52.6 
2,.8 
3.0 

.13 
3.3 
3.5 

2.3 
2.52.6 
2.8 
3.0 

.13 
3.3 
3.5 

2.3 
2.52.6 
2.8 
3.0 

.13.1 
3.3 
3.5 

2.3 
2.52.6 
2.8 
3.0 
3.1 
3.3 
3.5 

.h4 
.66 
.68 
o7U.7u 

* 

* 
4 

44 

2.5 
2.6 
2.7 
2.93.0 

3.0 
3.1 
3.2 
3.43.6 

3.2 
3.4 
3.5 
3.73.8 

3.4 
3.5 
3.7 

3.9 

3.5 
3.7 
3.8 

404.2 

3.6 
3.7 
3.9 

4.14.04.3 

3.6 
3.8 
4.0 

4.24.4 

3.6 
3.8 
4.0 

-0.24.4 

J.7 
J.9 
4.1 
4.24e4 

3.7 
3.9 
4.1 

4.34.5 

j.7 
J.9
4.r 

.34.5 

3.7 
3.9 
4.1 

4,.3
4.b 

3.7 
3.9 
4.1 
4*3
4.5 

3.7 
3.9 
4*.1 
4.3 
4e5 

3.7 
3.9 
4e.1 
4.3 
4*.5 

3.7 
3.9 
4.1 

4.3 
4.5 

3.7 
3.9 
4.1 

4.3 
4.5 

3.7 
3.9 
4.1 
4.3 
4.5 

3.7
3.9 
4.l 

4.3 
4.b 

3.7
3.9 
4.1 
4.3 
4.5 

.74 o

.74 * 3.13. 3.63. 
4.041 4.24.4 4.34.6 4.54.6 4.54.1 4.64.8 4.64.8 4.74.9 4.74.9 4.74.9 4.74,9 4974.9 4.74o9 4.74.9 4.74.9 4o74e9 4.74.9 4.7.4.9 

.7Uo* 3.33.5 3.94.1 4*34.4 4.54.7 4.74.9 4.86.0 40Y
6.1 

5.0
,.2 

b.06.2 5.15.3 
5.1h.3 

5.15.3 
5.15.3 

b.l5.3 
5.15.3 6.15.3 5.15.3 5.15.3 5.15.3 6.15.3 

.'2 0 
084 -.86 * 
. e 
. 
.9o * 

3.6 
3.7
J.8.0 
4.1 
4.1 

4.2 
4.4
4..7 

04.8 
5. 

4.6 
4.84.95.1 
5.3 
5.43 

4o9 
50 
5.2 

5.6 
.8 

50.1 
5.3 
5.45.6 
5.8 
6U 

5.2 
i.4 
5.6S.e5.8 
6.0 
6.2 

5.3 
b.5 
5.75.9 
o.1 
6.30.1 

.4 
S.6 
5.8boo 
6.2 
6a5 

6.i 
b,7
6.9b. 
o.3 

b 

5.5 
S.? 
5.9641 
604 

.6 

6.6 
5.8 
6.06.2 
64 
6.b 

5.o 
58 
b.0b.2 
b.5 
6.7 

5.6 
5.8 
606.2 
6.5 
6.7 

56 
58 
6.06o2 
6.5 
6.7 

5.6 
58 
6.06.2 
6.5 
6o7 

5.8 
b8 

6.06.2 
6.5 
b.7 

5.6 
o8 

6.06,2 
b.5 
6.7 

5.6 
5.8 
6006.2 
6.5 
607 

5.6 5.b 
5086.o 
6.0 6.06.2 692 
6.5 b5 
6.7 6.7 

.Y4 * 
4

.9b 
4.3 
4.5

4.6 

5ol
5o3
5.4 

5.6 
5.86.9 

5.9 
6.1
6.3 

6.2 
b.4bob 

6.4 
6.b
bd 

6.5
6.87.0 

6.7 
6.9
7.1 

6.8 
too7.2 

bd 
7.1
7.3 

09 
7.1
7o3 

6.9 
7.1
7.4 

7.0 
7.2
7.5 

7o0 
7.2
7.5 

7.0 7.0 
7.2
7.5 

72
7.5 

0 
7.2
7.5 

70 
7.2
7.5 

7.0 
7.2
7.5 

7.20 
7.2
7.5 

1.00 * 4. 5.6 b.1 6.5 b.8 7.0 7.0 7.3 7.4 7o5 796 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 



Table 10 (continued) 

ha ha-hb 

* .02 .04 .06 
 .08 .10 -12 .14 .16 .18 -20 .22 .24 
 .26 .28 .30 .32 .34 .36 .38 .40
 
1.02 * 4.9 5.7 6.3 
 6.7 7.0 7.2 7.4 
 l.a 1.7 7.8 7.8 7.9 7.9 8.0 8. 8.0 8.01.04 8.0 8.0 8.0
* S.0 5.1 6.5 6.9 7.e 7.4 7.6 7,8 7.9 8.0 8.1 8.1 8.1 8.2 8.2 8.2 8.2 8.2 8.2 8.2
l.uI * 5.1 6.1 6.7 
 .7.1 7.4 7.6 7.8 8.0 
 8.1 8.2 8.3 8.4 8.4 8.5 8.5 8.5
1.08 S5.3 8.5 6.5 8.5 8.5
6.2 6.8 7.3 7.6 7.9 
 8.1 8.2 0.' 8.5 d.5 8.6 8.7 8.7 8.8
1.10 * 5.4 6.4 7.0 8.8 8.8 8.8 88 8.87.5 7.8 8.1 d.3 8.5 8.6 8.7 8.8 8.9
1.12 * 5.5 6.6 7.2 1.7 

8.9 8.9 910 9.0 9.0 9.0 9.0 9.08.0 a.3 8.5 8.7 8.6 9.0 9.0 9.1 9.2 9.2 9.3 9.3 9.3 9.3
1.14 * 5.7 6.7 7.4 8.2 9.3 9.37.9 8.5 
 8.7 8.9 1.1 9.2 9.3 9.4 9.4 9.5 9.6
1.16 * 9.6 9.6 9.6 9.6 9.6b.8 6.9 7.6 8.1 8.4 8.7 9.0 9.2 v.3 9.5

1.18 * 6.0 7.1 

9.b 9.b 9.7 9.7 9.8 9.9 9.9 .9.9 9.9 9.97.8 d.3 8.7 9.0 9.2 Y.4 9.0 9.7 9.8 
 9.9 10.0 10.0 10.0 10.1 10.1 10.1 10.1 10.1
1.20* 61. 7.2 8.0 8.5 9.2
8.9 9.4

1.;e * b.3 

9.6 1.6 10.0 10.1 10.Z 10.2 10.3 10.3 10.4 10.4 10.4 10.4 10.47.4 8.1 9.1
8.7 9.4 9.7 9.9 10.1 10.2 10.3 10.4 10.5 10.6 10.6 10.7 10.7 10.7 10.7 10.7
1.24 * b.4 7.6 8.3 8.9 9.3 9.b 9.9 10.1 
 1u.3 10.5 10.6 10.7 10.8
1.2b * 6.5 10.8 1019 10.9 11.0 11.0 11.0 1i.0
7.8 8.5 9.1 9.5 
 9.9 10.1 10.4 10o.b 10.7 10.9 11.0 11.0 11.1 11.2
1.28 * 6.7 7.9 1IX2 11.3 11.3 11.3 11.38.7 9.3 9.7 10.1 10.4 
 10.6 10.8 11.0 11.1 11.2
1.iu * 11.3 11.4 11.4 11.5 11.b 11.6 11.a 11.66.8 8.1 8.9 9.5 10.0 10.3 10.6 11.1
10.9 11.2 11.4 11.5 11.6 11.7 11.7
1.3d * 7.0 8.3 11.8 11.9 11.9 11.9 11.99.1 9.7 10.2 10.6 10.9 11.1 11.4 11.7
11.5 11.8
1.34 o 1.1 9.3 
11.9 12.O 12.0 12.1 12*.1 12.2 12.2 12.28.5 9.9 10.4 i0.8 11.1 11.4 11.6 11.8 11.9 12.1 12.2
1.3b * 12.2 12.3 12.4 12*.4 12.5 12.5 12.51.3 b.6 9.b 10.1 
 10.6 11.0 11.4 11.6 11.d 12.0 lI.e 12.3 12.4 12.5 12.6 12.6 12.8
1.38 * 7.4 12.7 12.8 12.88.8 9.7 10.4 10.9 11.3 11.6 11.9 1l.1 12.3 12.5 12.6 12.7 12.9
12.8 12.9 13.0 13.1 13.1 13.1
1.40 * 7.6 9.0 9.9 10.6 11.1 11.5 11.8 12.1 l.4 12.b 12.7 12.9
1.42 13.0 13.1 13.2 13.2 13.3 13.3 13.4 13.4
* 7.7 9.2 10.1 10.8 11.4 11.7 12.1 12. 12.6 12.8 13.0 13.i 13.3 13.4
1.44 * 7.9 9.4 13.5 13.5 13.6 13.6 13.8 13.810.3 11.0 11.5 12.0 12.3 12.6 I2.9 13.1 14.3 13.5 13.6 13.7 13.8 13.9
1.4b * 3.0 13.9 13.9 14.1 14.19.b 10.5 11.2 11.8 12.2 12.6 12.9 IJ.2 13.4 13.b 13.7 13.9 14.0 14.1
1.48 * 8.* 9.7 14.2 14.2 14.3 14*4 14a.410.7 11.4 12.0 12.5 12.9 14.2 I..4 13.7 IJ.9 14.0 14.2 14.4
1.50 * 8.4 9.9 10.9 11.7 12.2 12.7 13.1 13.4 13.7 

149. 14e5 14.5 14.6 14*6 14.7

13.9 14*1 14*.3 14.5 14.6 14.7 14.8 14.8 14.9
1.52 * 14.9 15.18.5 10.1 11.1 11.9 12.5 13.0 13.4 14.7 14.0 14.2 14.4 14.b 14*.
14.8 15.0 15.1 15.2 15.2 15.2
1.!34 8.7 10.3 15.4
11.3 12.1 12.7 13., 13.6 14.0 14.3 14.5 14.7 14.9 
 15.1 15.2 15.3 15.4 15.b 15.5 15.6 15.6
1.!5 * 8.8 10.5 11.6 12.3 13.0 13.5 13.9 
 14.2 14.5 14.8 & .0 15.2 15.4 15.5 15.6 15.7
1.58 * 9.0 10.7 11.8 12.6 15.8 15.8 15.9 15.9
13.2 13.7 14.1 14.5 14.8 15.1 15.3 15.5 15.7 15.8
1.60 4 9.2 10.9 15.9 16.0 Ib.1 16.2 16.2 16.312.0 12.8 13.4 14.0 14.4 14.8 1b.1 15.4 15.6 
 15.8 16.0 16.1 16.2 16.3 16.4 16.5 16.6 16.6
1.62 * Y.3 11.1 12.2 
 13.0 J.3, 1-.2 14.1 16.0 15.4 15.6 1.9 1b.1
1.64 4 1.5 11.3_-. --T~ 13.9 14.5 14.9 15.3 15.9 

16.3 16.4 16.6 16.7 16.8 16.8 16.9 16.9 
1.66 -V.6 11.4 12.6 

16.6 la.2 16.4 1b.b 16.7 16.9 17.0 17.1 17.2 17.2 17.3
13.5 14.2 1-+.7 16.2 16.b 

I.61 * 9.8 11.6 12.8 14.4 

1.9 1b.2 16.5 16.7 16.9 17.0 17.2 17.3 17.4 17.5 17.6 17.6
13.7 1b.0 
15.5 15.9 I.2 1b.b 16.8 17.0 17.2 17.4 17.5
1.70 * 10.0 11.8 13.0 13.9 14.7 15.2 15.7 
17.b 17.7 17.8 17.9 17.916.1 l.5 11.1
16.8 17.3 17.5 17.7 18.0
17.8 18.1 18.2 18.2 18.'
1.72 * 10.1 12.0 13.3 14.2 14.9 15.5 16.0 16.4 16.8 17.1 17.6
1./4 * 10.3 12.2 13.5 15.2 

17.4 17.8 18.0 18.2 1d.3 18t.4 18.5 18.6 18.6
14. 16.8 
 16.3 io.7 11.1 17.4 11.7 17.9 18.1 18.3 18.5
1.7b * 10.5 12.4 14.1 18.6 18.7 18.8 18.9 19.0
14.7 15.4 16.6
16.0 17.0 11.4 17.7 18.2
l.0 18.4 18.6 18.8 19.1
18.9 19.2 19.3 19.3
1.78 
* 10.6 12.6 13.v 14.9 15.7 16.3 17.3
16.8 17.7 

1.oO 0 10.8 

18.0 18.3 18.b 18.8 19.0 19.1 19.3 19.4 19.5 19.6 19.7
12.8 14.2 16.1 15.9 16.6 17.1 17.5 17.9 18.3

1.82 * 11.0 13.0 

In.b 18.9 19.1 19.3 19.5 19.6 19.7 .19.9 20.0 20.0
14.4 16.' 1b.2 16.8 17.4 17.8 18.2 18.6 18.9 i9.2 19.4 19.6 19.8 19.9 20.1 0.2 20.3 20.4
1.m' * 11.1 13.2 14.6 15.6 1b.4 17.1 17.b 18.1 10.5 18.9 19.2 19.5 19.71.86 * 11.3 19.9 20.1 20.3 20.4 20.5 20.7 20.713.4 14.8 16.9 16.7 1?.-+ 17.9 18.4 lo.8 19.2 
 19.5 i9.8 20.3
20.0 e0.5 20.6 20.8 21.0
1.88 * 11.5 13.6 20.9 21.115.0 16.1 16.9 17.6 16.2 18.7 19.1 19.5 19.8 20.1 20.4 20.8
20.6 21.0 21.1 21.2 21.4 21.5
1.4* * 11.6 13.b 15.3 16.3 
 17.2 17.9 18.5 19.0 19.4
1.92 * 11.8 14.1 15.5 
19.8 20.1 20.4 20.1 20.9 21.1 21.3 21.5 21.6 21.7 21.81*.6 17.6 18.2 18.8 19.3 
 19.7 20.1 20.5 40.8 2l.0 21.3 21.5 21.7 21.8
1.94 21.9 22.1 22.2
* 1e.0 14.3 15.7 1b.8 17.7 
 18.4 19.0 19.6 20.0 20.4 20.8 41.1 21.4 21.6 21.8 22.0 22.3
1.46 * 12.2 22.2 22.4 22.514.5 1b.0 17.1 Ib.o 
 Id.7 19.3 L9.9 20.3 20.7 21.1 21.4 21*. 21.9 e2.2
1.98 * 12.3 14.7 16.2 22.3 22.5 22.7 22.8 22.917.3 18.2 19.0 19.6 e0.2 


2.00 * 
2u.6 21.0 21.4 21.7 22.0 U.3 2.5 22.7 22.9 23.0 23.212.5 14.9 16.4 17.6 d.o, 23.3
19.3 19.9 20.5 20.9 21.4 21.7 22.1 22.4 22.6 22.8 2J.0 23.2 23.5
23.4 23.6
 



Table 10 (continued) 

ha 	 . h6-hb r .... 

.30 .32 .34 .36 	 .38 .40
.1b .1 .20 .22 .24 .26 .28
.0d .04 .06 .08 	 .1U .12 .1' 


21. 21.7 2.1 22.4 	 Z2*.7 22.9 &3.2 24.4 23.b 23.7 23.9 24.0
 
2.oa * 12.7 15.1 .16.7 17.8 18.8 19. 20.2 20.8 

23.9 ?4.1 24.2 24*4'
22.0 22.4 22.7 23.0 	23.3 23.5 23.7 

2.04 * 12.9 15.3 16.9 18.1 19.0 19.8 20.5 21.1 2I.t 

24.1 24.3 e4.5 24.6 	 24.7
22.7 Z3.0 23.4 23.6 	23.9 

2.06 0 13.0 15.b 17.1 1d.3 19.3 20.1 20.8 21.4 21.9 22.3 


2e.2 22.6 24.0 23.4 Z3.1 24.0 24.2 
 24.5 24.7 Z4.8 25.0 	 25.1
 
?.b*13.2 15.1 17.4 18.6 19.6 20.4 21.1 eI.7 	 25.4 25.5
23.7 24.0 24.3 24.6 	24.8 25.0 25.2


19.8 20.7 21.4 22.0 	 2Z.5 22.9 23.4
2.10 * 14.4 15.9 17.6 18.8 
4,4 24.7 24.9 252 25.4 25s.6 25.7 25.9


21.6 U.3 22.b 23.3 2J.7 24.0

2.12 - 13.6 16.k 17.8 19.1 40.1 20.9 


d5.9 26.1 26.3

19.4 20.4 41.e 21.9 22.b .2j.1 23.6 24.0 24.4 ?4.1 25.0 e5.3 2b.5 25.7 


2.14 * 13.7 1b.4 18.1 	 26.5 26.625.1 25.4 Z5.6 2!.9 	2b.1 26.3
22.2 22.9 2J.4 23.9 24.3 24.7

2.1o * 13.9 1b.6 18.3 19.6 O.6 21.5 26.9 27.0
25.7 e6.0 26.3 26.5 	26.7
2J.2 24.7 24.2 24.7 25.1 25.4 

2.1b * 14.1 16.d 18.6 19.9 20.v 21.d 22.5 

26.1 26.4 26.6 26.8 	27.1 27.2 27.4
23.5 24.1 24.6 2b.0 25.4 25.8

2.20 * 14.3 17.0 18.6 20.1 21.2 22.1 22.8 27.8
26.4 26.7 21.0 27.2 	 27.4 27.6
23.8 24.4 24.9 26.3 25.7 26.1

2.22 * 14.5 1I.? 19.0 20.4 21.5 22.4 23.1 

27.3 27.6 27.8 28.0 	26.2
25.2 25.7 2b.1 Z6.5 	26.8 27.1 

2.2 * 14.7 17.4 19.3 2u.6 21.7 22.7 23.4 24.1 Z4.7 


e7.4 21.7 28.0 28.2 	28.4 2!.6
25.5 2b.0 26.4 26.8 	27.1 

2.2b * 14.5 17.7 19.5 20.9 22.0 22.9 23.7 24.4 2t.O 

28.6 28.o 28.9
2b.3 26.8 Z7.2 27.5 	27.8 28.1 28.3
k2.3 ?J.2 k4.6 24.7 	2°.3 25.9 
2t.7 26.2 2o.7 27.1 27.5 27.92.2d * 1s.0 17.9 19.8 21.2 28.2 2d.5 28.7 28.9 	 29.1 29.3
 

2.30 * It.? 18.1 20.0 21.4 e2.6 23.5 24.3 2!.0 	 29.728.2 28.5 28.8 29.1 	 29.3 29.5
e:.4 kb.0 26.5 27.0 27.5 2749
e.32 * 15.4 18.3 20.3 21.7 22.9 23.8 24.b 

29.2 29.5 29.7 29.9 	30.1
2b.3 26.9 21.4 27.8 	 28.2 28.b k8.9 

2.44 * P3.6 18.6 2u.S 22.0 23.1 24.1 25.0 25.7 

28.2 e8.b ECE.9 29.3 	29.b 29.9 JO.1 30.3 30.5
Zb.6 27.2 21.7
2.3b * 15.8 18.b 20.1 22.2 23.4 24.4 25.3 2o.0 
29.6 30.0 30.2 30.5 	30.1 30.9
21.0 27.5 26.1 28.5 	28.9 29.3 


2.38 * 10.0 19.0 21.0 2Z.5 23.7 24.7 25.6 2a.3 
30.3 30.6 30.9 31.1 	 31.3
27.9 28.4 28.9 29.3 	29.7 30.0 


2.40 * 16.1 19.2 21.2 22.8 24.0 25.0 25.9 26.6 21.3 
31.0 31.3 31.5 31.7
28.1 29.2 29.7 30.0 	 30.4 30.7
24.J 2:.3 46.2 eb.9 	21.b 28.2
2.4e * 16.3 19.5 21.t 23.0 31.7 31.9 32.1
29.b 30.0 30.4 40.8 	31.1 31.4
e4.6 2b.6 2b.5 27.3 	 28.0 28.b 29.1
2.44 * 1b.5 1).7 21.7 23.3 32.0 32.3 32.5
30.4 30.8 31.1 31.5 	31.8
26.8 27.6 2d.3 28.9 29.4 29.9


2.4b * Ib.7 19.9 22.0 23.6 24.8 25.9 32.9
30.7 31.2 31.5 31.9 	32.2 32.4 32.7
27.9 2o.6 29.2 29.8 30.3

2.48 * 16.9 20.1 22.3 23.8 Z5.1 2b.2 27.1 33.3
31.5 31.9 32.2 32.5 	32.8 33.1
28.2 29.0 29.5 30.1 30.7 31.1

2.50 * 1/.1 20.4 22.5 24.1 25.4 2o.5 27. 



Table 10 (continued) 

ha ha-hb 

* 
.42 .44 .4b .48 .:u .b2 .54 .5b .5a .60L .6i .4 .66 

.14 
1.0t) * 

8. 
.5 

6.2 
8.5 

8.e 
.5 

8.2 
6.5 

8.2 
d0. 

8.e 
l.t 

8.2 
tb 

8.2 
8.5 

d.2 
8.5 

8.2 
8.S 

b.2 
8.5 

8.2 
805 

8.2 
8.5 

1.uo 
1.10 

* 
* 

8.8 
9.0 

8.6 
9.0 

88 
9.0 

d.8 
9.0 

8d. 
9.U 

8.8 
9.0 

d,8 
9.0 

6.8 
9.0 

0. 
9.0 

od88 
900 

. 
9.0 

8.o 
9.0 

8.8 
9.0 

1.12 * 
1.14 * 

V.3 
9.6 

9.3 
9.6 

9.3 
9.b 

9.3 
9.6 

9.4 
9.b 

9.3 
9.6 

9.3 
9.6 

9.3 
v.6 

9.3 
v.6 

9.3 
96b 

9.3 
9.b 

9.3 
9.6 

9.3 
906 

1.1b * 9.9 9.9 9.9 909 9.9 V.9 909 9.9 9.9 9.9 9.9 9.9 9.9 
1.18 
1.20 

* 
-

10.1 
10.4 

10.1 
10.4 

10.1 
10.4 

10.1 
10.4 

10.1 
10.4 

10.1 
10.4 

lu.1 
10.4 

10.t 
1U.4 

10.1 
1U.4 

10.1 
10.4 

10.i 
10.4. 

10.1 
10.4 

10.1 
10.4 

1.22 * 
1.?4 * 
1.2b * 

10.7 
11.0 
11.3 

10.7 
11.0 
11.3 

10.7 
11.0 
11.3 

10.7 
11.0 
11.3 

10.1 
11.0 
11.3 

10.1 
11.0 
11.3 

10.1 
11.0 
11.3 

10.7 
11.0 
11.3 

lo.7 
11.0 
11. 

10.1 
11.0 
11.3 

10.7 
11.0 
11o3 

10.1 
11.0 
11.3 

10.7 
1100 
11.3 

1.28 * 11.6 11.b l1.b 11.6 11.b 11.6 11.b il.6 11.6 11.6 1lob 11.6 11.6 
1.:$0 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 11.9 
1.32 *12.2 
1.34 * 12.5 
1.3b * 12.8 

12.2 
12.5 
12.d 

li:.2 
12.5 
12.8 

12.2 
12.5 
12.8 

12.e 
12.5 
12.8 

12.2 
12.5 
12d.8 

12.2 
12.5 
12.8 

12.2! 
1e.5 
1,2. 

1.2 
12.5 
Ieo 

12.2 
12.5 
12.8 

1292 
12.5 
1U.8 

12.2 
12.5 
12.8 

12.2 
12.5 
12.8 

1.J8 * 
1.40 * 
1.42 * 

13.1 
13.4 
13.8 

13.1 
13.4 
13.8 

13.1 
13.4 
13.8 

14.1 
14.4 
13.8 

13.1 
13.4 
13.8 

13.1 13.1 
13.4. 13.4 
13.8 13.o 

i.1 
13.4 
13.8 

1J.1 
13.4 
1J.8 

13.1 
13.4 
13.8 

13.1 
143.4 
13.8 

13.1 
13.4 
13.8 

13.1 
13.'4 
13.8 

1.46 * 14.4 14.4 14.4 14.4 14.4 1,4.4 14.4 14.4 1#.4 14.4 14.4 14.4 14.4 
1.48 * 
1.50 * 
1.52 * 
1.54 * 
1.56 * 

14.7 
16.1 
15.4 
15.7 
16.1 

14.7 
15.1 
15.4. 
15.7 
16.1 

14.? 14.7 
15.1 15.1 
15.4. 15.4 
15.7 15.7 
16.1 16.1 

14.1 
15.1 
15.'4 
15.7 
16.1 

1'..7 14.1 14.7? 
15.1 15.1 15.1 
15.4. 15.4. 15.4 
15.1 15.7 1b.1 
1b.1 16.1 I.1 

14.1 
1t.1 
1t).4 
1t./ 
10.1 

14.7 
15.1 
15.4 
15.7 
1b.1 

14.7 
15.1 
15.4 
15.7 
16.1 

14.7 
15.1 
15.4 
15.7 
lbo 

14.7' 
15.1 
15.4 
15.7 
16.1 

1.58 * 
1.60 * 

Ib.4 
16.8 

16.4 
16.8 

16.4 
16.8 

1b.4 
16.8 

16.4 
1b.b 

16.4 
16.8 

16.4 
16.8 

I0.4 
1o.8 

o0.4 
1.8 

16.4 
16.8 

1b.4 
I.8 

Ib.4 
16.8 

16.4 
16.8 

1.fa 
I..4 

* 
* 

17.0 
11.3 

17.1 
17.5 

17.1 
17.5 

17.1 
17.5 

17.1 
17.5 

17.1 
17.5 

17.1 
11.5 

17.1 
17.5 

17.1 
11.5 

17.1 
17.5 

17.1 
11.5 

17.1 
17.5 

17.1 
17.5 

1.66 
1.toj 

* 
* 

17.6 
18.0 

17.8 
18.2 

17.8 
18.2 

17.8 
1I.2 

17.b 
18.2 

11.6 17.8 
1s2- 18.2 

11.8 
18.2 

11.b 
18.2 

17.8 
18.2 

17. 
18.2 

17.8 
18.2 

17.8 
18.2 

1.7U * 18.3 18.4 18.5 18.5 1b.5 18.5 18.5 18.5 l.5 18.5 18.5 18.5 18.5 
1.7e * d.7 18.7 1b.9 lp.9 18.9 18.-' 18.9 18.9 18.9 18.9 18.9 18.9 18.9 
1.74 * 
1.76 * 

19.0 
19.4 

19.1 
19.4 

19.3 
19.6 

19.3 
19.6 

19.3 
19.6 

19.3 
19.6 

19.3 
19.b 

19.3 
19.b 

1v.3 
lv.6 

19.3 
19.6 

19.3 
Iv.0 

19.3 
19.b 

19.3 
19.6 

1.78 * 
1.h0 * 

19.7 
20.1 

i9.b 
20.1 

19.8 
20.2 

20.0 
20.4 

2O.0 
e0.4 

20.0 
i0.4 

20.0 
k0.4 

20.0 
20.4 

2u.0 
20.4 

20.0 
20.4 

20.0 
20.4 

20.0 
20.4 

20.0 
20.4 

1.62 * 20.4 20.5 20.5 20.7 2O.7 20.7 20.7 20.7 0.7 20.7 20.7 20.7 20.7 
1.84 * 
1.C6 * 

20.8 
21.2 

20.9 
21.2 

20.9 
21.3 

21.1 
21.3 

21.1 
d1.5 

21.1 
21.5 

21.1 
21.5 

21.1 
e1.5 

21.1 
21.b 

21.1 
21.5 

21.1 
21.5 

21.1 
21.5 

21.i 
21.5 

1.88 
I.90 

* 
* 

21.5 
21.9 

21.b 
22.0 

21.6 
22.0 

21.7 
22-1 

eI.9 
22.J 

21.9 
22.3 

21.9 
22.3 

21.9 
22.4 

21.9 
2e.3 

21.9 
22.3 

21.9 
22.3 

e1.9 
22.3 

21.9 
22.3 

12* 
1.94 * 

22.3 
e2.6 

22.3 
22.7 

22.4. 22.4 
22.8 22.8 

22.7 
22.8 

22.7 
2..1 

22.7 
23.1 

ee.7 
e3.1 

22e.1 
2J.1 

22.7 
23.1 

22.7 
2J.1 

22.7 
23.1 

22.7 
23.1 

1.9b * 
1.98 * 

2.00 * 
2.02 * 

23.0 
e3.4 

23.7 
24.1 

23.i 
23.4 
23.8 
24.2 

23.1 
2 

23.9 
24.3 

23.2 
3.524.6 

24..0 
24.3 

23.2 e3.5 23.b 
?3.t 2J.d 23.8 
24.0 e24.2 24.2 
C4.4. 24.4' 24.0 

ej.b 
J.8 

k,'..d 
2-+.b 

2J.5 
2j.8 
24..e 
2-+.6 

23.5 
23.8 
g!4.2 
24.b 

23.5 
23.8 
24.? 
24.0 

23.5 
23.8 
24.e 
P-4.6 

23.5 
23.8 
24.2 
24.6 



Toble I0 (continued) 

ha-hb 

* 4 4 .b .48 .5U .52< .*5'. . 5 .60 *b2 .64 .6b 

e.L4* 24.6 ?4.7 24.7 24.6 ?'+.8 IdS.1 e5.1 2b.1 eS.1 2i.I1 25.1. 25.1 
2.jb 

2.10 

* 24.9 
*.(s.25.2 
* 2b.ft 

25.0 
25.3 
25.7 

25.0 
25.4 
25.8 

25.1 
2S.5 
25.9 

25.2 
25.b 
e6.0 

25.e 
25.6 
e6.0 

25.5 
26.b 
26.0 

2s.5. 
45.9 
26.3 

2!a.5 
2t.9 
2o.3 

25.5 
25.9. 
26.3 

25.5 
2b.9 
2b.3 

25.5 
25.9 
2b.J 

-L.5 
?5.9 
2693 

2.12 * 
4.4* 

2b.0 
26.'. 

26.1 
26.b 

2b.2 
2b.6 

26.3 
28.7 

et.3 
2!6.7 

2b.4 
26.8 

2b.4 
26.b 

e6.7 
d7.1 

2o.7 
21.1 

26.7 
21.1 

2b.7 
21.1 

26.7 
27.1 

26.7 
27.1 

2.16 
2.1d 

* 
* 

26.8I 
21.2 

26.9 
27.3 

27.0 
27.4 

27.1 
27.5 

?7.1 
e7.5 

07.2 
27.6 

27.3 
27.7 

21.3 
e1.7 

21.5 
26.0 

27.5 
28.0 

27.5 
28.0 

27.5 
28.0 

Z7.5 
28.0 

2.2u * 
2.22 * 
2.24 * 
2.Z6 * 
Z.?d * 
,&3U * 
2.32 * 
2.3. * 
2.3b * 
2.3a 4 
2.40 * 
2.42 * 
2.44 * 
2.4* * 
2.4 0 
2.50 * 

27.5 27.1 
21.9 28.1 
e6.3 23.5 
24.7 26.8 
29.1 2.2 

g.L, 29.6 
29.9 30.0 
30.3 30.4 
3(o. 30.9 
31.1 31.3 
31.3 31.7 
31.9 32.1 
.J.3 32.5 
32.7 32.9 
33.1 33.3 
33.5 33.7 

27.8 
28.2 
28.b 
29.0 
29.4 
29p. 
30.2 
30.6 
31.0 
31.4 
31.8 
32.2 
32.b 
33.1 
33.5 
33.9 

21.9 
2d.3 
28.7 
29.1 
29.5 
29.9 
30.3 
30.7 
31.1 
31.5 
31.9 
32.4 
32.8 
33.2 
3..6 
34.0 

e7.9 
26.&4 
i:8.8 
Z9.2 
29.b 
30.U 
JO.4 
30.8 
J1.2 
31.b 
32.1 
32.5 
J2.9 
33.3 
33.7 
34.2 

2b.0 
2d.4 
2.8 
29.2 
29.7 
30.1 
30.5 
30.9 
31.3 
31.7 
32.2 
32.6 
33.0 
3J.4 
33.9 
34.3 

28.1 
28.5 
28.9 
29.3 
?9.7 

30.1 
30.b 
31.0 
3i.4 
31.6 
32.3 
32.7 
33.1 
33.5 
34.0 
34.4 

28.1 
28.5 
2d.9 
e9.4 
e9.8 

30.2 
3u.6 
31.0 
31.5 
31.9 
32.3 
32.8 

33.2 
33.6 
34.1 
44.5 

2b.4 
2b.8 
Z9.0 
29.4 
29. 
30.2 
30.7 
31.1 
3i.5 
32.0 
32.4 
32.8 

33.3 
33.7 
34.1 
34.b 

28.4 
26.8 
29.2 
29.7 
30.1 
30.5 
30.7 
31.1 
3i.6 
32.0 
32.4 
32.9 

33.3 
33.8 
34.2 
34.6 

2d.4 
26.8 
29.2 
29.7 
30.1 
30.5 
31.0 
31.4 
31.9 
3e.3 
3.5 
32.9 

3J.4 
33.6 
34.2 
34.7 

28.4 
28.8 
29.2 
29.7 
30.1 
30.5 
31.0 
31.4 
31.9 
32.3 
32.d 
33.2 

33.7 
34.1 
34.3 
3.7 

28.4 
26.6 
29.2 
?9.7 
30.1 
30.5 
31.0 
31.4 
31.9 
32.3 
32.8 
33.2 

33.7 
34,1 
34.6 
35.1 



Table Ii Submerged flow calibration for 12inx9ft 

too Cutthroat flume, (Qcfs) 
h - h b 

.o2 .0' .) 008 .10 I1! .14 .16 .13 .O20 .22 .24 .26 .28 930 e32 34 e3b .38 .0 

M .0 .0 .0 .0 .0 .u .0 .0 .0 o0 so .0 .0 .0 .0 .0 .0 .0 .0 - .0 
.0. 
Sob 
.'iuim 
.h) " 

.el 
14* 

.1 0 

.1, 
.eU 
.ze 
.24 

Set
.P+j 

.0 

.0 

. 

.101 
.1 

.2 

.2 
e 
.3 
.3 
.4 
.4 
.40 

60 
.0 
.1 
.1*1 
.1 
02 
.2 
.2 
.13 
.3 
.4 
.'..5 

.0 

.0 

.1 

.1 
.1 
.2 
.2 
.2 
.3 
.3 
.4 
.4.5 

.O 

.0 

.1 

.1 

.1 
02 
.2 
.2 
.3 
.3 
.4 
.4
*5 

SO 
.0 
.1 
.1 
.1 

.2 

.2 

.e 

.J 

.3 

.4 

.4

.5 

.0 
.0 
.1 
.1 

d 
.2 
.2 
.3 
.3 
.4 
.4
.5 

.0 

.0 

.1 

*1 
.2 
.e 

.2 
o3 
.3 
.4 
.4
.5 

.0 

.0 
oi 

1 

.2 

.2 

.3 

.3 
.4 

.4
o5 

.o 
0 

.1 

.1 

.1 
02 
02 
2 

.3 
.3 
o4 

.4

.5 

.0 
'-0 

.1 

.1 
o1 
12 
*2 
.2 
.3 
.3 
.4 
.4
05 

.0 

.0 

.1 

.1 

.1 
*e 
02 
Si! 
.3 
.3 
-4 

.4
o5 

.0 
s0 
.1 
.1 
.o 
s! 
*2 
Si! 
.3 
.3 
o4 

.4
Is 

.0 

.0 
.1e 

.1 
01.1 
02 
*a 
02 
.3 
.3 
o4 

.4
05 

.0 

.0 
1 

.e 

.1 
.2 
.2 
.2 
°3 
°3 
s4 

.4
05 

.0 .0 
o0 .O 
*1 a1 
.1 .1*I 
*1 .1 
2 .2 
2 -.2 

.2 *2 

.3 .3 
..3 .3 

-4 o.4 
.4- .4o5 " -.­o 

SO 
.0S 

.. 1 
.1l1 
.1 
.2 
12 
.. 
.3 
.3 
.4 
.4
e5 

.0 
0 

.. l 

el 
.2 
*2 

2 02 
.3 
.3 
. 

-04
e5 

.o0 
. 0 
.1 

.1 
.2 
.o 
.2 

t3 
.3 
. 
94
05 

-'0 

.0 
.1 
01 
.1 

.-0*2 
;.02 

2 
" ,3 
,3 
' .4 
.e4
.5 

.300 

.42 
034 

.36* 

.s 
05 
.6 
.6 

.5 

.6 
6 

.7 

b. 
,b 
.7 
.7 

06 
*7 
.7 

o 
.7 
.7 

.5 

.6 

.1 

., 
I 

.5 
.6 
f 

., 

.5 
ob 
.7 
.7 

.5 

.6 
of 
.7 

.5 

.6 

.7 

.5Is 

.b 

.7 

. 

.5 

.6 

.7 

. 

.5 

.6 
o7 

.5 

.6 

.7 

.7e.7. 

5 
06 
e7 
.7 

6 
7 

.7 

55 
- -.6 
.47 

.6 

.7 

.5 
06 
o7 
.7 

5 
.b 
.­07 
*,7 

.40 * 

.42' 
07. 
A 

0
.9 

.8

.9 
8
.9 

.
1 

.8

.1j9 
b .8 

. .8
09 I8

09 .8
.9 .8

o9 &8.*9 .8
09 o8

19 .b°9 .80. 0a',- .8.9 :-9 .8.9 
.44 

006 

* 
0 
* 

'4 
.9

I00 

09 
1.0 
101 

1.0 
1.0 
1.1 

1.0 
1.0
1ol 

1.0 
1.0 
1.1 

1.0 
1.0
1.1 

1.0 
1.0
1.1 

1.0 
1.0
1.1 

1.0 
1.0
101 

1.0 
1.0
101 

1.0 
1.0
1°1 

1.0 
1.0
101 

100 
1.0
101 

100 
1.0
1.1 

1.0 
1.0
1ol 

1.0 
10
111 

1.0 
1.0
io1 

1.O 
"1.0
1.1 

1.0 
1.0
.1.I 

10 
-40
110+ 

.30 
.2 0 

' 

.56 " 

.5b * 

.bu * 

.62 * 

.3. * 

.6a * 

.% 
.10 * 

.72 * 
,74 4 

.7b * 

.18 * 
080 0 
o 0* 
.3 * 
. b * 
.8 * 
.4U 0 

.92 * 

.94 * 

.4b * 

.98 
1.00 * 

1.O 
1.1 
1.1 

1.2 
1.3 
1.3 
1.4 
1.5 
1.5 
1.6 
1.7 

1.7 
1.8 
1.9 
1.9 
2.0 
2.1 
2.1 
2.2 
2.3 
2.4 
2.4 
2.5 
2.6 
2.7 
2.7 

101 
1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
lob 
1.7 
1.7 
1.t 
1.9 
2.0 
2.u 
?-*1 
2.2 
2.3 
2.4 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.9 
3.0 

1.2 
1.2 
1.3 
1.4 
1.5 
1o 
1.6 
1.7 
1.8 
1.8 
1.9 
e.0 
2.1 
2.2 
2.2 
2.3 
.4 

2.b 
2.6 
2.7 
2.1 
2.-
e.9 
4.0 
3.1 
3.2 

1.2 
1.3 
1.3 

1.4 
1.5 
1.6 

'1.6 
1.7 
1.8 
1.9 
2.0 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 

1.e 
1.3 
1.3 
1.4 
1.b 
1.b 
1.7 
1.7 
1.IM 
1.9 
Z00 
2.1 
2.2 
2.3 
2.4 
2.4 
2.6 
2.b 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4. 

1.2 
1.3 
1*3 
1.4 
105 
1.6 
1.7 
1.8 
Ld 
1.9 
2.0 
2..1 
ed 
2.3 
2.4 
2.5 
.b6 

e.6 
e.7 
2o8 
2.9 
3.0 
3.1 
4.2 
3.3 
3.4 

1.2 
1.3 
l. 
1.4 
1.6 
1.6 
1.7 
1.7 
1.8 
1.9 
2.0 
2 
2.e 
d.3 
2.4 
2.5 
2.6 
Z.1 
-.8 
2.9 
4.U 
3.1 
3.2 
3.3 
3.4 
3.t) 

1Id 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.7 
1.8 
1.9 
2.0 
.12.1 

2.2 
:.3 
2.4 
2.5 
2.6 
2.7 
2.d 
2.9 
3.0 
4.1 
3.2 
3.4 
4 

4.5 

1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.7 
Lo 
1.9 
2.0 
.1 

2.2 
2.3 
2.4 
2.5 
2.6 
e.7 
2.8 
2.9 
4.0 
4.1 
4.2 
4.4 

4 

4.6 

1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
107 
1.1 
1.8 
1.9 
2.0 
2 
2.2 
2.3 
2.4 
2.5 
206 
2,7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.J 
3.4 
3.5 

1.2 
1.3 
1.4 
1.4 
1.5 
lob 
1.7 
1.7 
1.8 
1.9 
d0 
2.1 
2.2 
2.j 
2e'. 
2.5 
20 
2.7 
2.8 
2.9 
4.0 
3.1 
4.*2 
J.3 
4 

j.6 

1.2 
1.3 
1.3 
1.4# 
1.5 
10b 
1,7 
1.7 
1.8 
1.9 
200 
2.1 
2.2 
2o3 
2.4 
2.5 
29b 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 

1.2 
1.3 
1.3 
1.4. 
1.5 
1.6 
1.7 
1.1 
1.8 
1.9 
g.0 
2ol 
2.2 
2.3 
e.4 

2.5 
2.b 
2o7 
2.b 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 

3.5 

1.d 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.7 
1.8 
1.9 
2.O 
Z. 
2.2 
2.3 
2.4 
2.5 
2.6 
Z.7 
2.8 
2.9 
30 
3.1 
3.2 
3.3 
3.4 
3.5 

1.2 
-1.3 
1o3 
1.4 
1.5 
1.6 
1.7 
107 
18 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2e6 
2.7 
2.8 
2.9 
3.0 
3ol 
3.2 
3.3 
3.4 
3.5 

1.2 
1o3 
1.3 
1.4 
1.5 
1.6 
1o7 
1.7 
1.8 
1.9 
2.0 
21 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3ol 
3.2 
3.3 
44 

3.5 

1.2 
1.3 
1o3 
1.4 
1.5 
1.6 
1.7 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.J 
3.' 
3.5 

1.2 
1.3 
1.3 
1.4 
1.5 
1-.6 
107 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2 ; 3 

2.4 
'2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3o3 
3.4 
3.5 

1.2 1.2 
1.3 1.3 
.'.3 .1.3 
1.4 - .1.4 
1.5 .1.5 
1.6 1.6 
1o7 1.7 
.1,7.117 
1o8 1.8 
1.9 '109 
210 *2.0 
2..1 2.1 
2.2* 2 

. 232.3 
-2 14 2.4 
2.5 2.S 
2.6 2.6 
2.7 2.7 
2.8 2.8 
2.9 2.9 
3.0 3*0 
3.1 3.l 
3.2 3.2 
3.3 .3.3 
3.4 3.4 
3.5 3.5 



Table II (continued) 

ho ha-hb 

S.02 .04 0b .08 .10 .12 .14 .10 .18 .20. .2 e24 .2b .8 030 .32 .34 36 .38 .40. 

1.02 * 2.8 3.1 3..3 4.4 3.t 3a j.b 4.0 Job 3.6 Jb 3.b 3.6 3.6 3.6 3.b 3.6 3.o 3.b 3.6 
1.04 * 2.9 3.2 3.4 3.5 3.b 3.6 3.7 3.7 3.7 3.7 Jo7 3.7 3,7 3.7 3.7 3.7 3.7 3.7 3.7 3o7 
I.Ob 30 3. 3.5 3.6 3.1 3.7 3.8 3.d J 3.83.J 3.8 3.8 3.8 3.8 3.8 3.8 3.6 3.8. 3.8 
1.08 * 
1010 * 

J.0
301 

3.4
3.5 

3.6
3.7 

3.7
3.b 

3.8
3.9 

3.9
4.0 

3.9
4.0 

J.9
'0.0 

j.9
4.1 

4.0
4,1 

J.9
4.1 

3.9 
4,1 

3*9
491 

3.9
4o1. 

3.9
4a1 

..9
4*1 

3.9
4.1 

3.9' 
4.1 

3.
A.1 

3.9 
4.1 

1.12 * 3.2 3.o 3d 3.9 ..0 +.1 4.1 4.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4. 4.2 4., 4.2 
1.14 * 3.3 3.o 3.9 4.0 4.1 4.! '.o2 4.3 4.3 4.3 .3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 
1.1b * 3.4 3.7 4 0 -0.1 4.2 +.03 4.3 404 4.4 4.4 4.4 4,4 4o4 4o4 4*4 4.4 4.4 4.4 4.4 44 
101b * $5.4 3.8 4.0 4.2 4.3 't.4 4.4 '+.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 495 495 4.5 4.5 405. 
1.eo * 3.5 3.9 4.1 4.3 4.4. 4.5 '..6 -#.6 4.6 4.7 4.7 4.7 4.7 4.1 4.7 4.7 4,7 4.7 4.7 4.7 
1.22 * 3.b 4.0 4.e 4.4 4.! -..b 4.7 4.7 4.8 4.8 4.d 4.8 4.8 4.8 4.8 4.8 4.8 4,8 4.8 4B8 
1.24 * 3.7 4.1 4.3 4.5 4.6 4.1 *.b8 4*. 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 '..9 
1.eb * J." 4.2 4.4 4.6 4.7 4.8. 4#.9 4.9 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
I.e * 3.9 4.3 4.5 4.7 4.6 4.9 5.0 5.1 .l 5.1 5.2 5.2 Sol 5.1 5.1 5ol 5.1 5.1 5o 5ol 
1.30 
1.42 

* 
* 

3.9 
4.0 

4.4 
4.5 

4.t 
4,8 

4.8 
4.9 

5.0 
5.1 

5.1 
5.2 

501 
5.2 

2.2 
5.3 

o2 
5.3 

5.3 
5.4 

0.3 
5.4 

5.3 
5.4 

5.3 
5.4 

5.3 
5o4 

5o3 
5 
.4 

5.3 
5.4 

5.3 
5.4 

5o3 
5.4 

5.3 
5.4 

5.3 
5.4 

1.34 * 4.1 4.6 4.9 5.0 5.2 5.3 5.4 6.4 *5 5.5 5o5 Sob 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
1.36 * 4.2 4.7 5.0 5.1 5.3 5.4 5.5 5.5 t.6 5.b 5.7 5.1 5.7 5.7 5.7 5.7 S.7 5.7 5.7 '.7 
1.3d * 4.3 4.8 5.1 5.3 5.4 5.5 5.6 5.7 b.7 508 5.8 5.8 5.8 5.8 5.8 S.8 5.8 5.8 5.8 5.8 
1.40 * 4.4 4.9 5.2 5.4 5.5 5.6 5.7 5.8 .d 5.9 S.9 5.9 5.9 5.9 5.9 5o9 5e9 5.9 5.9 b.9 
1.42 0 
1.44 * 

4.5 
4.5 

5.0 
5.1 

5.3 
5.4 

5.5 
5.6 

5.6 
5.7 

).7 
59 

5.6 
6.0 

5.9 
o0.0 

o0o 
b.1 

6.0 
6.1 

b.O 
b.2 

b.1 
6.2 

b.1 
6.2 

6.1 
6.2 

6.0 
6.2 

6.0 
6.2 

6.0 
6.2 

6.0 
6.2 

6.0 
b. 

6.0 
6.2 

1.4t6 4.6 5.2 5.5 s.7 5.9 b.O 6.1 O.2 b.2 6.3 b.3 o.3 b3 6.3 6.3 6.3 b3 6.3 6.3 6.3 0 
1.48 0 4.7 5.3 5.6 5.8 o.0 6.1 b.2 b.3 b.3 6.4 6.4 6.4 695 6.5 6.S 6.5 6.5 6.5 6.5 6.5 
1.50 * 49t 5.4 b.7 509 601 b.2 b.3 6.4 b.5 6.5 bob 6.6 bob 6.6 6,6 bob 6.6 6.6 6.6 6.6 
1.52 * 4.9 505 5.8 6.0 b. 6.3 6.4 b.5 6.b 6.6 b.7 6.7 6.7 6.7 b.8 6.7 6.7 6.7 6.7 b.7 

1.54 * -,Oo 56 5.9 6.2 o.3 o0.5 6.6 o.7 b.7 6.8 ob. 6.9 6.9 6.9 6.9 6.9 6&9 6o9 6.9 6.9 
1.5b * .1 5.7 b.0 6.3 6. 6.6 b.7 b.8 0.9 6.9 700 7.0 7.0 7.0 7.0 7*0 700 7.0 7.0 1.0 
1.58 * 1..2 sad f.1 0.4 6.6 b.7 6.8 6.9 1.0 7.0 7.1 7.1 7.1 7.2 7.2 7.1 7.1 7.1 7.1 7.1 
l.bu * 5.3 5.9 b.2 b.5 b.7 O.8 7.0 7.0 7.1 7.2 7.2 7.3 7.3 7o3 7.3 7.3 7.3 7.3 7.3 7.3 
l.q2 5.4 b.0 b.4 b.b o.8 7.0 7.1 7.2 1.2 7.3 1. 7.4 7.4 7.4 7.5 7.5 7.4 7.4 7.4 7.4 
I. ' * 5.5 6.1 6.5 b.7 6.9 7.1 7.2 7.3 1.4 7.,# 1.5 7.5 7.6 7o 7.b 7.6 7.6 7.b 7o 7.6 
1.66 0 5.& 6.2 6.6 6.8 7.0 7.2 7.3 1.4 7.5 7.6 7.6 7.7 7.7 7.7 7e7 7.7 7.7 7.7 7.7 7.7 
1.b8 * bob 6.3 6.7 7.0 7.2 7oJ 7.5 7.6 7.6 7,7 7.8 7.8 7.8 7.9 7.9 7.9 7.9 7.9 7.9 7.9 
1.70 * 5.7 6.4 b.8 7.1 7.3 7.5 7.6 1.7 1.8 7.9 7.9 8.0 8.0 8.0 8.0 8.0 .00 8.0 8.0 8.0 
1.t2 * 5.8 6.5 6.9 7.2 7.4 7.6 7.7 7.8 7.9 8.0 b00 8ol 8.1 8.2 8.2 8o2 8.2 8.2 802 8.2 
1.74 * 5.9 6.6 7.0 7.3 7.5 7.7 7.9 8.0 d.l 8.1 d.2 8.2 8.3 8.3 8.3 8.3 ".3 8.3 8.3 8.3 
1.7b * 6.0 6.7 7.1 7.4 7.7 7.0 8.0 d.1 .2 8.3 8.3 8.4 -.4 8.4 8.5 8.5 8.5 8.5 8.5 8.5 

0 .1 6.b 7.j 7.6 7.8 8.0 8.1 d.2 8.3 8.4 8.5 8.5 8.b 8.o 8.b db 8.6 8.6 8.6 8.6 
1.130 * 6.2 6.9 7.4 7.7 7.9 8.1 8.2 d.4 b05 8.5 8.b 8,7 8.7 8.7 8.8 8.8 8.8 808 8oe 8.8 
1.,2 * a.3 7.01 7.5 1.8 bo0 8s.2 d.4 8.5 8s.6 8.7 8s.8 8.8 8.9 d.9 8.9 8.9 8.9 8.9 8.9 8.9 
lob4 * 604 7.2 7.6 1.9 8.e 0.4 80o 8.6 0.7 8.8 a.9 9.0U 9.0 9.0 9.1 9.1 901 V.1 9.1 V.1 
1.bb * 6.5 7.3 7.1 8.0 8.3 8. 8.6 d.d 8.9 9.0 v.0 9.1 9.1 9.2 9.2 9e2 9.2 9.3 9.2 9.2 
1.88s * 6.6 7.4 7.8 8.2 8.4. d.6 8. C5.9 9.0 9.1 9.2 9.2 9.3 9.3 9.4 9.4 9.'. 9.4 9.4 9.4 
1.*0 b.7 7.5 8o 8.3 8.o 8.8 8.9 9.1 9.2 9.3 903 9.4 9.4 9.5 9.5 9.5 9.b 9.6 9.5 9.5 
1.4* b.1 7.b 8.1 8.4 8.7 8.9 901 9.2 V.3 9.4 905 9.5 9.6 9.6 9.7 9.7 9.7 997 9.7 9.7 
1.9' * 6e9 7o7 8.2 8.5 8.8 9.0 9.2 9.3 o.4 9,5 9.6 9.7 907 9.8 9.8 908 9.9 9.9 9.9 9.8 
1.9t * 7.0 7.8 8.3 a.7 8.9 9.2 9.3 9.5 9.6 9.7 9.8 9.8 9.9 9.9 10.0 10.0 10.u 10.0 10.0 10.0 
1.9 * 1.1 7.9 8.4 d.8 9.1 9.3 9.5 Y.6 v.7 9.8 9.9 10.0 10.0 10.1 10.1 10.2 10.2 10.2 10.2 10.2 
2.00 * 7.2 8.0 8.b 8.9 9.e 9.4 9.b v.7 v.9 10.0 10.1 10.1 10,2 10o2 10.3 10.3 10.3 10.4 10.4 10.3 



Table II (continued) 

ha0 ha-h 

.02 .04 Ub 
 0t *Iu .1e .14 .16 .18 .20 .22 .24 .26 .i8 .30 
 .32 .34 .36 .38 
 *40
 
2.u2 1.3 8.2 
 8.1 V.1 9.3 9.b 
 9.7 9.9 1U0O 10.1 10.2 10.3 10.3 10.4
e.wo' 7.4 10.4 10.5 10.5 10.5
d*j b.o 9.2 9.5 10.5 10.5
v.7 9.9 10.0 10.2 10.3 10.4 10.4 10.5 
 10.5 10.6 10.6
.Ub ? .5 8 4 b,9 10.7 10.7 10.7 10.7
9.3 9.b 9-d 10.0 10.2 10.3 10.4 10.5 
 10.6 10.7 10.7 10.7 10.8 10.8 10.8
k.ob 1.6 .5 9.0 10.8 10.9
9.4 9.1 10.0 10.2 
 10.3 1U.5 10.6 10.7 10.7 10.8 10.9 10.9 10.9
2.1u 7.7 0.b 11.0 1100 11.0 11.0
9.2 9.6 9. 10.1 10.3 10.5 1U.b 10.7 
 10.8 10.9 11.0
2.12 1.8 8.f 9.3 11.0 11.1 11.1 11.1 11.2 11.2 11.29.7 10.0 10.2 10.4 
 10. 10.7 10.9 11.0 11.0 11.1 11.2 11.2
i:.14 1.9 11.3 11.3 11.3 11.3
8.t3 9.4 9.8 10.1 10I4 10.6 10.8 IU.9 11.3 
2.16 100 11.1 11.2 11.3 11.3 11.4 11.4
-§.0 9.0 9.5 10.0 10.3 10.5 10.1 10.9 11.5 l.b 11.5 11.5
11.0 11.2 11.3 11.4 
 11.4 11.5 11.5
2018 8.] 4.1 9.1 10.1 11.6 11.6 11.6 11.7 11.7
10.4 10.7 10.9 11.0

e.20 o d.2 9.e 

11.2 11.3 11.4 11.5 11.6 11.6 11.7 11.7 11.8 11.8 11.8
9 8 10.e 10.5 10.8 11.8
11.0 11.2 11.3 11.5 
 11o. 11.7 11.7 11.8
2.22 8.3 Z.3 9.v 10.3 10.1 10.9 11.2 11.3 
11.9 11.9 11.9 12.0 12.0 12.011.5 11.6 l.7 11.8 
 11.9 12.0 1200 1ol
2.24 * ,4 9.4 10.0 10.5 10O 12.1 12.1 12.2 12.2
11.1 11.3 11.5 11.b 
 11.8 11.9 12.0 12.1 12.1 1..2
2.2b m'i.. 9. 10.2 10.6 11.0 11.2 11.4 
12.2 12.3 12.3 12.4 12.311.b 11.8 11.9 12.0 
 12.1 12.2 1L.3 12.4
2.28 8.6 9.7 10.3 10.7 11.1 11.4 11.6 11.d 

12.' 12.4 12.5 12.5 12.5
11.9 12.1 1.2 12.3
2.iu * d.8 9.i 10.4 10.9 1.4 12.5 12.5 12.6 12.6 12.b 12.711.2 11.5 11.7 11.9 Leal 12.2 12.4 12.5 12.7
 
L.32 t1.9 9.9 10.6 i.5 12.b 12.7 12.7 1U.8 12.8 12.8
11.0 11.4 11.7 11.9 12.1 12.2 12.4 1I.5 12.9


12.6 i.7 1U.8 12.8
2.s. 9.0 100 10.7 11.1 11.5 11.8 12.0 12.2 1s4. 12.5 
12.9 12.9 13.0 13.0 13.0
1l.7 12.8 12.9
2.3b 12.9 13.0 13.1 13.1
V".1 10.1 10.8 11.3 II.b 11.9 12.2 12.4 1e.6 12.1 le.8 

13.1 13.2 13.2

12.v 13.0 13.1 13.2
2.48 ' 9.? 10.3 13.2 13.3 13.3 13.410.9 11.4 11.b 12.1 12.3 12.5 12.7 12.9 13.4
IJO 13.1 13.e 13.3 13.3 13I4 13.4 13.5
e0 t * v.3 10.4 13.5 13.611.1 11.6 11.9 14.2 
 12.5 12.7 12.9 13.0 
 13.1 13.3 13.4 13.4
2.42 * 9.4 10.5 11.2 11.7 12.1 12.4. Le.6 12.8 Ij.0 13.2 143 13.4 

13.5 13.6 13.6 13.7 13.7 13.7 
2.44 * 9.5 10.6 11.3 11.8 12.d 12.! 12.8 13.0 

13.5 13.6 13.7 13.7 13.8 13.8 13.9 13.914.2 13.3 13.5 13.6 
 13.7 13.8 13.8 13.9
. 14.l 1-.0 14.0 14.1
* 9.6 10.8 11.5 12.0 12.'. 12.7 12.9 13.1 Ij.3 13.5 13.b 
13.7 13.8 14.0
2.1. * 9.7 10.9 11.6 12.b 13.9 14.1 14.1 14.2 14.2 14.312.1 12.8 13.1 13.3 13.5 13.6 
 13.8 13.9 14.0 14.1
0. o* -j.8 11.0 11.7 12.2 14.2 14.2 14.3 14.4 14.4 14.4
12.b 13.0 13.2 13.5 
IJ.6 13.8 14.0 14.1 
 14.e 14.3 14.4 14.4
2.Z2 * 9.9 11.1 14.5 14.5 14.6 14.611.9 12.4 12.8 13.1 
 13.4 13.b 13.8 14.0 
 14.1 14.2 14.3 14.4
2.*t * 10.1 11.2 12.0 12.5 12.9 14.5 14.6 14.7 14.7 14.7 14.8
13.3 13.5 13.8 14.0 
 14*.1 14.3 1404 14*5 
14.6 14.7 14.8 14.8
2.5b * 10.2 11.4 12.1 12.7 13.1 13.4 14.9 14.9 lb.0
13.7 13.9 14.1 14.3 
 11.4 14.b 14.7 14.8
2.58 * 10.3 11.t 12.3 12.8 14.9 14.9 15.0 15.1 15.1 1!.113.2 13.6 13.8 14.1 14.3 14.5 14.b 
 14.7 14.9 15.0 15.0
2.60 * 10.4 11.6 12.4 15.1 15.2 15.2 15.312.9 13.-& 13.7 14.0 14.2 14.4 14.b 15.3
14.8 14.9 15.0 15.1
2.62 * 10.5 11.1 12.5 13.1 13.t 14.9 14.1 
15.2 15.3 15.,# 15.& 15.5 15.514.4 1,+.b 14.8 14.9 15.1 15.2 15.3 15.4
2.6b4 10.6 11.9 1.b 15.5 15.6 15.6
12.7 13.2 13.7 1'.0 14.3 14.5 14.0 14.9 15.7
it.1 15.2 1!.4 15.5
e.6b * 10.7 12.0 12.8 13.4 15.6 15.6 15.7 15.8 15.8 15.913.8 1,&.2 14.5 
 1.7. 14.9 15.1 15.3 15.4 15.5 15.6 15.7 I.8
20*t * 10.8 12.1 IE.1 13.5 13.9 15.9 15.9 16.0 16.0
1-#.3 1+.6 14..9 15.1 
 15.3 15.4 15. 15.7
2.70 * 10.9 12.3 13.1 13.6 15.8 15.9 16.0 16.1 Ib.1 16.2 16.214.1 i'.. 14.8 1.O Is.,e 15.4 15.6 15.1 15.9 16.0 16.1
2.7e 11.1 1?.4 13.2 14.2 16.2 Ib.2 16.3 16.4 16.4
13.8 14.6 14.9 16.2 Ib.4 15.6 
 15.8 15.9 16.0 16.2
2.7'. 11.2 16.3 16.3 1b.4 16.5
I.5 13.3 13.9 14.' 14.8 15.1 Is.3 16.5 16.6
15.6 15.8 Is.9 Io.1
2.7b 16.2 16.3 16.4 Ib.5 


2./ 11.4 12.6 13.o0 1b.4 16.5 16.6 16.7 16.8 16.8 16.9 17.0
 
* 11.3 12.6 13.5 14.1 1.b I,+.9 15.; 15.5 1:.7 15.9 16.1 16.3 

lb.6 16.7 16.7 16.8 
14.2 14.7 15.1 16.4 
 1!3.1 I.9 1b.1 1.3 
1b.'. Ib.b 16.7 16.82.60 * 11.5 12.9 13. .1 16.9 17.0 17.0 17.1 17.114.4 1,.b 15.2 15.6 1S.8 
 16.1 16.3 10.4 lb. 
 16.7 16.9 17.0 17.1
2.12 * 11.6 13.0 13.9 14.5 15.0 15I. lb./ 17.1 17.2 17.3 17.316.0 1b.2 16.4 1.6 
1b.8 16.9 17.0
2.a4 11.7 13.2 14.0 14.7 17.1 17.2 17.3 17.4 17.5 17.5
15.1 Is.5 15.9 1a.0 
 o0.4 16.6 16.8 16.9
2.88b 11.9 13.3 14.2 14.8 15.3 15.7 16.0 

17.1 17.2 17.3 11.4 17.5 17.6 17.b 17.7
16.3 16.6 16.d 17.0 
 17.1 17.3 11.4 17.5
2.88 1?.0 13.4 14.3 14.9 IS." 15.9 16.2 1b.5 16.7 
17.6 17.7 17.8 17.8 17.9
16.9 17.1 17.3 17.4 17.6 17.7 17.8
. 4 " 13.5 17.9 18.01.1 14.4 15.1 15.b lb.0 18.0 18.1
1b.4 io.6 I0.9 11.1 
 17.3 17.5 17.6 17.8
2.."k 12.2 13.7 1.6 15.2 15./ 1b.2 10.5 16.8 

0l.9 18.0 18.1 18.1 18.2 18.3
11.1 17.3 17.5 17.6 
 17.8 17.9 18.0 18.2
2.94 12.3 13.1 14.1 15.4 15.9 Io.3 16.2 18.3 18.4 I8.5
16.7 11.0 11.2 17.5 17.6 17.8 18.0 
 18.1 18.2 18.3 18.4
2. Il.4 18.5 18.6
2 13.9 14.9 15.5 16.1 1b.s 18.6
l.8 11.1 11.4 17b 11.8 18.1; 18I. 18.3 18.4
k.9B 12.6 14..1 15.0 Is.? 16.2 lo.6 11.0 Ir.z I.6 17.8 
1d.5 18.6 18.7 18.8 18.8
18.0 18.e 18.3
3.00 4 12.7 14.2 1!3.1 15.13 18.5 18.6 18.7 18.8 18.9 19.0 19.016. 16.8 17.2 11.5 11.1 18.0 18.2 18.4 
 18.5 18.7 18.8 18.9 
 19.0 19.1 19.2 19.2
 



Table II (continued) 

ho ha-hb 

.4,e .44 .46 .40 .6,U . a .54 C'~b .38 .60 

2.1j" 
2.06 * 

10.#% 
10.8 

10.b 
10-

10.b 
10.8 

10.6 
10.8 

10.6 
100 

10. 
10.8 

10.6 
10.8 

10.b 
10.8 

lu. 
10.8 

10.6 
10.8 

2.Od * 11.0 11.0 11.0 1100 11.0 11.0 11.0 11.0 11.0 11.0. 

2.10 * 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 

e.12 * 2.14 0 11.3 11.31. 11.5 ~ 11.311.5 11.311.5 11.311.tO 11.31105 11.3ll.tO 11.311.5 11.311.to 11.311.5 

e.Ib 4 11.7 11.6 11.6 11.6 !1.6 1.b II. 11.0 .11.0 11.6 

e.1b * 11.9 11.8 l1.o 11.8 11.# 11.8 11.8 i1.8 11.8 11.8 

e.4o * 1.0 12.0 12.0 12.0 12.0 12.0 12.0 14.0 e.0 12e.0 

2.22e * 
2.e4 * 

12.2 
12.4 

12.2 
12.' 

12.1 
12.3 

12.1 
12.3 

12.1 
12.3 

1U.1 
12.3 

12.1 
12.3 

14e.1 
12.3 

12.1 
14.3 

12.1 
12.3 

2.2b 
4.28i 
2.30u 

* 
* 

12.5 
12.7 
1*.9 

12.5, 
12.7 
12.9 

12.5 
12.7 
12.8 

12.5 
12.7 
12.8 

12.n 
12.7 
12.8 

l~ 
le.7 
1e.8 

12.5 
14.1 
14.8 

142.5 14.5 
I4.7 14.7 
i4b. 12.8 

12.S 
12.7 
12.8 

2.32 * 
?.34 0 

13.0 
13.2 

13.1 
13.2 

13.1 
13.2 

13.0 
13.2 

13.0 
13.e 

13.0 
1J.4 

14.0 
13.e 

14.0 
u3.0 

13.0 
Io. 

13.0 
13.2 

2.36 0 
2.3o * 
20-0 * 

1J.4 
13.6 
13.7 

13.4 
13.6 
13.8 

13.4 
13.b 
13.8 

13.4 
13.5 
13.7 

13.-
13.5 
13.1 

IJ.' 
13.5 
13.7 

13.4 
13.5 
13.7 

IJ.. 
14.5 
13.7 

lj.4 
i.5 
14.7 

13.4 
13.5 
13.7 

2.42 * 13.9 13.9 13.v 14.0 13.9 IJ9 13.9 IJ.9 IJ.9 13.9 

2.440. 
5.46 * 

2.58 * 
2.50 * 

14.1 
14.3 
14.5 
14.6 

14.1 
14.3 
14.5 
14.7 

14.1 
14.3 
14.5 
14.7 

14.1 
14.3 
14.5 
14.7 

14.1 
14.4 
14.4 
14.6 

14.1 
14.4 
14.4 
14.6 

14.1 
1-.1 
14.4 
14.6 

1-.l 
14.3 
1-.4 
14.6 

14.1 
14.4 
14.4 
14.6 

14.1 
14.3 
14.4 
14.6 

2.52 * 1'..7 14.8 14.8 14.9 14.9 14.8 14.b 1-6.8 14.d 14.8 

2.54 * 
2.bb * 
2.58 * 

15.0 
1).2 
15.4 

15.0 
15.2 
15.4 

15.0 
l5.2 
15.4 

l.0 
Is.2 
15.4 

15.0 
15.2 
15.4 

15.0 
15.2 
16.4 

15.0 
1I.2 
15.4 

1 .O 
Ii.2 
15.4 

1 .O 
15.2 
Ib.4 

15.0 
15.2 
15.4 

2.t0 * 
2.o2 * 

15.5 
15.7 

15.6 
15.7 

I6.6 
15.8 

15.6 
1.8 

15.6 
15.8 

15.5 
I.8 

15.5 
1b.1 

15.5 
16.7 

Io.5 
Ib.7 

15.5 
15.7 

2#4* 
4.66 0 

I5.9 
16.1 

15.9 
16.1 

15,9 
16.1 

Ib.0 
16.2 

16.0 
16.2 

1o.0 
16.2 

16.9 
1b.1 

Io.9 
1o.1 

1.9 
16.1 

15.9 
16.1 

2.68 * 16.3 16.3 16.3 16.3 16.4 16.4 16.3 1o.3 11.3 16.3 

2.10 0 16.4 16.5 16.6 1o.5 16.5 16.5 16.5 16.5 lo.5 16.5 

2.72 176 16.7 16.1 16.7 16.1 16.7 16.7 lo.7 lb.? 16.1 

2.74 
2.7t) 
2.7b 

16.8 
17.0 
17.2 

16.9 
17.0 
17.2 

16., 
17.1 
17.3 

16.9 
17.1 
17.3 

16.9 
11.1 
17.3 

16.9 
17.1 
11.3 

16.9 
I1.1 
17.3 

Ib.9 I.9 
o7.1111 

17.4 11.4 

16.9 
17.1 
17.2 

2.c.U 11.4 17.4 11.4 17.5 17.6 17.6 11.5 17.4 11.4 17.4 

*0.o17.b 17.6 17.6 17.1 11.7 17.1 17.7 11.7 11.6 17.6 

2.#*4 17.S 11.8 17.8 17.9 17.9 17.9 11.9 11.9 11.8 17.8 

2.6b * 
2.L8t 

17.9 
18It.1 

18.0 
13.2 

18.0 
18.4 

18.0 
18.2 

18.1 
16.3 

18.1 
18.3 

18.1 
18.3 

18.1 
13.3 

18.0 
18.2 

18.0 
18.2 

2.u* 18.4 
42.94 0 18.5 
2.44 * 18.7 
2.96 * 18.9 
2.98 * 19.1 
3.00 * 19.3 

16.4 
18.6 
16.7 
18.9 
19.1 
19.3 

18.4 
16.6 
1b.8 
19.0 
19.2 
1i.4 

18.4 
18.6 
18.8 
19.0 
19.2 
19.4 

18.b 
18.7 
18.d 
19.0 
19.2 
19.4 

18.5 
18.1 
18s.9 
19.1 
19.3 
19.5 

los.5 
18.1l 
16.9 
19.1 
19.3 
19.b 

18.6 
18.7 
14.9 
19.1 
19.3 
19.6 

18I.4 
10.7 
18.9 
19.1 
19.3 
19.5 

18.4 
1B.6 
18.d 
1900 
19.2 
19.4 



Table 12 Submerged flow calibration for 24in x 9ft 

ha 
Cutthroat flume, (Qcfs) 

ha-h b 

.04 .04 0b .08 1u 1' .1+ .1b .18 .20 .22 .24 .26 .28 .30 .32 .34 .36 .38 .40 

.Oe 
QU4@ 

.0b * 

.L.cI 

.lu 
11*.14 * 

.U 

.0 

.1 

.1 

.2 

.3.3 

.0 

.0 

.1 

.1 

.2 
.3.3 

.0 

.0 

.1 

.1 

.2 
.3.3 

.0 

.0 

.1 

.1 

.2 
.3.3 

.U 

.0 

.1 

.1 
e2 
.JIS 

.0 

.0 

.1 

.1 

. 
.3.3 

.2 

.0 

.0 

.1 

.1 

.4.3 

.0 

.0 

.1 
*1 
. 
.3.3 

.0 

.0 
*o 
.1 
.2 
.3.3 

.0 

.0 

.1 

.1 

.2 

.3.3 

.0 

.0 

.0 

.1 

.2 

.33 

SU 
.0 
*1 

.1 
Ad 
.313 

.0 

.0 

.1 

.1 

.2 

..3 

.0 

.0 
01 
.1 
o2 
.33 

.0 

.0 
*1 
.1 
.2 
.3.3 

.0 
*0 
*1 
.1 
.2 
.33 

0 
.0 
.1 
.1 
.2 
.3.3 

-.0 
v0 
.1 
.1 
.2 
.3o*3 

.0 

.0 

.1 

.1 
02 
.3*3 

.0 

.0 

.1 

.1 
e 
.303 

Sib.•I *0 .4.5 .4.5 .4.5 .4.5 .4 .4t- .4.5 .,4.5 .4 5 .4.5 .405 .405 o45 .405 .4.5 .4Is .4I 05 o4 05 .4o5 s45 

.20 * .b 

.2,1 * .6 
,*4* .1 

?b0 .8 
.e * .9 
.- * 1.0 
.32 * 1.1 
.34 * 1.2 
.3b * 1.3 
.3 * 1.4 
.--U* 1.6 
., * 1.6 
.44 1.7 
.4b * 1.9 
,it 0 2.0 
.50 0 2.1 
.5i! * 2.2 
.:14 * 2.3 
.5b * 2.4 
58 * 2.6 
,.u * 2.7 
. * 2. 
.t * 3.0 
.6b * 3.1 
.6d * 3.2 
.70 * 3.4 
.72 * 3.5 
.74.* 3.6 
.7b * 3.9 

.n* 3.9 
.0 * 4.1 
.b2 * 4.2 
. * 4.3 
.86 * 4.5 
.b * 1-.6 
.90* 4.8 

.92 0 4.9 
o0 * 5.1 
,qb 5.2 
.96 * :.4 

1.00 * 5.5 

.6 

.7 
1H 
.9 

L.u 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.6 
1.9 
2.0 
2.1 
2.3 
2.4 
2.5 
2.7 
2.8 
3.0 
3.1 
3.3 
3.4 
3.t 
3.1 
3.9 
4.U 
4.2 
4.3 
4.5 
4.b 
4.t 
5.U 
5.1 
5.3 
5.5 
5.6 
5.t 
6.0 
6.1 

.b 

.7 

.8 

.9 
1.0 
1.1 
1.2 
1.3 
1.-+ 
1.6 
1.7 
1.8 
2.0 
2.1 
2.2 
2.4 
2.5 
2.7 
2.8 
e.9 
3.1 
3.3 
3.4 
3.b 
3.7 
3.9 
4.0 
4. 
4.4 

4.5 
4.7 
4.v 
6.I 
5.2 
5.4 
5.6 
5.8 
5.9 
b.1 
b.3 
6.5 

.6 .b 

.7 .1 

.8 .13 

.9 .9 

1.0 1.u 
L.1 1.1 
1.2 1.2 
1.3 1.4 
1.4 1.4 
1.6 1.6 
1.7 1.7 
1,8 1.6 
2.0 2.0 
2.1 2.1 
e.3 2.3 
2.4 2.4 
2.6 2.b 
2.7 2.7 
e.9 2.9 
3.0 3.0 
J.2 3.i 
3.3 3.4 
3.5 3.5 
3.7 3.1 
3.8 3. 
4.0 4.1 
4.2 4.2 
+.3 4.4 

4.5 4.6 

4.7 4.8 
4.9 4.9 
5.0 5.1 
5.2 5.3 
5.4 5.: 
6.6 5.7 

5.8 5.4 
.0 o0.1 

b.1 6.3 
6.3 6.5 
b.5 6.1 
o.7 6.1 

.6 

.7 
8 
.9 

1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1.7 
1.8 
2.0 
.1 

2.3 
2.4 
2.6b 
e.7 
2.9 
3.0 
3.2 
3.4 
Jo 
3.7 
3.9 
4.1 
4.3 
4.4 
4.0 

+.8 
5.0 
s.2 
b.4 
5.6 
5.d 
o.U 
6.2 
0.4 
6.6 
b.6 
1.0 

.6 

.7 
8 
.9 

L.U 
1.1 
1.2 
1.4 
1.4 
l.b 
1.7 
1.8 
J.0 
2.1 
2.3 
e.4 
2.6 
2.7 
.2.9 
3.0 
3.2 
3,4 
3.t 
3.7 
3.9 
+.1 
4.3 
4+.h 
4.7 
4.8 
5.0 
5.? 
5. 
6, 
5.8 
6.0 
6.2 
bod 
b.6 
0.b 

7.1 

.6 

.7 

.8 

.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1.7 
1.8 
e.0 
2.1 
.J 

d.4 
2.6 
2.7 
2.9 
3.0 
3.2 
J.4 
3.5 
3.7 
3.9 
4. I 
4.3 
+.. 
+.6 

%.b 
,.0 

+,.4 
t.* 
5.d 
6.0 
0. 
b.5 
b.7 

.v 
7.1 

.6 

.7 
d 
.9 

1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1.7 
1.8 
2.0 
2.1 
e.3 
2.*4 
2.6 
Z.7 
2.9 
J.O 
J.2 
3.4 
3.5 
J.7 
..9 
-I.1 

4.4 
4.4 
+.b 

14.b 
6.0 
)2.2 
b.4 
6.b 
3.8 
b.0 

b.3 
b.5 
o.7 
t. 9 
1.1 

.6 

.7 
d8 
.9 

1.0 
1.1 
1.? 
1.3 
1.4 
1.6 
1.7 
1.8 
2.0 
2.1 
2.3 
2.4 
2.6 
2.7 
2.9 
3.0 
3.2 
3,4 
3.5 
3.7 
3.9 
.1 

4.3 
4.~4 
4.6 

4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
b.5 
6,7 
6.9 
7.1 

*b 
.7 
It 
.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.b 
1.7 
1.8 
2.0 
ol 

?.3 
2.4 
e.6 
e.7 
2.*9 
3.0 
J.2 
3.4 
3.5 
3.7 
3.9 
4.1 
4.3 
4.4 
4.b 

4.8 
b.0 
b.2 
b.4 
bob 
1.8 
o0 

0.2 
b.5 
0.7 
6.9 
1.1 

.b 

.7 

.8 

.9 
1.0 
1.1 
1,2 
1.3 
1.4 
1.b 
1.7 
1.8 
2.0 
201 
2.3 
2.4 
2.6 
2.7 
2.9 
3.0 
3,2 
3.4 
3.b 
3,7 
3.9 
4.1 
4.3 
4.4 
4.b 

4.8 
5'0 
5.2 
5.4 
5.6 
5.8 
bO 
b2 
b.5 
b.7 
b.9 
7.1 

.6 

. 

.8 

.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.b 
1.7 
1,8 
2.0 
2.1 
2.3 
2.4 
2.6 
2.7 
2.9 
3o0 
3.2 
3.4 
3.5 
3.7 
J.9 
4.1 
4.3 
4.4 
4.6 

4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
boO 
b.2 
b.5 
b.7 
6.9 
7.1 

b .6 
.7 .7 
.8 * 
.9 .9 

1.0 1.0 
1.1 1.1 
1.2 1.2 
1.3 1.3 
1.4 1.4 
1.6 lob1 
1.7 1.7 
1.8 1.8 
.0 2.0 

2.k 2.1 
2.S 2.3 
2..* 2.4 
2.6 2.6 
2.1 2.7 
2.*9 2.9 
3.0 3.0 
3.2 3.2 
3.4 3.4 
3.5 3.5 
3.7 3.7 
3.9 3.9 
4.1 4.1 
4o3 4.3 
4.4 4.4 
4b 4.6 

4.8 4.8 
5.0 5.0 
5.2 5.2 
5.4 5.4 
5.6 5.6 
b.8 5.8 
6.0 6.0 
62 6.2 
6.5 6.5 
6.1 6.7 
6.9 6.9 
7.1 7.1 

.6 

.7 

.8 

.9 
1.0 
1.1 
1.2 
1.3 
1.4 
16 
1.7 
1.8 
2.0 
a.1 
2.3 
2.4 
2e6 
2*7 
2.*9 
3o0 
3.2 
J.4 
.3.5 
3.7 
3.9 
4.1 
4.3 
4.4 
4.6 

4.8 
00 

5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.5 
6.7 
6.9 
1.1 

.6 

.7 

.8 

.9 
1.0 
1.1 
LI. 
1.3 
1.4 
1.6 
1.7 
1.8 
2.0 
2.1 
2.3 
2.4 
2.6 
2.7 
2.9 
3.0 
3.2 
3.4 
3.5 
3,7 
3.9 
4.1 
4.3 
4.4 
4.6 

4.8 
5.0 
5.2 
5.4 
56 
5.8 
6.0 
b.2 
6.6 
b.7 
6.9 
7.1 

.6 

.7 
Is 
.9 

1.0 
1.1 
1.2 
1.3 
1*4 
16 
1.7 
1.8 
2.0 
2.1 
2.3 
2.4 
2.6 
2*7 
2.9 
3.0 
3.2 
394 
3.5 
3.7 
3.9 
4.1 
4.3 
4.4 
4.6 

4.8 
5.0 
5o2 
5.4 
5.6 
5.8 
6.0 
62 
6.5 
6.7 
6.9 
7.1 

.6 

.7 

.8 

.9 
1.0 
1.1 
1.2 
1.3 
1.4 
lb 
1.7 
1.t 
2o0 
2.1 
2.3 
2.4 
2.6 
2.7 
2.9 
3.0 
3.2 
3.4 
3.5 
3.7 
3.9 
4.1 
4.3 
4.4 
4.6 

4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.5 
6,7 
6.9 
7.1 

.6 

.7 
I8 
.9 

1.0 
1.1 
1.2 
1.3 
1.4 
1.6 
1,7 
1.8 
2.0 
2.1 
2.3 
2.4 
2.6 
2o7 
2.9 
3o0 
3.2 
3o4 
3.5 
3e7 
J.9 
4.1 
4.3 
4.4 
4.6 

4.8 
5.0 
5.2 
5.4 
5.b 
5.8 
600 
6.2 
6,5 
6.7 
6.9 
7.1 

i 



Table 	 12 (continued) 

ha 	 ha-hb 

.8 .30 932 	 .34 .36 .38 .40
.16 .16 .20 .2z 924 .d6
.0 t l .0 	 .1U .12 .1-
o .02 

7.3 1.3 1.4 	 7.4 t.3 7.3 7.3 7.3 7.3 1.3 7.3 7.3 7.3 7.3
 
t,.7 6.J b.1 	 o.1 7.1 1.2 


1.b 7.b 7.6 	 7.6 7.6 7.6 7.6 7.6 7.6 7.6

7.3 	 1.4 7.5 1.5 1.6 7.b
1.IJ. * t.9 b.5 6.9 1.1 


7.8 7.8 7.8 	 7.8 7.8 7.8
l.t 7.8 1.0 	 7.b 7.8 7.8
7.1 	 7.3 7.: 1.6 7.7 70.
1.ub * b.0 6.7 
8o0 	 8.0 8.0 .0 b.0 8.0 8.0 8.0
 

b.9 	 17.3 .5 1.1 7.8 1.9 d.0 o0.0 8.0 00 8.0
I.,t w b.2 

8.Z 8.2 8.2 	 8.2 8.2 8.2 8.2 8.2 802


6.0 8.1 a.? 	 d.3 8.3 d.2
1.10 * ,.3 7.u 7.4 1.7 7.9 

8.5 8.5 8.5 	 8.5 8.5
8. 8.5 8. 	 8ab 8.5 8.5
1.9 0.1 6.3 	 0.4 d.4 6.b
1.12 * b.* 7.e 7.6 

8.6 6.? 80. 	 8.7 b.6 8.1 b.7 8.7 8.7 8.7 8.7 8.7 8,7 8.7
 
6.7 7.4 7.d 	 8.1 8.3 8.5
1.14 0 
 9.0 900 9.0 	 900 900 9.0
9.0 9.0 9.0 	 9.0 900
H.5 d.7 8.8 	 6.9 6.9
1.16 0 6.4 1.b 8.0 8.3 


9.2 902 9.2 	 9 .2 9.2 9.2 9.2 9.2
 
7.6 	 8.2 6.5 8.b 6.9 9.0 9.1 J.2 9.e ve 902 

900 901 903 9 4 9.4 9.5 9.5 9,4 9o4 9 4 9.4 9o4 9o4 9.4 994 9.41.18 * 1.0 
1.o0 17.2 8.U b.4 8.7 


9.7 9.7 v.7 	 9.7 9.7 907 9.7 907 9.7 9.7 907 9.7
 
9.2 	 4.b
6.b 9.0 	 9.4 9.5 9.9
1.2l * 1.3 8.1 	 .' 9.6 9.7 9.8 9.9 9.9 1000 10.0 909 9.9 909 9.9 909 9.9 909 


.I. * 1.5 6.3 d.6 9.2 
10.2 10.2 10.2 	 10.2 10.2
 

).4 J.0 9.8 10.u iu.1 lu.1 10.2 10.e 10.e 10.2 10.2 10.2 

1.26 * 1.7 5.5 9.0 

10.4 10.4 10.4 	 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 1U.5
 
801 9.; 9.0 	 9.6 10.0 I.2
1.28 * 1.8 

10.1 10.7 10.7 	 10o7 10.7 10.7 10.7 10.7
10.4 10. O.b6 10.1 10.7 10.7
l.Ju * O.U 8.9 9.4 9.6 10.1 IU.3 

11.0 11.0 11.0 	 11.0 11.0 11.0 11.0 11.0 1100 1100
 

1.32 3.2 9.1 9.7 10.0 10.J 10.5 10.7 10.d 10.9 10.9 

11.2 11.2 11.2 	11.2 l1*2 11.2
11.1 11.I 11.2 	 11.3 11.3 11.2
10.2 10.! 10.7 	 10.9 11.0
j.4 9.9
1.34 3 9.3 


11.511.5 11.5 	 11.5 1115 11.5 11.5 11.5
11.1 11.3 11.4 11.4 11.5 11.2
1 	 9.5 10.8 11.0
!.3b '.5 10.1 I1.5 

11.8 11.8 11.#3 	11.6 11.8 11.8
11o. 11.7 11.7 	 11.6 11.8 11.8


1.j8 ' 8.7 9.7 10.3 10.7 11.0 11.2 11.4 11.5 
11.6 i1.8 11.9 	 11.9 12.0 12.0 12.1 12.0 12.0 12.0 12.0 12.0 12.0 12.0
 

6.9 	 9.9 10.5 10.9 11.e 11.4
1.:0 
 12.3 12.3 12.3 	 12.3 12.3 1U.3
12.1 12.2 14.3 	 12.3 12.3 12.3
10.1 11.1 11.4 	 11.7 11.9 iC.O
1.4e 9.1 10.1 

12.b 12.b 12.6 	 12.6 12.6 12.6 12. 12.6 12.6


11.9 1I.1 12.3 	 12.4 12.5 12.-
1.44 1.2 10.3 10.9 11.4 11.1 

12o8 12.8 12.8 	 12.8 12.8 12.8
12.7 12.6 12.6 	 1.9 12.9 


1.4b * 9.4 10.5 11.1 11.6 11.9 1.2 12.14 L2.5 12.6 
13.2 13.1 13.1 	 13.1 13.1 13.1 13.1
 

1.48 * i.f 10.7 11.4 11.8 12.1 12.. 12.b 12.6 12.9 13.0 13.1 13.1 13.1 
13.4 13.4 13.4 	 13.4 13.4
 

* 9.8 10.9 11.b 12.0 12.4 j4.b 12.9 13.0 11.1 13.2 13.3 13.4 13.4 13' 13.4 
13.7 13.7 13.7 	 13.7 13.7 13.7
13.3 13.4 13.5 13.b 13.b 13.7 13.7


1.0 * 10.0 11.1 ll.i 12.3 12.o I.9 13.1 
14.0 14.0 14.0 	 13.9 13.9 13.9 13.9 13.9
 

1.4 * 10.2 11. 12.0 12.5 12.9 13.1 13.4 13.5 1j.7 13.8 13.9 13.9 


13.4 13.6 13.8 	 13.9 14.0 14.1 14.2 14.2 14.3 14*.3 1492 14.2 142 14.2 14e2
 
1.lb * 10.3 11.5 12.2 12.7 13.1 

14.6 14.5 14.5 	 14.5 14.5 14.5
 
12.t 13.0 13.3 	 13.b 13.9 i4.0 14..? 14.3 1+.4 14.5 14.5 14.6


1. 6 * 10.5 11.7 

14.8 14.8 14.9 	 14.8 14.6 14. 1o4.8 14.8
 

11.9 Ie.7 13.2 	 13.b 13.9 14.1 1'.3 14.5 14.6 14.7 14.7

l.bO * 10.7 


I.0 15.0 15.1 	 15.1 15.1 Is.? 15.1 15.1 15.1 15.1
 
14.1 14.4 14.6 	 14.7 14.9
I.*t * 10.9 12.2 12.9 14.' 13.b 


15.4 15.5 15.4 	 15.4 15.4 15.4
1'.8 It.0 15.1 15.2 15.3 15.4 15.4
12.4 13.1 13.7 	 14.1 1.-.' 14.b
1.h4 * 11.1 

14.9 ks.1 15.3 	 15.4 It.5 15.b 15.7 15.7 16.7 15.7 lb.7 15.7 15.7 15.7
 

12.6 13.4 13.9 	 14.3 14.t
1.66 * 11.3 	 16.0lb.0 16.0 1b.0 	 lb.0 16.0 16.0
10.5 15.7 15.b 15.9 15.9
14.2 	 14.6 14.9 15.2 15.4 

I5.4 12.6 1.o 16.0 16.1


1.n6 * 11.5 12.b 13.6 

16.2 1b.2 16.3 	 16.3 16.3 16.3 16.3 16.3 16.3
 

1.70 * 11.7 13.0 13.8 14.4 14.d I.2 

15.1 15.4 15.1 	 15.9 1b.1 Ib.2 10.4 Ib.4 16.5 16.6 16.6 16.6 16.6 16.6 16.6 1.6
 

1.72 - 11.9 13.2 14.1 14.6 

16.6 	 16.9 16.9 I.9 1.9 1b.9 I16.9 16.9
I.2 16.4 6.5 16.b 16.7
1.74 * 12.0 13.4 14.3 1-+.9 15.3 15.7 16.0 


17.0 17.1 17.2 	 17.2 11.2 17.2 17.2 17.2 I.2

15.9 I.? lb.5 	 10.6 ib.d 16.9
1.76 * 12.2 13.7 14.5 15.1 15.6 


11.5 17.6 17.5 	 17.5 11.5
11.1 11.2 17.3 	 11.4 17.5 17.5
15.4 	 15.8 10.2 16.b 1o.7 16.9 

ib.1 lo.8 


1.7d * 12.4 13.9 14.b 
I.0 11.2 17.4 	 I.5 17.6 17.7 11.8 17.8 17.8 17.9 17.8 17.b 17.8
 

1.60 * 12.6 14.1 15.0 15.6 Io.5 

17.9 18.0 18.1 	 18.1 18.1 16.2 18.2 18.1 id1


1b.1 I.0 11.3 	 17.5 17.6 11.6
* 12.8 14.3 15.2 15.9 16. 
 16.4 	 18.4
i1.o 11.b 17.9 	 16.1 16.2 16.3 18.4 18.4 I.5 16.5 16.5 

1.4* 13.0 14.5 15.1 10.1 16.b 11.0 17.3 


18.8 16.6 16.8 	 18.7 16.7
16.4 185 18.6 	 18.7 18.7
17.3 17.6 11.d 	 16.0 18.2
1.8b * 13.2 140. 15.1 10.14 16.9 

17.8 16.1 16.3 	 18.5 18.7 18.6 18.9 19.0 19.0 19.1 19.1 19.1 19.0 19.0
 

15.0 15.9 16.6 	 17.1 11.5
1.88 * 13.4 

19.0 19.1 19.2 	 19.3 19.3 19.4 19.4 19. 19.4 19.4


1t.8 1.l i.4 	16S.b 16.8
1.90 * 13.6 15.2 lb.2 1b.9 11.4 

19.6 19.6 19.7 	 19.7 19.7 19.8 19.7
id.7 16.9 19.1 19.2 19.4 19.5
16.4 17.1 17.t 	 I8.1 16.4
1.92 * 13.8 15.4 

19.8 19.9 19.9 	 20.0 20.0 20.1 20.1 20.0
16.7 49.0 19., 19.4 19.5 19.7
14.0 15.7 1b.7 	 17.4 17.9 16.3
1.94 * 
 20.3 20.3 20.4 	 20.4 20.4 20.3
19.7 19.6 20.0 	 20.1 20.2
11.6 16.2 16.6 	 19.u 19.e 19.5
1.96 * 14.2 15.9 16.9 

d0.4 20.5 2O.6 	 20.6 20.7 20.7 20.1 20.6


19.e 19.5 19.6 20.0 20.1 20.3
14.4 15.1 17.1 	 11.9 1A.- 18.9
1.90 * 

20.6 20.1 20.b 	2O.9 21.0 21.C 91.0 21.1 21.0


19.1 19.5 ±O.d 	 20.1 20.3 20.4
2.00 * 14.6 16.3 17.4 18.1 18.7 




Table 12 (continued) 

ho h -hb 

* .0? .04 .0b .03 .IU .1e .14 .*16 Its .20 .22 .24 .26 Z28 .30 .32 .34 .36 .38 .40 

2.0,e 1. 

e.%* '.U 
2.0b * 1. 3 
2.ub * 1s.5 

16.b 

18.8 
17.u 
17.3 

17.b 

17.v 
18.1 
18.4 

18.4 
18.6 
18.9 
I?. 

19.0 

19.e 
19. 
19.8 

19.4 
1'V.1 
e20.0 
eO.J 

19.8 

20.1 
40.4 
0.b 

4u.1 
e0.4 
e0. 
21.0 

2o.4 
20.6 
.20.9 
21.2 

20.6 
20.9 
e1.2 
21.5 

2u.7 
21.1 
21.4 
21.7 

20.9 
ie1.2 
21.5 
21.8 

e1.0 
21.3 
el.6 
i2.0 

21.1 
21.4 
21.8 
22.1 

el.2 
41.5 
l.8 

e2.2 

21.3 
21.b 
21.9 
22.2 

21.3 
21.6 
22.0 
22.3 

21.4 
el.7 
&2.0 
2.3 

21.4 
21.7 
22.0 
22.4 

21.4 
2L.7 
2..1 
22.4 

2.!U - Its.? 11.5 18.6 1-4.4 20.0 20.5 20.9 21.3 .2i.to 21.S 22.u 22.1 22e.3 22.4 e2.5 22.6 22.6 22.7 22.7 22.7 

2.12i 
e.14 * 

2.16 * 
e.15 
Z.2V 
e.22 *In.9 

2.24 

2.26 -A 
2.2 * 
2.30u 
2.32 * 
2. 4 

2.46 
2.38 * 

2.40 * 
2."2 * 

1-.9 
1.1 
1b.3 
1b.5 
Ib1.7 

11.1 

11.4 
11.6 
17.8 
18.0 
I.2 
11.4 
18.7 
18.9 
v.1 

17.7 
16.0 
16.2 
1.5 
1'5.7 
14.9 
19.2 

19.4 
19.b 
19.9 
20.1 
20.4 

20.b 
20.9 
21.1 
21.4 

18.9 
19.1 
19.4 
19.b 
19.9 
20.1 
2U.4 

2U.1 
20.9 
21.2 
21.4 
21.7 

2E.0 
22.2 
22.5 
22.e 

190.7 
20.0 
20.2 
20.5 
20.83 
21.0 
21.3 

21.6 
21.8 
22.1 
22.4 
22.6 

22.9 
23.2 
23.5 
23.e 

eO.3 
20-.6 
ZO.v 
21.1 
?1.4 
21.1 
e2.0 
22.J 
2.-o 
22.8 
23.1 
23.4 

e3.1 
24.0 
24.e 
e45 

4e0.13deI.;d 
21l.1 21.5 
21.4 21.8 
21 .1 

21.9 22.4 
22.2 22.1 
2e.: 2j.O 

22- 24.3 
4-.1 23.6 
2J.4 23.9 
e3.1 24.2 
24.0 e4.5 

e4.3 24.d 
24.b 25.1 

.- 25.4 
-Izi 7 

el.6 
21.o 
c2.1 

. 

22.7 
2e3.0 
ej.3 
2J.6 
e4. 

9 

24.2 
e4.b 
24.9 

es.d 
25.5 
2S.d 
28.1 

2L.8 
2e.i 
2e.4 
e .1 

ej.0 
2j.3 
2j.7 
24.0 
24.3 
24.6 
24.9 
2t.2 
etp.b 
25.8 
2b.i 
2o.t 

22.1 
22.4 
22.7 
23.0 

23.4 
23.b 
23.9 
24.2 
24.5 
24.9 
25.2 
25.i 

e5.6 
26.1 
26.4 
2b.8 

22.3 
22.b 
22.9 
23.2 

24.5 
24.6 
24.1 
24.5 
24.8 
25.1 
25.4 
2t.? 
26.1 
2b.4 
2b.7 
21.0 

22.4 
22.8 
23.1 
23.4 

?-3.7 
24.0 
24.3 
24.7 
25.0 
25.3 
25.b 
b.0 
26.3 
2b.b 
26.9 
27.3 

22!.b 
22.9 
Z3.2 
Z3.) 

24J.9 
L4.2 
24.b 
24.8 
25.2 
25.5 
25.8 
26.1 
2b.5 
26.8 
Z7.1 
7.5 

22.7 
24.0 
23.3 
2.3.7 

24.0 

24.3 
24.6 
25.0 
25.3 
25.b 
2b.0 
26.3 

26.6 
27.0 
27.3 
21.6 

e-2.8 
2e3.1 
23.5 
23.8 

e4.1 

C4.4 
e4.8 
e5.1 
25.4 
25.8 
26.1 
e6.4 

26.8 
27.1 
27.4 
e7.8 

22.9 
23.2 
23.5 
23.9 

24.2 

24.5 
24.9 
2t.2 
2s.5 
2b.9 
26.2 
26.5 
26.9 
27.e 
21.6 
27.9 

22.9 
Z3.3 
23.6 
24.9 

e4.3 

e4..6 
24.9 
25.3 
25.6 
2b.0 
2b.3 
26.b 
27,U 
27.3 
27.7 
28.0 

e3.0 
23.3 
e3.7 
&4.0 

e4.3 
e4.1 
e5.0 
25.3 
eS.7 
2b.0 
e6.4 
26.7 

27.1 
27.4 
27.8 
28.1 

23.0 
23.4 
23.7 
24.0 

24.4 
24.7 
25.1 
25.4 
25.7 
26.1 
26.4 
2b.8 

27.1 
27.5 
27.u 
28.2 

24.1 
23.4 
23.7 
24.1 

24.4 
24.8 
25.1 
d5.4 
25.d 
2b.l 
2b.5 
26.8 

27.2 
27.5 
27.9 
28.2 

2.44 0 

2.4 * 

2.48 * 
2.50 * 
2.52 * 
2.54 * 

19.3 
1-.5 
19.8 
20.0 
20.2 
20.4 

21.b 
21.9 
22.1 
22.4 
22.b 
22.9 

23.0 
23.3 
23.5 
23.8 
24.1 
24.4 

24.0 
24.3 
24.6 
24.9 
25.1 
2D.4 

24.8 
e5.1 

es.4 
25.1 
26.0 
eb.3 

-

c.-.0 
2o.; 
26.6 
2o.9 

f.O 
??o.3 

?6.b 
26.9 
27.2 
27.5 

26.4 
2o.7 

21.0 
27.3 
?1.7 
28.0 

2o.8 
21.1 

21.4 
21.7 
20.0 
2.4 

27.1 21.4 
27.4 27.7 

27.1 28.0 
28.1 26.3 
28.4 2b.7 
28.1 i 2e9.0 

27.b 
27.9 

28.3 
28.b 
28.9 
29.3 

1.8 
28.I 

28.5 
?8.8 
29.2 
29.5 

28.0 
28.3 

28.7 
29.0 
29.3 
29.7 

28.1 
28.5 

28.8 
29.2 
29.5 
29.9 

28.3 
28.6 

29.0 
29.3 
29.7 
30.0 

26.4 
28.7 

29.1 
29.4 
29.8 
30.1 

28.5 
e6.8 

29.2 
29.5 
d9.9 
30.2 

28.5 
28.9 

29.2 
29.6 
30.0 
30.3 

2d.6 
29.0 

29.3 
29.7 
30.0 
30.4 

e.3b * 20.7 23.1 24.6 2t.7 26.b 27.2 27.8 28.4 2. 1 29.0 29.3 29.b 29.8 30.U J0.2 30.4 J0.5 30.6 30.7 30.8 

2.58 * 
2.60 * 
2.b2 * 
2.h4 * 
2.b6 
2. r 
2.1U * 

2.72 
2.74 * 

2.7b * 
2.76 * 

2.U* 
2.c-2 
e.m* 
2.t6 * 

20.9 
21.1 
21.3 
21.b 
1ej, 

22.u 
e2.2 

.22.b 
22.7 
22.9 
24.2 
23.4 
3.6 

23.9 
24.1 

23.4 
23.6 
23.9 
24.1 
2#.4 

24.b 
. 

25.e 
2-.& 
2s.7 
2s.9 
26.2 
26.j 
26.1 
27.0 

24.9 
25.2 
25.4 
25.7 
26.0 

2o.3 
b26.5 
2o.8 
21.1 
21.4 
2r.7 
27.9 
2o.2 
20.5 
28.8 

26.0 
26.3 
26.6 
2o.9 
21.1 

21.4 
21.7 
2d.u 
28.3 
26.8 
2d.9 
29.2 
29.5 
29.8 
30.1 

2b.9 
e7.2 
e7.4 
27.7 
e8.0 

2d.J 
48.6 
28.9 
29.2 
e9.s 
e9.9 
J0.2 
30.5 
3u.o 

J1.1 

27. 
21.9 
2o.2 
28.5 
2d.6 

29.1 
29.4 
e9.7 
JO.O 
30.3 
30.6 
30.9 
31.J 

1.0 
jI.9 

28.1 
28.4 

28.i 
29.1 
Z9.4 

29.1 
3U.U 
30.4 
30.b 
J1.0 
31.4 
31.6 
31.9 
32.3 
32.o 

28.6 
ed.9 
24.2 
29.6 
e9.9 

JO.2 
30.5 
j0.9 
J1.2 
41.5 
31.8 
32.2 
32.5 
42.8 
3j.2 

2.0 
29.3 
29.1 
30.0 
30.3 

3u.6 
31.0 
31.3 
31.b 
32.0 
32.3 
32.b 
3j.

0 

3j.4 
3j.7 

Z9.4 
29.7 
JO.0 
30.4 
J0.7 

31.0 
J1.4 
31.7 
32.0 
42.4 
32.1 
33.1 
33.4 
33.7 
34.1 

29.7 
40.0 
30.3 
40.7 
31.0 

41.&. 
41.7 
32.0 
J.4 
32.7 
33.1 
33.4 
33.8 

34.1 

34.5 

29.9 
30.3 
40.b 
J.0 
31.3 

31.7 
42.0 
42.3 
42.7 
33.0 
33.4 
43.7 
34.1 

44.4 
34.b 

30.2 
30.5 
30.9 
31.2 
31.6 

31.9 
32.3 
32.6 
33.0 
33.3 
33.7 
34.0 
34.4 
34.7 
35.1 

30.4 
30.1 
31.1 
31.4 
31.8 

32.1 
32.5 
32.8 
33.e 
33.5 
33.9 
34.3 
34.b 
35.0 
35.3 

40.6 
40.9 
41.3 
31.6 
j2.0 

42.3 
42.7 
43.0 
43.4 
J3.8 
J4.1 

J4.5 

4.8 

J5.2 
35.b 

30.7 
31.1 
31.4 
31.8 
32.1 

32.5 
32.9 
33.2 
33.b 
33.9 
34.3 
34.7 
3s.0 
35.4 
35.8 

30.8 
31.2 
31.b 
31.9 
32.3 

32.b 
33.0 
33.4 
33.7 
34.1 
34.6 
34.8 
35.2 
35.b 
35.9 

31.0 
41.3 
41.7 
J2.0 
J2.4 
42.8 
43.1 
J3.5 
3.9 
J4.2 
34.6 

45.0 
45.4 
35.7 
J6.1 

31.0 
31.4 
31.8 
32.1 
32.5 
32.9 
33.2 
33.b 
34.0 
34.4 
34.7 

35.1 
35.5 
35.9 
36.2 

31.1 
31.5 
31.9 
32.2 
32.6 
3J.0 
33.3 
34.7 
34.1 
34.5 
34.8 

35.2 
35.6 
36.0 
36.4 

2.88 * 

2.90 * 

?.12* 

2,.3 
e4.b 
2.03 

27.3 
27.t 
27.8 

2v.1 
29.3 
29.b 

30.4 
30.7 
31.0 

41.4 
j1.7 
32.0 

32.2 
32.5 
32.8 

32.9 
33.e 
33.b 

33.5 
j..8 
J4.2 

34.0 
34.3 
34.7 

34.4 
44.8 
35.1 

34.8 

3s.2 
s.5 

35.1 
35.5 
J5.9 

35.4 
35.8 
36.2 

35.7 
3b.1 
36.4 

J5.9 
36.3 
J6.7 

36.1 
36.5 
36.9 

36.3 
36.7 
37.1 

J6.5 
46.9 
J7.2 

36.6 
37.0 
37.4 

3b.7 
37.1 
37.5 

2.4 * 2a.1 2 .1 29.9 31.3 42.3 3-.2 33.9 3.5 3s.0 35.6 35.9 3b.? 36.5 3b.8 47.0 31.3 37.4 37.b 37.8 37.9 

2.96 
2.98 

* 
* 

25.3 
es.5 

2,1.3 
28.6 

30.E 
30.5 

31.6 
31.9 

J2.o 
32.91 

u.S 
34.8 

3-.. 
34.5 

3-4.8 
Jt.2 

35.. 
3-.I 

45.8 
Jb.2 

3o.e 
34.6 

46.b 
36.9 

4b.9 
47.3 

47.2 
31.5 

37.4 
J7.8 

41.6 
38.0 

37.8 
36.2 

J8.0 
36.4 

38.1 
38.5 

38.3 
38.7 

3.00 * 2-.8 23.9 3u.8 32.2 J3.c 34.1 3,+.9 i5.5 3b.0 jo.5 46.9 37.j 37.6 31.9 48.2 38.4 38.b 48.8 38.9 39.1 



Table 12 (continued) 

ha ha-hb 

* .42 .o4 .b .46 .bu .2 .54 .b t.b .60 

2. * el. 21.6 21.0 21.6 ciob e2.6 21.b &1 .62 1 6b° 

e.ob * 22.0 22.u 22.0 22.0 2.0U 22.0 22.0 0e.02e.0 22.0 

2."8 * 22.3 22.3 22.3 22.3 e?.j 2 3 22.3 ee.3 2d.3 22.3 

2.10 - 2-.6 22.b 22.b 22.6 22.6 e2.6 22.b e3.6 2e.b 22.b 

2.12 * 23.1 23.0 23.0 24.0 23.0 23.0 24.0 d3.0 2j.0 23.0 

d.14 * 23.4 23.4 23.4 2.3 e3.1 e.3 2.4 4.7.3 24.3 23.3 

2.16 
2.16 

* 21.7 
2*..l 

23.b 
24.0 

24.6 
24.5 

2j.6 
24.0 

23.b 
e4.0 

c. 
d4.0 

23.b 
24.0 

eI.b 
24.0 

.2. 
24.0 

23.6 
24.0 

2.2u .. 24.3 24.3 24.3 e4.3 j8.3 24.3 44.3 !-.3 24.3 

2.22 * 24.8 24.8 24.7 24.7 ?'6.1 7.? 2&7.1 d..7 e4.7 24.1 

2.24 
2.2b 

* 
* 

e5.1 
25.5 

25.1 
2t.5 

27.o 
e5.4 

25.0 
2b.4. 

25.0 
e5.4 

26.0 
-D.4 

2S.0 
2.4 

ei.5 
ei.4 

2 1. 
2t).4 

45.0 
25.4 

e *0 e5.8 25.b 25.7 25.7 e5.1 25.7 2!3. et.7 e.7 25.7 

2.3U 2b.2 2b.2 2b.1 2t6.1 46.1 k.1 2o.1 26.1 2o.1 eb.1 

2.32 * 26.5 26. 26.5 2b.4 26.4 20.4 26.4 20.4 2b.4 26.4 

2.34 26.9 26.9 2b.9 26.8 e6.8 20.8 26. e d2.8 26.7 26.8 

2.36 i!7.2 27.2 27.3 27.1 e7.1 21.1 27.1 27.1 21.1 27.1 

2.3ts d2.6 27.6 0.o 21.5 e7.5 e.o 37.s 1.5 .21.5 27.5 

2.4U *e.9 
2.42 4 28.3 

28.0 
28.3 

28.0 
2b.3 

27.9 
28.4 

e7.9 
e8.2 

0.9 
28.2 

27.9 
Z8.2 

27.9 
e.2 

2.9 
2.2 

27.9 
28.2 

2.44 d21.6 28.7 26.17 217 1.o 2.6 3.b eo.6 28.b 28.6 

*.4 31.o 29.0 29.1 29.1 e2.0 29.0 2Y.0 29.0 21.0 29.0 

2.4d e29.4 29.4 29.4 29.i 49.J 29.3 29.4 29.3 21.3 29.3 

2.!O3 2.1 29.6 29.8 29.8 29.7 e9.7 Z9.1 e9.7 29.7 e9.7 

2.b2 4 30.1 30.1 3U.2 30.2 j0.2 43.1 30.1 3u.1 3.1 30.1 

k,70 

2.56 * 
30.5 
30.8 

30.5 
30.9 

30.5 
30.9 

30.6 
30.9 

30.b 
40.9 

30.4 
30.8 

30.4 
30.d 

40.4 
40.8 

30.4 
30.8 

30.4 
30.8 

2.58 * 31.2 31.2 31.3 31.3 J.3 31.2 31.2 31.2 31.2 31.2 

2.60 * 31.6 31.6 31.7 31.7 31.7 31.6 31.6 J1.6 31.b 31.6 

2.62 * 31.9 32.0 32.0 32.1 42.1 32.1 31.9 3b.9 31.9 31.9 

2.0". * j32.3 
2.b 4 32.7 

32.' 
32.7 

3k.4 
32.8 

32.4 
32.8 

32.t 
42.6 

j2. 
3e.9 

32.3 
32.7 

42.3 
J2.7 

3e.3 
3e.7 

42.3 
32.7 

2.68 * 43.0 33.1 33.2 33.2 3.2 33.2 34.1 3.1 34.1 33.1 

2.70 * 33.4 33.5 33.5 33.6 33.6 34.0 37.b 44.5 3j.5 33.5 

2.72 * 
2.74 * 
2.76 * 

33.8 
44.2 
34.b 

33.9 
34.2 
34.b 

33.9 
34..3 
34.7 

340.0 
34.3 
34..7 

J4. 
J44 
34.8 

34.0 
3.. 
3.6 

34.0 
34.' 
34.b 

33.9 
J4.3 
34.6 

4..9 
34..3 
34.b 

J3.9 
34.3 
34.6 

2.71 * 34.9 3i.u 35.1 300. Jo. o35.45 3.0 3>.0O 35.0 

200u * J5.3 35.4 35.5 3.5 45.5 35.o 35.b 39.0f 3o.4 35.4 

2.L­2 * **735.8 35.8 35.4 35.9 3o.0 3o.0 46).0 3 .8 35.b 

4~'*46.1 36.2 3b.2 3b.3 4o.4 4O.-+ 46.4 4...3o.2 36.2d 

2.-b * 
2.88 * 
2.,00 * 
2.92 * 

* 
2.96 * 

46.5, 
36~.8 
41.2 
41.6 
48.0 
38.4 

36.5 
35.9 
37.3 
37.7 
36.1 
38.5 

36.6 
37.0 
37... 
37.8s 
3b.2 
3ts.6 

36.7 
37.1 
37.5 
37.9 
3ts. 2 
3d.to 

-46.1 
47.1 
47.b 
37.vi 
ja.. 
38.1 

3o.8 36o 
J1.1 41.e 
31.!5 31.6 
37.9) 38.0 
38.3 36.4 
3d.1 38.8t 

3a.8 
41.2d 
37.b 
48.0 
38 .4 
48.8 

so.b 
41.0 
31.4 
38s.0 
3t%.4 
38s.8 

36.6 
37.0 
47.4 
37.8 
38.2 
38.6 

2.98 * 48.8 38.9 39.0 39.0 34.1 -49.1 39.2 49.2 39.2 49.1 

3.00 * 39.2 39.3 39.4. 39.4. 39.tD 39.6 49.6 4'J.0 39~.b 439.5 



Table 13 Submerged flow calibration for 36in x9 ft 

Cutthroat flume, (Q,cfs) 

hhb 

S.02 .04 .r6 .08 .10 .12 .14 *16 o1 .20 .22 .24 .2b .28 .30 .32 .34 .36 .38 .40 

.ue .0 .0 .u .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 

.1 .1 .1 .I .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 
. .2 .2 .2 .e . . .1 .2 .2 .a .4 .2 .2 .2 2 2 .2 .2 .2 

* 

*10 

.14 

.10*3 

.4

.5 

.3 

.4 

.5 

.3 

.4

.5 

.3 

.4
5 

.3 

.4 

. 

.3 

.4
5.5 

.3 

.4 

. 

.3 

.4 
.3 
.4 

.3 

.4 

.b5 

.s 
.4
.5 

*4 
.4
.b 

*3 
o4
.5 

.3 

.4

.5 

.3 

.4

.5 

.3 

.4

.5 

.3 
.4
.b 

.3 

.4
95 

3 
.4
:5 

.3 

.4
o5 

.lb .0 .b .6 .6 .6 .6 .b .6 .0 .6 *b 90 .6 .6 .6 .6 .6 .b .6 .6 

.it * .7 .7 .7 .7 .7 .1 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
du* . .9.9 .9 ..4 .9 .9 .9 .9 .9 .9 .9 .9 .9 .9 .9 09 09 09 .9 

o22 * 1.0 1.0 1.u 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 3.0 1.0 1.0 1.0 1.0 1.0 1.0 
.,e4 * 1.1 1.2 1.2 1.2 1.2 i.2 1.2 1.9 1.4 . 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
•2b 0 1.2 1.3 1.3 -1.3 1.3 1.3 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

* 1." 1.5 1.5 1.5 1.5 1.5 l.b 1.5 1.6 1.5 1.5 1. 1.5 1.5 1.5 1.5 1.5 1.5 1.5 iL.5 
.3u * 1.5 l.b l.b 1.6 1.o l.b 1.6 l.b ,.0 1.6 1.0 l.b l.b lb 1.6 1.6 1.6 1.6 le6 1.6 
.3e * 1.7 1.6 1.8 1.o 1.8 1.8 1.8 1.8 led 1.8 1.8 1.8 1. 1.8 1.8 1.8 1.8 1.8 1.8 1.8 
..34* 1.o 2.u e.u 2.0 2.0 2.u 2.0 2.0 2.0 2.0 2.0 2.0 2.0 e.0 2.0 2.0 200 2.0 2.0 2.0 
Jb * 2.0 2.2 2.2 2.2 2.e 2.2 2.2 2.2 2.2 2.2 2.k 2. 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 

.3f. 0 2.2 2.3 d.. 2.4 2.4 2.. 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

.4u * ?.3 2.5 2.6 2.6 2.6 2.6 2.6 2.b ob 2.6 ob 2.6 2.b 2.6 2.6 2oO 2.b 2.6 2.o +o°6 

.4d 2.5 2.7 2.8 2.8 2.8 2.8 2.8 2.8 2.6 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.d 2.8 

.44 * 2.7 2.9 3.0 3.0 3.U 3.0 3.0 3.0 ..0 3.0 J.o 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 :3.0 

.46 * 2.h 3.1 3.2 3.2 3.2 3.2 3.e 3., j.2 3.2 3.2 3.2 3.2 J.. 3.2 3.2 3.2 3.2 3,2 3.2 

.40 * 3.0 3.3 3.4' 3.5 3.4 3.4 3.4 J.4 3.9 3.4 J4 3.4 3.4 3.' 3.4 3.4 3.4 3.4 3.4 3.4 

.50 * 3.2 3.5 3.o 3.7 3.7 3.7 3.7 3.7 J.1 3.7 3.7 J.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 

.52o J.4 3.7 3.8 3.9 3.9 3.9 3.9 4.9 J.9 309 J.9 3.9 3.9 309 3.9 3*9 3o9 3.9 399 3.9 

.54 * J.6 3.9 4.1 4.1 4.! 4.1 4.1 4.1 +.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 

.56 0 3.7 4.1 4..3 -+.4 4o4 4.o4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 494 4.4 4. 4 
.:s* 3o9 4.*3 4.5 &4.6 4.7 4..6 -4.b '4.6 4.bo 4.6 4.b 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 

.!-o * 4.1 4.5 4.7 4.8 4.9 -+.9 4.9 -+.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.4 4.9 4.9 4.9 4.'9 
t * 4.3 4.7 b.0 6.1 S.2 5-2 5.1 5.1 b.1 5.1 ).1 5ol 5.1 6.1 5.1 501 S.l 5.1 5.1 b.1 

.t* 4.5 5.0 5.2 5.3 6.4 5.4 5.4 5.4 ts.4 6.4 5.4 5.4 b.4 5.4 5.4 !6.4 5.4 5.-, 5.4 to.4 
.b * 4.7 5.2 5.4 5.6 5.7 5.1 6.6 3.6 b.b 5.6 6.6 5.b .0 5.b 5.6 5.6 5.6 5.b 5.6 ob 
. * 4.9 5.4 5.7 5.8 5.9 Dou 5.9 t.9 t.9 509 6.9 b.9 5.9 5.9 5.9 6.9 b.9 5.9 So 6.9 
.70 * 5.1 5.7 s.9 6.1 6.2 6.2 0.2 0.2 0o2 6.2 o.2 b.2 6o2 6.? 6.2 b.2 o.2 6.2 6.2 6.2 
.72 * 1.3 5.9 6.2 6.4 b.! 0.5 b. b.5 b.5 6.6 b.5 6.5 b.5 6.:i 6.5 6.6 b.5 6.5 6.5 b5 
.744 5.5 6.1 6.4 6.6 6.1 0o 6.8 o.7 b.1 6.7 b.? o.7 b.1 6.1 6.7 b.7 6.7 6.7 6.7 6.7 
.16 * 5.o 6.4 6.1 b.9 7.0 1.1 7.1 1.0 1.0 7.0 1.0 1.0 1.0 7.0 7.0 100 7o0 7.0 7.0 7.0 
.76 * o.U 6.b b.9 1. 7.3 1.4 7.4 1.J 1.3 7.J 7.3 7.3 7.3 7.3 7.3 1.3 7.4 7.3 7.3 1.3 
.60 * 6.2 6.8 7.2 1.4 7.b 1.6 7.1 7.6 1.6 7.b 1.b 7.b 7.6 7.6 7.6 7.6 7.6 7.6 7o 7.6 
.62 * 6." 7.1 7.! 7.7 7. 7.9 8.0 8.0 7.9 7.9 1.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 
.34 * .. 6 7.3 7.7 d.0 t.1 .2 d.3 d.3 o.c 8.2 8.2 8.2 8.2 8.z 8.2 8.2 8.2 8.2 8.2 d.2 
.6b * b.9 7.b 8.0 8.2 8.4 8.5 8o6 d.6 . 8.5 .5 895 8.5 8.5 8.5 8.5 8,5 8.s 8.5 8.5 
.88 * 1.1 7.8 b.3 8.5 8.7 8.8 8.9 8.9 8.8 8.8 8.8 88 8.8 8.6 8.8 8.8 8.8 808 8.8 8.8 
.9u * 1.3 d.1 8.b 8.8 9.U 9.1 9.e V.2 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 
.,0 * 7.5 8.3 b.8 9.1 c).3 4.4 9.6 9.6 9.b 9.5 V.5 9.5 945 9.5 9.5 9.5 9.5 9.5 9.5 9.5 
.4 * 1.8 8.b 9.1 0.4 9.b 9.1 9.8 9.9 9.v 9.8 9.8 90b 9.8 9.8 9.8 9.8 9.b 9.8 9.8 9.8 
.)b * 8.0 8.9 9.-4 9.7 9.9 lu.0 Iu.1 10.e 10.2 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 
.4b * 8.2 9.1 9.6 10.0 1u.e 1U.4 10.6 Iu.5 lu.o 10.4 1o.4 10.4 10.4 10.4 10.4 1U.4 10.4 10.4 10.4 10.4 

1.00 * 8.5 9.4 9.9 10.3 10.t 10.7 10.8 iO.9 10.9 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.u 10.8 10.8 10.8 



Table 13 (continued) 

he ha-hb 

.0* (.4 *t,b .08 .1U .12 .14 .10 It$ .20 .2;e .24 .26 led .30 .32 o34 .36 .3d e.40 

i.Le * m.7 9.1 iU.e 10.6 lu.8 1L.0 11.1 11.? Iiee 11.3 11.1 11*1 11*1 11*I 11*1 11.1 11.1 11*1 11.1 11.-1 

.U4 * 
1.66 * 
1.0b 
1.10 * 
1.1e * 
1.14 
1.16 
1.18 * 

1.20 * 

1.22 + 
1.24 * 

d.9 
4.2 

.4 
j*7 
-.9 

110.2 
I10.4 
10.7 
10.9 
11.2 
11.6 

V.-
10.2 
10.5 
I0. 
11.u 
11.3 
11.b 
11.9 
12.2 
12.4 
12.7 

I.5 
IU.8 
11.1 
11.4 
11.7 
12.0 
1I.3 
l2.b 
12.9 
13.2 
13.s 

10.9 
11.2 
11.5 
11.8 
12.1 
12.4 
12.7 
13.0 
13.4 
13.7 
14.0 

11.1 
11.4 
11.a 
12.1 
I2.4 
12.1 
1j. 
13.4 
13.7 
14.0 
14.4 

11.4 
11.6 
12.0 
12.3 
12.6 
1e.9 
1-1.3 
13.b 
14.0 
1+.3 
14.f3 

11.4 
Ii.8 
12.1 
I2.4 
1?.8 
13.1 
13.5 
14.8 
14.1 
14.5 
14. 

11.5 
11.9 
Ie.2 
12.5 
Ie.9 
L3.2 
1j.o 
13.9 
1+.3 
140o 
16.0 

11.b 
11.9 
1.J 
12.8 
lj.O 
.4j.-
14.7 
14.0 
1+o.4 
14.7 
1t.1 

11.6 
11.9 
12.3 
12.6 
13.0 
13.4 
13.7 
14.1 
14.4 
14.8 
15.2 

11.5 
11.8 
lc.e 
12.b 
Ij.0 
13.4 
1J.7 
14.1 
14. 
14.9 
1b.2 

11.b 
11. 
12.e 
1.b 
12.9 
13.2 
13.b 
14.0 
14.J 
14.9 
16.3 

11.5 
11.8 
I.2 
12.5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.7 
15.1 

11.5 
11.8 
12.2 
12.5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.7 
16.1 

11.5 
11.8 
12.2 
12.5 
12.9 
13.e 
13.6 
14.0 
14.3 
14.7 
15.1 

11.5 
11.08 
12.2 
12.5 
1U.9 
13.2 
13.6 
14.0 
1+.3 
14.7 
1b.1 

11.5 
11.8 
12.2 
12.5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.7 
15.1 

11.5 
11.8 
12.2 
12.5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.7 
15.1 

11.5 
11.t 
12.i 
12.5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.7 
15.1 

11.5 
I1.8 
12.2 
IZ5 
12.9 
13.2 
13.6 
14.0 
14.3 
14.7 
1I.1 

I.?b ii.7 13.0 13.8 14.3 14.7 1b.0 15.2k 5.4 lo.5 13.6 ls.b 16.b 1b.6 1s.5 15.5 15.5 15. 15.5 15.5 15.5 

1.28 12.0 13.3 14.1 14.7 15.U ls.J 16.b 1t.7 1o.9 16.9 10.0 1b.0 15.8 16.8 15.8 ls.8 16.8 15.8 15.8 15.8 

1.3U * 12.2 13.b 14.4 It.0 15.4 1 -1 15.9 io.1 1o.2 16.4 1b.4 1b.4 16.2 16.2 16.2 Io.2 1b.2 16.2 16.2 1b.2 

1.32 l.5 13.9 14.7 15.3 15.7 lo.0 16.3 io.5 lo.6 16.7 1b.8 1b.8 Ib8 Ib.6 16.6 16.6 1b8b 16.6 16.6 16.6 

1.. * 
1.3b * 
1.3b * 
1.40 o 
1.42 * 

12.d 
13.0 
13.3 
13.6 
13.8 

14.2 
14.5 
14.8 
15.1 
15.4 

15.1 
15.4 
15.1 
16.0 
16.4 

15.7 
1b.0 
16.3 
1b7 
11.0 

1b.1 
16.+ 
1b.b 
17.1 
17.6 

1b.4 
1b.8 
11.1 
17.6 
17.d 

16.b 
17.0 
17.4 
17.b 
18.1 

1o.8 
11.2 
17.t 
i.0 
i.3 

1/.0 17.1 
11.4 17. 
11.1 17.9 
1b.1 Id.2 

0o. 18.b 

17.2 
11.5 
11.9 
I8.3 
18.7 

17.2 
17.6 
18.0 
18.4 
18.8 

17.2 
17.b 
18.0 
18.4 
18.8 

17.0 
17.4 
17.8 
18.2 
18.9 

17.0 
17.4 
17.8 
18.2 
1b.b 

17.0 
11.4 
17.8 
18.2 
ld.b 

17.0 
17.4 
17.d 
1b.2 
18.6 

17.0 
17.4 
17.8 
18.2 
18.6 

17.0 
17.4 
17.d 
18.2 
18.6 

17.0 
17.4 
17.8 
18.2 
18.6 

1.44 
1.46 

* 
* 

14.1 
14.4 

15.7 
16.0 

1b.7 
17.0 

17.3 
17.7 

17.6 
18.2 

18.2 
1L.6 

18.6 
18.9 

18.7 
19.1 

1n.9 
19.3 

19.0 
19.4 

19.1 
19.5 

19.2 
19.b 

19.2 
19.7 

19.3 
19.7 

19.0 
19.5 

19.0 
19.5 

19.0 
19.5 

19.0 
19.5 

19.0 
19.5 

19.0 
19.5 

-4 
O 

1.4t * 1+.? 16.4 17.4 18.0 18.b 10.9 19.3 19.5 19.7 19.8 Iv.9 20.0 20.1 20.1 19.9 19.9 19.9 19.9 19.9 19.9 

1.50 * 12.0 16.7 17.1 1.4 18.9 19.3 19.t8 19.9 20.1 d0.2 20.4 20.4 evC°5 20.5 eO.3 20.3 20.3 0.3 20.3 20.3 

1.L * 
1.54 * 
1.5b * 

15.2 
15.5 
15.0 

17.0 
17.3 
17.6 

18.0 
18.4 
1b.7 

18.7 
19.1 
19.5 

19.3 
19.6 
20.0 

1-j.7 
20.1 

20.0 
20.4 
20.8 

e0.3 
e0.1 
e1.1 

20.5 
20.9 
21.3 

20.6 
21.0 
21.5 

20.8 
21.2 
21.b 

20.8 
21.4 
21.7 

20.9 
I1.4 
21.8 

20.9 
21.4 
21.8 

21.0 
21.4 
21.8 

2U.7 
21.1 
21.6 

20.7 
21.1 
21.6 

20.7 
21.1 
21.6 

20.7 
21.1 
21.6 

20.7 
21.1 
2106 

1.5t8 * 
1.6U * 
1.h2 * 
I.b4 * 
1.66 * 
1.68 
1.70 * 
1.1i * 

16.1 
1b.4 
16.7 
1b.9 
17.2 
17.5 
17.8 
18.1 

17.9 
19., 
19.6 
18.9 
19.2 
19.5 
19.9 
20.2 

19).0 
19.4 
19.1 
20.1 
20.4 
20.8 
21.1 
21.5 

19.8 
20.2 
20.5 
20.9 
21.3 
21.6 
22.0 
22.4 

20.4 
iU.b 
21.1 
21.5 
e j.9 

22.3 
22.b 
e3.0 

20.8 
21.e 
21.8 
2e.0 
22.4 
e2.6 
23.2 
23.5 

21.e 
21.6 
.22.0 
2e.4 
22.8 
2d3.2 
23.8 
24.0 

21.5 
d1.9 
22.3 
e2.7 
23.1 
23.5 
ej.9 
e-.3 

2!.7 
2e.1 
2e.5 
2e.9 
2j.4 
2.3.7 
24.2 
24.b 

21.9 
22.3 
22.7 
k3.. 
23.5 
24.0 
24.4 
24.8 

22.0 
22.4 
22.8 
es.3 
2j.? 
.24.1 
24.5 
25.0 

22.1 
e2.5 
23.0 
23.4 
23.8 
24.2 
24.7 
26.I 

22.2 
22.b 
23.0 
23.5 
23.9 
24.3 
24.8 
e5.2 

22.2 
2e.7 
23.1 
23.5 
24.0 
24.4 
24.9 
25.3 

e2.3 
e2.7 
e3.1 
e3.6 
e4.0 
24.5 
e4.9 
e5.4 

22.0 
22.4 
23.2 
2J.6 
24.1 
24.5 
25.0 
25.,# 

22.0 
22.4 
22.v 
23.3 
23. 
24.2 
24.7 
25.4 

Z2.0 
22.4 
?2.9 
e3.3 
23.8 
24.2 
e4.7 
25.1 

22.0 
22.4 
22.9 
23.3 
23.8 
24.e2 
24.7 
25.1 

22.0O 
22.4 
22.9 
23.3 
23.8 
24.2 
24.7 
25.1 

1.14 0 18.4 
1.7b * 1.7 
1.1m *1.0 

20.5 
20.9 
21.2 

21.8 
22.2 
22.5 

22.7 
23.1 
23. 

2e3.4 
d3. me 
24.e 

eJ~ 
..3 

e.7 

24.4 
?4.# 
25.2 

e4.7 
e).1 
25.5 

?-:3.0 
5.4 
2.o 

2b.2 
. 

2b.1 

2to.4 
2h.8 
2o. 

25.6 
2b.0 
26.4 

25.7 
26.1 
26.t 

25.8 
20.2 
2b.7 

25.8 
e6.3 
28.7 

2ti.9 
26.3 
2bed 

263.9 
2b.4 
2bo 

25.6 
e6.0 
2b.5 

25.6 
26.0 
26.5 

25.6 
26.0 
2b5 

1.10 
1.82 

* 
* 

19.3 
19.6 

21.5 
21.v 

22.9 
23.3 

24.4 
24.2 

24.o 25.1 
e5U. e-t. 

25.8 
28.0 

28.0 
2o.4 

2o.3 
ea.7 

26.! 
7.0 

2b.7 
27.2 

26.9 
27.3 

27.0 
27.5 

27.1 
27.6 

27.2 
27.7 

21.3 
21.7 

27.3 
27.8 

27.0 
27.8 

27.0 
27.4 

27.0 
21.4 

1.b4 * 
1.6 * 
1.88 0 
1.90 * 
1.92 * 
1.94 * 

19.9 
eu.e 
20.5 
20.8 
21.1 
21.4 

22.2 
22.6 
22.9 
23.2 
23.6 
23.9 

23.b 
24.0 
24.3 
24.7 
25.1 
25.4 

24.6 
2!>.0 
2s.4 
26.8 
26.1 
28.5 

e5.4 

25.8 
26.1 
!6.5 
26.9 
27.J 

2b.9 
26.4 
28.d 
21.2 
27.8 
?8.0 

e6.4 
26b.8 
27.3 
27.1 
28.1 
28.5 

o.8 21.1 
71.2!e2.r) 

e7.7 2d.0 
2d.1 26.4 
e8.5 28.9 
e9.0 29.4 

27.4 
e7.d 
28.3 
28.7 
29.2 
29.6 

27.8 
28.1. 
28.5 
29.0 
29.dt-
29.9 

21.b 
28.2e 
28.7 
29.1 
29.0 
30.1 

27.9 
28.4 
28.8 
29.3 
29.8 
30.2 

28.0 
2t1.5 
29.0 
29.4 
29.9 
30.4 

28.1 
e8.6 
29.1 
29.5 
30.0 
30.5 

28.2 
28.1 
29.1 
29.b 
30.1 
30.6 

28.2 
28.7 
29.2 
29.7 
30.1 
30.6 

e8.2 
28.7 
d9.2 
29.7 
30.2 
30.7 

27.9 
28.4 
28.9 
29.3 
30.2 
30.7 

21.9 
28.4 
28.9 
29.3 
2908 
30.3 

1.96 * 
1.98d 

21.7 
22.0 

24.3 
24.b 

25.8 
26.2 

26.9 
27.3 

Z7.8 
28.2 

2d.4 
ed.8 

29.0 
29.4 

29.-4 
29.8 

29.d 
30.2 

30.1 
JOo. 

30.3 
3U.8 

30.5 
31.0 

30.7 
31.2 

30.8 
31.3 

31.0 
31.4 

31.0 
31.5 

31.1 
31.6 

31.1 
41.6 

31.2 
31.1 

30.8 
31.3 

2.00 22.4 25.0 26.b 21.7 28.b 29.2 29.8 30.3 30.b 31.0 31.2 J1. 31.6 31.8 41.9 32.0 42.1 J2.1 32.2 31.8 



Table 13 (continued) 

ho ho-hb 

u.2 .04 .06 oil3 .10 .12 .14 .16 .18 920. .22 .24 .26 .28 .30 .32 e34 .36 .38 .40 

?..2 0 e2.7 25.3 26.9 2d.1 29.0 e9.7 JO.4 Jo.7 31.1 31.4 31.7 31.9 32.1 3.3 J2.4 34.5 32.6 JZ.b 32.7 32.7 
d.04 0 e4.0 25.1 e7.3 2d.5 d9.4 30.1 30.7 J1.1 31.b 31.9 Je. 32.4 32.b 32.1 32.9 33o0 33.1 33.1 33.2 33.2 
2.,h * 23.3 26.o 27.7 -8.9 29.d 30.5 31.1 J.b 3e.0 32.3 Z2.b 32.9 33.1 33.2 J3.4 33.5 33. 33.o6 33.7 34.7 
2.C2t 23.6 2b.4 28.1 29o3 JO.2 30.9 41.b 3e.0 34.4 32.8 34.1 33.3 J3.5 33.7 J3.9 34.0 34.1 44.1 34.2 34.2 
e.13 * Z3.y 26.7 28. 29.7 JO.b 31.% 32.0 32.5 3e.9 33.3 33.6 33.8 34.0 34.2 34.3 34.5 34.6 34*6 34*.7 34.7 
2.12 4 d4.3 27.1 2d.8 30.1 J1.0 31.8 3e.4 3e.9 J.4 33.7 44.0 J4.3 34.5 34.7 4.8 3i.0 3s.1 35.1 35.2 36.2 
2.14 * 24.6 27.b 29.2 30.5 31.6 3.e 3e.9 33. 3J.d 34.2 34.5 44.b 35.0 3i.2 J5.3 3h.5 3h.6 J5.6 35.7 in.7 
2.1b * 24.9 21.d 29.6 30.9 41.9 32.7 34.3 33.d 34.3 J4.7 35.0 35.2 35.5 35.7 J.6 3o.0 3b.1 J6.1 36.2 3b.2 
2.18 * eS.2 26.2 30.0 31.3 J2.j 33.1 33.7 34.3 34.7 J4.1 3h.5 J5.7 36.0 36.2 36.3 3b.5 46.6 Jb.7 36.7 36.8 
2.20 *d i.5 26.5 30.4 31.7 32.7 33.i 34.2 J.7 3b.2 35.6 46.9 36.e 3b.5 36.7 Jb.d 37.0 37.1 37.2 37.2 37.3 
2.22 * 23.9 26.9 30.o 32,1 J3.1 34.0 34.b 3.2 3:.7 36.1 J.4 Jb.7 46.9 37.2 37.3 37.5 37.b 47.7 37.8 37.8 
2.24 * 
2.26 * 

26.2 
Z 6.5 

29.3 
29.6 

31.2 
31.6 

3e.5 
32.9 

33.b 
44.0 

34.4 
34.8 

35.1 
35.5 

36.7 
Jb.1 

3o.1 
Jb.6 

jb.5 
37.0 

4o.9 
37.4 

47.2 
37.7 

37.4 
37.9 

37.7 
38.2 

47.8 
J8.3 

3d.O 
38.5 

38.1 
38.6 

38.62 
J8.7 

38.3 
38.8 

38.3 
3d.9 

2.28 * 26.8 30.0 32.0 33.4 J4.4 45.3 36.0 J6.6 37.1 37. 31.9 38.2 38.4 38.7 48.8 3Y.0 39.1 J9.2 39.3 39.4 
2.30 * 27.2 30.4 32.4 33.8 34.Y 35.1 36.4 J1.0 31.5 38o0 38.3 38.7 38.9 39.2 39.4 39.5 39.7 39.8 39.9 39.9 
2.32 * 27.5 30.6 32.8 34.2 35.3 Jb.2 36.9 37.5 3d.0 48.5 3b.8 49.2 3Y.4 39.7 39.9 40.0 00.2 40.3 40.4 40.5 
2.34 
2.4b 

* 
* 

21.8 
26.2 

31.1 
31.6 

33.1 
33.5 

34.6 
3t.0 

J5.7 
Jb.e 

Jb.b 
37.1 

37.4 
37.8 

J8.0 
48.4 

Jb.5 
39.0 

38.9 
49.4 

49.J 
3Y.8 

j9.7 
40.2 

39.9 
40.4 

40.2 
40.7 

40.4 
40.9 

40.6 
41.1 

40.7 
41.2 

40.8 
41.3 

40.9 
41.4 

41.0 
41.5 

2.38 * 28.5 31.9 34.0 35.4 36.6 37.5 38.3 38.9 3Y.5 39.9 40.3 40.1 40.9 41.2 41.4 41.6 41.8 41.9 42.0 42.1 
2.40 * 28.d 32.3 3%.4 35.9 47.u 3d.0 38.7 39.4 3Y.9 40.4 40.8 41.2 41.5 41.7 41.9 42.1 4e.3 42.4 42.5 42.6 
2.4e* 2-4.2 32.6 34.8 36.3 37.n 36.' 39.2 J9.9 40.4 40.9 41.3 41.7 4e.0 42.2 42.5 42.b 42.b 42.9 43.1 43.1 
2.44 * 24.5 33.0 35.2 36.7 47.9 38.9 39.7 '0.3 40.9 41.4 41.8 42.e 42.5 42.7 43.0 43.2 43.3 43.5 43.6 43.7 

2.0*29.6 33.4 35.6 37.1 38.4 39.3 40.1 '.0 41.%. 41.9 42.3 42.7 43.0 43.3 4.3.5 43.7 43.9 44.0 44.1 44.2 
2.'8 * JU.2 33.8 3b.0 37.6 48.8 39.8 40.6 41.3 41.9 42.4 4e.8 43.e 43.5 43.8 44.0 44.2 44.4 44.6 44.7 44.8 
2.50 * 30.5 34.2 36.4 38.0 J9.2 40.2 41.1 41.8 4e.4 '.2.9 44.3 43.7 44.0 44.3 44.6 44.8 44.9 45.1 45.2 45.3 
2.,h2 * 40.9 34.5 36.b 38.4 49.7 4.0.7 '.1.b 4.e.2 42d.d 43.4 44.8 44.2 44.5 44..8 45.1 4 .3 45.5 45.6 45.8 456.9 
2.6'. * 31.2 34.9 37.2 38.9 '.0.1 4.1.2 4k.0 42.7 44.34 '3.9 44.3 44.1 45.1 45.4 45.6 45.8 4b6.0 4.6.2 46.3 46.4 
2.-,b * 41.6 35.3 37.b 39.3 40.6 41.6 42.5 43.2 4J.8 44.4 44.8 45.e 45.6 45.Y 46.1 46.4 46.6 46.7 46.9 47.0 
2.58 * 31.9 35.7 38.0 39.7 41.0 42.1 43.0 43.7 44.4 44.9 45.3 45.7 46.1 46.4 46.7 46.9 47.1 47.3 47.4 47.6 
2.#-()~ 32.2 36.1 3b.4 40.2 41.S 4.2.5 43.4 '.4.2 44.b8 4b.4 4b.9 4b6.3 46.6 46.9 47.2 47.5 47.7 47.8 48.0 48.1 
2.o2 J42.6 36.5 38.9 '40.6 41.V 43.0 4.3.9 7..7 4t.3 4.5.9 4b.4 46.8 47.2 47.5 47.8 48.0 48.2 '6.4 48.5 48.7 
2.b4 J42.9 36.9 39.3 41.0 '2.4 .3.5 44.4 4.2 4 6. 46.4 4b.9 47.3 47.7 48.0 '.8.3 48.5 48.8 48.9 49.1 49.2 
2.66 *4.3 37. 39.7 41.5 42.8 44..0 44.9 q.I 40.3 46.9 41.4 47.8 48.2 48.5 48.8 49.1 49.3 49.5 49.7 49.8 
Z.66 .34.6 37.6 40.1 41.9 43.J 4-..4 45.4 40.1 4 0. '7.4 41.9 48.4 48.7 49.1 49.4 5.49.9 50.1 50.2 50.4 
2.7u 44.0 38.0 40.7 42. '.3.8 4.9 45.8 '9.b 41.47.9 48.4 48.9 49.3 49.6 49.9 50.2 5.4 b0.6 50.8 50.9 
2.72 4 34.3 38.'. 41.0 42.8 44.2 '6.4 4b.3 47.1 41.8 48.4 41.U 49.4 49.8 50.2 60.5 50.7 51.0 b1.2 51.4 51.5 
2.74 * 34.7 38.b 41.'. 4.2 44.7 '.6.8 4b. 47.6 4.3 48.95 49.5 459.9 50.3 50.7 b1.0 51.3 51.6 61.7 51.9 52.1 
2.76 * 3n.0 39.2 41.8 43.7 '..1 '6.3 47.3 '..1 4d.8 49.1 50.0 0.o 50.9 51.2 51.6 51.8 52.1 52.3 52.5 52.6 
2.78 0 J.4 39.b 42.2 44.1 4t.0 4.0.8 47.8 48.6 49.4 50.0 50.5 51.0 51.4 51.8 52.1 i2.4 52.7 b2.9 53.1 53.2 
2.60 * J3.8 40.0 42.7 44.6 46.1 1.3 48.3 '9.1 4.9 60.5 51.1 51.5 52.0 52.3 62.7 53.0 53.2 3*4 53.b 53.8 

2."'.4 
* 

* 
46Z3b.1 
4o.5 

40.4 
40.8 

43.1 
4.3.t 

46.0 
43.5 

46.D 

'.7.0 
41.8 
-4-d.2 

4d.64 
49.3 

9.b 

nu.1 
50.4 
5u.9 

51.0 
61.5 

51.6 
52.1 

52.1 
!32.b 

52. 
63.1 

52.9 
53.4 

b3.2 
b3.8 

53.5 
54.1 

53.6 
54.3 

54.0 
54.6 

54.2 
54.8 

54*.4 
55.0 

2.8d * 
4.b6.83 
J7.2 

41.2 
41.6 

44.0 
44.4 

4S.9 
46.4 

47.t6 
47.9 

'.8.7 
4Y9.2 

49.5 
60.4 

50.6 
61.2 

51.'. 
51.9 

t2.1 
52.6 

52.6 
53.2 

63.2 
53.7 

53.b 
54.1 

54.0 
54.5 

64.3 
54.9 

54.6 
56.2 

54.9 
55.5 

65.2 
55.7 

55.4 
55.9 

5 .5 
56.1 

2.90 * 41.6 42.0 44.8 4b.8 4.4 49.7 50.d n1.7 52.4 5.3.1 54.7 S4.?2 54.7 5Si.1 b5.5 55.8 5b.1 66.3 56.5 5b.7 
2.92 
2.94 

* 
* 

47.9 
48.3 

42.6 
42.9 

45o.4 
45.7 

47.3 
41.8 

4b. 
49.4 

60.2 
'aU.1 

61.j 4 ~.e 
51.b 62.1 

54.0 
54.5 

n3.7 
64.2 

54.4 
54.8 

S4.8 
65.3 

56.2 
55.8 

55.7 
56.2 

66.0 
56.6 

56.3 
56.9 

56.6 
57.2 

66.9 
67.5 

57.1 
57.7 

57.3 
57.9 

.y* 48.', '3.3 4b.1 "d.2 49.n~ a1.d 5e.4 -=.2 5'..0 64.7 66.4 66h.9 66.4 56.8 b7.2 57.!i 57.b b8.C 58.3 56.b 
2.98d * 39.0 43.1 4b6.0 4d.7 60.4 61.6 62.6 n4.1 b%.6 n6.2 66.9# bo.'. 66.9 b7.3 b7.7 5d.1 68.'. 58.6 58.9 59.1
3.00 0 34i.4 44.1 47.0 4,4.1 b-I.M' :).1 54J.4 34.2 56.1 56.8 5b.'. 57.0 57.5 57.9 68.4 58.6 58.9 69.2 59.5 59.7 



Table 13 (continued) 

ho h6-hb 

4 
.42 .44 .4b .4S .U . 2 .54 rib *.-68 .60 

2.04 - j4.6 
2.0b * 33.3 
2.0d * 33.8 
e.IU * 34.3 
2.12 * J.2 
2.14 * J54 
2.1b * 46.3 
Z.14 * Jb.R 

2.20 31.3 
~.*22 *41.8 
2.24 * J.4 
2.26 0 36.9 
2.20 * 39.4 
2.40 * 40.0 

32.d 
33.3 
33.6 
34.3 
34.o 
35.3 
3b.0 
36.4 
3b.9 
37.9 
36.4 
38.9 
39.5 
40.0 

3e.6 
33.3 
33.8 
34.3 
34.0 
36.3 
35.o 
3b.4 
3h., 
37... 
31.9 
38. 
39.0 
39.5 

3e.8 
33.3 
33.8 
3'.*3 
34.8 
35.3 
3".$ 
3b.4 
36.9 
37.4 
31.9 
38.5 
39.0 
39.5 

32.b 
33.j 
33.h 
44.4 
34.6 
J5.a 
35.b 
3b.4 
46.9 
37.4 
J7.9 
.8. 
39.U 
49.6 

3.8 
33.3 
33.d 
34.3 
34.d 
to.3 

.s).8 
J.4 
36.9 
37.4 
37.9 
j8.5 
j9.0 
39.5 

32.d 
3J.j 
33.d 
34.3 
34.8 
3z*j 
35.d 
3o.4 
3b.9 
47.4 
37.9 
38.5 
J9.0 
39.5 

42.d e.8 
34.3 3j.3 
33.d 3J.8 
3.3 34.3 
J4.d 34.d 
4.J Jb*3 
J5.8 3t .8 
3b.4 Jb.4 

46.9 3b.9 
31.4. 31.4 
37.9 31.9 
Jnm. 3a.b 
39.0 J9.0 
39.5 34.5 

32.8 
33.3 
33.8 
34.3 
34.8 
45.3 
35.8 
J6.4 
36.9 
37.4 
37.9 
38.5 
39.0 
49.5 

2.32 * 40.5 40.5 40.b 40.1 40.1 40.1 40.1 40.1 4u.1 40.1 

2.34 0 
2.3b * 
2.3b * 
2.40 * 
2,.42 * 
2.44 * 
2.46 * 

2.48 * 
2.50 0 
2.52 * 

41.0 
41.6 
42.1 
42.7 
43.2 
43.8 
44.3 

44.9 
45.4 
46.0 

41.1 
41.6 
42.2 
42.7 
43.3 
43.8 
44.4 

44.9 
45.5 
46.0 

41.1 
41.o 
42.2 
42.7 
43.3 
43.9 
44.4 

40.0 
45. 
46.1 

40.6 
41.1 
41.7 
42.2 
43.3 
43.9 
44.4 

4b.0 
45.6 
46.1 

40.6 
41.1 
.17 

42.Z 
42.8 
43.3 
43.9 

44.b 
45.0 
46.1 

.0 
41.1 
41.7 
44.2 
42.d 
43.3 
43.9 

44.5 
45.0 
0.0. 

40.6 
41.1 
41.1 
42.2 
42.8 
43.3 
43.9 

44.5 
45.0 
45.6 

40.6 
41.1 
41.7 
42.2 
4Z.8 
44.3 
"J..9 

44.5 
W3.0 
4 ,. 

40.6 
41.1 
41.7 
4e.2 
44.8 
43.3 
44.9 

44..5 
4.O 
46.6 

40.6 
41.1 
41.7 
42.2 
42.8 
43.3 
43.9 

44.5 
45.0 
45.6 

C 

0 

2.54 
2.5 

* 

* 
46.5 
47.1 

46.6 
47.2 

46.7 
47.2 

46.7 
47.3 

46.1 
47.3 

-6.1 
46.7 

46.1 
46.7 

46.1 
40.7 

4b.1 
4b.7 

46.1 
46.7 

2.56 * 47.7 
2.60 * 48.2 
2.b2 4 48.8 
2.64 * 49.3 
2.6b * 49.9 
2.68 * 50.5 
2.70 * 61.1 
2.12 * 61.6 
2.74 * 52.2 
2.76 b52.8 
2.78 * 53.4 
2.90 * 3.9 
2.e2 * !4.5 
2.-44 55.1 

2.86 * 55.1 
2.8 6!3.3 

2.90 * t16.9 
2.2* 57.5 
24*65.1 

2.96 * 56.6 
2.98 * 59.2 
3.00 * 59.9 

47.7 
48.3 
48.9 
49.4 
50.0 
50.6 
51.2 
51.7 
52.3 
52.9 
53.5 
54.1 
54.6 
55.2 
55.b 
56.4 
57.0 
57.6 
513.2 
58.6 
59.4 
60.0 

47.8 
48.4 
4b.9 
49.5 
50.1 
50.7 
51.2 
51.8 
52.4 
53.0 
53.6 
54.2 
54.7 
5b.3 
55.9 
56.5 
57.1 
57.7 
58.3 
5b.9 
59.5 
60.1 

47.8 
48.4 
49.0 
49.6 
50.1 
50.7 
51.3 
51.9 
52.5 
54.1 
53.6 
54.2 
54.8 
5a.4 
56.0 
56.6 
51.2 
57.8 
58.4 
59.0 
59.6 
60.3 

47.9 41.3 47.3 41.3 
48.4 57.9 47.9 47.9 
49.0 -.9.0 48.4 4.4 
49.6 49.o 49.0 4V.0 
50.e 50.2 49.6 49.6 
60.8 60.8 50.2 S0.2 
51.3 bl.4 60.8 60.8 

51.952.0 52.0 Z1.4 
52.b 52.b 2.6 51.9 
3l.1 53.1 53.2 62.6 

63.7 53.7 53.8 4.8 
t4.3 54.3 64.4 64.1 
b4.9 54.9 55.0 55.0 

665. 6.D 5!36.6 ,.6 
b6.1 06.156.2 6.2 
5b./ 66o.8 56.8 n6.8 
67.3 51.4 57.4. 57.4 
6)7.9 5d.0 58.0 58.0 
68.6 56.b 68.6 bd.7 
59.1 6i9.2 6D9.2 z9.3 
b9.7 59.8 59.9 n9.9 
b0.3 00.4 60.b O0.5 

I.3 
41.9 
48S.4 
49.0 
49.6 
50.2 
5U.8 
61.4 
5L.9 
62.5 
5.1 
64.7 
5..3 
54.9 
5t6.5 
66.1 
5b.1 
5d.1 
68.1 
59.3 
59.9 
6U.6 

47.3 
47.9 
-48.4 
49.0 
49.6 
50.2 
b0.8 
51.4 
61.9 
52.5 
53.1 
53.7 
54.3 
54.9 
55.5 
b6.1 
66.7 
57e4 
58.0 
b8.6 
69.2 
59.8 



APPENDIX B
 

DISCHARGE RATINGS IN METRIC UNITS 



Table 14 Free flow calibrations for se-..ted Cutthroat flumes, metric units 

(Qv cms) 

h* 

* IOX90CM 2OX90CM 30X90CM 20X180CM 40XIROCM 60XI8OCH 30X270CM 60X270CM' 100X270C 

.005 * 

.010 * 

.015 * 

.020 * 

.025 * 
*030 0 
.035 * 
.040 0 
.045 * 
.050 * 
.055 0 
.060 * 
e065 4 
.070 * 
.075 0 
.080 * 
.085 * 
.090 * 
.095 * 
:100 * 
.105 * 

:110 * 
.115 * 
.120 * 
.125 * 
.130 * 
.135 * 
.140 * 
,145 0 
150 * 

.155 * 

.160 * 

.165 * 
:170 * 
.175 * 
:180 * 
.185 * 
.190 0 
.195 * 
,200 0 
.205 * 
0210 C 
.215 0 
.220 0 
.225 * 
,30 * 
.235 * 
e240 
.245 * 
.250 * 

.000 

.000 

.000 

.000 

.000 

.001 

.001 

.001 

.001 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

.007 

.007 

.008 

.008 

.009 

.010 

.010 

.011 

.012 

..012 

.013 

.014 

.014 

.015 

.016 

.017 

.018 

.018 

.019 

.020 

.021 

.022 

.023 

.024 

.025 

.026 

.027 

.028 

.000 

.000 

.000 

.001 
,001 
.001 
.002 
.002 
.003 
.003 
.004 
.004 
.005 
.006 
.006 
.007 
.008 
.009 
.010 
o011 
.012 
.013 
.014 
.015 
.016 
.018 
,019 
.020 
.022 
.023 
.024 
.026 
.027 
.029 
.031 
.032 
.034 
.036 
.037 
.039 
.041 
.043 
.045 
.047 
.049 
.051 
.053 
,055 
.057 
.059 

.000 

.000 

.000 

.001 

.001 
e002 
.002 
*003 
.004 
.004 
.005 
.006 
.007 
.008 
.009 
.011 
e012 
.013 
,014 
,016 
.017 
.019 
.021 
.022 
9024 
.026 
.028 
,030 
,031 
.034 
.036 
.038 
.040 
.042 
.045 
e047 
.049 
.052 
.054 
.057 
.060 
,062 
,065 
.068 
.071 
.074 
,077 
.080 
.083 
.086 

.000 

.000 

.000 

.001 

.001 

.001 

.002 

.002 
,003 
.003 
.004 
.005 
.005 
.006 
.007 
.007 
0008 
.009 
.010 
011 
.012 
o013 
9013 
.014 
.015 
.016 
0018 
.019 
.020 
.021 
.022 
,023 
,024 
.026 
.027 
.028 
.030 
.031 
,032 
.034. 
.035 
e036 
.038 
,039 
.041 
,042 
,044 
e045 
o047 
.049 

.000 

.000 

.001 

.002 

.002 

.003 
,004" 
.005 
.006 
.007 
.008 
.009 
.011 
.012 
.014 
.015 
.017 
.018 
.020 
.022 
.024 
.026 
.027 
.029 
.032 
.034 
.036 
.038 
.040 
.043 
.045 
.047 
.050 
.052 
.055 
.058 
.060 
.063 
.066 
.068 
.071 
.074 
.077 
.080 
.083 
.086 
.089 
.092 
.096 
.099 

0 
.001 
.001 
.002 
.003 
.005 
.006 
.007 
.009 
,011 
.012 
o014 
,016 
,018 
.021 
,023 
e025 
.028 
,030 
e033 
.036 
e039 
o042 
,045 
,048 
9051 
.054 
.057 
.061 
.064 
.068 
.072 
.075 
.079 
e083 
e087 
,091 
,095 
.099 
,104 
.108 
0112 
9117 
.121 
9126 
e130 
,135 
o140 
,145 
.150 

000 
.000 
.001 
.001 
.002 
.003 
.003 
,004 
e005 
.006 
.007 
.008 
.009 
010 
,011 
0012 
,013 
.015 
e016 
.017 
.018 
,020 
*021 
.023 
.024 
.026 
*027 
.029 
,031 
.032 
.034 
,036 
-.037 
e039 
,041 
e043 
.045 
.047 
.049 
0051 
.052 
.055 
.057 
e059 
,061 
9063 
.065 
,067 
.069 
072 

-

.000 
o001 
.002 
.003 
&004 
.005 
.007 
.008 
.010 
,012 
.014 
4016 
,018 
e020 
.022 
e025 
,027 
.030 
a032 
.035 
.038 
,040 
,043 
e046 
,049 
.052 
9056 
9059' 
.062 
.066 
,069 
.O73 
,076 
.080 
,083 
1087 
.091 
,095 
.099 
e103 
,107 
,111 
.115 
,119 
9123 
.128 
e132 
.137 
o141 
e146 

0001 
.002 
.003 
.005 
.007 
.009 
0011 
.014 
.017 
0020 
o023 
.026 
.030 
.034 
,038 
e042 
o046 
.050 
,054 
9059 
.063 
.068 
,073 
e078 
,083 
.089 
w094 
.099 
.105 
111 

,117 
.122 
e129 
.135 
0141 
.147 
,154 
.160 
.167 
9174 
.180 
o187 
e194 
&201 
e209 
,216 
.223 
,231 
,238 
,246 

CD 



Table 14 (continued) 

h 

* OXQOCM 20X90CH 30X90CH 20XlSOCH 40X18OCM 60XSOCH 30X270CM 60X270CM 100X270C 

.2SS • 

.260 * 
0265 0 
.270 9 
.275 * 
.280 * 
.2R5 & 
.290 * 
.295 * 
.300 * 

.029 

.030 

.031 

.032 

.033 

.034 

.035 

.037 

.038 

.039 

.061 

.063 

.066 

.068 

.070 

.073 

.075 

.078 

.080 

.082 

.089 

.092 

.096 
*099 
.102 
.106 
*109 
e113 
.116 
0120 

e050 
.052 
.053 
.055 
9057 
.059 
*060 
.062 
.064 
.066 

.102 

.106 

.109 

.112-

.116 

.119 

.123 

.126 

.130 

.134 

.15 

.160 

.165 

.170 

.175 

.180 

.186 

.191 

.197 
0202 

.07 

.076 
s078 
.081 
.083 
.085 
6088 
.090 
.093 
.095 

.IS 

.IS5 

.159 

.164 

.169 
0174 
.179 
.183 
e188 
.193 

.254 
0261 
e269 
.277 
e285 
a293 
.302 
*310 
&318 
.327 

.305 * 

.310 e 

.315 * 

.320 * 

.325 * 

.330 * 

.335 * 

.340 0 

.345 o 

.350 9 

.355 * 

.360 * 

.365 * 

.370 * 

.375 * 

.380 9 

.385 * 
e390 * 
.395 9 
0400 0 
.405 0 
.410 * 
.415 0 
.420 0 
.425 0 
.430 o 
.435 * 
.440 * 
,445 0 
.450 0 
.455 0 
4460 0 
e465 0 
.470 

.040 

.041 

.043 

.044 

.045 
046 
.048 
.049 
0050 
.052 
.053 
.054 
.056 
.057 
.059 
.060 
.062 
.063 
.065 
*066 
.068 
.069 
0071 
.072 
.074 
.076 
.077 
.079 
.080 
.082 
*oo 
*** 
00 

.085 

.088 

.090 

.093 

.096 

.098 

.101 

.104 

.107 

.110 

.112 

.115 
I118 
.121 
.124 
.127 
.131 
.134 
.137 
0140 
.143 
.147 

O150 
.153 
.157 
e160 
.0163 
.167 
.170 
.174 
ooo 
oo1 
001 
0 

.124 
,127 
.131 
0135 
0139 
.143 
.147 
.151 
.355 
.359 
0164 
o168 
0172 
*177 
6181 
.185 
.190 
.195 
.199 
,204 
.209 
.213 
.218 
.223 
.228 
.233 
.238 
.243 
.248 
.253 

eoo 
e00 
000 

,067 
.069 
0071 
.073 
.075 
.077 
.079 
0081 
083 
.085 
*087 
0089 
0091 
093 
.095 
0097 
0099 
.101 
0103 
9105 
0108 
.110 
.112 
.114 
..316 
.119 
0121 
.123 
.126 
0128 
.130 
.333 
.335 
.138 

.137 

.141 

.145 

.149 

.152 

.156 

.160 

.164 

.168 

.172 

.176 

.180 

.185 

.189 

.193 

.197 

.202 

.206 

.210 

.215 

.219 

.224 

.228 

.233 

.237 

.242 

.247 

.251 

.256 

.261 

.266 

.270 

.275 

.280 

o208 
.213 
.219 
.225 
e231 
*237 
.243 
.249 
o255 
.261 
.267 
o273 
0279 
.28V, 
e292 
o299 
.305 
.312 
o318 
*325 
.332 
.339 
.345 
0352 
.359 
.366 
.373 
.380 
.388 
.395 
0402 
.409 
.417 
.424 

,098 
0100 
.103 
0105 
,108 
4110 
*113 
,116 
.118 
.121 
.124 
e126 
.129 
132 
e135 
.138 
w140 
a143 
.146 
.149 
.152 
.155 
.158 
0161 
o164 
.167 
.170 
o173 
.176 
.179 
.182 
o185 
.189 
.192 

0199 
o204 
9209 
0214 
o219 
,224 
e230 
0235 
e241 
.246 
e252 
.257 
*263 
,268 
.274 
.280 
.286 
.291 
&297 
0303 
.309 
.315 
o321 
*327 
0333 
o339 
.346 
e352 
.358 
e364 
.371 
o377 
.383 
e390 

.335 
e344 
0353 
o361 
e370 
e379 
.388 
9397 
e406 
e416 
.425 
.434 
.444 
.453 
e463 
.473 
.482 
e492 
.502 
e512 
.522 
e532 
.542 
o552 
563 
*S3 
.584 
.594 
9605 
e615 
9626 
.637 
e648 

*659 
o475 0 
.480 * 
.485 0 
.490 * 
.495 * 
.SO0 * 

0*0 
000 
000 
000 
000 

00o 

000 
000 
000 
000 
000 

ego 

000 
000 
0oo 

000 

*.o 

.140 

.142 

.145 
o147 
10.350 

.152 

.285 

.290 

.295 

.300 

.305 

.310 

9432 
.439 
.447 
.45* 
.462 
0470 

.195 
0198 
0201 
0205 
0208 
.211 

o396 
0403 
,409 
0416 
.423 
.429 

*669 
.681 
o692 
.703 
.714 
0725 



Table 14 (continued) 

.oooooo oooooo.00000o0o0000o0o000o000( .00***0o00o*0**0**************g 

lIoXqoC4 20190CM 30X90COM. 20x180CM 40X180CH 60XI80CM 301270CM4 60X270CM. 1001270C 

*505 * 
o510 

.SiS 0 

.520 * 

.525 

.530 * 

.535.51.0 

.545 

.sS0 * 

o0 
0 o 

00o 
o 

*oo 
•**000, 
oo00 
000 

000 

000 
00 

00o0 
40o 

0fe 
00 
000 

000 

0*0 
400 

00o 
00o 

000 
o0o 
000 
@00 

155 
.157 
e160 
.162 
oo165 

*168 
.170
.173 
.176 
.178 

.315 

.321 

.326 

.331 

.336 

.342 

.347. 

.352 

.358 

.363 

e477 
.485 
e493 
o501 
0509 
0517 
o525 
e533 
.541 

o550 

*214 
.218 
9221 
.224 
.228 
.231 
.235 
.238 
.242 
o245 

436 
.443 
o450 
.457 
e463 
.470 
.477 
.484 
.491 
o490 

o737 
.748 
o766 
71 

*783 
.794 
.806 
.818 
*830.842 

o555 
.560 
.565 
O570 
.575 0 
*Sao 0 
.585 * 
.590 0 
.595 • 
e600 * 
o605 0 
.610 * 
.615 0 
o620 a 
.625 ft 
e630 * 
e635 * 
.640 * 
.645 0 
.650 0 
.655 0 
.660 * 
.665 * 
.670 0 
.675 * 
.680 * 
.685 0 
.690 * 
.695 0 
e700 0 
0705 0 
e710 0 
.715 
.720 0 
.725 
.730 * 
*735 
.740 * 
0745 0 
*750 0 

00 
000o184 

000 
000 

.o0 

00o00 

e*o 
300 
*to 
o00 
000 

000 
0o0 

foe 
000 
000 
000 
0410 

000 
00 
000 
00 
000 
000 
0000 
000 

0e0 
00oe 
0 
000 
0 000 

000 
fo0 
000 

00 

ooo 
0oo 

foe000 

•'o 

000 
g00 
o 

000 
00 
00o00 

000 
000 
000 
000 
04 

0 
000 
000 
000 
eee 

00e 
000, 
000 
000 

0o0 

o000 

o00 

0000 
000 
000 

o0 

00 

00 

000 

o00 

ooo* 
ooo 
O0 
000 

fee0o0 

00 
000 
00 
000 

00 
000 

00 

000 
00 

o0 
000o 

0*0 
fe0 
off 
000 

000 

000 
000, 

000 
000 

0 

000 

0 

00 

000 
000 

.181 

.186 
0.189 
.192 
.195 
.197 
.200 
.203 
*206 
000 

000 
000 
000 
o00 
o0000 

000 
00 

0o0 
0e0000 
fe0 

0333 
00 

00 
00 
000 
000 

00 

000 
000 
000 
000 
o00 

.369 

.374 

.380 

.385 

.391 

.396 

.402 

.408 

.414 

.419 
000 
0o 
000 
o00 
000 
000 
000 
000 

00 

000 

000 
000 
000 
fo 
000 
000 
so& 
oe 

000 
000 
00 

00o 
000 

0 

0 

00 

00 

9558 
o566 
.575 
.583 
.591 
&600 
.609 
e617 
e626 
.635 
000 
000 
000 

*0 
0303 
000 

000 
0o 

000 
000 

00 
000 
000g345 
000 
00a 
00 
00 
000 
000 
O 
off000 
000 

000 

009 

000 

e249 
9252 
,256 
0259 
9263 
9266 
e270 
e273 
.277 
o281 
.284 
0288 
o292 
.29S 
0299 

.307 
o310 
e00.314 
e318 
.322 
*326 
0330 

9337 
*341 

349 
353 
.357 
o361 
.365 
.369 
e373 
.377 
0381 
o.385 
o389 
e393 
398 

O505 
*513 
.520 
e527 
o534 
oS41 
.549 
o556 
9563 
.571 
578 

0.86 
.593 
e601 
o608 
e616 
e624 
e631 
*639 
.64? 
o655 
.662 
.670 
.678 
e686 
.694 
0702 
o710 
0718 
0726 
.734 
.742 
.750 
.759 

.0767 
.775 
.784 
0792 
0800 
0809 

.554 
*866 
o878 
.890 
.902 
0914 
.927 
e939 
.952 
o964 
0977 
.989 

1.002 
1O0S 
16026 
lo040 
1.053 
1.066 
10079 
10092 
1.106 
1.119 
1.132 
10145 
1.159 
10172 
1.186 
10199 
1.213 
1*226 
10240 
1.254 
10268 
1.281 
1.295 
10309 
19323 
10337 
1.352 
1o366 

CD 



Table 15 Stbmerged flow calibration for I0cm x9Ocm 

h Cutthroat flume, (0",ho*tf cms) 

* .005 .010 .015 .020 .025 .030 *035 .040 .045 .050 .055 .060 .065 .070 .075 .080 .085 .090 .095 .100 
.005 4 .000 
.010 * .000 
.015 0 .000 
.020 * .000 
.025 * .000 
.030 * .001 
.035 * .001 
.o 0 * .001 
*050.001 

.050 • .001 

.055 * .001 

.060 * .002 

.065 • .002 

.070 • .002 

.075 • .002 

.080 • .002 

.085 * .003 

.090 • .003 

.095 * .003 

.100 * .003 

.105 * .004 

.110 * -004 

.115 0 -004 

.120 • .004 
•125 * .005 
.130 * .005 

.000 

.000 

.000 

.000 

.000 

. 

.001 

.001 

.001 

.002 

.002 

.002 

.002 

.003 

.003 

.003 

.003 

.004 

.004 

.004 

.035 

.005 

.005 

.006 

.006 

.000 

.000 

.000 

.000 

.000 
001 
.001 
.001. 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.005 

.006 

.006 

.006 

.007 

.000 .000 

.000 .000 

.000 .000 

.000 .000 

.000 .000 

.001 001 

.001 .001 
001.001 
,00.001 .001 
.001 .001 
.002 -002 
.002 .002 
.002 .002 
.003 .003 
.003 .003 
.003 .003 
.004 .004 
.004 .004 
.004 .005 
.005 .005 
.005 .005 
.006 .006 
.006 .006 
.007 .007 
.007 .007 
.007 .008 

.000 

.000 

.000 

.000 

.000 

.001 

.001 

.001. 

.001 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

.006 

.007 

.007 

.008 

.000 .0n0 .000 .000 

.000 .000 .000 .000 

.000 -Ono .000 .000 

.000 .000 .000 .000 

.000 .090 .000 .000 
.001 .001 *001.001 

.001 .001 .001 .001 
001. 001 .001. 001. 

.,91 .gl .001 .001 

.001 .001 .001 .001 

.002 .On2 .002 .002 

.002 .002 .002 .002 

.002 .002 .002 .002 

.003 .003 .003 .003 

.003 .003 .003 .003 

.003 .003 .003 .003 

.004 .004 .004 .004 

.004 .004 .004 .004 

.005 .05 .005 .005 

.005 .005 .005 .005 

.006 .006 .006 .006 

.006 .006 .006 .006 

.007 .On7 .007 .007 

.007 .001 .007 .007 

.008 .008 .008 .008 

.008 .On8 .008 .008 

.000 .000 

.000 .000 

.000 .000 

.000 .000 

.000 .000 

.001 .001 

.001 .001 
001.,001 

.001 .001 

.001 .001 

.002 .002 

.002 .002 

.002 .002 

.003 .003 

.003 .003 

.003 .003 

.004 .004 

.004 .004 

.005 .005 

.005 .005 

.006 .006 

.006 .006 

.007 .007 

.007 .007 

.008 .008 

.008 .008 

.000 

.000 

.000 

.000 

.000 

.001 

.001 

.001 

.001 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

.007 

.007 

.008 

.008 

.000 

.000 

.000 

.000 

.000 

.001 

.001 

.001 

.001 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

.007 

.007 

.008 

.008 

.000 

.000 

.000 

.000 

.000 

.001 

.001 

.001 

.001 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

.007 

.007 

.008 

.008 

.000 .000 

.000 .000 

.000 .000 

.000 .000 

.000 .000 

.001 . 

.001 .001 

.001 .001 

.001 .00,1 

.001 .001 

.002 .002 

.002 .002 

.002 .002 

.003 .003 

.003 .003 

.00-1 .003 

.004 .004 

.004 .004 

.005 .005 

.005 .005 
.006.006 

.006 .006 

.007 .007 

.007 .007 

.008 .008

.008 .008 

.000 

.000 

.O.0 

.000 

.000 
001 

.001 

.001 
,00l 
.001 
.002 
.002 
.002 
.003 
.003 
.003 
.004 
.004 
.005 
.005 
.006 
.006 
.007 
.007 
.008
.008 

.000 

.000 

.000 

.000 

.000 

.001. 

.001 

.001 

.001 

.001 

.002 

.002 
.*60 
e003 
.003 
.003 
.004 
.004 
.005 
.005 
e006 
.006 
.007 
.007 
.008.008 

.000 

.000 

.000 

.000 

.000 
001 

.001 

.001 

.001 

.001 

.002 

.002 

.002 

.003 

.003 

.003 

.004 

.004 

.005 

.005 

.006 

.006 

.007 

.007 

.008.008 
.135 
.140 
.145 
.150 
.155 

• 
0 
• 
* 
• 

.005 

.006 

.006 

.006 

.006 

.007 

.007 

.007 

.008 

.008 

.007 

.008 

.008 

.009 

.009 

.008 

.008 

.009 

.009 

.010 

.008 

.009 

.009 

.010 

.010 

.009 

.009 

.010 

.010 

.011 

.009 

.009 

.010 

.011 

.009 

.009 

.010 
-Oi1 
.011 

.009 

.009 

.010 

.011 

.011 

.009 

.010 

.010 

.010.O01 

.011 

.009 

.010 

.010 

.011 

.012 

.009 

.010 

.010 

.011 

.012 

.009 

.010 

.010 

.011 

.01 

.009 

.010 

.010 

.011 

.012 

.009 

.010 

.010 

.011 

.012 

.009 

.010 

.010 

.011 

.012 

.009 

.010 

.010 

.011 

.012 

.009 

.000 

.010 

.011 

.012 

.009 

.010 

.010 

.011 

.01? 

.009 

.010 

.010 
1011 
.012 

.160 * 

.165 * 

.170 * 

.175 * 

.180 * 

.185 • 

.190 * 

.195 & 

.200 * 

.205 & 

.210 • 

.215 * 

.220 o 

.225 • 

.230 0 
-235 * 
-240 * 
.245 0 
.250 • 

.007 

.007 

.007 

.008 

.008 

.OOR 

.009 

.009 

.009 

.010 

.010 

.011 

.011 
-011 
-012 
-012 
-012 
-013 
-013 

.008 

.009 

.009 

.010 

.010 

.011 

.011 

.011 

.012 

.012 

.013 

.013 

.014 

.010 

.015 

.015 

.016 

.016 

.017 

.010 

.010 

.010 

.011 

.011 

.012 

.012 

.013 

.013 

.014 

.015 

.015 

.016 

.016 

.017 

.017 
-018 
.018 
.019 

.010 

.011 

.011 

.012 

.012 

.013 

.014 

.014 

.015 

.015 

.016 

.016 

.017 

.018 

.018 

.019 

.019 

.020 

.021 

.011 

.011 

.012 

.013 

.013 

.014 

.014 

.015 

.016 

.016 

.017 

.017 

.018 

.019 

.019 

.020 
-021 
-021 
.022 

.011 
012 

.013 

.013 

.014 

.014 

.415 

.016 

.016 

.017 

.018 

.018 

.019 

.020 

.020 

.021 

.022 

.022 

.023 

.012 

.012 

.013 

.014 

.014 

.015 

.015 

.016 

.017 

.018 

.018 

.019 

.020 

.020 

.021 

.022 
-023 
.023 
.024 

.012 

.013 

.013 

.014 

.015 

.015 

.016 

.017 

.017 

.018 

.019 

.019 

.020 

.01 

.0?2 

.0?3 

.023 

.04 

.OP5 

.012 

.013 

.013 

.014 

.U1S 

.015 

.016 

.017 

.018 

.018 

.019 

.020 
-021 
.021 
.022 
.023 
.024 
*025 
.026 

.012 

.013 

.013 

.014 

.015 

.016 

.016 

.017 

.018 

.019 

.019 

.020 
-021 
.022 
.023 
.024 
.024 
.025 
.026 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.017 

.018 

.019 

.020 

.021 

.021 

.022 

.023 

.024 

.025 

.026 

.026 

e012 
.013 
.014 
.014 
.015 
.016 
.017 
.017 
.018 
.019 
.020 
.021 
*022 
.022 
.023 
.024 
.025 
.026 
.027 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.017 

.018 

.019 

.020 

.021 

.022.022 

.023 

.023 

.024 

.025 

.026 

.027 

.012 

.013 

.014 

.014 

.015 
-01t 
.017 
.018 
.018 
.019 
.020 
.021 
.022 
.023 
.024 
.024 
.025 
.026 
.027 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.018 

.018 

.019 

.020 

.021 

.023 

.024 

.025 

.026 

.026 

.027 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.018 

.018 

.019 

.020 

.021 

.022 

.023 

.024 

.025 

.026 

.027 

.028 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.018 

.018 

.019 

.020 

.021 

.022 

.023 

.024 

.025 

.026 

.027 

.02R 

.012 

.013 

.014 

.014 

.015 

.­06 

.017 

.018 

.018 

.019 

.020 

.021 
022 
.023 
.024 
*025 
.026 
.027 
fn2f 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.018 

.oz8 

.019 

.020 

.021 

.022 

.023 

.024 

.025 

.026 

.027 
n 

.012 

.013 

.014 

.014 

.015 

.016 

.017 

.018 

.018 

.019 

.020 

.021 

.022 

.023 

.024 

.025 

.026 

.027 
An2 



Table 15 (continued) 

* .005 .010 .015 .020 .025 .030 .035 .040 .045 .050 o055 .060 .065 .070 .075 .080 A85 0090 .095 .100 

.028 .028 .028 .028 	 .029 .029 6029 .029 029
.255 9 .014 .017 *020 .021 .023 .024 .025 .026 026 .027 .027 

.029 .029 .029 .029 	.030 .030 .030 .030 .030

.260 * .014 .018 .020 .022 *024 .025 .026 .027 .027 .028 .028 

.030 .030 .030 .031 	 .031 .031 .031 .031
.265 * .014 .018 .021 .023 .024 .025 .026 .027 *o08 .029 .029 .030 

.031 .031 .031 .032 	 .032 .032 .032 .032..
 
*270 0 .015 .019 .021 .023 .025 .026 .027 .01- .G?9 .030 .030 .031 


.032 .032 	.032 .032 .033 .033 .033 .033 .033

.275 * .015 .019 .022 .024 .026 .027 .028 079 .oJO .031 .031 

*033 .033 .033 .034 	 .03. .034 .034 .034 .034

.2AO * .016 .020 .0Z3 .025 .026 .028 .029 .00 .031 .031 .032 

.034 .034 .035 .025 	.035 .035 .035 .035

.285 * .016 .020 .023 .025 .027 .029 .030 .011 .032 .032 .033 .033 

.035 .035 .036 .036 	.036 .036 .036 .036
 
.290 0 .016 .021 .0?' .026 *028 .029 .031 .032 .033 *033 .034 .034 


.036 .036 .037 .037 	.037 .037 .037 .037
 
.2Q5 * .017 .021 .024 .027 .029 .030 .031 .032 .033 .034 .035 .035 


.037 .037 .038 .038 	 .038 .038 .039 .039

.300 * .017 .022 .025 .027 .029 .031 .032 .033 .034 .035 .036 .036 

.038 .038 .039 .039 	 .039 .040 .040 .040

.026 .028 .030 .032 	 .033 .034 .035 .036 .037 .037
.305 * .018 .022 

.039 .040 .040 .040 	 .01 .041 .041 .041
 
.310 * .018 .023 .0?6 .029 .031 .633 .034 .035 .036 .037 .038 *038 

.036 .037 .038 .039 	 .040 .040 .041 .041 .041 .042 .042 .042 .042
 
.315 * .019 .024 .0?7 .030 .032 .033 .035 

.037 .038 .039 .040 	 .041 .041 .042 .042 .043 .043 *043 .043 .043
 
.320 0 .019 .02u .028 .030 .032 .034 .036 


.042 .043 .043 .044 	 .044 .044 .044 .04S

.031 .033 .035 .037 	 .038 .U39 .040 .041 .042
.325 * .020 .025 .028 


.045 .045 	 .046 .046
 
.025 .029 .032 .034 	 .036 .037 .039 .040 .041 .542 .043 .043 .044 .044 .045


.330 * .020 
 .046 .046 .047 .047 	.047
.037 .038 .040 .041 .042 .043 .044 .044 .045 .046


.335 * .020 .026 .030 .032 .035 
.047 .048 .048 .048 	.048
.038 .039 .041 .042 .043 .044 .045 .046 .046 .047


.340 0 .021 .026 .030 .U31 .036 

.048 .049 .049 .049 	 .050
.038 .040 .042 .043 .044 .045 .046 .047 .047 .048

.31.5 .021 .027 .031 .034 .036 

.Ob .047 .048 .048 	 .049 .050 .050 0.05 .051


.028 .032 .035 .037 .039 .041 .043 .044 .045 "
 

.355 o .022 


.350 * .022 
.028 .032 .035 .038 	 .040 .042 .044 .045 .046 .047 .048 .049 .050 .050 .051 .051 .052 .052 .OSL'
 

.052 .053 	 .053 .053

.029 .033 .036 .039 .041 .043 .045 .046 .047 .048 .049 .050 .051 .051 .052 

.365 * .023 

.360 * .023 
.029 .034 .037 .040 	 .042 .044 .045 .047 .048 .049 .050 .051 .052 .053 .053 .054 .054 .054 .055
 

.043 .045 .046 .048 .049 .050 .051 .052 .053 .054 .Q54 .055 .055 .056 .056
 
.370 * .024 .030 .034 .038 .041 

.046 .047 .049 .050 	 .051 .053 .053 .054 .055 .056 .056 .057 .057 .057
 
.375 * .024 .031 .U35 .039 .041 .044 

.057 .057 .058 .058 	 .059
 
.025 .031 .036 .039 	 .042 .045 .047 .048 .050 .051 .053 .054 .055 .055 .056


.3eC o 
 .058 .059 .059 .060 	 .060
.046 .048 .049 .051 .052 .054 .055 .056 .05? .057


.385 * .025 .032 .037 .040 .043 

.059 .059 .060 .060 	 .061 .061'­

.026 .033 .037 .041 	 .044 .046 .049 .050 .052 .054 .055 .056 .057 .058

.390 * .061 .061 .062 .062 	.063
.047 .050 .051 .053 .055 .056 .057 .058 .059 .060

.395 * .026 .033 .038 .042 .045 

.062 .063 -063 .064 	.064
 
.400 0 .027 .034 .039 .043 .046 .048 .051 .052 .054 .056 .057 .058 .059 .060 .061 

.049 .052 .054 .055 	 .057 .058 .059 .061 .062 .062 .063 .064 .064 .065 .06S
 
.405 * .027 .034 .039 .043 .047 

.064 .065 .066 .066 	 .067
.050 .053 .0;5 .056 .058 .059 .061 .062 .063 .064

.410 9 .028 .035 .040 .044 .047 


.051 .054 .056 .057 	 .059 .061 .062 .063 .064 .065 .066 .067 .067 .068 .068

.415 9 .028 .036 .041 .045 .048 


.055 .0r7 .059 .060 	 .062 .063 .064 .065 .066 .067 .068 .069 .069 .070
 
.420 & .029 .036 .042 .046 .04q .052 

.4?5 * .029 
 .037 .042 	 .047 .050 .053 .056 .058 .060 .061 .063 .064 .065 .067 .068 .068 .069 .070 .071 .011­

.047 .051 .054 .057 .059 .061 .062 .064 .065 .067 .068 .069 .070 .071 .071 .072 .072 
.430 * .030 .038 .043 

.048 .052 .055 .058 	 .060 .062 .064 .065 .067 .068 .069 .070 .071 .072 .073 .073 .074 
.435 * .030 .038 .044 
 .075 .075


.049 .053 .056 .059 	 .o061 .063 .065 .066 .068 .069 .070 .071 .072 .073 .074 
.440 * .031 .039 .045 

.066 .068 .069 .070 	 .072 .073 .074 .075 .075 .076 .077

.445 * .031 .040 .045 .050 .054 .057 .060 .062 .064 

.069 .070 .072 .073 	 .074 .075 .076 *077 .078 .078 
.450 * .032 .040 .046 .051 *055 .058 .061 .063 .065 .067 



Table 15 (continued) 

h"* ha-h* 
***ooeSO*o*oeO@eeOO*eeooeeeoe..eooee................*....*...
 

*105
- *110 .115 .120 .125 .130 .135 .140 
 .145 .150 .155
 

P55 * -02Q -024 .029 .029 .029 .029 .029 .0?9 0029 .029 .029
.260 0 .030 .030 .030 .030 .030 .030 .030 .030 .030 
 .030 .030
.265 * .031 .031 .031 *031 *031 
 .031 0031 .031 .031 
 .031 .031

*270 0 .032 .032 .032 .032 .032 .032 .032 .032 .032 .032 .032
.275 0 .033 .033 .033 .033 
 .033 .033 .033 .033 .033 .033 .033
.260 & .034 .034 .034 .034 
 .034 .034 .034 .014 
 .034 .034 .034
.285 0 .035 .035 .035 
 .035 .035 .035 .035 .035 .035 .035 .035
.290 * .037 .037 .037 .037 .037 .037 
 .037 .017 .037 .037 .037
.295 * .038 .038 .038 .038 .038 .038 .038 .038 .038 
 .038 .038
.300 9 .039 .039 .039 .039 ,039 
 .039 .039 *039 .039 
 .039 .039
.305 0 .040 .040 .040 .040 .040 .040
.040 .040 .040 .040 .040
.310 * .041 .041 
 .041 .C41 .041 .041 .041 .041 .041 .041 .041
.315 * .042 .042 .043 .043 .043 
 .043 .043 .043 .043 
.043 .043
.320 * .043 .043 .044 .044 
 .044 .044 .044 .044 
 .044 .044 .044
.325 * .045 .045 
 .045 .045 .045 .045 .045 .045 .045 .045 .045
.330 0 .046 .046 .046 .046 .046 
 .046 .046 .046 .046 
.046 .046
•335 
* .047 .047 .047 .048 .048 .048 .048 .048 .048 .048 .048
340 e .048 .049 .049 .049 .049 .049 .049 .049 
 .049 .049 .049

.345 * .050 .050 .050 .050 .050 .050 
 .050 .050 .050 .050 
 .050
.350 * .051 .051 .051 .051 .052 .052 .052 ,052 .052 .052 .052
.355 * .052 .052 .053 .053 
 .053 .053 .053 
 .053 .053 
 .053 .053
360 * .054 .054 .054 .054 .054 .054 .054 .054 .054 .054 .054 
 CD.365 0 .055 A55 .055 .055 .055 .056 .056 .056 .056 
.056 .05b
.370 0 .056 .056 o057 .057 
 .057 .057 .057 .057 .057 .057 .057
.375 * .058 .058 .058 .058 ,05B .058 .059 .059 
 .059 .059 .059

.380 a .059 .059 .059 
.059 .060 .060 .060 
 .060 .060 .060 .060
.385 * .060 .061 
 .061 .061 .061 .061 .062 .00;2 .062 .062 .062

.390 0 .062 .062 .062 .062 .062 .062 .063 .063 
 .063 .063 .063
.395 9 .063 .063 .064 .064 .064 
 .064 .064 .065 .065 
 .065 .065

.400 * .064 .065 .065 
 .065 .065 .065 .065 .066 .066 .066 .066
.405 * .066 .066 .066 .067 .067 .067 
.067 .067 .0G8 .068 .068

e410 * .067 .068 .068 .068 .068 ;068 .068 .069 .069 .069 .069
.415 0 .06i .069 .069 .070 
.070 .070 .070 .070 
 .070 .071 .071
.420 * .070 .070 .071 .071 .071 .071 .072 .072 .072 .072 .072
.425 o .072 .072 .072 .073 .073 
 .073 .073 .073 .073 .074 .074
s430 * .073 .073 .074 .074 .074 .075 .075 .075 .075 .075 .076

.435 * .074 .075 .075 .076 .076 .076 .076 .076 .076 .076 .077

*440 * .076 .076 .077 .077 
.077 .078 .078 .078 
 .078 .078 .0'19
-445 * .077 .078 .078 .079 .079 .079 .079 ,080 .080 .080 .080

.450 • .079 .079 .080 080 
.081 .081 .081 .081 ,081 .081 .081
 

mailto:ooeSO*o*oeO@eeOO*eeooeeeoe..eooee


Table 16 Submerged flow calibration for 20cm x 90cm 
Cutthroat flume, (Q*, cms) 

" .005 .010 .015 .020 .025 .030 .035 .040 .045 .050 .055 .060 .065 .070 .075 .080 .085 .090 .095 .100
 

.000 .000 .000 .000 .000 .000 .000 .000 	 .000
.005 * .000 .000 .000 000 .000 .000 	 .000 .000 .000 .000 .000 

.000 .000
.010 * .000 .000 .000 .000 .000 .000 .000 .00Ono.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 


.015 * .000 .000 
 .000 .000 .000 .000 .000 .000 .000 .000 	 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
 

.001 .001 .001 .001 .001 .001 .001 0001 .001 .a01
.001 .001 .001 .001 .001 .001 .001 


.001 .001 .001 .001 .001 .001 .001 .001 .001 .001

.020 • .001 .001 .001 

.025 * .001 .001 .001 .001 .001 .001 	 .001 .001 .001 .001 


.001 .001 .001 .001 .001 .001 .001 .001 	 .001 .001 .001

.030 • .001 .001 .001 .001 .001 .001 .001 Pal .001 


.035 * .001 .001 
 .002 .002 .002 .002 .002 .0n2 .002 .002 	 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002
 
.002 .002 .002 	.002 .002
.002 .002 .002 .002 .002 .002 .002 .002
.040 0 .002 .002 .002 .002 .002 .002 	 .002 


.003 .003 .003 	 .003 .003 .003 .003
.045 0 .002 .002 .002 .003 .003 .003 	 .003 .003 .003 .003 .003 .003 .003 

.003 .003 .003 .003 .003 .003 .003 	.003


o050 o .002 .003 .003 .003 .003 .003 	 .003 .003 .003 .003 .003 .003 

.004 .004 .004 .004 .104 .004 .004 .00. 	 .004 .004
.004 .004 .004 .004 .004 .004 .004 


.060 * .003 .004 

055 o .003 .003 .003 


.004 .004 .004 .004 .004 .004 .004 .004 	 o004 .004 .004 .004 .004 .004 .004 .004 .004 e004
 

.005 .005 .005 .005 .005 .005 .005 .005 	 .005 .005 .005 .005

.065 * .003 .004 .005 .005 .005 .005 .005 .005 

.070 * .004 .005 .005 .005 .006 .006 .006 .006 
 .00o .006 .OOb .OOb .006 .006 .OOb 	 .006 .006 .006 .006 .00*
 

.006 .006 .006 .006 .006
.006 .006 .006 	 .OOb .006 .006 .006 .006 

.007.007 .007 .007 .007 .007 .007 .007 .007 .007 .OO7


.075 # .00' .005 .006 .006 .006 .006 	 .006 


00 0 .005 .006 .006 .007 .007 .007 	 .007 .007 .007 

008.00 0 oO8.008 .008 .008
.085 o .005 .006 .007 .007 .008 .008 	 .008 -008 .008 008 .008 .008 .008 .008 .
 

.009 .009 .009 	.009 .009 0009
o090 * .006 .007 .008 .008 .008 .009 	 .009 .009 .009 0009 .009 .009 .009 .009 

.010 .010 .010 .010 OlO .010 .010 	 .010
.095 * .006 .008 .009 .009 .009 .009 	.010 .010 .010 .010 .010 .010 


.011 .011 .011 	 .011 .011 .011 .011

.100 0 .007 .008 .009 .010 .010 .010 	 .011 .011 .011 .011 .011 .011 .011 


.012 .012 .012 .012 .012 .012 .012 .012 	 .012 .012 C
 
105 * .007 .0G9 .010 .011 .011 .011 .011 .012 .012 .012 	 0
.013 .013 .013 .013 .013 .013 .013 .013 	.013 


.110 • .OO .010 .011 .011 .012 .012 .01 .013 .013 .013 .013 


.115 & .008 .010 
 .012 o012 .013 .013 .013 .013 .014 .014 	 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014
 
.015 015
.120 .009 .011 .012 .013 .014 .014 	 .014 .015 .015 .015 .015 .015 .015 .015 .015 .015 .015 .015 


.016 .016 .016 .016 .016 .016 .016 .016 	 .016 .016 .016
.125 • .009 .012 .013 .014 .015 .015 	.016 .016 .016 

.018 .018
.130 • .010 .013 .014 .015 .016 .016 	.017 .017 .017 .018 .018 .018 .018 .018 .018 .018 .018 .018 


.018 .019 .019 .019 .019 .019 .019 .019 	 .019 .019 .019 .019

o135 0 .011 .013 .015 .016 .017 .017 	 .018 .018 


.020 .020 .020 	 .020 .020
ol40 .0Ol .014 .016 .017 .018 .018 .019 .019 .019 .020 .020 .020 .020 .020 .020 


.115 * .012 .o015 .017 .018 .019 .020 .020 
 .020 .021 .021 .022 .022 .022 .022 .022 	 .022 .022 .022 .022 .022
 
.023 .023 .023 	 .023 .0213
.150 • .012 .016 .018 .019 .020 .021 .021 .0p2 .022 .022 .023 .023 .023 .023 .023 


o155 - .013 .016 .018 .020 .021 .022 .072 .023 .023 .023 .024 .O24 .024 .024 .024 .024 .024 .024 .024 .024
 

.160 - .014 .017 .019 .o02i .022 .023 .024 .024 .024 .025 
 .025 .026 .026 .026 .026 .026 .026 	.026 026 .026
 
• 	 .027 .027 .027 .327 .027 .027 .027 .027


.165 .014 .018 .020 .022 .023 .024 	 .025 .025 .02b .026 .026 .027 

.029 .029 .029 .029 .029 .029 .029 .029 	.029
.170 9 .015 .019 .021 .023 .024 .025 	 .026 .0R7 .027 .027 .028 


.031 .031

.175 * .016 .020 .022 .024 .026 .027 	 .027 .028 .029 .029 .029 .029 .031 .031 .031 .031 .031 .031 


.030 .031 .031 .032 .032 .032 .032 .032 	 .032 .032 .032
.180 a .016 .021 .0?3 .025 .027 .028 	 .029 .029 .030 

.034 0034 .034


.185 e .017 .021 .024 .026 .028 .029 	 .030 .011 .031 .032 .032 .032 .034 .034 .034 .034 .034 

.036 .036 .036 	 .036 .036
.033 .033 .034 	 .034 .034 .036 .036
.190 0 .018 .022 .025 .028 .029 .030 	 .031 .012 


.037 .037 .037 	.037 .037 .037
.033 .034 .034 .035 .035 .035 .035 .037 


.039 .039 .039 .039 .039 .039

.195 9 .018 .023 .026 .029 .030 .032 

.200 * .019 .024 .027 .030 .032 .033 	.034 .035 .036 .036 .037 .037 .037 .037 


.036 .037 .037 .038 .038 .039 .039 .039 
 .041 .041 .041 	 .041 .041 .041

.205 o .020 .025 .028 .031 .033 .034 


.041 .041 .043 .043 .043 .043 .043 	.043
.210 * .021 .026 .030 .032 .034 .036 	 .037 .038 .039 .040 .040 .040 

.042 .042 .045 	 .045 .045 .045 .045


.215 * .021 .027 .031 .033 .035 .037 	.039 .040 .040 .041 .042 .042 .042 

.044 .044 .044 .044 .047 .047 .047 .047 	 .047
.220 • .022 .028 .032 .035 .037 .039 .040 .041 .042 .043 .043 


.225 * .023 .029 
 .033 .036 .038 .040 .041 .043 .044 .044 	 .045 .046 .046 .046 .046 .049 .049 .049 .049 .049
 

.047 .047 .048 .048 .048 .048 .051 .051 .051 .051
.230 * .024 .030 .034 .037 .039 .041 	 .043 .044 .045 .046 


.049 .049 .050 .050 .050 .050 .053 .053 	.053 .053

.235 * .024 .031 .035 .038 .041 .043 	 .044 .046 .047 .048 


.049 .050 .050 .051 .051 .052 .052 .052 	 .055 .055 .055 .055

.240 * .025 .032 .036 .040 .042 .044 .046 .047 

.245 o .026 .033 .037 .041 .044 .046 .048 .049 .050 .051 .052 .053 .053 .054 .054 .054 .054 o057 .057 .057
 

.051 .052 .053 .054 .055 .055 .056 .056 
 .056 .056 o059 	 .059 .059

o250 o .027 .034 .039 .042 .045 .047 	 .049 




Table 16 (continued) 

ha- ho'w-h 

-.005 .010 .015 .020 .025 .030 .035 
 ,040 .045 e050 .055 9060 .065 .070 .075 .080 .085 .090 o095 .100 

.255 o .028 .035 .040 .043 .046 .049 .051 .052 .054 .055 .056 .056 .057 .057 .058 .058 .058 .061 .061 .061

.2eO o .028 .036 .041 .045 .048 .050 .052 .054 .055 .057 .058 .058 .059 .059 .060 .060 .060 .060 .063 .063.265 * .029 .037 .042 .046 .049 .052 .054 .056 .057 .058 .059 .060 .061 .061 .062 .062 .062 .062 .066 .066

.270 * .030 .038 .043 .047 .051 .053 .056 .057 .059 .060 .061 .062 .063 .063 .064 .O64 .064 v065 .068 .068


.275 o .031 .039 .045 .049 
 .052 .055 .057 .059 .061 .062 .063 .064 .065 .066 .066 .066 *067 .067 .067 .070
.280 * .032 .040 .046 .050 ,0S4 .056 ..059 .061 .062 .064 .065 .066 .067 .068 .068 .069 .069 ,69 0069 0073
 

.285 * .033 .041 .047 .052 .055 .058 .060 .063 .064 .066 .067 .068 .069 .070 .070 .071 .071 .071 .071 .075
.290 * .033 .042 e48 .053 ,7 .060 .062 .064 s066 .068 .069 .070 .071 .072 .072 .073 .073 .073 .074 .074
.295 a .034 .043 .050 .054 .059 .061 .064 .066 .068 .070 .071 .072 .073 .074 
 .075 .075 .075 .076 .076 .076


.300 * .035 .045 .051 .056 .060 .063 .016 0A8 .070 .071 .073 .074 .075 .076 .077 .077 .078 .078 .078 .078

.305 * .036 .046 .052 .057 .061 .065 .067 .070 .072 .073 .075 .076 .077 .078 .079 .080 .080 .080 .081 .081
.310 & .037 .047 .054 .059 .063 .066 .069 .071 
 .074 .075 .077 .078 .079 .080 .081 .082 .0d2 -083 .083 .083


.315 0 .038 .04S .05 .060 
 .064 .068 .071 .073 .075 .077 .079 .080 .082 .083 .083 .084 .085 .085 .085 .086
.320 e .039 .049 .056 .062 .066 .070 .073 .075 .077 .079 .081 .082 .084 .085 .086 .086 .087 .088 .088 
 .088
.325 * .040 .050 .058 .063 .06A .071 .074 .077 .079 .081 .083 .085 .086 .087 .088 .089 .U89 .090 .090 .091
 

.330 • ,041 .051 .059 065 .069 .073 .076 ,074 .081 .083 
 .085 .087 .088 .089 .090 .091 .092 .092 .093 .093

,335 * .041 .053 -060 .066 .071 .075 .078 .01 .083 .085 .087 .089 .090 .092 .093 .093 .094 .095 .095 .096
.340 * .042 .054 .062 .068 .072 .076 .080 .083 .085 .087 .089 .091 .093 .094 .095 .096 .097 .097 .09C .098

.345 & .043 .055 .063 .069 .074 
 .078 .082 .ORS .087 .090 .092 .093 .095 .096 .097 .098 .091 .100 .100 .101
.350 w .044 .056 
 -064 .071 .076 .C80 .083 .0R7 .089 .092 .094 .095 .097 .098 .100 .101 .102 .102 .103 .103.355 * .045 .057 .066 .072 .077 .082 .085 .09 .091 .094 .096 .098 .099 .101 .102 .103 .104 .105 .105 .106 C

.360 9 .046 .059 .067 .074 .079 .083 .087 .0o1 .093 
 .096 .098 .100 .102 .103 .104 .106 .107 o107 .108 .109

.365 9 .047 .060 .069 .075 .081 .085 .089 .02 .095 .098 .100 ,1C2 .104 .10' .107 .108 .109 .110 .111 .111

.370 0 .048 .061 .070 .077 .082 .087 .091 .094 .097 
 .100 .102 .105 .106 .108 .109 .111 .112 .112 .113 .114

.375 9 .049 .062 .071 .07P .084 .089 .093 .0Q6 .100 .102 .105 .107 
 .109 .110 .112 .113 .114 .115 .116 .117

.360 0 .050 .064 .073 .080 .086 .091 .095 .099 
 .102 .104 .107 .109 .111 .113 .114 .116 .117 .118 s119 .119
.385 * .051 .065 .074 .082 08e .093 .097 .11 .104 .107 .109 .111 .113 .115 .117 .118 .119 .120 .121 *122
.390 & .052 .066 .076 .083 089 .094 .099 .13 .106 .109 .111 
 .114 .116 .11 -119 .121 .122 .1?3 .124 .125

e395 0 e053 .067 .077 .085 
 .091 .096 .101 .In5 .108 .111 .114 .11b 
 .118 .120 .122 .123 .125 .126 .127 .128

.400 0 .054 .069 .079 .087 .093 .098 .103 1o7 .110 
 .113 .116 .119 .121 .123 .124 .126 .127 .128 .129 .130

.405 * .055 .070 .00 .088 .095 .100 .105 .1n9 .112 .116 .118 .121 .123 .125 .127 .128 .130 .131 .132 .133
.410 0 .056 .071 .082 
 .090 .096 .102 .107 .111 .115 .118 .121 .123 .126 .128 .129 .131 .133 .134 .135 .136 
.415 * .057 .073 .083 .09J .098 .104 .109 .113 .117 .120 .123 .126 .128 .13C .132 .134 .135 .137 .138 .139
 
o4ZO 0 .058 .074 .085 .093 .100 .106 .111 .115 .119 .122 o125 o128 .131 .133 
 .135 o136 .138 .139 .141 .142
.425 * .059 .075 .086 .095 o102 .108 .113 .117 .121 o125 .128 .131 .133 .135 .137 o139 .141 .142 .143 .144
o430 9 .060 o077 .088 
 .097 .104 .110 .115 .119 .123 .127 .130 o133 .136 .138 .140 .142 .143 .145 .146 e147 
o435 * .061 .078 .089 .098 o106 .112 .117 .122 .126 o129 .133 .136 .138 .141 .143 .145 .146 .148 .149 .150.440 0 .062 .C79 .091 .100 .107 .114 .119 .1?4 .128 .132 .135 .138 .141 .143 .145 .147 o149 .151 .152 .153
.445 • ,Cb3 1Oal.092 .102 .109 llo o121 .126 .130 .134 .137 .141 .143 .146 .148 .150 .152 o153 155 .156 
s450 * .064 .082 .094 o103 9111 .118 .123 .128 *133 &136 .140 .143 .146 .148 o151 .153 .155 .156 .158 .159 



Table 16 (continued) 

hoa h a* h b 

.. emO..@O.IOOOOO.@O...~.OO.~Oooeo.*OOOO.OOeDOOOOOOgeOOO*
 

* .1OS .110 .115 .120 .125 .130 .135 .140 .145 .150 .155 

.255 * .061 *061 .061 .061 .061 .061 .061 .061 .061 .061 .061 

.260 * .063 .063 .063 .063 .063 .063 .063 .063 .063 .063 063 

.265 o .066 .066 .066 .066 .066 .066 .066 .066 .066 .066 *066 
*270 * .06R .068 .068 .068 .068 *068 .068 .068 .068 .068 .068 
.275 * .070 .070 .070 .070 .070 .070 .070 .070 .070 .070 .070 
.2e0 * .073 .073 .073 .073 .073 .073 .073 .073 .073 .073 .073 
.265 * .075 .075 .075 .075 .075 .075 .075 .075 .075 .075 .075 
.290 o .078 .078 .078 .078 .078 .078 .078 .078 .078 .078 .078 
.?95 o .080 .080 .080 .080 .080 .060 .080 .080 .080 .080 .080 
.300 0 .082 .082 .082 .082 .082 .082 .082 .0A2 .082 .082 .082 
.305 0 .081 .085 .085 .085 .085 .085 .085 .05 .085 .085 .085 
.310 * .083 .088 .088 .088 .088 .088 .088 .OAS .088 .088 .088 
.315 * .086 .086 .090 .090 .090 .090 .090 .000 .090 .090 .090 
.320 * .088 .088 .093 .093 .093 .093 .093 .Cq3 .093 .093 .093 
.325 * .091 .091 .096 .096 .096 .096 .096 .096 .096 .096 .096 
.330 * .093 .093 .093 .098 .098 .098 .098 .008 .098 .098 .098 
.335 & .096 .096 .096 .101 .101 .101 .101 .101 .101 .101 .101 
.340 * .098 .099 ,099 .104 .104 .104 .104 .104 .104 .104 .104 
.345 * .101 .101 .101 .101 .107 .107 .107 .107 .107 .107 e107 
.350 * .104 .104 .104 .104 .110 .110 .110 .110 .110 .110 0110 
.355 0 .106 .107 .107 .107 .112 .112 .112 .112 .112 .112 .112 
.360 0 .109 .109 .110 .110 .110 .115 .115 .115 .115 .115 IIS 
.365 0 .112 .112 .112 .112 .113 .118 .118 .118 .118 .118 .118 
.370 * .114 .115 .115 .115 .115 .121 .121 .121 .121 .121 .121 
.375 0 .117 .118 .118 .118 .118 .118 .12's .124 .12. .124 .124 
3BO0 .120 .120 .121 .121 9121 e121 .127 .17 .127 .127 .127 
.385 * .123 .123 .124 .124 .124 .124 .131 .131 .131 .131 .131 
.390 * .125 .126 .126 .127 .127 .127 .127 .114 .134 .134 .134 
.395 * .128 .129 .129 .130 .130 .130 .130 .137 s137 .*37 .137 
.400 * .131 .132 .132 .133 .133 .133 .133 .1t0 .140 .140 .140 
.405 .134 .135 .135 .136 .136 .136 .136 .116 .143 .143 .143 
s410 * .137 .137 .138 .139 .139 .139 .139 .119 .147 .147 .147 
.415 * .140 .140 .141 .142 .142 .142 .142 .142 .142 .150 %150 
.120 0 .143 .143 .144 .145 .145 .145 .145 .146- .146 .153 .153 
.425 0 .145 .146 .147 .148 .148 .148 .149 .149 .149 .157 .157 
.430 0 .148 .149 .150 .151 .151 .152 .152 .152 .152 .152 *160 
.435 0 .IS .152 .153 .154 .154 ISS .IS5 .155 .155 .155 e163 
.440 4 .154 .155 .1S6 .157 .157 .158 .158 ,158 .159 s159 .167 
&445 * *157 o158 .159 .160 .161 .161 .161 .1A2 .162 .162 .162 
*450 0 *160 .161 .162 .163 .164 .164 .165 .165 *165 .165 .165 
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Table 17 Submerged flow calibration for 30cm x 90cm 

hl Cutthroat flume, (Q',cms) 

Ob 

.005
e .010 .015 .020 .025 .030 .035 9040 s045 .050 .055 ,060 
 .065 *070 .075 .080 .085 .090 .095 
.100
 
.005 * .000 .000 .000 .000 .000 
 .000 .Oc .Ono .000 
 .000 .000 .000
.0101 .000 .000 .000 .000 .000 .006 .000 .00 

.000 .000 .000 .000 .000 .000 .000 .000
.000 .000 .000 .000 .000 .000 .000
.015 * .000 .000 .000 .000 .000
.000 .000 .000 .000 .000 .OOn .000 .000 .000 .000 .000 
.000
 

.o o * .001 .001 .001 .00! .000 .000 .000 .000 .000 .000 .000
.001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 
.000
 

.025 * .001 .001 .001 .001 .001 .001 .001 .001 
.001 .01 .aol .001 .001
.001 .001 .001 .001
.030 * .002 .002 .002 .002 .002 .002 .002 .0n2 .002 .002 .002 .002 

.001 .001 .001 .001 .OCI .001 .001 .001
.002 .002 .002
.035 * .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 
.002 .002 .002 .002 .002
.002 .002 .002
.040 * .002 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 

.002 .002 .002 .002 .002 .002 9002

.003 .003 .003 .003
.045 * .003 .003 .004 .004 .004 .003 .003 .003 .003 .003
.004 .004 .004 .004 
 .004 .004 .004 .004
.050 * .004 .004 e04 .004 .004 .001 .004 

.004 .004 .004 .00. .004 .004 .004
.004 .004 .004 .004
.055 * 004 .004 .004 .G04
.004 .n05 .005 .005 .005 .005 .005 .005 -006 .005 .005 .005 .005 .005 
.004 .004 .004 .004 .004
 

.060 * .005 .006 .006 .006 .006 .005 .005 .005 .005 .005 .005
.006 .006 .Or6 .006 
 .006 .OOb .006 .006 .006 .006 .006
.065 ..005 .006 .007 .007 .007 .007 .006 .006 .006 a006
.007 .:07 .007 .007 
 .007 .007 .007
.070 . .007 .008 .008 .008 .008 .008 
.007 .007 .007 .007 .007 .007
.006 .'Oe *007
.008 .008 .008 .008 .008 .008
.075 * .007 .008 .009 .008 .008 .008 -008 .008
.009 .009 .009 .009 .009 .009 .009 .009 .C08
.009 .009 .009
.080 * .007 .009 .010 .010 .010 .011 .011 .011 .011 .011 .011 

.009 .009 .009 .009 .009 .009
 
.011 .011 .011 .011
.085 .-008 .010 .011 -011 -011 .011
.011 .011 .012 .012 .012 .012 .012 .011
.012 0IL .012 .012
.090 * .009 .011 .012 .012 .012 .012
.012 .012 .013 .013 .013 .013 .013 .013 .012 .012 .012
.013 .013 .013 
 .013 .013 .013 .013
.095 ..009 .012 .013 .014 .014 .014 .014 .013 .013 .013
.014 .014 .014 .014 .014 .014 .014
.100 * .010 .013 .014 .015 .015 .016 .016 

.014 .014 .014 .014 .014 .014
.016 .016 .016 .016 
 .016 .016 .016
.105 * .011 .014 .015 .016 .017 .017 .016 .016 .016 .016 .016 .016
.017 .017 .017 .017 .017 .017 .017
.110 0 .012 .015 .016 .017 .018 .019 .019 
.017 .017 .017 .017 .017 e017 .017
.019 .019 .019 
 .019 .019 .019 .019
.115 0 .013 .019 .019 .019
.016 .018 .019 .020 .020 .020 -00 .021 .01- .019 .019
.021 .021 .021 .021 
 .021 AOPI .021
.120 0 .013 .017 ..019 .020 .021 .022 .022 .0?2 .022 .022 

.021 .021 .021 .021

.022 .022 .022 .022
.M15 • .014 .018 -020 .021 .022 .023 .024 .02 

.022 .022 .022 .022 .022 .022
.024 .024 .024 .024
.130 0 .024 .024 .024 .024
.015 .019 .0?1 .023 .024 .025 .025 .024 .024 .024 C24
.0?5 .026 .026 .026 
 .02b .026 .026
.135 * .016 .020 .023 .024 .026 .026 .026 .026 .026 .026
.025 .026 .027 .027 
 .027 .028 .028 .028 
.028 .02F .028
.140 * .017 .021 .024 .026 .027 .028 .029 .029 .029 .030 
.028 .028 .028 .028 .028
.030 .030 .030
.145 0 .018 .022 .025 .027 .029 .030 .030 .031 .031 

.010 .030 .030 .030 .030 .030 .030
.031 .031 .031 .031 .031 .031 .031
.150 * .019 .024 .027 .029 .030 .031 .031 .031 .031 .031
.032 .033 .033 .033 
 .034 .034 .034 .034
.155 - .020 .025 .028 .030 .032 .034 .034 .034 .034 .034 .034
.033 .034 .035 .035 
 .035 .036 .036 .036
.160 - .021 .C26 .029 .032 .034 .035 .036 

.036 .036 .030 .036 .036 .036 .036
.017 .037 .037 .037 
 .038 .038 .038 .038
.165 * .022 .027 .031 .033 .035 .037 .038 .038 .038 .038 .038
.038 .039 .039 .039 .040 .040 .040
.170 & .023 .029 .032 .035 .037 .039 .040 .041 

.040 .040 .040 .040 .040 .040 .040
.041 .042 .042 .04,2 .042 .042 .042
.175 0 .024 .030 -034 .n37 .039 .042 .042 .042 .042 .042
.040 .042 .043 .043 
 .044 .044 .044 .045
-025
.1e0 . .031 -035 .038 .041 .042 .044 

.045 .045 .045 .045 .045 .045 .045
 
.185 * .026 .033 

.0S .045 .046 .046 .046 .047 .047 .047 .047 .047 .047 .047
.037 .040 .042 .04i
.044 .046 .047 .048 
 .048 .049 .049 .049
.190 * .027 .034 .038 .042 .049 .049 .049 .04. .049 .049 .049
.044 .046 .048 .049 
 .050 .050 .051 
 .051 .051 .052 .052
.195 * .028 .035 .052 .052 .052 .052
.040 .043 .046 .048 .050 .051 .052 .053 .052
.053 .0O4 .054 .054 
 .054 .054 .054
.200 9 .029 .037 .042 .045 .048 .050 .052 .053 .054 .055 
.054 .054 .054


.056 .056 .056 .056
.205 a .030 .038 .043 .047 .050 .052 .054 .056 .057 
.057 .057 .057 .057 .057 .057
.058 .058 .059 .059
30 0 .031 .039 .045 .059 .060 .060 .060 .060 .060 .060
.049 .052 .054 .056 
 .0S8 .059 .060 .061 
 .061 .062 .062
.215 # .032 .041 .046 .051 .062 .062 .062 .062 .062 .062
.054 .056 .058 .060 
 .061 .062 .063 .064 
 .064 .064 .064
.220 * .034 .042 .048 .052 .056 .058 .061 .042 .064 .065 

.065 .065 .065 .065 .065
.06b .066 .067
.225 * .035 .04 9050 .054 .058 .061 .063 
.067 .067 .068 .068 .068 .068 .068
.065 .066 .067 .068 
 .069 .070 .070
.230 * .036 .045 .052 .056 .060 .070 .071 .071 .071 .071 .071
.063 .065 .067 .069 
 .070 .071 .072 .072
.235 * .073 .073 .U73
.037 .047 .053 .058 .062 .065 .067 .07. .074 .074 .074
.0,9 .071 .072 .074 
 .074 .075 .075 .076
.240 * .03R .048 .055 .060 .064 .067 .070 .072 

.0-6 .077 .077 .077 .077
.074 .075 .076 .077
.245 0 .039 .050 .057 .062 .066 .069 .072 .074 .076 .078 .079 .080 
.078 .078 .079 .079 .080 .080 .080 .080

.081 .081 .082
-250 * .041 .051 .0S9 .064 oJ82 .082 .083 .083 .083
.068 .072 .074 .077 
 .079 .080 .082 .083 
 .084 .08 .085 .085 
 .085 .086 .086 .086
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Table 18 Submerged flow calibration tor zUcm x Iucm 

Cutthroat flume, (Q, cms) 
ha ~~~~b
 

*065 .070 .075 .080 	 9085 090 .095 .100

* .005 .010 .015 .020 .025 .030 .035 ,040 e045 o050 .055 &060 


.000 .000 .000 .000 	 .000
.000 .000 .000 .000 	.000 .000 .000 .000
.005 * 0000 000 .000 .000 .000 .000 *000 

.000 .000 .000 .000 	 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
 

.010 9 .000 .000 .000 .000 000 

.000 .000 .000 .000
.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 0000 9000
.015 0 .000 .000 .000 


.001 .001 .001 .001 	 .001 .001

.001 .001 .001 0001 	 .001 .001 .001 .001 .001 .001 .001 .001 .001
.020 * .001 


.001 .001 .001 .001 	 .001 .001 '0001 .001 .001 .001 .001 .001 .001 .001 .001

9001 .001
.025 0 .001 a001 	 ,001 


.001 .001 .001 .001 	 .001
 
*030 * .001 .001 .001 .001 .00i .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 


.002 .002 .002 .002 	.002 .002 .002 .002 .002 .002 .002 .002 .002
 
.035 .002 002 .2 .002 .002 .002 .002 


.002 .002 .002 .002 	 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002
 
.040 * .002 .002 .002 .002 .002 

.003 .003 .003 .003 	 .003 .003. .003 .003 .003 .003 ,005

.003 .003 .003 .003 	.003 .003
.045 * .003 .003 .003 


.050 * .003 
&003 .003 .003 .003 	 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003
 
.004 .004 .004 .004 	 .004 .004 .004 .004 .004
 

.055 0 .004 004* 004 .004 .004 o004 .004 .004 .004 .D04 .004 

.005 .005 .005 .005 	 .005 .005 .005 .005 .005 .005 .005.005 .005 .005 .005 .005 .005 .005 

.065 0 .005 

.060 * .004 .005 

.005 .005 .005 .005 	 .005 .905 ;0O5 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 

.006 .006 .006 .006 	 .006 .006 .006 .006 .006
 
.070 e .005 .006 .006 .00fi: .00E .006 .00b .006 .006 4.006 .006 


o007 .007 .007 e007 	 .007 ,907

.007 .007 .007 .007 	 .007 .007 .007 .007 .007 .007 .007 .007
.075 * .006 .006 


.007 .007 .007 .007 	 .007 .007 .007 .007 .007 .007 .007 .007 OWT"
 
.080 * .006 .007 .008 .008 .007 .007 .007 


.008 .U8 .008 .008 	.008 .008 .008 .008 .008
 
.085 * .007 .008 .008 .008 .008 .008 .008 .008 .003 .008 .008 


.009 .009 .009 .009 	 .009 .009 .009 .009 .009 .009 .009 ,009 .009

.008 .009 .009 .009 .009 .009 


.095 0 .008 .009 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010 .010
 

.100 0 .009 .010 


.090 0 .007 


.011 .011 .011 .011 	 .011 .011 .011 .011 .011 .011 .011 .011 .011 .011 .011 .011 0011 .011
 

.012 .012 .012 .012 	 .012 .012 .012 .012 .012 .012 .012 .012 .012
 
.105 0 .009 .011 .011 .012 .012 .012 .012 


.013 .013 .013 .013 	 .013 .013 .013 .013 ,013 9013
.013 .013 .013 .013 	 .013 *013 .013
.110 0 .010 .011 .012 

9013 .013 z013 .013 	.013 o013'­.013 .013 .013 .013 .013 .013 .013
.115 0 .010 .012 .013 .014 .014 .013 .013 


.014 .014 .014 .014 	 .014 .014 .014 .014 .014 .014
 
.120 0 .011 .013 .014 .014 .015 .015 .014 .014 .014 .014 


.015 .015 ,015 .015 	.015 .015
 
.125 9 .012 .014 .015 .015 .016 .016 .015 .015 .015 .015 .015 .015 .015 .015 


.016 .016 .016 e016 	 .016 ,016 .016
.016 .016 .016 .016 .016 .016 .016
.130 * .012 .015 .016 .016 .017 .017 

.018 .018 .018 .O1P 	 .018 .018 .018 .018 .018 ,018


.135 * .013 .015 .OIZ .017 .018 .018 .018 .018 .018 .018 

.019 .019 .019 .019 	.019
.019 .019 .019 .019 	.019 .019 .019
.40 • .014 .016 .017 .018 .019 .019 .019 .019 


.020 .020 .020 .020 	 .020 .020 .020

.145 o .015 .017 .018 .019 .020 .020 .020 .020 .020 .020 .020 .020 	 .020
 

.021 .021 .021 .021 	 .021 .021 .021 .021 .021 .021­
.150 • .015 .018 .019 .020 .021 .021 .022 .021 .021 .021 


.022 .022 .022 .022 	 .022
.022 .022 .022 .022 	 .022 .022 .022
.155 * .016 .019 .020 .021 .022 .022 .023 .0?2 

.023 .023 .023 .023 	 .023 .023 .023 .023 .023 .023 .023
.021 .022 .023 .024 .024 .074 .023 


.165 4 .018 .020 

•lbO 0 .017 .020 


.022 .023 .024 .025 	 .025 .025 .024 .024 .024 .024 .024 .024 .024 .024 .024 .024 .024 .024 

.027 .026 .026 .0Z6 	.026 .026 .026 .026 .026 .026 .026 .026 .026
 
e170 0 .018 .021 .023 .02w .025 .026 .026 


.027 .027 .027 .027 	 .027 .027 .027 .027 .027
 
.175 0 .019 .022 .024 .026 .026 .027 .028 .028 .027 .027 .027 


.028 .028 .028 .028 	.028
.029 .028 028 .028 	 .028 .028 .028
.180 * .020 .023 .025 .027 .028 .028 .029 .029 

.030 .V30 .030 .030 	 .030 .030 .030 ,030
.029 .030 .030 .031 	 .030 .U30 .030 


.031 .031 .031 .031 .031 .031 .031 .031 .031 .031 .031
.185 0 .021 .024 .026 .028 .029 

.0?7 .029 .030 .031 	 .031 .032 .032 


.033 .033 .033 .032 .032 .032 .032 

.190 * .021 .025 


.032 .032 .032 .032 	 .032 .032 .032 
.195 0 .022 .026 .028 .030 .041 .032 

.034 .034 .034 .034 	 .034 .034 .034 .034 .034 .034 
.200 0 .023 .027 .029 .031 .032 .033 .034 .034 .035 .035 

.035 .035 .035 .035 	 .035*036 .036 .035 .035 	 .035 .035 .035
.028 .D0 .032 .033 .034 	 .035 .036 

.036 .037 .037 .038 .036 .036 


.205 * .024 
.036 .036 .036 .036 	 .036 .036 .036 .036
 

.210 * -. 0257 .029 .032 .033 .035 .036 
.038 .038 .038 .038 	 .038 .038 .038 .038 .038 .038. 

.215 * .025 .030 .033 .035 .036 .037 .035 .038 .039 .039 

.039 .039 .039 .039 	 .039
.040 .041 .041 .039 	.039 .039 .039
.031 .034 .036 .037 	 .038 .039 .040
.220 0 .026 


.041 .041 .041 .041 	 .041 .U41 .041 .041 9041 
.225 * .027 .032 .035 .037 .038 .040 .040 .041 042 .042 .042 

.044 ,042 .042 .042 	 .042 .042 .042 .042 .042 .042

•230 * o028 .033 .036 .038 .040 .041 .042 .043 .043 .043 


.044 .044 0f&4 .044 	 .044 .044
 
.235 * .029 .034 .037 .039 .041 .042 .043 .044 .045 .045 .045 .044 .044 .044 


.045 .045

.240 0 .030 .035 .038 .041 .042 .044 .045 *045 .046 .046 .047 ,047 .045 .045 045 .045 .045 .045 


9245 * .031 .036 
 *039 .042 .044 .045 	.046 .047 .048 .048 .048 .049 .047 .047 ,047 ,07 9047 ,047 *047 .047
 
.049 .049 ,049 .049 	e09 .049


.250 * .031 .037 .041 .043 .045 .046 o047 .048 .049 .050 .050 .050 .049 .049 




Table 18 (continued) 

* .005 .010 e015 .020 .025 .030 .035 
 .040 .045 .050 .055 ,0b0 .065 .070 .075 .080 .085 .090 .095 
 .100
 
.255 0 .032 .038 .042 .044 .046 .048 
 .04i .050 .051 .051 .052 .052 .052 .050 .u50 .050 .050 o050 .050 9050
.260 # .033 .039 ,u43 .046 .048 
 .049 050 .051 ,US2 .053 .053 .053 054 .052 .uS .02 
u52 .052 .052 .052
.265 * .034 .C40 .044 .047 .049 .051 .052 .093 .054 .054 .05b 
 .055 .055 .053 .053 o053 .053 .053 0S3 .053'­.270 9 .035 
 .041 .045 .048 .050 .052 .053 .054 .055 .056 .056 .057 .057 .055 .055 .055 .055 .055 .055 .055
.275 0 .036 
 .042 .047 .049 .052 .053 .055 
 .0=6 .057 .057 .058 .058 .059 
 .059 .057 .057 .057 .057 v057 .057
.280 0 .037 .044 .048 .051 .053 .055 . '56 .057 .058 .059 .060 
 .060 .060 .061 .059 .059 .059 .059 059 .059
.285 * .038 .045 
 ..W9 .052 .054 0b6 05i8 .059 
 .060 .061 .061 .062 .062 .062 
 .060 .060 060 .060 .060 .060
.?90 * .039 .046 .050 .053 .056 .058 0 "9 .01 .u62 
 .062 .063 .063 .064 .064 .062 
 .062 .062 .062 .062 .062
.295 * .040 .047 .051 
 .055 .057 .059 .061 .062 
 .063 .064 .065 .065 .066 .066 066 .064 .064. 0b4 064 ,064
.300 * .041 .048 .053 .056 .059 .061 .062 .0h4 .065 
.066 .066 .067 .067 .068 .068 .066 .066 .066 .066 .066
.305 * .042 .049 .054 
 .057 .060 .0Ob2 .06f4 .065 .066 
 .067 .068 .Cb9 .069 .070 .070 
 .0b7 0b7 .067 .067 .067
.310 0 .043 .050 .055 .059 
 .061 .064 .055 .067 .068 .069 .070 .070 .071 .071 .072 .069 .069 .069 .069 .069
.315 * .044 .051 .056 
 .060 .063 .065 .067 .068 .070 
 .071 .072 .072 .073 .073 .073 
.074 .071 .071 .071 '.071
.320 * .045 .053 .058 .062 
 .064 .067 .069 .070 .071 .072 .073 .074 .075 .075 .075 .076 .0 73 .073 .073 .073
.325 * .046 .054 .059 
 .063 .066 .068 .070 .072 .073 .074 .075 .076 .076 .077 .077 .077 .075 .075 .075 .075
.330 * .047 .055 .060 
 .064 .067 .070 .072 .073 .075 
 ,076 .077 .078 .078 .019 .079 .079 .077 .077 .077 .077
.335 * .048 .056 
 .062 .066 .069 .071 .073 .075 
 .076 .078 .079 .079 .080 .081 
 .081 .081 .082 .079 Sr19 .079
.340 * .049 .057 .063 
 .067 .070 .073 .075 .077 .078 
 .079 .080 .081 .082 .083 .083 
.083 .083 .081 .081 9081
.345 * .050 .059 .064 .069 .072 .074 .077 .078 .080 
 .081 .082 .083 .084 .084 .085 
 ,C85 .085 .083 .083 .083
.350 * .051 .060 ,0A6 .070 .073 .076 .078 .00 .082 .083 .084 .085 .086 .086 *087 .087 
 .087 .085 ,085 0085
.355 e .052 .061 .067 .071" .075 .078 
 .080 ,0q2 .083 .085 .086 .087 .088 .088 .089 .089 .089 .090 .087 .087 )
.360 * .053 .062 .068 .073 .076 
.019 .082 .0A4 .085 .087 .088 .089 
 .090 .090 .091 .091 .092 .092 .089 .089 CA
.365 * .054 .063 .070 .074 .078 
 .081 .083 .085 .087 .088 .090 .091 .091 .092 s093 .093 .094 .094 s091 .091
.370 * .055 .065 .071 .076 .079 .Od2 
 .085 .0A7 .089 .090 .091 .092 .093 .094 .095 .095 .096 
 .096 .093 .093"
.375 * .056 .066 .072 .077 .081 
 .084 .087 .049 .090 .092 .093 .094 .095 .096 .097 .C97 .098 .098 .098 .095
.380 * .057 
 .067 .074 .079 .083 .086 088 
 .000 .092 .094 .095 .096 .097 
 .098 .099 .099 .100 .100 .100 .097
.385 & .058 .068 .075 .080 .084 .087 
 ,090 .002 .094 .096 .097 .098 .099 .100 .101 .101 .102 .102 .102 .099
.390 * .059 .070 .077- .08Z .086 .089 .092 
 0a4 .096 .098 .099 .100 .101 
 .102 .103 .103 .104 v104 .105 .101
.395 4 .060 
 .071 .078 .083 .087 .091 .093 
 .0O6 .098 .099 .101 .102 .103 .104 .105 .106 .106 -106 .107 e107
:400 0 .061 .072 .079 .085 .092
.089 .05 .0O8 .100 .lG1 .103 .104 .105 .106 .107 .10d .108 .109 .109 
 o109
.405 a ,062 .073 .081 
 .086 .090 .094 .097 .0o9 .101 
 .103 .105 .106 .107 .108 .109 
 .110 .110 .111 .111 .1il
.410 * .063 .075 .082 
 .088 .092 .096 .099 .101 .103 
 .105 .107 .108 .109 .110 .111 
 .112 .112 .113 a113 .114
.415 * .064 .076 .084 .089 o094 .097 .100 .103 .105 .107 
 .109 .110 .111 .112 o113 .114 .115 .115 .116 .116
.420 & .065 .077 0A5 .091 .095 
 .099 .102 .105 .107 .109 *All 112 .113 .114 .115 .116 0117 .117 .118 .118
.425 * .066 .079 ..087 .09- .097 .101 
 .104 .107 .109 .111 .113 .114 
 .115 .116 .117 .118 .119 .119 .120 .120
.430 - .067 .080 .088 .094 .099 .102 .106 .In8 .111 
 .113 .115 .116 .117 .119 .120 
 .120 .121 .122 .122 .123
o435 .
.069 
 .081 .09 .095 .100 .104 .107 
 .110 .113 .115 .117 .116 .119 
 .121 .122 .123 .123 .124 e124
.102 .106 .109 .112 .115 .117 .119 .120 o122 .123 .124 

.125
.440 • .070 .083 .091 .097 
 .125 .126 o126 .127 .12f
.445 * .071 .084 .092 .099 
 .104 .1Oa .111 .j1 .117 .119 .121 .122 o124 .125 .126 .127 .128 .128 .129 ,129
.450 * .072 .085 .094 .100 .105 
 .109 .113 .116 .118 .121 .123 
 o124 .126 .127 .128 .129 .130 .131 .131 .132
.455 * .073 .087 .095 .102 .107 
 .111 .115 .118 .120 .123 .125 .126 .128 .129 .110 .131 e132 .133 .134 *134
.074 Q.97
.460 . .088 .10.3- .109 .113 
 .117 .120 .122 .125 .127 .128 
 .130 .131 .133 .134 .134 .135 .136 o136
.465 ..075 0B9 .098 .105 .110 .115 .118 .172 .124 .127 .129 
 .131 .132 .134 .135 .136 .137 .138 ,138 .139
.470 * 
 .076 .091 .100 .107 .112 .117 
 .120 .123 .126 .129 .131 .133 
 .134 .136 .137 .138 .139 0140 .141 0141
.078 .101 
 .1?2 .125 .12d .131 .133 .135
.475 . o092 o108 o114 .118 .136 .138 .139 .140 .141 o142 .143 .14,4
w480 9.079 s093 o103 .110 .115 .120 
 .124 .177 o130 o133 .135 e137 
 o139 .140 9141 .143 .144 .144 *145 s146
.4b5 * .080 .095 .104 .111 
 .117 .122 .126 .129 .132 .135 .137 o139 .141 .142 .144 .145 o146 .147 e148 e148
.490 ..081 o096 .106 .113 .119 
 .124 o128 .131 .134 .137 .139 
 .141 .143 .145 .146 .147 .148 .149 .150 .151
9495 6 
 .082 .097 .107 .115 .121 .126 
 .130 .1,3 o136 .139 .141 .143 .145 .147 .148 .149 .151 .152 .152 .153
.500 . .099
.083 
 .109 .116 .122 .127 .132 .115 
 .138 .141 .143 .145 .147 .149 
 .150 .152 .153 .154 .155 .156
 



Toble 18 (continued) 

ha hc--h-b 

O.005 .010 0j5 .020 .025 .030 .035 .040 .045 .050 .055 .060 .065 .070 .075 .080 .005 .090 *095 .100 

.505 * .084 It0 .110 .118 .124 .129 .123 -117 .140 .143 .145 .148 .150 .151 .153 .154 .155 o156 *157 .1s8 

.510 ..086 .10? .112-.-120 .126 .131 .135 .119 .142 .145 .148 .150 .152 .153 .155 e156 ,158 .159 .160 .160 

.515 0 .087 .10'3 .114 .121 .128 .133 .137 6141 .144 o147 .150 .152 .154 .156 .157 .1S9 .160 .161 .162 .163 

.5?0 0 .088 .104 .115 .123 .129 .135 .139 .143 .146 .149 .152 .154 .156 .158 .160 .161 1o2 .163 .164 .165 

,5P5 * 

.530 * 

.535 * 

.089 

.090 

.092 

.106 
,IC7 
.109 

.117 

.118 

.120 

.125 

.126 

.128 

.131 

.133 

.135 

.137 

.138 

.140 

.141 

.143 

.145 

.14S 

.147 

.149 

.148 

.150 

.153 

.151 

.154 

.156 

.154 

.156 

.158 

.156 

.159 

.161 

.158 

.161 

.163 

.160 

.163 

.165 

,162 
.164 
.167 

.163 

.166 

.168 

.165 

.167 

.170 

.166 
*168 
.171 

.167 
,169 
e172 

.168 

.170 
9173 

.540 * 
o545 • 

.093 

.094 
.110 .121 .130 .137 

.123..12 "138 
.142 
o1141 

.147 

.149 
.151 
.153 

.155 

.157 
.158 
.160 

.161 

.163 
.163 
.165 

.165 

.168 
.167 
.170 

.169 

.171 
.171 
.173 

.172 

.174 
.173 
.176 

.174 
o?? 

.175 

.178 
.550 * .095 
.555 * .096 
.SbO * .098 
.565 ..099 
.570 * .100 

,113"'125 
.114 .126 
.116 .128 
.117 .179 
.119 .131 

.133 

.135 

.137 

.138 

.140 

.140 

.142 

.144 

.146 

.148 

.146 

.148 

.150 

.152 

.154 

.151 

.153 
,1q5 
.157 
.159 

.155 

.157 

.159 

.161 

.163 

.159 

.161 

.163 

.165 

.167 

.162 

.164 

.166 

.169 

.171 

.165 
1b7 

.169 

.172 

.174 

e168 
.170 
.172 
.174 
.177 

.170 

.172 

.174 

.177 

.179 

.172 

.174 

.177 

.179 

.181 

.174 

.176 

.178 

.181 

.183 

.175 

.178 

.180 

.183 

.185 

.177 

.179 

.182 

.184 

.187 

e178 
.181 
.183 
,IC6 
.188 

e179 
.182 
.184 
.187 
.189 

.180 

.183 

.185" ' 

.188 

.190 
.575 * .101 .120 .133 .142 .149 .156 .161 .165 .169 o173 .17b .179 .181 .184 .186 .187 o189 .191 .192 .193 

.580 ..103 .122 .134 .144 .151 .158 .163 .1#b .172 .175 .178 .181 .184 .186 .188 .190 .192 .193 .194 .196 

.585.0 .104' .123 .136' .145 .153 .159 .165 .170 .174 .177 a161 .183 .186 .168 .190 .192 .194 .196 .197 .198 
e590 * .105 .125 .138 .147 .155 .161 .167 .172 .176 .180 .183 .186 .188 .191 .193 .195 .197 .198 .200 e201 

.595 * .106 .126 .139 .149 .157 .163 .169 .174 .178 .182 .185 .188 .191 .193 .195 .197 .199 .201 .202 .263" 

.600 0 .107 .128 .141 .151 .159 .165 .171 .176 .180 .184 .187 .190 .193 .196 .198 .200 .202 a203 .205 .206 
(0 



Table 18 (continued) 

Na ha hb***OOOOOOOeOeoeOegO**eOO•OOOOge••...*.....*..om•om 

* .IOS .110 .115 .120 .12S .1JO .135 .140 .145 *50
 

.255 o .050 .050 .050 .050 .050 *OSO .050 .050 .OSO .050
 

.260 • .052 .052 .092 .052 .052 .052 0052 .052 .052 .052
 
e265 * .053 .053 .053 .053 .053 .053 e053 .053 .053 .053 
o270 * .055 .055 .055 .055 .055 UjSS .055 .055 .055 .055 
o275 * .057 .057 .057 .057 057 .0S7 0.-'? .057 057 .057
 
.280 * .059 .059 .059 .059 .059 .059 .059 .059 *059 .059
 
.285 * .060 .060 .060 .060 .060 .060 .060 .060 9060 .060
 
.290 * .062 .062 .052 .062 .062 .062 .062 *062 .062 .062
 
.295 * .064 .Ob4 .0b4 
 .Ob4 .064 .064 .Ob4 .064 .0b4 .0b4
 
.300 * .066 .066 
 .066 .066 -06 .06 .06 .066 .066 .066
 
.305 0 .067 .067 .067 .067 .067 .O7 .067 .O67 .067 .067
 
.3.0 9 .069 .069 .069 069 .069 .069 .069 .069 .069 .069
 
.315 * .071 .071 .071 .071 .071 .071 .071 .071 .071 .071"
 
.320 * .073 .073 .073 .073 .073 .073 .073 .073 .073 .073
 
.325 * .075 .075 _._s05- .075- .075 .075 .075 .075 .075 .075
 
s330 0 .077 .077 .077 .077 .077 .077 .077 .077 .077 .077
 
.335 * .079 .079 .079 .079 .079 .079 .079 .079 .079 .079
 
.340 * .081 .081 .081 .081 .081 .001 ,081 .041 .081 
 .081
 
.345 * .083 .083 .093 .083 .083 .083 .083 .083 .083 
o083
 
.350 * .085 085 .oRs .085 .085 .085 .085 .0n5 .085 .085
 
.355 * .087 .087 .087 .087 .087 .087 .087 .O7 .087 .087
 
.360 * .089 .089 .09 .089 ,089 .089 .089 .09 .089 .089
 
.365 v .091 .091 .091 
 .091 .091 .091 .091 .091 .091 .091
 
.370 * .093 .093 .093 .093 .093 .093 .093 ,Oq3 .093 .093
 
.375 * .095 .095 .095 .095 .095 ,095 e095 .Oq5 095 .095
 
.380 * .097 .097 .097 .097 .097 .097 .097 0o7 .097 .097
 
.385 * .099 .099 .099 e099 .099 .099 .099 ,OQ9 .099 .099
 
.390 * .101 .101 .101 
 .101 .101 .101 .101 .101 .101 .101
 
.395 • ,103 .103 .103 .103 .103 .103 .103 .103 .103 
 .103
 
.400 * .105 .105 .105 .105 -105 .105 .105 .InS .105 .105
 
.405 * .108 .108 .108 .108 .108 .108 .108 .108 .108 .108
 
.410 * .110 .110 .110 .110 .110 .110 .110 .110 .110 0110
 
e415 0 .116 .12 .112 
 .112 .112 .112 .112 .112 .112 o112
 
.420 * .118 .114 .114 .114 114 .114 .114 .114 .114 .114
 
.425 * .121 .116 .116 .116 .11b .116 .116 .116 .116 .116
 
.430 * o123 .114 .119 .119 .119 .119 .119 .119 .119 .119
 
e435 * .125 .125 .121 .121 .121 .121 .121 .121 .121 .121
 
.440 * .127 .128 .12J .123 .123 .123 .123 .1?3 .123 .123
 
.445 * .130 .130 .1?6 .126 .126 16 .126 ,126 o126 .126
 
.450 * .132 6132 ,128 .12A .128 .128 ,A28 .128 .128 .128
 
.455 * .135 .135 .135. .1-30 .13C .130 .130 .130 .130 .130
 
.460. .137 .137 .137 .133 .133 .133 .133 .133 9133 .133
 
.465 & .139 :140 .140 .135 .135 IJ5 .135 .115 ,135 .135
 
.470 * .142 .142 .1&2 
 .138 .138 .138 .138 .138 .138 .138
 
•475 * ,144 .144 .145 .145 .140 .140 .140 .140 .140 .140
 
.480 * .146 .147 .147 .147 .142 .142 .142 .142 .142 e142
 
*4t85 * ,149 .149 .150 .150 .145 .145 .145 .145 ,145 .145
 
9490 * .151 .152 .152 .152 .147 .147 .147 .147 .147 .147
 
.495 * ,1S4 .154 -155 
 .155 .155 .150 150 .150 .150 ISO
 
.500 * .156 .157 .157 .157 .158 .152 .152 .152 .152 .152
 



Table 18 (continued) 

hh
h b
a 

eoeOOOOOOe@@*@OOeOO*~IOOo4*OOeO*eOOO@.eeOOeegoOIO@ 

.105 .110 .115 O120.125 .130 .135 .140 .145 .150
 

.5U5 0 .159 .159 o140 .160 .160 .155 .l25 .155 .155 .155
 
0SIO0 .161 .162 .162 .163 *163 .163 .157 .157 .157 .157
 

.515 e .16 .164 *165 .165 -165 *166 .160 .160 .160 .160­

.520 0 .166 .167 .167 .168 .168 .168 .162 .142 *162 e162
 

.S25 * .169 .169 .170 .170 .171 .171 .165 .16S .165 .165
 

.530 6 .171 .172 .172 .173 .173 .174 .174 .168 .168 .168
 
o535 9 .174 .174 .175 .175 .176 .176 .176 .170 .170 .170
 
.S40 0 .176 .177 .177 .178 .178 .179 .179 .173 .173 *173
 
.545 * .179 .179 .1O .181 .181 .Ibl .182 .176 .176 .176
 
.550 * .181 .182 .Ia-3- .183 .184 .184 .184 1g5 .178 .178
 
.555 * .184 .185 .IRS .186 .186 .187 .187 .187 .181 .181
 
.S6O & .186 .187 .188 .189 .189 .190 .190 .1QO .184 .184
 
.565 9 .189 .190 .191 .191 .192 .192 .193 .IQ3 .186 oi86
 
.570 * .191 .192 .193 .194 .194 .195 .195 .1Q6 *196 .189
 
.575 * .194 .195 .196 .197 .197 .198 .198 .Ia8 .199 .192
 
.SeO 9 .197 .198 .198 .199 .200 .200 .201 .241 .202 .195
 
.585 * .199 .200 .201 .202 .203 .203 .204 .204 .204 .197
 
.590 * .202 .203 .204 .205 .205 .206 .206 e207 .207 .207
 
.595 0 .205 .206 .207 .207 .208 .209 .209 .210 .210 .210
 
.600 0 .207 *208 .209 .210 e211 .211 .212 .212 .213 .213
 

4.0
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Table 19 Submerged flow calibration for 40cm x 180cm 
Cutthroat flume, (0", cms) 

.005
. .010 .015 .020 *025 .030 .035 .o040 .045 .050 .055 .060 .06S .070 .075 .080 .085 .090 .09S 0100
 

.005 0 .000 .000 .000 .000 .000 
 .000 .000 .OnO .000 .000 .000 .000 .000 .000 .000 
 .000 .000 .000 .000 .000
 

.010 0 .000 .000 .000 .000 .000 .000 .000 *000 .000 0000 .000 .000 .000 
 .000 .000 .000 .000 .000 .000 .000


.015 0 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 
 6001 000 .001

:020.- .00e .002- .002 .002 .002 .002 .002 .002 .002 .002 
 .002 .002 .002 .OOZ .002 .002 &002 9002 a002 .002
 
.025 & .002 .002 .002 .002 .002 .002 .002 .002 .002 
 .002 .002 .002 .002 .002 .002 .002 e002 .002 .002 e002
.030 a .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 
 .003 .003 .003 .003 .003 .003 .003 .003­
.035 a .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 
 .004 .004 .004 .004 .004 .004 004 .004
 
.040 * .005 .005 .005 .005 .005 .005 .005 .005 .OOS .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005

e045 .005 .006 -00b .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006

.050 * .006 .007 .007 .007- .007 .007 
 .007 .007 .007 .007 .007 .007 .007 .007 .007 
 .007 .007 .007 .007 .007

.055 * .007 .008 .008 .008 .008 .008 .008 .008 .008 .00 .008 .008.008 .008 0 .008 
 08 .008 .008 .008 .008

.060 * .008 .009 .0)0 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009 .009
 
.065 0 ,009 .011 .011 .011 .011 .011 .011 .011 9011 .011 .01 .011 .011 .011 .011 0011 .011 .01 0i1 oil"

.070 0 .010 .012 .012 .01? .012 .012 .012 
 .012 .012 .012 .012 .012 .012' .012 .012 .012 .012 .012 .012 .012
.075 * .012 .013 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014
 
.080 - .013 .014 .015 .016 .015 .015 .015 
 .015 .015 .OIS .015 .015 .015 .015 .015 .015 .015 .015 .015 .OIS
 
.085 .014 .016 .017 .017r .017 .017 .017 .017 .017 .017 .017 .017 .017 
 .017 .017 .017 .017 .017 .017 .017
.090 .015 .017 .018 .019 .018 .018 .018 .018 .018 .018 
 .018 .018 .018 .018 .018 .018 .018 .08 .018O0 8
.095 . .019 .021
.016 -020 .020 .020 .020 .020 .020 .020 .020 .020 .020 
 .020 .020 .020 .020 .020 .020 .020
 
.100 .017 .020 .021 .022 .023 .022 .022 .0?2 .022 .022 .022 .022 
 .022 .022 .022 .022 .022 .022 .022 .0'--"
 
.105 * .019 .022 .023 .024 .024 .024 .024 .024 .024 .024 .024 .024 .024 .024 .024 OZ4 .024 .024 .024 .024 40
.110 .020 .023 .025 .026 .026 .026 .026 .026 .026 .026 .026 .026 .026 .026 
.026 .026 .026 .026 e026 .026 W

.115 0 .021 .025 .027 .028 .028 .027 .027 .027 .027 .027 .027 .027 .027 .027 .027 
 .027 .027 .027 .027 .027

.120 * .023 .02A_.0;.8- .029 .030 .030 .029 .029 .029 .029 .029 .029 .029 .029 .029 .029 .029 .029 .029 .029 
.IPS .024 .028 .030 .031 .032 .033 .032 .032 .032 .032 .032 .032 .032 .032 
.032 .032 .032 .032 .032 .032

:130 * .025 .030 .032 .033 .034 .035 .034 .034 .034 .034 .034 .034 .034 .034 .034 .034 .034 ,034 .034 .034
.135 * .027 .031 .034 .035 .036 .OJ7 .036 .016 .-36 .036 .036 .036 .036 .OJh .036 .036 
 .03S .036 .036 .036­
b140 .028 .033 .036 .037 .038 .039 .039 .038 .038 .038 
 .038 .038 .038 .038 .038 .038 .038 .039 .038 .038
 
.145 & .030 .035 .037 .039 .040 .041 .042 .040 .040 .040 .040 .040 .040 .040 .040 .040 
 .040 .040 .040 .040
.150 o .031 .036 .039 .041 .043 .043 .044 .C43 .043 .043 .043 .043 .043 .043 .043 .043 .043 .043 .043 .043
 
.15i * .033 .038 .041 .043 -.045 .046 .046 .045 .045 .045 .045 .045 .045 .045 .045 .045 
 .045 .04S .045 .045

.160 * .034 .040 .043 .045 .047 .048 .049 .049 .047 .047 .047 .01.7 U47 .047 .047 .047 
 .08.7 .047 .047 .047

.165 * .036 .042 .045 .048 .049 .050 .051 .01 .050 .050 .050 .050 .050 .050 .050 .050 .050 .050 .050 .050
 
.170 0 .037 .043 .047 .OSO .051 .053 .053 .054 .052 .052 .052 .052 .052 .052 .052 .052 .052 .052 .052 .0!2­.175 9 .039 .045 .049 .052 .054 .055 .056 .056 .055 .055 .055 .055 
 .055 .055 .055 .055 .055 .055 .055 .055

.180 * .040 .047 .051 .054 .056 .057 .058 .059 .059 .058 .058 .058 .058 .058 .058 .058 .058 .058 .058 .058
 
.185 a .042 .049 .053 .056 .058 .060 .061 .062 .062 .060 .060 
 .060 .060 .060 .060 .060 .060 .060 .060 .060

.190 • .043 .051 ..056 ;'059 .061 .062 .064 .064 .065 .06 .063 .063 
 .063 .063 .063 .063 0063 .063 e063 .063
 
.195.P .045 .053 .058 .661 .063 .065 .066 .067 .068 .066 .066 .066 .066 
 .066 .066 .066 .066 .066 .066 .066

:200 & .'47 .055 .060 .063 .066 .067 .069 .070 .070 .071 .068 .068 .068 
 .068 .068 .068 .068 .068 .068 .068
 
.205 0 .048 .057 .062 .066 ­.068 .070 .071 .072 .073 .074 .071 .071 .071 
 .071 .071 .071 .U71 .071 .071 .011 ­
.210 - .050 .059 .064 .068 .071 .073 .074 .075 .076 .076 .074 .074 .074 .074 .074 
 .074 .074 .074 .074 .074
 
.215 0 .052 .061 .066 .070 .073 .075 .077 .078 .079 .079 .077 .077 .077 .077 .077 
 .077 .077 .077 .077 .077
 
•220 * -053 .063 .069 .073 .076 .078 .090 .081 .082 .082 .083 .080 .080 *080 
 .080 .080 1080 .080 0080 .080

.225 * .055 .0§5- .-071 .075 .078 .081 .082 .On4 .085 .085 .086 .083 .083 .083 .083 .083 .083 .083 .083 .083

.230 - .05-.067 .073 .078 .081 .083 .085 .097 .088 .088 .089 .086 .086 .086 .086 .086 .086 .086 e086 
.086

:235 * .059 .069 .075 .080 .083 .086 .088 .049 .091 .091 .092 .089 .089 .089 .089 .089 .089 .089 .089 .089
 
.240 & .060 .071 .078 .082 .086 .089 .091 .092 .094 
 .095 .095 .096 .092 .092 .092 .092 .092 .092 .092 *092

.245 0 .062 .073 .00 .085 .089 .091 .094 .095 .097 
 .098 .098 .099 .096 .096 .096 .096 .096 .096 .096 .096

.250 . .075 -083 .088 .091 .094 .097 .0Q8 .100 .101 .102 .102 .099 .0Y9 .099 .099 .099 .099 .099 .099
.064 




Table 19 (continued) 

ha ho*-h-b 

•. .005 .010 .015 .020 .02i .030 .035 .040 .045 .050 .055 .060 .065 .GO .075 .080 .085 .090 .095 .100 
.255 0 
.260 0 
.265 0 
.270 * 
.275 * 
.280 -
.2a5 9 
.290 4 
.295 4 
:300 9 
.305 9 
.310 • 
.315 * 
.320 a 
.325 * 
.330 * 
.335 * 
.340 0 

.345 * 

.350 * 

.355 a 

.360 a 

.365 -

.370 * 

.375 * 

.380 o 

.395 ­

.390 0 

.395 -
:400 0 
.405 0 
.410 * 
415 * 

:420 0 
.425 0 
:430 0 
-435 * 
.440 0 
.445 9 
:450 * 
.455 * 
.460 0 

.465 0 

.470 * 

.475 * 

.480 6 

.45 0 

.490 * 

.495 * 

.500 0 

.066 .078 

.068 .080 

.070 .082 

.071 .084 

.073 ..gB6 

.075 7.089 

.077 .091 

.079 .093 

.081 .095 

.083 .098 

.085 .100 

.087 .102 

.089 .105 

.091 .107 

.093 .109 

.095 .112 

.097 .114 

.049 .117 

.l1 .119 

.103 .122 

.105 .124 

.107 .126 

.109 .129 
-I11 .131 
.113 .131 
.11- .'37 
.117 .139 
-120 .142 
.122 .144 
.124 .147 
.126 .149 
.128 .152 
.130 .155 
-133 .157 
-135 .160 
.137 .163 
.139 .165 
.142 .168 
.144 .171 
.146 .173 
.148 .176 
.151 .179 
.153 .181 
.155 .184 
.15A .187 
.160 .190 
.162 .193 
.165 .195 
o167 .198 
.169 .201 

.085 .090 

.OA7 .093 

.090 .095 

.092 .098 

.095! .101 

.097 .103 

.100 .106 

.102 .109 

.105 .111 

.107 .114 

.110 .117 
-It- .119 
.115 .122 
.117 .125 
.120 .128 
.123 .131 
.15 .134 
.128 .136 
.131 .13V 
.134 .142 
-136 .145 
.139 .148 
1i2 .151 

.144 .154 

.147 .157 

.150- .160 

.153 .163 

.156 .166 

.159 .169 

.161 .172 

.164 .175 

.1& .178 
-. 182 

.173 .185 

.176 .188 

.179 .191 

.IP2 .194 

.185 .197 

.18 .201 

.1,91. .204 

.194 .207 

.197 .210 

.200 .214 

.203 .217 

.206 .220 

.209 .223 

.212 .227 

.215 .230 

.218 .233 
-221 .237 

*094 
.097 
.099 
.102 
.105 
.10 3 
.111 
.113 
.116 
.119 
-122 
.125 
.IRS 
.131 
.134 
.137 
.140 
.143 
.146 
.149 
.152 
.155 
.158 
-162 
.165 
.168 
.171 
.174 
.17k 
.181 
.184 
.187 
.191 
.194 
-197 
.201 
.204 
.207 
.211 
.214 
.217 
.221 
.22& 
.228 
.231 
.235 
.238 
-242 
.245 
.249 

.097 .099 

.100 .102 

.103 .105 

.106 .108 

.109 .111 

.111 .114 

.114 .117 

.117 .121 

.120 .124 

.123 .127 

.126 .130 

.129 .133 

.133 .136 

.136 .139 

.139 .143 

.142 .146 

.145 .149 

.148 .152 

.151 .156 

.155 .159 

.158 .162 

.161 .166 

.164 .169 

.168 .173 

.171 .176 

.174 .179 

.178 .183 

.181 .186 

.18-. .190 

.188 .193 

.191 .197 

.195 .201 

.198 .204 

.201 .208 

.205 .211 

.208 .215 

.212 .219 

.215 .222 

.219 .2Z6 

.223 .230 

.226 .233 

.230 .237 

.233 .241 

.237 .245 

.241 .248 

.244 .252 

.248 .256 

.252 .260 

.*255 .264 

.259 .267 

.InI 

.1n4 

.107 

.110 

.11' 

.117 

.120 

.123 

.126 

.1?9 

.133 

.136 

.119 

.11.3 

.146 

.149 

.153 

.1c6 

.199 

.163 

.166 

.170 

.17.3 

.177 

.10 

.1A4 

.197 

.IQ1 

.145 

.18 

.202 

.206 

.209 

.213 

.217 

.221 

.224 

.228 

.232 

.236 

.239 

.243 

.2&7 

.251 

.255 

.259 

.263 
9267 
e271 
.275 

.103 

.106 

.109 

.112 

.115 

.119 

.122 

.125 

.12d 

.i32 

.135 

.138 

.142 

.145 

.149 

.152 

.155 

.159 

.162 

.166 

.170 

.173 

.177 

.180 

.184 

.188 

.191 

.195 

.199 

.202 

.206 

.210 
d!1. 

.218 

.221 
-Z25 
.229 
.233 
.237 
.241 
.245 
.249 
.253 
.257 
.261 
.­265 
.269 
.273 
.277 
.281 

.104 

.101 

.110 

.114 

.117 

.120 

.123 

.127 

.130 

.134 

.137 

.140 

.144 

.147 

.151 

.154 
'158 
.161 
.165 
.169 
.172 
.176 
.180 
.183 
.187 
.191 
.195 
.198 
.202 
.206 
.210 
.214 
.218 
.222 
.225 
.229 
.233 
.237 
.241 
.245 
.249 
.253 
.258 
.262 
.266 
.270 
.274 
.278 
.282 
.287 

.105 

.108 

.111 

.115 

.118 

.121 

.125 

.128 

.132 

.135 

.138 

.142 

.145 

.149 

.153 

.156 

.160 

.164 

.167 

.171 

.175 

.178 

.182 

.186 

.190 

.194 

.197 
201 
.205 
.209 
.213 
.217 
.221 
.225 
.229 
.233 
.237 
.241 
.245 
.249 
.253 
.258 
.262 
.26b 
.270 
.274 
.279 
.283 
.287 
.291 

.105 
9109 
.112 
.115 
.119 
.122 
.126 
.129 
.133 
.136 
.140 
.143 
.147 
.ISO 
.154 
.IS 
.162 
.165 
.169 
.173 
.177 
.180 
.184 
.188 
.192 
.196 
.200 
.204 
.208 
.212 
.216 
.220 
.224 
.228 
.232 
.236 
.240 
.244 
.249 
.253 
.257 
.261 
.265 
.270 
.274 
.278 
.283 
.287 
.291 
.296 

.106 

.109 

.112 

.116 

.119 

.123 

.126 

.130 

.133 

.137 

.141 

.144 

.148 

.152 

.155 

.159 

.163 

.167 

.170 

.174 

.17d 

.182 

.186 

.190 

.194 

.198 

.202 

.206 

.210 

.21* 

.218 

.222 

.226 

.230 

.Z35 

.239 

.243 

.247 

.251 

.256 

.260 

.264 

.269 

.273 

.277 

.282 

.286 
*R91 
.29S 
.300 

.102 

.106 

.10 

.112 

.120 

.123 

.127 

.130 

.134 

.138 

.141 

.145 

.149 

.153 

.156 

.160 

.164 

.168 

.172 

.176 

.179 

.183 

.187 

.191 

.195 

.199 

.204 

.208 

.212 

.216 

.220 

.224 

.228 

.233 

.237 

.241 

.245 

.250 

.254 

.258 

.263 

.267 

.272 

.276 

.280 

.285 

.289 

.294 

.298 

.303 

.102 

.106 

.109. 

.112 

.116 

.119 

.123 

.126 

.134 

.138 

.142 

.146 

.149 

.153 

.157 

.161 

.165 

.169 

.173 

.177 

.181 

.185 

.189 

.193 

.197 

.201 

.205 

.209 

.213 

.217 

.222 

.226 

.230 

.234 

.239 

.243 

.247 

.252 

.256 

.261 

.265 

.270 

.274 

.279 

.283 

.288 

.292 

.297 
*301 
.306 

.102 

.106 
109. 

.112 

.116 

.119 

.123 

.126 

.130 

.134 

.137 

.141 

.150 

.154 

.157 

.161 

.165 

.169 

.173 

.177 

.181 

.185 

.190 

.194 

.198 

.202 

.206 

.210 

.215 

.219 

.223 

.227 

.232 

.236 

.240 

.245 

.249 

.254 

.258 

.263 

.267 

.272 

.276 

.281 

.285 

.290 

.295 
s299 
.304 
.309 

.102 

.106 
109. 
.112 
.116 
.119 
.123 
-126 
.130 
.134 
.137 
.1&1 
.145 
.149 
.152 
.156 
.166 
.170 
.174 
.178 
.182 
.186 
.190 
.194 
.199 
.203 
.207 
.211 
.216 
.220 
.224 
-229 
.233 
.237 
.242 
.246 
.251 
.255 
.260 
.264 
.269 
.273 
.278 
.283 
.287 
.292 
.297 
*301 
.306 
e311 

.102 

.106 
109 

.112 

.116 

.119 

.123 

.126 

.130 

.134 

.137 

.1.1 

.145 

.149 
152 

.156 

.160 

.164 

.168 

.172 

.182 

.187 
9191 
.195 
.199 
.203 
.208 
*212 
.216 
.221 
.225 
.230 
.234 
.239 
.243 
.247 
.252 
.257 
.261 
.266 
.270 
.275 
.280 
.284 
.289 
.294 
.299 
*303 
.308 
*313 

.102 

.106 
109 

.112 

.116 

.119 

.123 

.126 

.130 

.134 
0!37 
.141 
.145 
.149 
.152 
.156 
.160 
.164 
.168 
.172 
.176 
.180 
.185 
.189 
.200 
.204 
.208 
.213 
.217 
.221 
.226 
.230 
.235 
.239 
.244 
.248 
.253 
.258 
.262 
.267 
.272 
.276 
.281 
.286 
.291 
.295 
.300 
.305 
.310 
.315 

.'102 ... 

.106 
109 

.112 

.116 

.119 
o123 
.126"­
.130 
o134 
.137 
.141 
.145 
.149 
.1512 
.156 
.160 
.164 
.168 
.172 
.176 
.186-" 
.185 
.189 
.193 
.197 
.202 
9206 
*216-­
.222 
.226 
.231 
.236 
.240 
.245 
24r­

.*25 

.259 

.263 

.268 

.273 
9277 
.28Or­
*287 
.292 
s297 
.302 
e306 
.311 
.316 

" 
0 



Table 19 (continued) 

ha- ho -h~b 

* .005 .010 .015 .020 .025 A00 .035 .040 .045 .050 .055 .a60 .065 .070 .075 .080 .085 .090 .095 .10
 

:SoS * .172 .20" 225- .240 .252 .263 .271 .279 .285 .291 .296 .300 
 .304 .308 .311 .313 .316
.510 - .174 .318 .320 .321
.207 .228 .244 .256 .266 
.275 .2R3 .289 .295 .300 
 .305 .309 .312 .315 .318 .320
. 15 0 .177 .209 .231 .247 -260 .270 .279 .2P7 .323 .324 .326
.293 .2q9 .J04 .309 .313 
.317 .320 .323 .325 .327
.520 - .179 .212 .329 .331­.234 .250 .263 .274 .283 .2Q1 
 .Z98 .304 .309 .313 
 .318 .321 .325 .328 .330 .332
.525 • .181 .215 .237 .334 .336
.254 .267 .278 .287 .295 
.302 .308 .313 .318 .322 
.326 .329 .332 .335 .337
.530 * .184 .218 .240 .257 .339 .341
.271 .282 .291 .2q9. 306 .312 .318 .3Z2 .327 .331 
 .334 .337 .340 .342 .344
.535 o .196 .221 .244 .261 .346
.274 .285 .295 .3n3 .310 
 .316 .322 .327 .331 .335 
.339 .342 .345 .347 .349
:540 * .184- .224 '247 .264 .278 .289 .299 .3n7 .351
.314 .321 .326 .332 .336 
 .340 .344 .347 .350 e352
.S45 * .191 .227 .354 .3S6.250 .268 .281 .293 .303 .311 
 .319 .325 .331 .33b .341 
 .345 .348 .352 .355 s357
.550 0 .194 .230 .253 .359 .361
.271 .285 .297 .307 .3]5 .323 .330 .33p .341 .345 
 .349 .353 .35b .359 0362
.555 o .196 .233 .257 .365 .36r"
.275 .289 .301 .311 .3Z0 
 .327 .334 .340 .345 .350 
 .354 .358 .361 0364 .367
.560 * .199 .?36 .370 .372
.260 .278 .293 .305 .315 .324 
 .332 .338 .344 .350 .355 
 .359 .363 .36b .369 .372
.565 0 .201 .239 .375 .377
.263 .282 .296 .J09 .319 
 .328 .336 .343 .349 .354 .359
.570 * .203 .242 x26b .285 -.300" .312 .323 .332 

.364 .368 .371 .374 .377 .380 .382
.340 .347 .353 .359 .364 .369 
.373 .376 .379 .382 .385
.575 * .206 .245 .387
.270 .289 .304 .316 .327 .336 
 .344 .352 .358 .364 .369 
.373 .377 .381 .38* .387
.580 * .208 .248 .390 .393
.273 .292 .308 .320 .331 .341 
 .349 .356 .363 .368 .374 
 .378 .382 .3e6 .390 .393
.585 * .211 .251 o395 .318
.276 .296 .311 .324 .335 .345 
 .353 .361 .367 .373 .378 ­.383 .387 .391 .395 .398
.590 * .214 .254 .2A0 .401 .403
.299 .315 .328 .339 .349 
 .358 .365 .372 .378 .383 
.380 .392 .39b .400 .403
.595 * .216 .257 .2R3 .406 .A08
.303 .319 .332 .344 .353 
 .362 .370 .376 .382 .388 
 .393 .397 .401 .405 .408
.600 0 .219 .260 .411 .414
.27 .307 e323 .336 .348 .3%8 
 .366 .374 .381 .387 .393 
.398 .402 e406 .*10 0413 
 .416 0419
 

( 



Table 19 (continued)
 

ha
 
......... O*O.4OO*le~elaO*
.*eoeoee**ooleeeeee*....*..e*** 

*.105 .ib .115 .120 .125 .130 .135 O140.145 *1S0
 

* .102 .102 .102 .102 .102 .102 .102 .102 .102 .102.255 

*260 .106 .106 .106 .106 	 .106 .106 .106 .106 .106 .106
 

.265 * .109 .109 .109 .109 	 .109 .109 .109 .109
.109 .109
 

.270 * .112 .11Z .112 .112 *112 .112 .112 e112
.112 .112
 

.275 * .116 .116 o116 .116 .116 .116 .116 .116 .116 .116
 

.280 * .119 .119 .119 .119 .119 .119 *119 o119 0119 .119
 

o285 * .123 o123 .123 .123 .123 .123 .123 .1P3 .123 o.23
 

.290 * .126 .126 .126 .126 .126 .12b .126 .126
.126 ,126
 

.295 * .130 .130 .130 .130 .130 .130 .130 .110 .130 .130
 

.300 *.134 .13'. o134 *134 o134 .1.34 .134. .114 .134 .134
 

.305 * .137 .131 .137 .k37 .137 .137 .137 .117 .137 .137
 

.310 * .141 .14r .141 .141 .141 .141 .141 .141 .141 .141
 

.315 * .145 .145 .145 .145 .145 .145 145 .45 .145 145
 

.320 * .149 .149 .149 .149 	 .149 .149 .149 .149 .149 .149
 
.152 .152
.152 .152 .152 


.330 * .156 .156 .156 .156 .156 .156 .156 .156 .156 .156
 

.335 0 .160 .160 .160 .160 .160 


.325 I .152 .152 .152 .152 .152
 

.160 .160 .160 .160 .160
 

.340 * .164 .164 .164 .164 	 .164 .164. .164 .164 e164 9164
 

.345* .168 .168 .168 .168 .168 .168 .168 .168 .168 .168
 

.350 * .172 .172 .17? .172 .172 .172 .172 .172 .172 6172
 

.355 o .176 .176 .176 .176 .176 .176 .176 .176 .176 .176
 

.360 & .1b0 .180 .180 .180 .180 .180 .180 .I0O .180 .180
 

.185 .185 .185 .185 .185 .185 .185
.365 * .185 .185 .185 

.370 * .189 .189 .18a. .189-.'189 .189 .189 .1A9 .189 .189
 

.375 * .193 .193 .193 .193 .193 .193 .193 .103 .193 .193
 

* .197 .147 .197 .197 .197 .197 .197 .197 .197 .197.380 

6385 * .202 .202 .202 .202 .202 .202 .202 .?02 .202 .202
 

.390 * .206 .206 .206 .206 	.206 .206 .206 .206 .206 .206
 

o395 0 .210 .210 .210 .210 	.210 .210 .210 .210 .210 .210
 

.400 * .215 
.215 .215 .215 .215 .215 .215 .215 .215 .215
 

.405 * .219 .219 .219 .219 .219 
 .219 .219 .219 .219 .219
 

.410 * .224 .224 .224 .224 .224 .224 .224 .224 .224 9224
 

.415 9 .236 .228 .228 .228 .228 .228 .22t .2?8 .228 .228
 
.233 .233 .233 .233 .233 .233
:420 * .241 .233 .233 .233 


.425 • .245 .237 .237 .237 .237 .237 .237 .237 .237 .237
 

.430 * .250 .242 .242 .242 .242 .242 .242 .2&2 .242 .242
 

.435 * .255 .255 .2.47 .247 .247 .247 .247 .2t.7 .247 .247
 

.440 * .259 .260 .251 .251 .251 
 .251 .251 .251 .251 .251
 

.445 * .264 .265 .2S6 .256 .256 .256 .256 .256 .256 .256
 

.4SO * .269 .269 .261 .261 .261 .261 .261 .261 .261 .261
 

45 e .274 .274 .275 .266 .266 .266 .266 .246 .266 .266
 

.460 • .278 .279 .280 .270 	 .270 .270 .270 .270 .270 .270
 

.t6 e .283 .284 .284 .*275 	.275 .275 .275 .275 e25 .275
 

.470 * .288 .289 .2A9 .280 	 .280 .280 .280 .2a0 .280 .280
 

.475 9 .293 .294 .294 .295 	.285 .285 .285 .285 .285 .285
 

.480 * .298 .299 .299 .300 	 .290 .290 .290 .290 .290 .290
 

.485 & .303 .304 .304 .305 	.295 .295 .295 .295 .295 .295
 

.490 D .308 .309 .309 .310 	 .300 .300 .300 .300 .300 .300
 

.495 * .313 .314 .314 .315 	.316 .305 .305 .3n5 .305 0305
 

.500 * .318 .319 .320 e320 	 .321 .310 .310 .310 e310 .310
 



Table 19 (continued) 

ha * h h 

* .105 .110 .115 &120 .125 .130 .135 .140 .145 IO50 

.505 ­ .323 .324 .325 .325 .326 .315 .315 .315 .315 .315 

.510 0 .328 i329 .330 .331 .331 .332 .321 .371 .321 .321 

.515 o .333 .334 .335 .336 .336 .337 .326 03?6 .326 .326 

.520 • .334 .339 .340 .341 .342 .342 .331 .331 .331 .331 

.525 * .343 .34 .345 .346 .347 .348 .336 .336 .336 9336 

.530 * .348 .349 .350 .351 .352 .353 .353 .342 .342 .342 

.535 0 .353 .354 .356 .357 .358 .358 .359 .347 .347 .347 
0* .358 .360 .361 .362 .363 .364 .364 .3R2 .352 .352 

.545 * .363 .365 .366 .367 .368 .369 .370 .3c5 .358 .358 

.55C * .36S .370 .371 .373 .374 .374 .375 .376 .363 .363 

.555 9 .374 .375 .377 .378 .379 .380 .381 .381 *369 .369 

.560 0 .379 .381 .382 .383 .384 .385 .386 .387 .374 .374 
.565 - .384 .386 .387 .389 .390 .391 .392 .392 .J80 .380 
.570 o .359 .391 .393 .394 .395 .396 .397 .3Q8 .398 .385 
.575 9 .395 .397 .398 .400 .401 .402 .403 .404 *404 e391 
9560 * .400 .402 .404 .405 .406 .408 .408 .409 .410 .396 
.585 o .405 .407 .409 .411 .412 .413 .414 .415 .415 .402 
e590 * .411 .413 .415 .416 .418 .419 .420 .421 .421 .422 
.595 * .416 .418 .420 .422 .423 .424 .425 .426 .427 .428 
.600 * .421 .424 .425 .427 .429 .430 .431 .432 e433 .433 



Table 20 Submerged flow calibration for 60cm x 180 cm 
Cutthroat flume, (0', cms) 

* .005 .010 .015 .020 .025 .030 e035 .040 .045 OSO -0-5 .060 .065 
.070 s075 .080 .085 o090 .095 9100
 

.005 * .000 .000 .0 000 .000 .000 
 .000 .OnO .000 .000 .000 .000 .000 .000 
 .000 .000 000 000 .000 .000
.010 * .001 .001 .001 .001 .001 .001 .001 
 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001
.015 0 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 
 .001..001 .001 .001­

.020 * .002 .002 .002 02 .002 .002 .00 .0o .00 .00 .00 .002 002 .00 0 02 02 .002 .002 .002
 

.025 * .003 .003 .003 .003 .003 .003 .003 .003 .003 
 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003
.030 o .005 .005 
 .0 0 .005 


.035 * .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 .006 

.005 .005 0 .005 .005 .005 .005.005 .005 .005 .005 .005 .005 .005 .005 .005 .005
 

.00b .006 .006 .006 .006 9006 .006 .006 .006

-040 0 .007 .008 .007 .007 .007 .007 .007 .007 .007 .007 .007 .007 .007 
 .007 .007 .007 .007 .007 .007 .007
009 009 0009
.045 .008 .009 .009 .009 '009 .009 .009 .0n9 .009 .009 .009 .009 009 .009 .009 009 009 


.00 * .010 .011 .011 .011 .011 
 .011 .011 .ol .011 .011 .011 .011 
 .011 .011 .011 .oil .oil oil 011o off­.055 * .011 .012 .012 .012 .012 
 .012 .012 .012 .U12 .012 .012 .012 .012 
 .012 .012 .012 .012 .012 .O1k .012
.000 .013 .014 .015 .014 .014 .014 .014 
 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014 .014
.065 0 .014 .016 .017 .016 .016 .016 .016 
 .016 .016 .016 .01 0 .Olb .01b 
 .016 .01b .016 .016 .016 .016
.070 9 .016 .018 .019. .018 .018 .018 .018 .018 .018 
 .018 .018 .018 .01 .018 .018 .018 .016 .018 .018 .018
.075 0 .018 .020 
 .021 .021 .021 .021 .021 .0?1 .021 .021 .021 .021 .021 .021 .021 .021 .O'I .021 .021 .021
.080 * .019 .022 .023 .024 .023 .023 .023 .0?3 o23 .023 .023 .023 .023 .023 .023 .023 .023 
.023 .023 .023
.085 * .021 .024 .025 
 .026 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .029
.090 * .023 .026 .028 .029 .028 .028 .028 .028 .028 .028 .028 
 .028 .028 .028 .028 .028 .028 .028 .028 .028
.095 * .025 .028 .030 .031 
 .030 .030 .030 .030 .030 .030 .030 .030 
 .030 .030 .030 .030 .030 .030 .030 .030
.1OC * .027 .031 .033 .034 .034 .033 .033 .033 .033 
 .033 .033 .033 .033 .033 .033 .033 .033 .033 .033 .033


.105 * .028 .033 .03.5. .036 :.037 .036 .036 .036 
 .036 .036 .036 .036 .036 .036 .036 
 .036 .036 .036 .036 .036
.110 o .030 .035 -.038 
 .039 .340 .039 .039 .039 .039 .039 .039 .039 .039 .039 .039 .039 .039 .039 .039 .039


.115 o .032 .037 .040 .042 .043 .042 .042 .042 .042 .042 .042 .042 .042 .042 .042 .042 
 e042 o042 .042 042
.120 * .034 .040 .043 .045 .046 .046 .045 .045 
 .045 .045 .045 .045 .045 .145 .045 .045 .045 .045 .045 .045­.125 * .036 .042 .046 .047 .049 .049 .04 8OuB .048 .048 .048 .048 .048 .048 .048 .048 .048 .048 
.048 .048
.130 * .039 .045 .048 .050 .052 .052 .051 .05i .051 .051 .051 .051 
 .051 .051 .051 .051 .051 .051 .051 .051


.135 * .041 .047 .051 .053 .055 .056 .054. 05 .05 .05 .054 .054 .054 .051- .054 .054 .0504 
 .054 .054 .054
.140 * .043 .050 .0SS. .056- .058: .059 .060 .057 .057 .057 .057 .057 .057 
 05 .057 .057 .057 .057 .057 .057
.145 * .04S5 .052 .05 .059 
.061 .062 .063 .OfI .061 .061 .061 .061 
 .061 .061 .061 .061 .061 .061 .061 .061
.150 0 .047 .055 .066 .063 .064 .066 .066 
 .04 .064 .064 .064 .064 .064 .064 .064 .064 .064 .064 .064 .064
.155 9 .049 .058 .063 .066 .068 .069 .070 .068 
 .068 .068 .068 .068 .068 .06a .066 .068 .068 .068 .068 .068"
.160 * .052 .060 .065 .069 .071 .073 .074 .074 .072 .072 .072 .072 .072 .072 .072 .072 
 .072 .072 .072 .072
.165 o .054 .063 .059 .072 .075 .076 .077 .078 .075 .075 
 .075 .075 .C75 .075 .075 .075 .075 .075 .075 .075


.170 * .056 .066 .072 .075 .078 .080 .081! .092 ;079 .079 .079 .079 .079 .079 .079 .079 .079 
.079 .079 .079
.175 0 .059 .069 .075 
 .079 .0d1 .083 .085 .086 .083 .083 .083 
 .083 .083 .083 .083 .083 .083 .083 .083 .083


.180 * .061 .072 .078 .082 .085 .087 .089 .OqO .090 .087 .087 .087 .087 .087 .087 .087 .087 .087 
.087 .087
.185 0 .063 .074 .081 .085 .089 
 .091 .092 .Oq4 .094 .091 .091 .091 .091 .091 .091 .091 .091 .091 .091 .091
.190 * .066 .077 .084 .089 .092 .095 .096 .098 .098 .095 .095 .095 .095 .095 .095 .095 .095 .095 .095 oO4;­.195 ..068 .080 .087 .092 .096 .098 .1n0 
 .102 .102 .099 .099 .099 .099 .099 .099 
.099 .099 .099 .099 .099
.200 * .071 .083 .091 .096 .099 .102 
 .104 .16 .107 .107 .104 .104 .104 .104 
 .104 .104 .104 .104 .104 .104
.205 * .073 .086 
.094 .099 .103 .106 .108 .110 .111 
 .112 .108 .108 .108 .108 .108 .108 .108 .108 108 *108


.210 * .076 .089 .097- .103 .'M7 .110 .112 
 -114 .115 .116 .1 .121 .112 .11? .112 
 .112 .112 .112 .112 .112
.2J5 .078 .092 .101 .106 .11' .114 .116 .118 .120 .120 .117 .117 .117 .117 .117 .117 .117 .117 
 .117 .117


.220 0 .081 .095 .104 .110 .115 .118 .121 .123 .124 
 .125 .125 .121 .121 .121 .121 .121 .121 .121 .121 .121


.225 9 .084 .098 .107 .114 .118 .122 .125 .127 .128 
 .129 .130 .126 .126 .126 .126 .126...126 .126 .126 .196­.230 * .OR6 .102 .111 .10j .22 .126 .129 .131 .133 .134 .135 .130 .130 
 .130 .130 .130 .130 .130 .130 .130
.235 * .089 .105 .114 .121 .126 .130 .133 .136 .137 .139 .139 .135 .135
.135 .135 .135 .135 .135 .135 .135


.240 * .092 .108 .118 .125 .130 .134 .138 .140 .142 .143 .144 
 .145 .140 .140 .140 .140 .140 .140 *140 9140


.245 • .094 .111 .121 
 .129 .134 .139 .142 .144 .146 .18 .149 
 .15 .145 .145 *145 .145 .145 .15 *145 .145
 

.250 a s097 .114 .125 .133 .138 .143 .146 .149 .151 .153 .154 .155 .150 .150 *1S0 .150 .150 *IS0 .150 .150
 



Table 20 (continued) 

ha 
 ha hb
 

* .010 .020
.OO .015 .025 .030 .035 ,040 .045 .050 .055 .060 .065 .070 
 .075 .080 .085 .090 *095 .100
 
-255 9 .100 .118 ,1?9 .137 .142 .147 .151 .154 .156 
 .157 .159 .160 .160 .155 
 1SS .155 .ISS @155 .155 0155
.260 0 -103 6121. .112- -.140 .147 
 .151 .155 .158 .161 .162 
 .164 .165 .165 .160 .160
.265 & .105 .124 .136 .160 .160 .160 e160 e160
.144 .15) .156 .160 .163 *165 .167 .169 .170 .170 o165 e165 *165 .165 016S 
 .165 .165
.270 * .108 .128 .140 
 .148 .155 ,160 .16 .167 


*111 
.170 .172 .174 .175 .176 .170 *170 .170 .170 -170 .170 .170
.275 * .131 .143 .152 .159 .164 .169 .172 
 .175 .177 .179 .180 .181 .181 .175 .175 .175 .175 .175 .175
* .11 .80.134 .147 ,156 .163 .169 .173 .177 .180 .162 .184 .185 .186 .187 .180 .180 .180 .180 .180 
 .160
.265 s 
 .117 .138 .151 .160 .168 
 .173 .178 .192 .15 .187 
 .189 .190 .191 .192 o186 .186 .186 o186 .186 186
.290 a .120 .141 
 .155 .164 .172 .178 .193 .16 .190 .192 o194 .196 
 .197 .198 .191
0191 .191
•1295 .122 ,1.5 .159-' .169 .176 91 .191 .191
.12 .187 .1'4 .195 ,!97 .199 .201 .202 *203 .204
.300 9 .125 .148 .173 

.197 .197 .197 .197 e197
.162 .181 .187 .192 .106 .00 .202 .205 .206 o208 .209 .209
-3U5 o .128 .152 .166 .177 ,202 .202 9202 .202 w202
.185 .192 .197 .2O .405 
.208 .210 .212 .213 .214 
 .215 e208 ,208 .208 o208 .208
.310 0 .131 .155 .170 Z81 .189 .196 .202 .206 el0 .213 .215 .219
.217 .220 
 .221 .213 .213 .213 .213
.315 0 .134 .159 .174 .185 .194 .201 .206 .211 .215 .218 .221 .223 .224 .225 .226 .227 
,21­

.219 .219 .219 .219
.320 0 .137 .162 .178 .190 
 .198 .206 .211 .216 .220 

.325 * 

.223 .226 .228 .230 .231 .232 .233 9225 .225 .225 .225
.140 .166 18S .194 .203 .210 .216 -221 ,225 .229 .231 
 .234 .235 ,237 .238 .239 .231 e231 .231 .231
.330 0 .143 .169 .196 -. 798 .207 .215 .221 
 .226 .230 .234 .237 .239 
.241 .243 .244 .245 .237 .237 .237
.335 .237
* .1.6 .173 .10 .202 .212 .220 .226 .231 .236 .239 .242 .245 .247 .248.340 0 .149 .250 9251 .251 o243 .243 .243
.177 .194 .207 .217 .225 
.231 .236 .241 .245 .248 .250 .253 .254 .256 .257 .257 .249 .249 .249
.345 . .180
.153 
 .198 .211 .221 .229 .236 
 .242 .246 .250 .253 .256
.350 .258 .260 .262 .263 .263 .255 o255 9r-"
* .156 .184 .202 .216 .226 .234 .241 .252.247 .256

.355 • .159 .188 

.259 .262 o264 .266 .268 .269 .270 .261 .261 .261
.206 .220 .231 .239 .246 
.252 .257 .261 .265 .266 
 .270 .272 .274 ,275 .276
.360 * .162 .192 .211 .224 .235 .276 .267 .267
.244 .251 .2z7 .262 .267 
.270 .273 .276 .278 .280 
 .281 .282 .283 e273 .273
•365 0 .!65 .195 ,2f-- .229" .246 .249 .256 .263 .272
.268 .276 .279 .282 .28'. .286 .287 .288 .289 .279 .279
.370 & .168 .199 .219 .233 
 .245 .254 .262 .268 .273 

.375 o 

.278 .282 .285 .288 .290 .292 .293 .295 o295 .286 ,286
.172 .203 e223 .238 .250 .259 
.267 .273 .279 .284 .288 .291 .294 .296 .298 .300 .301 .302 .303 .292
.380 * .175 .207 .227 .243 .254 .264 .272 .279 
.284 .289 .293 .297 .300 .302 .304 .306 
 .307 .308 .309 .29"9'"
.385 0 .178 .211 
 .232 .247 .259 .269 .277 .2g4

•390 * .181 

.290 .295 .299 .303 .306 .308 .311 .312 .314 e315 .316 .305.215 .236 .252 .264 .274 
.283 .290 .296 .301 .305 .309 .312 .315 .317 o319 .320 .321 .322 .312
o395 0 .184 
 .218 .240 .256 .269 .279 
 .288 .295 .301 .306 .311 
 .315 .318 .321 .323 .325 .327 .328 .329 .330
.400 0 .188 .222 246 ,26F .274 .284 .293 ,J01 307 
 .312 .317 .321 .324 .327 .330 .332 .333 .335 .336 .336
.405 * .191 .226 .249 .266" .279 .290 .299 .306 .313 
 .318 .323 .327 .330 .333
.410 0 .194 .336 .338 .340 .341 .342 .343
.?30 .253 .270 .284 .295 .304 
 .312 .318 .324 .329 .333
.415 * .337 .340 o342 .345 .346 .348 .349 .350
.198 .234 ,2C8 .275 .?89 .300 .309 .317 .324 .330 '
.335 .339 .343 .346 .349 .351 .353 .355 0356 .35
.420 * .201 .238 ­.262 .280 .294 .305 .315 

.425 

,3?3 .330 .336 .341 .345 .349 .353 .355 .358 .360 .361 .33 .364
* .204 .242 .2A7 .285 .299 .311 .320 .329 .336 
.342 .347 .352 .356 .359 
.362 .364 .367 .368 o370 .371
.430 • ,208 .246 .271 .289 
.304 .316 .326 .334 .341 .348 ,353 .358 .362 .365 
.368 .371 .373 .375 .377
.435 * .211 .250 .276 .294 .309 .321 .331 .378
.340 .347 .354 .359 .364 .368 
 .372 .375 .378 .380 .382 .384 .385
.440,o .215 .254 .280 
 .299 .314 .326 .337 .346 .353 .360 .365 .370 .375 
 .378 .382 .384 .387 .389 .391 .392
.445 * .258 .304
.218 .285 .319 .332 .351
.342 .359 

.450 0 .221 .263 

.366 .372 ,377 .381 .385 .388 .391 o394 .396 .398 .399
.289 .309 .324 .337 .348 
 .3C7 .365 .372 .378 .383 .388 .392 .395 .398 .401 .403 .405 .46­.455 0 .225 .267 .294 
 .314 .330 .343 .354 
 .363 .371 .378 .384 .3R9 .394 
.398 .402 .405 .407 .410 .412 .413
.4bO .22R .271 .298 .319 .335 .348 .359 .369 .377 .384 .390 .396 .401 .405
.465 0 .232 .27r .409 .412 .414 .417 .419 .420
.302 .324 .340 .354 
 .3L5 .375 .J83 .390 .397 .402 .407 .412 .415 .419 
.421 o424 .426 .428
.4&70 0 .235 .279 .3o.7 -".32V -34t '.359 .371 -.381 .389 .403
.397 .409
.475 • .239 .414 .418 .422 .425 .428 .431 .433 .4Q5
.283 .312 .334 .351 .365 
 .376 .3R6 .395 .403 .409 
.415 .420 .425 .429 .432 .435 0438 .440 .442
.440 * -242 .288 .317 .339 .370
.356 .382 
 .392 .401 .409 .416 .422 .427 .432 .436 .439 .43 .44S .448
.4i35 , .246 .292 *321 .344 .361 .376 .3a8 .3Q8 .407 
.450


.415 .%22 .428 .434 .439 .443
.490 # .250 .296 .46 .450 .452 .455 4!r*""
o3?6 .349 .366 .381 .394 .404 .414 .422 .429 .435 .440 .45 .450 .453 .457 
.460 .462 .464
.495 * .253 .300 
 .331 .354 .372 .387 .399 .410 

.500 9 

.420 .428 .435 .442 o447 9452 .457 ,461 9464 ,467 .470 e472
.257 .305 .336 .359 
.377 .392 .405 .416 .426 
.434 .442 .448 .454 o459 
 ,464 .468 .471 .474 o477 o479
 



Table 20 (continued)
 

h*O ho-h* 

* .005 .010 .015 .020 025 .030 .035 .040 .045 .050 .055 .060 .065 0070 .075 .080 .085 .090 .095 .100 

.505 * .260 .309 .340 .364 lp*383 .398 .411 .422 .432 .441 .4AS .455 .461 .466 .471 .475 &478 .482 .484 .487 

.510 * .264 .313 .345 .369 .388 .404 .417 .4?9 .438 .447, .455 .462 .468 .473 .478 .482 z486 .489 .492 494 

.515 *,268 .318 .350 e374 s394 .409 .423 *435 ,AA5 *454 .461 .468 .474 9480 .485 *489 .493 .496 .499 .502 

.520 * .271 .32,.355 .370' .399 .415 .429 .441 .451 .460 .468 .475 .481 .487 .492 .496 .500 .504 *507 .509 

.525 * .275 .326 e360 .385 .404 .421 .435 .447 .457 .467 .475 .482 .488 .494 .497 .504 .508 .511 .514 .517 

.530 
*SJ3 

.278 
-282 

.331 

.335 
.364 
.369 

.390 

.395 
.410 
.415 

.427 

.432 
.441 
.447 

.453 ".464 

.459 .470 
.473 
.480 

*481 
.488 

e489 
.496 

.495 

.502 
*501 
.508 

,506 
.513 

511 
.518 

.515 

.522 
o519 
.526 

.522 

.529 
.525 
SM52 

.5,1 s .286 .339 .374 .400 .421 .438 .453 .466 .477 .486 .495 .502 .509 .515 .S21 .526 .530 .534 .537 .540 

.545 * .290 .344 .379 .406 .427 .444 .459 .472 .483 e493 .502 .509 .516 .522 .528 .533 9537 .541 .545 .548 

.550 * .293 .348 .384 .411 .432 .450 .465 .478 .489 .499 .508 .516 .523 .530 .535 .540 .545 .549 .552 .556 

.555 0 .297 .353 .319 -..416 .438 .456 .471 .484 .496 .506 .515 .523 .530 .537 .543 .548 .552 .556 .560 .563 

.560 0 .301 .357 .394 .421 .443 .462 .477 .491 .502 .513 e522 .530 .537 .544 .550 .555 .560 *S64 568 e571 

.565 * .305 .362 .399 .427 .449 .468 .483 .4Q7 .509 .519 .529 .537 .5-45 .551 .557 .563 .567 .572 .576 .579 

.570 * .308 .366 .404 .432 .455 .474 .490 .503 .b15 .526 .53b .544 .552 .559 .565 .570 .575 .580 .583 .58f-'" 

.575 * .312 .371 .409 .438 .460 .480 .496 .510 .622 .533 .543 .551 .559 .566 .572 .578 .583 .587 .591 .595 

.580 * .316 .375 .414 .443 .466 .486 .502 .516 ,629 .540 .549 .55n .566 .573 .580 .585 e590 .595 .599 .603 

.585 * .320 .380 .419 .448 .472 .492 .508 .523 .535 .546 .556 .565 6573 .581 a587 .593 .598 s603 .607 .611 

.590 * .324 .384 .424 .454 .478 .498 .514 .529 .542 .553 .563 .572 e581 .588 .594 .600 .606 .611 .615 .619 

.595 a .327 .389 .429 .459 .483 .504 .521 .536 .549 .560 .570 580 .588 .595 .602 e608 .614 .618 .623 *.1 

.600 * .331 .394 e434 e465 .489 o510 .5 7 9542 .555 .567 s577 .587 .595 .603 .610 .616 .621 .626 e631 s63S 

lfiore
Rectangle



Table 20 (continued) 

ha ha*-h* 

* .105 6110 .115 .120 .125 .130 .135 .140 .145 .150 

.255 * ,155 .155 .155 .155 .155 O155 O155 *155 O155 .155 

.260 * .160 .160 .160 .160 9160 .160 9160 .160 s160 .160 

.265 * .165 .165 .165 .165 .165 .165 .165 .165 *165 .165 

.270 * .170 .170 .170 .170 .170 .170 .170 *170 .170 e170 

.275 * .175 .17.5 .175--.175". 175 .175 .175 .175 .175 .175 

.280 * .180 .180 .IRO .180 080 .180 .180 .10 .180 9180 

.285 9 

.290 * 
.186 
lQl 

.186 

.191 
.186 
.191 

.186 

.191 
.186 
.191 

.186 

.191 
.186 
.191 

.Iq6 

.1-1 
.186 
.191 

.186 

.191 
.295 & .197 .197 .197 .197 .197 .197 .197 .197 .197 .197 
.300 * .202 .202 .2n2 .202 .202 .202 .202 0202 9202 .202 
.305 • .208 .208 0208 .208 .208 .208 .208 .208 o208 .208 
.310 * .213 .213 .213 .213 .213 .213 .213 .213 -213 .213 
.315 * .219 .219 .219 .219 .219 .219 .219 Z19 .219 .219 
.320 * .22S .225 .225 .225 .225 .225 .225 .225 .225 .225 
.325 * .231 .231 .231 .231 .231 .231 .231 .231 .231 .231 
.330 * .237 .237 .237 .237 .237 .237 .237 .237 .237 .237 
.335 0 .243 e243 .243 .243 .243 .243 .243 .243 ie43 .243 
.340 4 s249 .249- *24,9- 249 .249 .249 .249 .249 .249 .249 
.345 * .255 .255 .255 .255 .255 .255 .255 ,25S 9255 .255 
.350 * .261 .261 .261 .261 .261 .261 .261 0261 e261 s261 
.355 * .267 .267 .267 .267 .267 .267 .267 .267 0e67 e267 0 
.360 0 .273 .273 .273 .273 .273 .273 .273 .273 e273 .273 .0 
.365 * .279 .279 .279 .279 .279 .279 .279 .279 .279 .279 
.370 * .286 .286 .286 .286 .286 .286 .286 .286 .286 -286 
.375 * .292 .292 .292 .292 .292 .292 .292 92Q2 .292 .292 
.380 & .299 .299 .299 .299 .299 .299 .299 .299 .299 .299 
.385 0 .305 .305 *305 .305 .305 .305 .305 .305 .305 .305 
.390 * .312 .312 .312 .312 .312 .312 o312 .312 .312 .312 
9395- *.318 9318 .318 .318 .318 .318 .318 *318 .318. .318 
.400 * .325 s325 e325 .325 .325 .325 .325 .325 .325 .32S 
.405 0 .332 .332 .332 -.332 ".332 .332 .332 .332 .332 .332 
.410 • .339 .339 .339 .339 .339 .339 .339 .339 .339 .339 
.415 A .358 .345 .345 .345 .345 .345 .345 .345 .345 .345 
.420 0 .365 .352 .352 .352 .352 .352 .352 .352 .352 .352 
.425 * .372 .359 .359 .359 .359 .359 .359 .3s9 .359 .359 
.430 0 .379 .366 .366 .366 .366 .366 .366 .366 .366 .366 
.435 * .386 .386 .373 o373 .373 .373 .373 .373 .373 .373 
s440 * .393 .394 .380 .380 .380 .380 .380 .380 .380 .380 
.445 • .400 .401 .388 .388 .388 .388 .398 .3aS *388 e388 
.4SO0 .407 .408 .395 .395 .395 .395 .395 .395 .395 .395 
.455 * .415 .416 .416 .402 .40k .402 .402 .402 .402 .402 
*460 0 .422 .423 .424 .409 .409 .409 .409 .409 .409 .409 
.465 0 .429 .430 .431 .417 .417 .417...417 .417 .417 .417 
.470 a .436 .438 -.439.-.2""042" .424 .424 .424 .424 .424 
o475 0 .444 .445 .446 .447 .432 .432 .432 .432 .432 *432 
.480 9 .451 0453 .454 .454 .439 .439 .439 .439 .439 .439 
•485 0 
.490 w 

.459 

.466 
.460 
.468 

,461 
.'69 

.462 
e470 

.447 

.454 
.447 
.454 

.447 

.454 
A47 
*4r4 

,447 
4S4 

e447 
.454 

*495 * .474 .475 o477 .478 .478 .462 .462 .462 .462 .462 
.500 0 .481 .483 .4R4 .485 .486 .470 .470 .470 .470 0470 



Toble 20 (continued) 

h;l h0 hb 

4,105 .llO .115 .120 .125 .130 .135 .140. .145 *ISO 

.505 *.489 :491 .492 9493 .494 *477 .477 *477 .477 .477 

.510 * .496 .498 .500 .501 .502 .503 .485 .4P5 .485 .S 

.515 * .504 .506 .508 .509 .510 .511 .493 .493 .493 e493 

.520 0 .512 .514 .515 .517 .51.8 .519 .501 .5nl .501 .501 

.525 . .519 .521 .523 .525 .526 .527 .509 .5o9 .50') .509 

.530 * .527 .529 .531 .533 ,534 .535 .536 .517 .517 .517 

.535 * .53 .537 .539 .541 .542 .543 .544 .525 .525 525 

.540 * .543 .545 .547 .549 .550 .551 .552 .533 .533 .533 

.545 ­ .551 .553 .555 .557 .558 .559 .560 .541 .541 9541 

.550 * .558 .561 .563 .565 566 .568 .569 .569 .5S0 .550 

.555 * .566 .569 .571 .573 .574 .576 .577 .578 .558 SS8 

.560 * .574 .577 .579 .581 .583 .584 .585 e5A6 .566 .566 

.565 • .582 .585 .-5P7 ".589 .591 .592 .594 5Q5 .575 575 

.570 * .590 .593 .595 .597 .599 .601 .602 .6n3 .604 .583 

.575 * .598 .601 .604 .605 .608 .609 .611 .612 .612 .591 

o580 * .606 *69 s612 .614 .616 .618 .619 .620 e621 e600 

.505 0 o614 .617 s620 .622 .624 ,626 .628 e629 9630 9609 

.590 • .622 .625 *628 .631 .633 .635 .636 .637 .638 .639 

.595 * 
*600 0 

.631 

.639 
.634 
.42 

.637 

.645 
.639 
.647 

.641 

.650 
.643 
.652 

.645 

.653 
.".6 .647 
.6%-, .656 

s648 
.657 



Table 21 Submerged flow calibration for 30cm x 270cm 
Cutthroat flume, (Q, cms) 

a b 

* .005 .010 .015 .020 .025 OZO .035 .0&0 .045 .050 .055 .060 065 .0?0 .075 080 .085 .o9o .095 *Is. 
.005 9 
.010 * 
.015 * 
s040 -
.025 * 
:030 * 
.035 6 
+00 
.045 & 
:050 -
.055 * 
.060 -
.065 -
.070 -
.075 * 
.00 0 
.085 -
.090 9 
.095 4 
:100 -
.105 a 
:110 * 
.115 9 
:120 -
.125 & 
:130 -
.135 * 
:140 -
.145 * 
.150 # 
.155 & 
.160 * 
.165 o 
.170 * 
.175 0 
.180 * 
.185 * 
.190 * 
.195 * 
.200 P 
.205 a 
.210 * 
.215 o 
.220 * 
.225 o 
.230 a 
.235 o 
.240 * 
.245 -
.250 ' 

.000 

.000 

.001 

.001 

.002 

.003 

.003 

..004 

.005 

.006 

.006 

.007 

.008 

.009 

.010 

.011 

.012 

.013 

.014 

.015 

.016 

.OIR 

.019 

.020 

.021 

.022 

.024 

.025 

.026 

.027 

.029 

.030 

.031 

.033 

.034 

.035 

.037 

.038 

.040 

.04r 

.042 

.044 

.045 

.047 

.048 

.050 

.051 

.053 

.054 

.056 

.000 .000 .000 .000 .000 

.000 .000 .000 .000 .000 

.001 .001 .001 .001 .001 

.001 .091. .001 .001 .001 

.002 .002' .002 .002 .002 

.003 .003 .003 .003 .003 

.003 .003 .003 .003 .003 

.004 .004 .004 .004 .004 

.005 .005 .005 .005 .005 

.006 .006 .006 .006 .006 

.007 .007 ".007 .007 .007 

.008 .008 .008 .008 .008 

.009 .009 .009 .009 .009 

.010 .010 .010 .010 .010 

.011 .011 .011 .011 .011 

.012 .012 .012 .012 .012 

.013 .013 .013 .013 .013 

.014 .015- O01' .0155.015 

.015 .016 .016 .016 .016 

.017 -017 .017 .017 .017 

.018 .018 .019 .018 .018 

.019 .020 .020 .020 .020 

.020 .021 .021 .021 .021 

.022 .023 .023_ Q23 .023 

.023. .024--"..024 .025 -.024 

.024 .025 .026 .026 .026 

.026 .027 .027 .028 .027 

.027 .028 .029 .029 .029 

.029 .030 .031 .031 .031 

.030 .031 .032 .032 .033 

.031 .033 .034 .034 .034 

.033 --­034 -. 35 ;'036 .036 

.034 .036 ..037 .038 .038 

.036 .038 .039 .039 .040 

.037 .039 .040 .041 .041 

.039 .041 .042 .943 .0%3 

.041 .043 .044 .045 .045 

.042 .044 .046 .046 .047 

.044 .046 ;:047 .048 .049 

.045 .048 .049 .050 .051 

.047 .049 .051 .052 .053 

.049 .051 .053 .054 .055 

.050 .053 .055 -056 .056 

.052 .055 .056 .058 .058 

.054 .056 .058 .060. .060 

.055 .058 .060 .062 .0o2 

.057 .060 .062 .064 .0b4 

.059 -062 .064 .066 .067 

.060 .064 .066 .068 .069 

.062 .066 .068 .070 .071 

.000 .000 

.000 *000 

.001 .001 

.001 .001 

.002 .002 

.003 .003 

.03 .003 

.004 .004 

.005 .005 

.006 .006 

.007 .007 

.00Oo8.008 

.009 .009 

.010 .010 

.011 .011 

.012 .012 

.013 .013 

.015 015 

.016 .016 

.017 .017 

.018 .018 

.020 .020 

.021 .0?1 

.023 .023 

.024 .024 

.026 .0?6 

.027 .027 

.G29 .029 

.031 .031 

.032 .032 

.034 .034 

.036 .036 

.037 .037 

.039 .039 

.041 .041 

.043 .043 

.045 .045 

.047 O0? 

.049 .049 

.051 .0:i 

.053 .033 

.055 .055 

.057 .057 

.059 .059 

.061 .061 

.063 .063 

.065 .065 

.067 .068 

.069 .070 

.071 .072 

.000 .000 

.000 .000 

.001 .001 

.001 .001 

.002 .002 

.003 .003 

.003 .003 

.004 .004 
.005.005 

.006 .006 

.007 .007 

.008 .008 

.009 .009 

.010 .010 

.011 .011 

.012 .012 

.013 .013 

.015 .015 

.016 .016 

.017 .017 
o0 18018 

.020 .020 

.021 .021 

.023 .023 

.024 .024 

.026 .026 

.027 .027 
e029 .029 
.031 .031 
.032 .032 
.u34 n034 
.036 .036 
.037 .037 
.u39 .039 
.041 .041 
.043 .043 
.045 .045 
.047 .047 
.049 .049 
.051 .051 
.052 .052 
.055 .055 
.057 .057 
.059 .059 
.061 .061 
.064 .063 
.066 .065 
.068 .067 
.070 .069 
.072 .072 

.000 

.000 

.001 

.001 

.002 

.003 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

.010 

.011 

.012 

.013 

.015 

.016 

.017 

.018 

.020 

.021 

.023 

.024 

.026 

.027 

.029 

.031 

.032 

.034 

.036 

.037 

.039 

.041 

.043 

.045 

.047 

.049 

.051 

.052 

.055 

.057 

.059 
u061 
.063 
.065 
.067 
.069 
.072 

.000 

.000 

.001 

.001 

.002 

.003 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

.0iO 

.011 

.012 

.013 

.015 

.016 

.017 

.018 

.020 

.021 

.023 

.024 

.026 

.027 

.029 

.031 

.032 

.034 

.036 

.037 

.039 

.041 

.043 

.045 

.047 

.049 

.051 

.052 

.055 

.057 

.059 

.061 

.063 

.065 

.067 

.069 

.072 

.000 

.000 

.001 

.001 

.002 

.003 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

.010 

.011 

.012 

.013 

.015 

.016 

.017 

.018 

.020 

.021 

.023 

.024 
*026 
.027 
.029 
.031 
.032 
.034 
.036 
.037 
.039 
.041 
.043 
.045 
.047 
.049 
.051 
.052 
.055 
.057 
.059 
.061 
.063 
.065 
.067 
.069 
.072 

.000 

.000 

.001 

.001 

.002 

.003 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

.010 

.011 

.012 

.013 

.015 

.016 

.017 

.018 

.020 

.021 

.023 

.024 

.026 

.027 

.029 

.031 

.032 

.034 

.036 

.037 

.039 

.041 
e043 
.045 
.047 
.049 
.051 
.052 
.055 
.057 
.059 
.061 
.063 
.065 
.067 
.069 
.072 

.000 .000 

.000 .000 

.001 .001 

.001 .001 

.002 .002 

.003 .003 

.003 .003 

.004 .004 

.005 .005 

.006 .C06 

.007 .007 

.008 .008 

.009 .009 

.010 .010 
o01 o01 
.012 .012 
.013 .013 
.015 .015 
.016 .016 
.017 .017 
.018 .018 
.020 .020 
.021 .021 
.023 .023 
.024 .024 
.026 .026 
.027 .027 
.029 .029 
.031 .031 
.032 .032 
.034 .034 
.036 .036 
.037 .037 
.039 .039 
.041 .041 
.043 .043 
.045 .045 
.047 .047 
.049 .049 
.051 .051 
.052 .052 
. 055.055 
.057 .057 
.059 .059 
.061 .061 
.063 e063 
.065 .065 
.067 .067 
.069 .069 
.072 .072 

.000 .000 

.000 .000 

.001 .001 

.001 .001 

.002 .002 
e003 *003 
.003 .003 
IDO4 .004 
.005 .005 
.006 .006 
.007 .007 
.008 .008 
.009 .009 
.010 .010 
o01 o01 

.012 .012 

.013 .013 

.015 .015 

.016 .016 

.017 .017 

.018 .018 

.020 .020 

.021 .021 

.023 .023 

.024 .024 

.026 026 

.027 .027 

.029 .029 

.031 .031 

.032 .032 

.034 .034 

.036 .036 

.037 .037 

.039 .039 

.041 .041 

.043 .043 

.045 .045 

.047 .047 

.049 .049 

.051 .051 

.052 .052 
.055.055 

.057 .057 
*054 .059 
.061 .061 
s063 .063 
.065 .065 
.067 .067 
.069 .069 
-072 .072 

.000 

.000 

.001 

.001 

.002 
o003 
.003 
.004 
.005 
.006 
.OOW 
.008 
.009 
.010 
ol 

.012 
e013 
.015 
.016 
.017 
018 
.020 
.021 
.023 
.024 
.026 
.027 
.029 
.031 
.032 
o034 
.036 
.037 
e039 
041 
.043 
.045 
.047 
.049 
.051 
.052 
.055 
.057 
.059 
.061 
.063 
.065 
.067 
.069 
.072 

.000 

.000 

.001 

.001 

.002 
s003 
.00:f" 
.004 
.005 
.006 
.007 
.008 
.009 
.010­
.011 
.012 
.013 
.015 
.016 
.017 
o01­
.020 
.021 
.023 
.024 
.026 
.027 
.024-­
9031 
.032 
.034 
.036 
9037 
e039 
.04'Y 
.043 
04S 
047 

.049 

.051 

.052 
*05!r-" 
.057 
.059 
.061 
.063 
&065 
.067 
.06S" 
.072 



Table 21 (continued) 

ha t o h b 

.005 .01I- .015- .OZU .025 .030 .035 .040 .045 .050 .055 .060 .065 .070 .07S .080 .085 .090 .095 .100 

.255 * .058 .064 *068 .070 .072 .073 .074 .074 .074 o075 *074 .074 o074 .074 *074 .014 .074 o074 .074 .074 

.260 * 

.?65 
.059 

* .061 
.066 
( 8 

.070 

.071 
.072 
.074 

.074 

.076 
.075 
.077 

.076 

.078 
.076 
.079 

*077 
.079 

.077 

.079 
.076 
*078 

.076 

.078 
.076 
.078 

.076 

.078 
*076 
.078 

*076 
.078 

.076 

.078 
.076 
9078 

.076 

.078 
.076­
.078 

.270 * .062 ,U69 .073 .076 .078 .079 .080 .081 .081 .082 .08t .081 .081 .081 0081 .081 .081 0081 .081 0081 

.275 *064 .071 .075 .078 .080 .081 .082 .083 .084 .084 .084 .083 .083 .083 e083 .083 .083 *083 .083 *083 

.2HO * .066 .073 .077-.080 .082 .084 .085 .095 o086 .086 .086 .085 .085 .085 .085 .085 e085 .085 .085 .085 
&285 * .067 .075 .079 .082 .084 .O86 .0b7 .0P8 .088 .089 .089 .088 .088 .088 .088 .088 .088 .088 .088 .088 
.290 * .069 .077 .081 .084 .086 .088 .089 .090 .091 .091 0091 .090 .090 .090 .090 .090 .090 .090 .090 .090 
.25 .071 .079 .043 .086 .089 .090 .091 .092 .093 .093 .094 .093 .093 *093 .093 .093 .093 .093 .093 *00­
.300 * .072 .081 .085 .088 .091 .093 .094 .OQS .095 .096 .096 .096 .095 .095 .095 .095 .095 .095 .095 .095 
.305 * .074 .082 .087 .091 .093 .095 .096 .097 .098 .098 .099 .099 .098 .098 .9098 .098 s098 .098 .098 .098 
.310 * .076 .084 .089 .093 .095 .097 .098 .099 .100 .101 .101 .101 .100 .100 .100 .100 .100 .100 .100 .100 
.315 * .077 .086. .091 !.095 ;097 .099 .101 .102 .103 .103 .104 .104 .103 .103 .103 .103 .103 .103 .103 .103 
.320 * .079 .088 .093 -,097 .100 .102 .103 .104 .105 .106 .106 .106 e105 .105 e105 .105 .105 .105 .105 .105 
.325 * .081 .090 .096 .099 .102 .104 .106 .107 .108 .108 .109 .109 .109 .108 .108 .108 .10b .108 .108 .108 
.330 * .083 .092 .098 .101 .104 .106 .108 .109 .110 .111 .111 .111 .112 .110 .110 .110 .110 0110 .110 11 
.335 • .084 .094 .100 .104 .107 .109 .110 .112 .113 .113 .114 .114 .114 .113 .113 .113 .113 .113 .113 e113 
.340 * .086 .096 .102 .106 .109 .111 .113 .114 .115 .116 .116 .117 .117 .116 .116 .116 .116 .116 .116 .116 
.345 * .088 .098 .104 .108 .111 .113 -.115 .117 .118 .118 .119 .119 .120 .118 .118 .118 .118 .115 .118 .118 
.350 a .OqO .100 -1P6- .110 .113 .116 .118 .119 .120 .121 .122 .122 .122 .122 .121 .121 .121 .121 9121 9121 
.355 & .092 .102 .108 .113 .f16 .118 .120 .122 .123 .124 .124 .125 .125 .125 .124 .124 .124 s124 o124 .124 -

.360 * .0Y3 .104 .111 .115 .118 .121 .123 .124 .125 .126 .127 .127 .128 .128 .126 .126 &126 .126 :126 :126 0 

.365 * .095 .106 .113 .117 .121 .123 .125 .127 .128 .129 .130 .130 .130 .131 .129 .129 .129 .129 .129 .199 

.370 * .097 .108 .115 .120 .123 .126 .128 .129 .131 .132 .132 .133 .133 .133 .132 .132 .132 .132 .132 .132 

.375 0 .099 .110 .117 .122 .125 .128 .130 .132 .133 .134 .135 .136 .136 .136 .136 .135 .135 .135 .135 .135 

.380 * .101 .112 .119 .124 .128 .131 .133- .134 .136 .137 .138 .138 .139 .139 .139 .138 .138 .138 s138 .138 

.385 & .103 .114 ..122 -j127 -13P .133 .135 .137 .138 .140 .140 .141 .142 .142 e142 .140 .140 .140 .140 .140 

.390 0 .105 .117 .1?4. .129 .133 .136 .138 .140 .141 .142 w143 .144 .144 .145 .145 .143 .143 .143 e143 9143 

.395 * .106 .119 .126 .131 .135 .138 .140 .142 .144 .145 .146 .147 .147 .147 .148 .146 .146 .146 .146 .146 

.400 0 .108 .121 .128 .134 .138 .141 .143 .145 .146 .148 .149 .149 .150 .150 .151 .151 .1 .149 .149 .14-' 

.405 * .110 .123 -131 .136 .140 .143 .146 .18 .149 .150 .151 .152 '153 .153 .154 .154' .12 .152 .152 .152 

.410 .112 .125 .133 .138 .143 .146 .148 .150 .152 .153 .154 .155 .156 .156 .156 .157 .155 .155 .155 .155 

.415 * .114 .127 .135 .141 .145 .148 .151 .193 .155 .156 .157 .158 .159 .159 .159 .160 *158 .158 .158 .158 

.420 0 .116 .129_ .1I- ;I4-S .48 .151 .154 .156 .157 .159 .160 .161 .162 .162 .162 .163 .161 .161 .161 .161 

.425.0 .118 .132 .140 .146 .150 .153 .156 .18 .160 .162 .163 .164 .164 .165 .165 .166 .166 .164 .164 .164 

.430 9 .120 .134 .142 .148 .153 .156 .159 -161 .163 .164 .166 .167 .167 .168 .168 .169 .169 .167 .167 *167 

.435 * 

.440 * 
.122 
.124 

.136 

.138 
.145 
.147 

.151 

.153 
-155 
.158 

.159 

.161 
.162 
.164 

.164 

.167 
.166 
.169 

.167 

.170 
.169 
.171 

.170 

.172 
.170 
.173 

.171 

.174 
.171; 
.174 

.172 

.175 
.172 
.175 

.170 

.173 
.170 
.173 

61r­
0173 

.445 o .126 .140 .149 .156 .160 .164 .167 .169 .171 .173 .174 .175 .176 .177 .177 .178 .178 .176 e176 .176 

.450 9 .128 .143 .152 .158 .163 .167 .170 .172 .174 .176 .177 .178 .179 .180 .180 .181 .181 .181 .179 .179 

.455 * .130 .15 .154 *-.161 .165 .169 .172 .175 .177 .179 .180 .181 .182 .183 .184 ,184 .184 .184 .182 .182 

.460 - .13- .147 .156 :.163 .168 .172 .175 .178 .180 .1&2 .183 .184 .185 .186 .187 .187 .187 e187 .185 .185 

.465 9 .134 .149 .159 .166 .171 .175 .178 .191 .183 .185 .186 .187 .188 .189 .190 .190 .190 .191 .189 .189 

.470 0 .136 .152 .161 .168 .173 .177 .191 .1q3 .186 .188 .189 .190 .191 .192 .193 .193. .194 .194 .192 .19"' 

.475 0 .138 .154 .164 .171 .176 .180 .183 .1e6 .189 .190 .192 .193 .194 .195 .196 .196 .197 .197 .197 .195 

.480 0 .140 9156 .166 .173 e179 .183 .186 .149 4191 .193 .195 .196 .197 e198 .199 .200 .200 .200 9200 *198 

.485 * .142 .IS8 s169 .176 .181 .186 .189 .192 o194 .196 .198 .199 .201 .201 .202 .203 .203 .203 .204 .201 

.490 * .144 .161 .171 .178 .184 .188 .192 .105 e197 .199 .201 .202 .204 .205 s205 .206 .206 .207 .207 .205 

.495 9 .146 .163 .173 .181 .187 .191 .195 .198 .2OO .202 .204 .206 .207 .208 .209 .209 .210 .210 .210 .208 

.500 0 .148 .165 .176 .184 .189 .194 .198 .201 .203 .205 .207 .209 .210 .211 .212 .212 .213 .213 .213 .213 



Table 21 (continued) 

* .005 .010 .- 015 020 .025 .030 .035 040 .045 .050 .055 .060 .065 .070 o075 .080 
.085 o090
505 -*150 "_168 .178 095 .100186 -192 .197 200 .204 206 
 208 .210 .212 .213 .214 21S 216 .216 216 217 217
*510 .152 .170 .181 .189 .195 
 .199 9203
.515 e.154 .206 .209 .211 .213 .215
.172 .183 .191 .197 .202 .206 .209 .216 .217 .218 .219 .219 .220 .220
.520 .156. .175 .186 -212 .214 .216 .218 .219 *220
.194 .200 .205 .209 .212 .220 .221 .222 .223 .223
.525 * .215 .217 .223 .224
.158 .177 .189 .197 .203 .219 .221 .222 .224 .225 ­.208 .212 .225 .2Z6
.530 0 .160 .179 .215 .218 .221 .223 .224 a226 s227 *227
m191 .199 .226 .227
.206 .211 e228 .229
.535 0 .163 .182 t215 .218 .221 .224* 226 .229 .230 .230 .230
,1947 .202 .208- .214 -218 .221 
.227 .229 .230 .231 .232 .233 .233
.540 0 .165 .224 .227 .229 .233 .234
k184 .196i .205 .211 .216 .221 Z24 
9231 .232 .233 .234 .235 .236 e236
.227 .230 .237 .237
.545* .167 .232 .234
.187 .199 .207 .214 .219 -'24 .227 

.235 .237 .238 .239 .239 .240 o240
.550 9 .169 .189 .201 .210 .230 .233 .235 .231 e239 .241
.217 .222 .227 -230 .233 e240 .241 .Z42 .243
.555 9 .171 .191 .20 .236 .228 .240 .242 o243 *244 s244
.213 .220 .243 .244 .245 ­.225 .230 .246 .247
.560 a .173 .194 .233 .237 .239 .241 .243 .247 .24Y'
.206 .215 .245 .246
.222 .228 .233 .236 .248 .249 .249 .250 .251
.565 9 .175 .240 .242 .245 .251
.196 .209 .218 .225 .231 .247 .248 .250 .51
.236 .239 .252 .253 .253
.570 o .243 .245 e254 .254
 
.214 .224 .255 .256
.575 0 

.178 .199 .212 .221 .2287 .234 .239 .2&3 .2"b 
.248 .250 .252 .253 .254 .255 .256 .257 .257 .258
-180 .201 .249 .251 .253
.231 .237 .242 .25e .259 
.580 * .192 .246 .249 .252 .254 .260 .260 .261 .261
.204 .217 .256 .258
.226 .234 .240 .260 .261 .262
.245 .249 .263 .264
.585 a .194 .206 .220 .252 .255 .258 .260 .262 .264 .265
.229 .237 .242 .248 .263 .264 .266 .267
.590 .252 .255 .258 .267 .268
* .196 .209 .261 .263 .268.2P2 .232 .240 .265 .267


.595 * .246 .251 .2S5 .258 .268 .269 .270 .271 .271
.189 .211 .225 _.35 .261 .264 .2b6 .268 .270 .27y­.242 .249 .271 .273

.214 .226 .238 .245 .252 

.254 .258 .262 .270 .272 .273 .275 9276 
.274 .274
.600 a .191 .265 .267 .275 .276
 

.257 .261 .277 .278
.605 & .193 .265 .268 .271 .279 9279
.216.. .230 .273 .275
Z63 .248 .255 .260 .264 .277 .2.f8 .279 .281
.610 & .195 .219 .233 .Z4 .251 
.268 .271 .274 .276 .278 .280 .282 

.281 .282 .283
 
.258 .263 .283 .204
.615 * .197 .221 .26' .271 .274 .277 .285 .286 .286 ­.236 .246 .280 .282 .284
.254 .261 .266 .285 .286
.271 .274 .288 .289 .289
.620 * .200 .278 .281 .290 ­.224 .238 .249 .257 .264 .283 .285 .287 .2a9 .290
.269 .274 .291 .292
.625 9 .202 .226 .278 .281 .284 .286 .293 .294
.241 .252 .260 .289 .290 .292
.267 .272 .293 .*295 .296
.630 * .204 .277 .281 .284 .287 .297 .241r-.
.229 .244 .255 .290 .292 .294
.263 .270 .296- .297
.275 .280 .298 .299 .300
.635 0 .206 .231 .246 .257 .266 

.284 .288 .291 .293 .295 .297 .299 
.301
 

.273 .278 .301 .302 .303
.640 * .200 .234 .283 .287 .291 .294 *297 .304 .304
.249 .264 .269 .276 .299 .30j .303 .304 .305
.282 •.296 .291 .306 .307
.645 * .211 .294 .297 .300 .308
.236 .252 .263 .302 .304
.272 .27.9 .306 .308
.650 * .213 .285 .290 .294 .298 .301 .309 .310 .311 .312
.239 .255 .303 .306
.266 .275 .308 .310
.282 .288 .293 .311 *313
.655 * .297 .301 o314 .315 .316
.216 .241 .304 .307
.257 .269 .309 .311 .313 

.244 .260 .310 .313 


.278 .285 .291 .2Yb .300 .315 .316 .317 .318
.660 * .218 .304 .307 .319
.272 .281 .288 .315 .317 .318
.294 .299 .320 ".321
.665 0 .220 .247 .263 .275 .284 
.304 .308 .311 -.314 .316 .318 .320 

.322 .323-"
 
.291 .297 .322 .324
.670 .303 .307 .311 .325 .326 .327
* .223 .249 .266 .278 .287 .294 .301 

.314 .317 .320 .322 .324 .326.306 .310 .327 .328 .330
.675 * .225 .252 . .2&9-.281' .290 
.314 .318 .321 .323 .326 .3k' .329 

.330
 
.6b0 a .298 .304 .3o9 .314 .318 .331 .332 .333 .334
.227 .254 .321 *324
.271 .284 -.293 .301 .307 .327 .329 .331 .333 .335
.313 -317 .336 •337
.665 a .230 .257 .274 .321 .325 .328 .330 .333 .338
.286 .296 .304 .335 .337
.690 a .232 .310 .316 .321 .325 .328 .338 .340 .341 .342
.260 .277 .289 .299 .307 .331 .334 .336 .338
.314 .319 .340 .342 .343
.f9.2o .234 .262 .324 .328 .332 .335 .338 .345 .346
.280 .292 .302 .340 .342
.310 .317 .344 .346
.700 * .237 .265 .2R3 .295 .305 

.3?2 .327 .331 .335 .338 .341 .344 
.347 .348 .34f_­

.705 .313 .320 .326 .331 .335 .346 .348 .3.9 .351 .352
* .239 .268 .285 .298 .339 .342 .345 .347 .353.308 .317 .323 .329 .334 .349 .351 .353 .355 .356
.710 0 .241 .270 ,2-38---.301 .311 .320 
.338 .342 .345 .348 .351 .353 .355 

9357
 
.327 .332 .357 .358
.715 0 .337 .342 .346 .360 .361
.244 .273 .291 .349 .352
'.304 .355 .357
.J5 .323 .330 .359 .361
.720 0 .246 .276 .336 .341 .345 .349 .353 .362 o364 .365
.294 .307 .356 .358
-318 .326 .333 9360 .363
.339 .344 .364 .366 e367
.725 9 .248 .278 .297 .310 .349 .353 .356 .359 .369
.321 .329 .362 .364 .366
.336 .343 .368 .370
.730 0 .251 .281 .300 .313 .324 

.348 .352 .356 .360 .363 .366 .368 
.371 .372
 

.333 .340 .370 .372 .374
*735 0 .346 .J51 .356 .360 .363 .375 .376""
.253 .284 .303 .316 .327 .336 .366 .369 .372 .374
.343 .349 .376 .377
.740 0 .256 .355 .359 .363 .379 *380
.286 .306 .367 .370
.319 .330 .373 .375
.339 .346 .3S3 .378 .380
.358 .363 .381 .383 .384
.745 .258 .367 .371
.289 .308 .374 .377 .379
.322 .333 .381 .383
.342 .350 .3r6 .385 .387
.75( * .362 .366 .388
.260 .292 .311 .326 .337 .371 9374 .377 .380 .383
.346 .353 .JbO .365 .370 e385 .387 .389 .391 .392
.374 .378 
 .381 .384 
 .387 .389 .391 
 .393 .394 
 .396
 



h* htbha 
.oOe0eeeeoeoOeO*.~ee~ooooeeOOogoeeeoollOOOeOOoOe90000000 

* .105 .110 .1.15 .120 -125 .130 .135 .140 .145 .150 

.505 * .214 .214 .214 214 .214 .214 .214 .214 .214 o214
 

.510 * .219 .218 .218 .218 .218 .218 .218 .218 .218 .218
 

.515 * .221 .221 .221 .221 .221 .221 .221 .221 .221 .221
 

.520 - .227 .224 .224 .224 .224 .224 .22. .22 .2224 .224
 

.525 * .230 .228 .228 .228 .228 .228 .228 .228 .228 0228
 

.530 * .234 .231 .233 .233 .231 .231 .231 .231 .231 .231
 

.535 * .237 .235 .235 .235 .235 .235 .235 .235 .235 .235
 

.540 * .241 .238 .238 .238 .238 .238 .238 .238 .238 .238
 

.545 * .244 .244 .242 .242 .24Z .242 .242 .242 .242 .242
 

.550 o .24A .248 .245 .245 c245 .245 .245 .245 .245 .245
 

.555 o .251 .251 .249 .249 .249 .249 249 .249 .249 .249
 

.560 & .255 .255 .252 .252 .252 .252 .252 .Z52 .252 .252
 

.565 0 .258 .258 .256 .256 .256 .256 .2S6 .256 .256 .256
 

.570 a .262 .262 .262 .259 .259 .259 .259 .259 .259 .259
 

.575 * .265 .265 .266 .263 .263 .263 .263 .2,3 .263 .263
 

.580 o .269 .269 .269 .266 .266 .266 .266 .266 .266 .266
 
o585 * .272 .273 .273 .270 .270 .270 .270 .270 .70 .270
 
.590 o .276 .276 .276 .273 .273 .273 .273 .273 .273 .273
 
.595 o .2RO .280 .280 .280 .277 .277 .277 .277 .277 .277
 
.600 o .283 .283 .284 .284 .281 .281 .281 .2"1 .281 .281
 
.605 & .287 .287. .287 -. 267 .284 .284 .284 .284 .284 .2e4
 
.610 a .290 .291 .291 .291 .288 .288 .288 .2A8 .288 .288
 
.615 0 .294 .294 .295 .295 .292 .292 .292 .2Q2 .292 .292
 
.620 9 .298 .298 .298 .299 .299 .295 .295 .2q5 .295 .295
 
.625 * -301 .302 .302 .302 .302 .299 .299 .299 .299 .299
 
.630 9 .305 .306 .306 .306 .306 .303 .303 .303 .303 .301
 
.635 * .309 .309 .310 .310 .310 .307 .307 .307 .307 .307
 
L40 a .313 .313 .313 .314 .314 .310 .310 .310 .310 .310
 
.645 & .316 .317 .317 .317 .318 .318 .314 .314 .31 .314
 
.650 0 .320 .321 .321 .321 .321 .322 .318 .318 .318 .318
 
.655 * .324 .324 .325 .325 .325 .325 .322 .322 .322 .322
 
.660 * .327 .328 .329 .329 .329 .329 .326 .3p6 .J26 .326
 
.665 * .331 .332 .332 .333 .333 .333 .330 .330 .330 .330
 

.336 ---. 1.337 .333
.670 * .335 336 .337 .337 .337 .333 .333
 
.675 * .339 .339 .340 .344 .341 .341 .341 .337 .337 .337
 
.6U0 * .343 .343 .344 .344 .345 .345 .345 .341 o341 .341
 
.6b5 .346 .347 .348 .348 .349 .349 .349 .345 .345 .345
 
.690 * .350 .351 .352 .352 .353 .353 .353 .349 .349 .349
 
.695 * .354 .355 .356 .3S6 .356 .357 .357 .397 .353 .353
 
.700 * .358 .359 .359 .360 .360 .361 .351 .361 .357 .357
 
.705 o .362 .363 .363 .364 .364 .363 .365 .365 .361 .361
 
.710 * .366 .367 .367 .368 .368 .369 .369 .369 .J65 .36S
 
.715 * .370 .370 .371 .372 .372 .373 .373 .373 .j69 .369
 
.f20 o .373 .374 .315 .376 .376 .377 .377 .377 .377 .373
 
.725 & .371 .378 .379 .380 .380 .381 .381 .3a1 .381 .377
 
.730 * .381 .382 .383 .384 .3d4 .385 .385 .35 .385 .381
 
.735 e .385 .386 .387 .388 .388 .389 .33q .339 .390 .385
 
.740 * .389 .390 .391 .392 .392 .393 .393 .394 .394 o389
 
.745 * .393 .394 .395 .396 .396 .397 .397 .3q8 .348 .398
 
.750 0 .397 .398 .399 .400 .401 .401 .401 .4n2 .402 .402
 



Table 22 Submerged flow calibration for 60 cm x 270cm 
Cutthroat flume, (0", cms) 

h*
 

* .005 .0j0 
..&15 .020 -025 .030 .035 .040 .045 .050 
 .055 .060 .065 .070 
 .075 .080 .085 .090 
 .095 9100
 
.005 U .000 *000 .0o .000 .000 .000 .000 
 .000 .000 .000 .000 
 .000 .000 .000 .000
.010 * .001 .001 .000 .000 .000 .000
.001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000
 
.015 * .002 .002 .002 .00? .002 .002 .002 

.001 .001 .001.001 .001 o0d]-'
.002 .002 .002 .002 
.002 .002 .002 .002
.020 * .003 .003 .003 .003 .003 .003 .002 .002 .002 .002 9002
.003 *003 .003 .003 
 .003 .003 .003 .003
.oS 0 .004 .OO .00' .004 .004 .004 .004 .004 .004 
o003 .003 .003 .003 .003 .003
.004 .004 .004 .004 
 .004 .004 .004 .004
.030 * .005 .005-..005-.005S ,005 .005 .004 .004 .004
.005 *005 ,005 .005 .005 .005 .005 .005
.035 0 .007 .007 .007 .007 .007 .007 .007 .007 .007 .007 .007 
.005 .005 .005 ,005 .005 .005
 

.007 .007 .007
.040 -008 .008 .006 .008 .008 .008 .008 .008 .008 
.007,007 .007*007 .007 .007
.008 .008 .008 .008
.05 9 .010 .010 .010 .010 .010 .010 .010 .010 

.008 .008 .008 .008 .008 600H .008
.010 .010 .010 .010 
 .010 .010 .010 .010
.050 * '.011 .012 .012 .012 .012 .010 .010 .010 .016
.012 .012 .012 .012 
 .012 .012 .012 .012
.055 0 .013 .014 .014 .014 .012 .012 .012 .012 .012 .019 .012
.014 .014 .014 .014 
 .014 .014 .014 .014 
 .014 .014 .014 .014
.060 * .015 .016 .016 .016 .0J6 .016 .014 .014 .014 .014
.016 .016 .016 .016 .016 ,016 .016 ,016
.065 0 .017 .018 -01&--.-1 .016 .016 ,016 .016 .016 .016
.018 .018 .018 .01a.18 .018 .018 .018 .018 .018 -018 .018
.070 * .019 .020 .020t .020 .020 .018 .018 .018 .Ol
.020 .020 020 .020 
.020 .020 .020 .020
.075 0 .021 .022 .022' .022 .020 .020 .020 .020 .020 OZ0 .020
.022 .022 .022 ,022 .022 .022 .022 
 .022 .022 .022 .022
.050 * .023 .024 ,025 .025 .025 .025 .025 .0?5 
.022 .022 ,022 .022 .022
.025 .025 .025 .025 
 .025 .025 .025 *025
.085 e .025 .027 .027 .027 .027 .027 .025 .025 .025 .025
.027 .027 .027 .027 
 .027 .027 .027
.090 .027 ".027 .027 .027
* .027 .029 .030 .030 .030 .030 .030 .027 .027 .027.030 .030 .030 .030 
 .030 .030 .030 .030
.OQ5 * .029 .031 .030 .030 .030 .030.032 .032 .032 .032 .032 .032 .032 .032 .030
.032 .032 .032 .032
.100 0 .031 .03v- .035 -03'5 .035 .035 .035 .035 

.032 .032 .032 .032 .032 .032
.035 .035 .035 .035
.105 .035 .035 .035
* . 33 .036 .037 %.038 .038 .038 .038 .038 .038 .038 .038 
.035 .035 .035 .035 .035
.038 .038 .038 .038
.110 * .036 .039 .040 .041 .038 .038 .038 .038 .038 ­.040 .040 .040 .0 
 4 0 .040 .040 .040 .040 .040 .040 .040.115 0 .038 .041 .043 .040 .040 .040 9040
.044 .043 .0(3 .043 .043 .043 .043 .043 U
.043 .043 .04w .043
.120 0 .040 .044 .043 b043 .043 .043
.046 .047 .046 .046 .04'S..
.046 .046 .046 .046 .046 .046 .046 .04o .046 .046
.125 * .043 .047 .049 .050 050 .049 .049 
.046 .046 .046 .046
.049 .049 .049 .049 
 .049 4049 .049 .049
.130 # .045 .050 .052 .053 -.053 .052 .049 .049 .049 .049 .049
.052 .052 .052 .05? 
 .052 .052 .052 .052
.135 & .048 .052 .055 .056 .056 .056 .056 .OSb 

.052 .052 .052 .052 .052 ,052
.056 .056 .056 .056 
 .056 .05o .056 .056
.140 * .050 .055 .058 .059 .059 .056 .056 .056 .056
.059 .059 .059 .059 
.059 e059 .059 .059
.145 * .053 .058 .061 .062 .059 .059 .059 .059 .059 .059 .059
.063 .062 .062 .062 .062 .062 .062 .062 .062 .062 .062 .062
.150 * .055 .061 .064 .065 .0o6 .062 .062 .062 .062
.066 .066 .066 .066 
 .066 .066 .066 .066
.155 0 .058 .064 .067 .068 .069 .070 .069 .0s9 
,066 .066 .066 .066 .066 .066 .06"C-*
.069 .069 .069 .069 
.069 .069 .069 .069
.160 * .061 .067 .070 .072 .073 .073 .073 .073 ,073 

b069 .069 .069 .069
e073 ,073 .073 .073-165 0 .063 .070 .073 .075 .076 ,G77 .0 
.073 e073 .073 .073 *073 .073 .0736 .076 .076 .076- .076 .076 .076 .076 .076.170 * .066 .073 .076 -;79 .080 .080 .080 .040 .080 

.076 .076 .076 .076 .076
.080 .080 .080 .080 
 .080 .080 9080
.175 * .069 .076 ,OqO .08 .083 .064 .084 .083 .083 .083 .083 

.080 .080 .08* .080

.083 .083 .083 .083
.180 * .072 .079 .083 .085 .083 .083 .083 .083 .083
.087 .088 -088 .097 
 .087 .087 .087 .087
.185 * .074 .082 ,087 .087 ,087 ,087 .087 ,087 .087
.086 .089 .090 .091 .092 .091 .091 .091 .091 .091 .091 .091 

.087
 
.190 * .077 .085 .090 .092 .094 .095 .096 

.091 .091 .091 .091 .091 l091­.OQ5 .095 .095 .095 
 .095 .095 .095 .095
.195 * .080 .089 .093 .096 .098 .099 .099 Oq9 .099 
.095 .095 .095 .095 .095
.099 .099 .099 .099 
.099 .099 .099 .099
.200 * .083 .092 .097 .100 .102 .103 .103 .099 .099 .099
.104 .103 .103 .103 
 .103 .103 .103 .103
.205 * .086 -100- .103 .105 .107 .107 .108 .107 .107 .107 .107 
.103 .103 .103 .103 .103
*Q. 


.210 . ,089 .099 .104 .107 .109 .111 .111 
.107 .107 .107 .107 .107 .107 .107 ,107
.112 .111 .111 .111 
 .111 .111 .111 .111
.215 ..092 e102 .107 '.111 .113 .115 .111 *111 -1)1 *111 ,111
.116 .116 .115 IIS .115 .115 .115 .115 .115 .115
.220 * .095 .105 .111 .115 .117 .119 .120 ,115 .115 :115 ,115
.120 .119 .119 .119 
 .119 .119 .119 .119
.225 * .098 .109 .115 .118 .121 .123 .124 .119 .119 .119 .119 119
.124 .125 .123 .123 
 .123 .123 .123 .123
.230 * .101 .112 .118 .122 -125 .127 .128 *129 .129 

.123 .123 .123 .123 .123
.128 .128 .128 .128 
 e128 .128 9128 .128
.235 e .104 .116 .122 .126 .129 .131 .132 .128 .128 e128
.133 .133 .132 .132 
 .132 .132 .132 .132
.240 0 -107 .119 .126 .130 .132 .132 .132 .132 .132
.133 .135 .136 -137 
 *138 X737 .137 .137 
 .137 .137 .137
-245 0 .111 .123 -130 ,134 ,137 .139 .141 ,137 .137 -137 .137 o137
.142 ,142 .,141 .141 .141 .141 .141
.250 a .114 .126 -133 .138 .141 .141 .141 .141 .141 .141
.141 .144 .145 .146 
 .147 .147 .14b .146 .146 .146 .146 .146 as6 .146
.146 .146
 



Table 22 (continued) 

•*ha ho'-ht 

* .005 .010 .015 .020 .025 .030 .035 .040 .045 .050 .055 °060 .065 .070 .075 .080 .085 .090 .095 0100 

.255 0 e117 .130 .137 * .142 .1-.5 .148 .149 .Ic1 .151 151 .150 .150 . 150 .150 150 .150 .150 .ISO .1SO 
0260 .120 .133 .141 .146 .150 .152 .154 .155 .156 .156 .155 .155 .155 .155 .155 .55 .155 *1.5 .155 .155 
.265 ..123 .137 .145 .150 .154 .156 .158 .160 .160 .161 .159 .159 .19 .159 .159 .159 .159 .15U .159 .1 s 
.270 * .127 .141 .149 .154 .158 .161 .163 .164 .165 .165 .164 .164 .164 .164 .164 .164 .164 .164 .164 .164 
.275 * .130 .145 .153 .158 .162 .165 .167 *169 .170 .170 .170 .169 .169 .169 .169 .169 .169 .169 .169 .169 
.280 * .133 .148 .157 .153 .167 .170 .172 .173 .174 .175 .175 .174 .174 .174 .174 .174 .174 .174 .174 .174 
.285 * .137 .152 .161- .167 .171 .174 .176 .178 .179 .180 .180 .179 .179 .179 .179 .179 .179 .179 .179 .179 
.290 * .140 .156 .165 .171 .17i .179 .181 .183 .184 .185 .185 .183 .183 .183 .183 .183 .183 .183 .183 .183 
.295 * .143 .160 .169 .175 .180 .183 .1A6 .1a7 .89 .190 .190 .188 .188 .188 .188 .188 .188 .188 .188 .188 
.300 * .147 .163 .173 .180 .18 .188 .190 .192 .194 .194 .195 .195 .193 .193 .193 .193 .193 .193 .193 .19S" 
.305 * .150 .167 .177 .184 .139 .192 .195 .197 .198 .199 .200 .200 .199 .199 .199 .199 .199 .199 *199 .195 
.310 S.154 .171 .IP1 .188 .193 .197 .200 .202 .203 .204 .205 .205 .204 .204 .204 .204 .204 .204 e204 .204 
.315 .157 .175 .186 .193 .198 .202 .205 .207 .208 .209 .210 .211 .209 .209 .209 .209 .209 .209 e209 .209 
.320 * .161 .179 .I0 --.­197 .202 .206 .209 .212 .213 .215 .215 .216 .214 .214 .214 .214 .214 .214 9214 .214 
.325 * .164 .183 .194 .202 .207 .211 .214 .217 .218 .220 .220 .221 .221 .219 .219 .219 .219 .219 .219 .219 
.330 * .168 .187 .198 .206 .212 .216 .219 .2?2 .223 .225 .226 .226 .227 .224 .224 .224 .224 .224 .224 .224 
.335 * .171 .191 .203 .210 .216 .221 .224 .27 .228 .230 .231 .232 .232 .230 .230 .230 .230 .230 .230 .2T"" 
.340 * .175 .195 .207 .215 .221 .225 .229 .232 .234 .235 .236 .237 .237 .235 .235 .235 .235 .235 .235 .235 
.345 * .179 .199 .211 .220 .226 .230 .234 .237 .239 .240 .241 .242 .243 .241 .241 .241 .241 .241 .241 .241 
.350 * .142 .203 .216 .224 .230 .235 .239 .242 .244 .246 .247 .248 .248 .248 .246 .246 .246 .246 .246 .246 
.355 e .186 .207 .220 -.229 .235 .240 .244 .247 .249 .251 .252 .253 .254 .254 .252 .252 .252 .252 .252 .252 -

.360 * .190 .211 .224 .233 .240 .245 .249 .252 .254 .256 .258 .259 .259 .259 .257 .257 .257 257 .257 .257 

.365 * .193 .216 .229 .238 .245 .250 .254 .257 .260 .262 .263 .264 .265 .265 .263 .263 .263 .263 .263 .263 

.370 0 .197 .220 .2 3 .243 .250 .255 .259 .262 .265 .267 .268 .270 .270 .271 .268 .268 .268 .268 .268 .269­

.375 * .201 .224 .238 .247 .254 .260 .264 .268 .270 .272 .274 .275 .276 .276 .277 .274 .274 .274 .274 .274 

.380 * .205 .228 .242 .252 .259 .265 .269 .273 .276 .278 .279 .2AI .282 .282 .282 .280 .280 .280 .280 .280 

.385 * .208 .232 .247 .257 .264 .270 .275 .278 .281 .283 .285 .286 .287 .288 .288 .286 .286 .286 .286 .286 

.390 * .212 .237 .251--.262 .269 .275 .280 .283 .286 .289 .291 .292 .293 .294 .294 .291 .291 .291 .291 .291 

.395 * .216 .241 .256 .266 .274 .280 .285 .2n9 .292 .294 .296 .298 .299 .299 .300 .297 .297 .297 .297 .297 

.400 * .220 .245 .261 .271 .279 .285 .290 .204 .297 .300 .302 .303 .304 .305 .306 .306 .303 .303 .303 .303 

. 05 * .224 .250 .265 .276 .284 .291 .296 .300 .303 .305 .307 .305 .310 .311 .312 .312 .309 .309 .309 .30­

.410 • .227 .25% .270 .281 .289 .296 .301 .3PS .308 .311 .313 .315 .316 .317 .318 .318 .315 .315 .315 .315 

.415 0 .231 .258 .274 .286 .294 .301 .306 .310 .314 .317 .319 .321 .322 .323 .324 .324 .321 .321 .321 .321 

.420 4 .235 .263 .279 .291 .299 .306 .312 .316 .320 .322 .325 .326 .328 .329 .330 .330 .327 .327 .327 .327 

.425 a .239 .267 .284--.296 .305 .311 .317 .321 .325 .328 .330 .332 .334 .335 .336 .336 .336 .333 .333 .3!3 

.430 I .243 .272 .289 .301 .310 .317 .3?2 .327 .331 .334 .336 .338 .340 .341 .342 .342 .342 .339 .339 .339 

.435 * .247 .276 .293 .306 .315 .322 .328 .333 .336 .340 .342 .344 .346 .347 .348 .348 .349 .346 s346 .346 

.440 * .251 .280 .298 .311 .320 .327 .333 .338 .342 .345 .348 .350 .352 .353 .354 .355 .355 .352 .352 .35f­

.445 .255 .285 .303 .316 .325 .333 .339 .344 .348 .351 .354 .355 .358 .359 .360 .361 .361 .358 .358 .358 

.450 .259 .289 .308 .321 .331 .338 .344 .349 .j54 .357 .360 .362 .364 .365 .366 .361 .367 .368 .364 .364 

.455 * .263 .294 .313 .326 .336 .344 .350 .3sS .359 .363 .366 .368 .370 .371 .372 .373 .374 .374 .371 .371 

.460 .267 .299 .317--.331! .341 .349 .356 .361 .365 .369 .372 .374 .376 .378 .379 .380 .380 .380 .377 .377 

.465 a .271 .303 .322 .336 .346 .355 .361 .367 .J71 .375 .378 .380 .382 .384 .385 .386 .386 .387 .383 .383 

.470 ..275 .308 .327 .341 .352 .360 .367 .372 .377 .381 .384 .38b .388 .390 .391 .392 .393 .393 .390 .390 

.475 0 .279 .312 .332 .346 .357 .366 .372 .378 .383 .387 .390 .392 .395 .396 .398 .399 .399 .400 .400 *396"­

.480 0 .284 .317 .337 .352 .362 .371 .378 .384 .389 .393 .396 .399 .401 .403 .404 .o05 .406 .*406 .407 .403 

.485 * .288 .322 .342 .357 .368 .377 .3A4 .390 .395 .399 .402 .405 .407 .409 .410 .412 .412 .413 .413 .409 

.490 * .292 .326 .347 .362 .373 .382 .390 .396 .400 .405 .408 .411 .413 .415 .417 .418 .19 .419 .420 .416 
• * .296 .331 .352 .367 .379 .388 .395 .4nl .406 .411 .414 .417 .420 .422 .423 .424 .425 .426 .426 .423 
.500 0 .300 .336 .357 .372 .384 .393 .401 .407 .412 .417 .420 .423 .426 .428 .430 .431 .432 e433 °433 o433 



Table 22 (continued) 

h; ho h~b 

.005 .010 .015 .020 
 .025 .030 .035 .040 .045 .050 
 055 .060 .065 .070 .075 .080 .085 .090 .095 .100
 

.505 e .304 .340 .362 .378 .390 .399 *407 .413 .418 .423 
 .421 .430 .432 .434 *436 .438 .439 .439 .440 .440
.510 * .309 345....367- .383 .395 .405 
.413 .419 .425 .429 .433 .436 
.439 .441 .443 .444 .445 .446 *447 .447
.515 & .313 .350 .372 .388 ".401 .411 .418 .425 
.431 .435 .439 .442 .445 .447 .449 
.451 .452 .453 .453 .454
.520 * .317 .355 .377 .394 .406 .416 .424 .431 .437 .441 
 .445 .449 .452 .45& .456 .457 .4ST .460 .460 .461
.525 a .321 
 .359 .3A3 .399 .412 .422 .430 
 .437 .443 .448 .452 .455 .458 
 .460 .462 .464 .465 .466 .467 .467--'
.530 0 .326 .364 .3P8 .405 .417 
 .428 .436 .43 .449 .454 .458 
 .462 .465 *467 .469 .471 .47? .473 .474 .474
.535 * .330 .369 
 .3q3 .410 .423 .434 .442 .449 
 .455 .460 .464 .468 .471 .474 .476 
 .477 .479 .480 .481 .481
.540 0 .334 .374 .398 .415 .429 
 .439 .448 .4S .461 .466 .471 .475 .478 .480 .482 .484 .486 .487 .488 .488
.545 9 .339 .379 .403 .421.434 .445 .454 .451 .468 
 .473 .477 .481 .484 .487 .4a9 .491 .493 .494 .495 .495
.550 * .343 
 .384 .4n9 .426 .440 .451 .460 .467 .474 .479 .484 .4R8 .491 
 .494 .496 .498 .499 .501 .502 *502
.555 * .347 .389 .414 
 .432 .446 .457 .466 .474 .480 .485 
.490 .494 .497 .500 .503 .505 .506 .508 .509 .509
.560 e .352 .393 .419 .437 .451 
 .463 .472 .480 .486 .492 .497 .501 
 .504 507 .509 .511 .513 .515 .516 5i6
.565 0 .356 .398 
 .424 .443 .457 .469 .478 .4P6 
 .493 .498 .503 .507 .511 .514 
 .516 .518 .520 .522 .523 .523
.570 a .360 .403 .430 .448 .463 .475 .484 .4Q2 .49Y .505 .i10 .514 .517 .520 .523 .525 .527 
.529 .530 .531
.575 * .365 .408 .435 .454 .469 .481 .490 
 .408 .505 .511 .516 .520 .524 
 .527 .530 .532 .534 .536 .537 .538
.580 e .369 .413 .440- .460 .475 .496
.487 .5nS .512 .518 .523 .527 .531 .534 .537
.585 e .374 .418 .539 .541 .543 .544 .545
.446 .465 .480 .493 .503 .511 
 .518 .524 .529 .534 .538 .541 
 .544 .546 .54e .550 .551 .552
.590 * .378 .423 .451 
 .471 .4d6 .499 .509 .517 .525 
 .531 .536 .541 .544 .548 .551 
 .553 .555 .557 .558 .559
.SY5 o .383 .428 .456 .477 .492 .505 
 .515 .524 .531 .537 .543 .547 .551 "
.555 .558 .SSO .562 .564 .565 .S6'r*
.600 * .387 
 .433 .462 .482 .498 .511 .521 .530 
 .537 .544 .549 .554 .558 .562 
 .565 .567 .569 .571 .573 .574
.605 0 .3q2 .439 .467 .488 .504 .517 .527 .536 .544 .550 .556 
 .561 .565 .569 .572 .574 .577 .578 .580 .581
.610 * .396 .444 
 .473 .494 .510 .523 .534 .543 .550 
 .557 .563 .568 .572 .576 .579 
.581 .584 .586 .587 .588
.615 * .401 .449 .47.8.- .499 .516 
.529 .540 .549 .557 .564 .569 .574 .579 .5el .586 .588 .591 .593 .594 .596
.620 a ."5" .454 .4P4" .505 .522 .535 .546 .556 
.563 .570 .576 .581 .586 .59u 
.593 .596 .598 .600 .602 .603
.6?5 0 .410 .459 .489 .511 .528 
 .541 .553 .562 .57C .577 .583 
.588 .593 .597 .600 .603 .605 .607 .609 .611
.630 e .415 
.464 .495 .517 .534 .547 .559 
 .568 .577 .584 .590 .595 .600 
 .604 .607 .610 .613 .615 .617 .618­.635 * .419 .469 .500 
 .522 .540 .554 .565 .575 .583 .590 
 .597 .602 .607 .611 .614 .617 '.620 .622 .624 .625
.640 0 .424 .474 .506 .528 .546 .560 
 .572 .SpI .590 .597 .603 .609 .614 .618 .621 .624 .627 .629 .631 
 .633
.645 0 .428 .480 .511 
 .534 .552 .566 .578 .5P8 .597 
 .604 .610 .616 .621 .625 .629 .632 .634 .637 .639 .640
.650 * .433 .485 .5 7--.540 .558 .572 
.584 .5Q5 .603 .611 .617 .623 
 .628 .63? .636 .639 .642 .644 .646 .648
.655 * .438 .490 .522 .546 '.564 .579 .591 .6o1 .610 .618 
 .624 .630 .635 .639 .43 .646 .649 .652 .654 .656
.660 9 .442 .495 .528 .552 .570 
 .585 .597 .608 .617 .624 .631 .637 
 .642 .646 .650 .654 .657 .659 .661 .663
.665 * .447 .501 .514 
 .558 .576 .591 .604 .614 .623 .631 .638 .644 .649 .654 .658 .661 
 .664 .667 .669 .6-1­.670 * .452 .506 .539 .564 .582 .598 .610 .6?1 .630 .638 .o45 .651 
 .656 .661 .665 .668 '.671 .674 .676 .678
.675 a .456 .511 .545 .570 .589 .604 
 .617 .6?8 .637 .645 .652 .656 
 .663 .668 .672 .676 .679 .682 .684 .686
.680 * .461 .517 .551 .575 .595 .610 
 .623 .634 .644 .652 .659 .665 
 .671 .675 .680 .683 .686 .689 .692 .694
.6M5 0 .466 .522 .5,56--.581 .601 .617 .630 
 .641 .651 .659 .666 .672 .678 
 .683 .687 .691 .694 .697 .699 .701
.690 • .471 .527 .562 '.587 .607 .623 .636 .648 .657 .666 
 .673 .679 .685 .690 .694 .698 .702 .704 .707 .709
.695 q .475 .533 .568 .593 .613 .630 .643 .054 .b64 .673 .680 .687 
 .692 .697 .702 .706 .709 .712 .715 .717
.700 0 .480 .538 .574 .599 .620 .636 .650 .661 .671 
 .680 .687 .694 .700 .705 .709 .713 .717 .720 .722 .79­.705 9 .485 .543 .579 .606 .626 
.642 .656 ..8 .678 .687 .694 .701 .707 .712 .717 .721 .724 .727 .730 .732
.710 • .490 .549 
 .585 .612 .632 .649 .663 .675 
 .685 .694 .702 .708 .714 .720 .724 
 .728 .732 .735 .738 .740
.715 * .495 .554 .591 .618 .639 .655 
.670 .6P2 .692 .701 .709 .716 
 .722 .727 .732 .736 .740 .743 .746 .748
.720 0 .499 .560 .597 ;124 .645 .662 .676 
 .6Q8 .699 .708 .716 .723 .729 
 .734 .739 .743 .747 .751 .753 .756
.725 9 .504 .565 .b03 .630 .651 
 .669 .693 .6Q5 .106 .715 .723 .730 .736 .742 .747 .751 .755 .758 .761 .764
.730 o .509 .570 .608 
 .636 .658 .675 .690 .7n2 .713 .722 .730 .737 .744 .749 .754 .759 .763 .766 .769 .772
.735 * .514 .576 .614 .642 .664 .682 
 .696 .7n9 .720 .729 .738 .745 
 .751 .757 .762 .766 .770 .774 .777 .78o­.740 9 .519 .581 
 .6P0 .648 .670 .688 .703 .716 .727 
 .736 .745 .752 .759 .764 .770 
 .774 .778 .782 .785 .788
.745 0 .524 .587 
 .626 .655 .677 .695 .710 .773 .734 
 .744 .752 .760 .766 .772 .777 
 .7a2 .786 .790 s793 .796
.750 9 .529 .592 .632 .661 .683 .701 .717 
 .710 .741 .751 .759 .767 .774 
 .780 .785 .790 .794 .797 .801 .804
 



Toble 22 (continued) 

h- ha'-h; 

9,10S .110 .'l15 .120 -.125 .130 .L35 .140 .145 .150 

.505 * .436 .436 .436 .436 .436 ,436 .436 .436 .436 .436 

.510 * *.43 .443 .443 e443 .443 .443 9443 .443 .443 .443 
*515 * .450 .450 .450 .450 .450 .450 .450 .450 .4S0 .450 
.520 * .461 .457 .457 .457 .457 .457 .457 .457 .457 4S7 
.525 * .468 .463 .463 .463 .463 .463 .463 *463 .463 9463 
.530 * .475 .470 .470 .470 .470 .470 .470 .470 .470 .470 
.535 e .482 .477 .477 .477 .477 .477 .477 .477 .477 .477 
.54.0 0 
.545 * 
.550 * 
.555 * 

.489 

.496 

.503 

.510 

.484 

.496 

.503 

.510 

.484 

.491 

.498 

.50S 

.484 

.491 

.498 

.505 

.484 

.491 

.498 

.505 

.484 

.491 

.498 

.505 

.4E4 

.491 

.499 

.505 

.'.F4 

.4QI 

.4Q8 

.5nS 

.484 

.491 

.498 

.505 

484 
.491 
.498 
.505 

.560 * .517 .517 .513 .SJ .513 .513 .SI .513 .513 .513 

.565 * .524 .524 .526 .520 .520 .520 .520 .520 .520 9520 

.570 * .531 .532 .532 .527 .527 .527 .527 .SZ7 .527 .527 

.575 .538 .539 .539 .534 .534 .534 .534 .534 .o34 .534 

.580 0 .546 .546 .546 .541 .541 .541 .541 .541 .541 541 

.585 * .553 .553 .554 .549 .549 .549 .549 .549 .549 .549 

.590 * .560 .561 .561 .556 .556 .556 .556 .556 .556 556 

.S%5 * .567 .568 .568 .569 .563 .563 .563 .563 .563 .563 

.600 - .575 .575 e576 .576 .571 .571 .571 .571 .571 e571 

.605 a .582 .583 .583 .583 .578 .57a .578 .578 .578 .578 

.610 9 .599 .590 .591 .591 .586 .586 .586 .5A6 .586 .586 

.615 e .597 .598 .598 .599 .593 .593 .593 .593 .593 .593 

.620 a .604 .605 .606 .606 -606 .601 .601 .6n1 .601 .601 

.625 9 .612 .613 .613 .614 .614 .608 .608 .6o8 .608 .608 

.630 * .619 .620 .621 .621 .622 .616 .616 .616 .616 .616 

.635 * .627 .628 .628 .629 .629 .624 .624 .6R4 .624 .624 

.'"0 0 .634 .635 .636 .637 .637 .631 .631 .631 .631 .631 

.645 & .642 .643 .644 .644 .645 .645 .639 .639 .639 .639 

.650 * .649 .651 .651 .652 .652 .653 .647 .6&7 .647 .647 

.655 * .657 .658 .659 .660 .660 .660 .655 .655 .655 9655 

.660 * .665 .666 .667 .668 .668 .668 .662 ,6'.2 .662 .662 

.665 * .672 .674 .675 .675 .676 .676 .670 .a70 .670 .670 

.670 * .680 .681 .682 .683 .684 .684 .684 .678 .b78 .678 

.675 9 .688 .689 .690 .691 .692 .692 .692 .6R6 .686 .686 

.680 a .695 .697 .698 .691 .700 .700 .700 .694 .694 .694 

.685 * .703 .705. .706 -.70' .708 .708 .708 .7j2 .702 .702 

.690 0 .711 .712 .714 .71S .715 .716 .716 .710 .710 .710 

.695 a .719 .720 .7?2 .723 .723 .724 .724 .7?5 .718 .718 

.700 o .727 .728 .730 .731 .731 .732 .733 .733 .726 .726 

.705 * .734 .736 .738 .739 .740 .740 .741 .741 .734 .734 

.710 * .742 .744 .745 .747 .748 .748 .749 .749 .742 .742 

.715 o .750 .752 .753 .755 .756 .756 .757 .757 .750 .750 

.720 * .758 .760 .761 .763 .764 .765 .765 .7F6 .766 .759 

.725 * .766 .769 .770 .771 .772 .773 .773 .774 .774 .767 

.730 * .774 .776 .778 .779 .780 .781 .792 .7P2 .782 .775 

.735 • .782 .784 .786 .787 .788 .789 790 .790 .191 .784 

.740 • .790 .792 .794 .795 .796 .797 .798 .799 .799 .792 

.745 * .798 .800 .802 .803 .805 .806 .806 .8n7 .807 .808 

.750 0 .806 .808 .810 .812 .813 .814 .815 .615 .816 .816 



Table 23 Submerged flow calibration for 100cm x 270cm 

hl 
(Q',cms)Cutthroat flume, 

* .005 .010 .015 .020 .025 .030 .035 .040 .045 
 .050 0S5 .060 .065 .070 .075 
 .080 085 *090 .095O 
 100

.005 * .001 .001 
 :o0l .001.001 .001. 001. 001
. 001. 001 001
.010 * .002 .002 .002 .002 .002 .002 .002 

.001 001 .001. 001 0010 001 .001 0001
.002 .002 .002 .002 .002 .002 .002
.015 * .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 o002
.003 .003 .003 .003
.020 * .005 .005 *005 .005 .005 .005 .005 

.003 .003 .003 .003 .003 o003 .003 .003
.005 .005 .005 
 .005 .005 .005
.025 - .007 .007 05 .005 .005 .005
.007 .007 .007 .007 .007 .007 .007 .007 .007 .007 
.005 .005 .00­

.030 9 .007 .007 .007
.009 .009 .009 .000 .009 .009 .009 .007 .007 .007 .007 .007
.009 .009 .009 
 .009 .009 .009
.035 0 .011 .011 .011 .011 .011 .011 .011 .011 
.009 .009 .009 .009 .009 .009 .009
.011.11 .. ,
.040 011.011 0Oil.011
* .014 .01. .014 .014 .014 .01 4.014 .014 .014 .014 

.011 .011 011 .011 .Oil011
.014 .014 .014
•0-5 0 .017 .017 .017 .017 .017 .014.014 .014 .014 014 .014 *014
.017 .017 .017 .017 .017 .017 .017
.•00* .017 .017 .017
.019 .020 .020 .020 .020 .020 .020 .020 .020 .020 

.017 .017 .017 .017 .017
.020 .020 .020
.055 * -022 .023 .023 .023 .023 .023 .023 .023 
.020 .020 .020 .020 .020 .020 .020
.023 .023 .023
.060 * .025 .027 .026 .023 .023 .023 .023 .023 .023 .023
.026 .026 .026 .026 .026 .026 .026 .026 .026 .026 

.023 .02r"
 
.065 * .02A .030 .030 .030 .026 .026 .026 .026 .026 .026
.030 .030 .030 .026
.030 .030 .030
.070 9 .032 .034 .034 .030 .030 .030 .030 .030 .030 .030
.034 .034 .034 .034 .01. .034 .034 .030 .030 .030
.034 .034 .034
.075 * .035 .037 .038 zz038 .038 .038 .038 .018 

.034 .034 .034 .034 .034 .034 .034
*038 .038 .038 .038 
 .038 .038 .038
.OAO * .038 .041 .042 .042 .042 .042 .038 .038 .038 .038 .038
.042 .042 .042 .042 .042 .042
.05 & .042 .045 .046 .046 .046 .046 .046 .046 .046 .046 
.042 .042 .042 .042 .042 .042 .042 .042


.090 0 .045 .049 .046 .046 .046 .046 .046 .046 .046
.050 .050 .050 .050 .050 .050 .050 .046 '046 .046
.050 .050 .050
.095 0 .049 .053 .055 .054 .054 .054 .054 
.050 .050 .050 .050 .050 .050 .050 .0;­.054 .054 .054.054
.100 * .053 .057 .059 .054 .054 .054 .054 .054 .054
.059 .059 .059 .059 .059 .059 .059 .059 .059 .059 

.054 054 .054
 
.105 .059 .059 .059
* .056 .061 .063 .064 .063 .063 .059 .059 .059 .059
.063 .063 .063 .063 
.063 .063 .063
.110 * .060 .066...068 .069 .068 .068 .068 .048 .068 .068 .068 .068 

.063 .063 .063 .063 .063 .063 .063

.068 .068 .068
.115 o .064 .070 .073 .074 .073 .068 .068 .068 .068 .068
.073 .073 .073 .013 
 .073 .073 .073
.120 * .069 .075 .073 .07: .073
.077 .079 .078 .078 .078 .078 .078 .078 .078 .078 

.073 .073 .073 .073 .073
 
.125 * .078 .078 .078
.072 .079 .082 .084 .OC4 .083 .078 .078 -078 .078 .078
.083 .0P3 .083 .083 .083 .083 .083
.130 9 .076 .084 .083 .083 .083
.087 .089 .089 .089 .099 .0P9 .083 .083 .083 .010
.089 .089 .089 .089
.135 .089 .089 .089
* .061 .08P .092 .094 .095 .094 .094 .089 .089 .089 .089 .089
.094 .094 .094
.140 0 .085 .093 .097 .099 .100 

.094 .094 .094 .094 .094 .094 .094 .094 .094 .094
.099 .099 .09 
 .099 .099 .099
.145 .099 .099 .099
* .089 .098 .102 .099 .099 .099 .099
.105. .106 .105 .105 .099 .099
.105 .105 .105 .105 .105 .105
.150 • .094 .103 .108 .110 .111 .112 .105 .105- 105 .105 .105 105 .105
.111 .111 .111 
 .111 .111 .111
.155 0 .111 .111 .111
.098 .108 .113 .116 .111 .111 .111 .111
.117 .118 .117 .117 .117 .117 .117 .117 .117 .117 
.111
 

.160 .103 .113 .117 .117 .117
.118 .121 .123 .124 -122 .122 .117 .117 .117
.122 .122 .122 .122
.165 9 .122 .122 .122
.107 .118 .124 .127 .129 .130 .129 .129 .129 .129 
.122 .122 .122 9122 *12'"
.129 .129 .129
.170 0 .112 .123 .129 .133 .135 .136 -135 

.129 .129 .129 .129 .129 s129 .129
.135 .135 .135 .135
.175 * .116 .128 .135 .139 .141 .142 .142 
.135 .135 .135 .135 .135 .135 .135 .135 .135
.141 .141 .141 
 .141 .141 .141
.180 * .121 .134 .140 .1,' ".1'7 .148 .149 .147 .147 .147 .147 

.141 .141 .141 .141 .141 .141 .141
.147 .147 .147
.185 * .124 .139 .146 .150 .153 .154 .155 .154 .154 
.147 .147 .147 .147 .147 .147
.154 .154 .13
.190 * .131 .144 .152 .156 .159 .161 .162 .160 

.154 .154 .154 .154 .154 .1*4 .154 .154
.160 .160 .1b0 .1AO 
 .160 .160 .160
.195 o .136 .150 .158 .162 .165 .160 .160 .160 .160 .160
.167 .168 .167 .167 
 .167 .167 .167
.200 0 .141 .155 .167 .167 .167
.164 .169 .172 .174 .175 .175 .174 .167 .167 .167 .167 .161'
.174 .174 .174 
 .174 .174 .174
.205 * .146 .161 .170 .175 .178 .180 .182 
.174 .174 .174 .174 .174
.182 .180 .180 .180
.210 0 .180 .180 .180
.151 .167 .176 .180 .180 .180
.lel .185 .187 .188 .1q9 .187 .187 .180 .180 .180
.187 .187 .187
.215 * .156 .172 .18.Z .187 .191 .194 .195 .196 .194 .194 .194 

.187 .187 .187 .187 .187 .187 .187
 
.220 0 .161 .178 .188 .194 .198 .201 

.194 .194 .194 .194 .194 .194 .194 .194 9194
.202 .203 .201 .201 
 .201 .201 .201
.225 a .201 .201 .201
.166 .184 .194 .200 .205 .207 .209 .210 .211 .209 .209 .209 .209 .209 
.201 201 201 201
 

.230 0 .171 .190 .209 .209 .209
.200 .207 .211 .214 .216 .218 .218 .209 .209 .209
.216 .216 .216
.235 0 .176 .216 .216 .216 .216
.196 .206 .213 .218 .221 .224 .2?5 .216 .216 .216 .246'­.225 .223 .223
.240 .223 .223 .223
* -182 .201 .213 .223 .223 .223 .223
.220 -225 .228 .223 .223
.231 .232 .e33 
 .231 .231 .231 .231
.245 o .187 .207 .219 .227 -232 .236 -238 .240 
.231 .231 .231 .231 .231 .231 .231
.240 .238 .238 .238
.250 * .192 .213 .226 .233 .239 .243 .245 

.238 .238 .238 .238 .238 s238 e238 .238
.247 .248 .248 
 .246 .246 .246 .246 .246 .246 .246 .246 .246 .246
 



Table 23 (continued) 

ha 0 h bh 

0 .005 .010 .015 .020 .025 .030 .035 .040 .045 .050 .055 .060 .065 .070 .075 .080 .085 .090 .095 .100 

.255 0 .19e .220 .232 .240 .246 .250 .253 .255 .256 .256 .254 .254 .254 .254 .254 .254 .254 .254 .2S4 .254 
e260 * .203 .226 .239 .247 .253 .257 .260 .262 .263 .264 .261 .261 .261 .261 .261 .261 .261 .261 .261 .261 
.265 • .209 .232 &2445 .254 .26D .265 .268 .270 .271 .272 .269 .269 .269 .269 .269 .269 .269 .269 .269 .269 
.270 * .214 .238 .292 .261 .267 .272 .275 .278 .279 .280 .277 .277 .277 .277 .277 .277 .277 .277 .277 .21? 
.275 0 .220 .244 .258 .268 .275 .279 .283 .205 .287 .288 .288 .285 .285 .285 .85 .285 .285 .285 .285 .285 
.280 * .226 .251 .265 .275 .282 .287 .291 .293 .295 .296 .29b .293 .293 .293 .293 .293 .293 .293 .293 *293­
.285 * .231 .257 .272 .282 .289 .294 .298 .3o1 .J03 .304 .305 .302 .302 .302 .302 .302 .302 .302 .302 .302 
.290 * .237 .263 .279 .289 .297 .302 .306 .309 .311 .312 .313 .310 .310 .310 .310 .310 .310 .310 *310 .310 
.295 * 
.300 * 

.243 

.248 
.270 
.276 

.246 

.20a 
.296 
.304 

.304 

.312 
.310 
.318 

.314 

.322 
.3)7 
.3?5 

.319 

.327 
.321 
.329 

.321 

.330 
.318 
.330 

.318 

.327 
.318 
*327 

.318 

.327 
.318 
.327 

.318 

.327 
.318 
e327 

.318 

.327 
.318 
.327 

.305 & .254 .283 .300 .311 .319 .325 .330 .333 .336 .337 .338 .339 .335 .335 .335 .335 .335 .335 .335 9335. 

.310 * .260 .289 .307 .318 .327 .333 .338 .341 .344 .346 .347 .347 .344 .344 .344 .344 .344 .344 .344 .344 

.315 0 .266 .296 .314 .326 .335 .341 .346 .350 .352 .354 .355 .356 .353 .353 .353 .353 .353 e353 .353 3SY­

.320 9 .272 .303 .321 .333 .342 .349 .354 .3S8 .361 *363 .364 .365 .361 .361 .361 .361 .361 .361 .361 .361 

.325 * .278 .309 .328 .341 .350 .357 .362 .366 .369 .371 .373 .374 .374 .370 .370 .370 .370 .370 .370 .370 

.330 0 .284 .316 .335 .348 .358 .365 .370 .375 .378 .380 .382 .3A3 .383 .379 .379 .379 .379 .379 .379 .379 

.335 * .290 .323 .343- .356 .366 .373 .379 .3P3 .386 .389 .390 .392 .392 .388 .388 .388 .388 .388 .388 .388 

.340 * .296 .330 .350 .364 .374 .381 .397 .3Q2 .395 .398 .399 .401 .401 .397 .397 .397 .397 .397 .397 .397 

.345 * .302 .337 .357 .371 .382 .389 .395 .400 .404 .406 .408 .410 .410 .406 .406 .406 .406 .406 .406 .406 

.350 * .308 .344 .365 .379 .390 .398 .404 .409 .412 .415 .417 .419 .420 .420 .416 .416 .416 .416 .416 .4%­

.355 # .314 .351 .372 .387 .398 .406 .412 .417 .421 .424 .426 .428 .429 .429 .425 .425 .425 .425 .425 .425 -

.360 & .321 .35b .379 .395 .406 .414 .421 .426 .430 .433 .436 .437 .438 .439 .434 .434 .434 .434 .434 .434 

.365 .327 .365 .397 .402 .414 .423 .430 .435 .439 .442 .445 .446 .448 .448 o444 .444 .444 .444 .444 .4 

.370 * .333 .372 .394z .410 .422 .431 .438 .444 .448 .451 .454 .456 .457 .458 .453 .453 .4S3 .453 .453 9453 

.375 * .340 .379 .402 .418 .430 .440 .447 .4S3 .457 .461 .463 .465 .467 .467 .468 .463 .463 .463 .463 .463 

.380 o 

.385 * 
.346 
.:S2 

.386 

.393 
.410 
.417 

.426 

.434 
.439 
.447 

.448 

.457 
.456 
.464 

.%61 

.470 
.466 
.475 

.470 

.479 
.473 
.4A2 

.475 

.484 
.476 
.486 

.477 

.487 
.477 
.487 

.473 

.482 
.473 
.482 

.473 

.482 
.473 
.482 

.473 

.46F" 
.390 0 .359 .400 .4?5 .442 .455 .465 .473 .479 .484 .488 .491 .494 .495 .496 .497 .492 .492 .492 s492 .492 
.395 0 .365 .407 .433 .450 .464 .474 .4R2 .488 .494 .498 .501 .503 .505 .506 .507 .502 .502 .502 .502 .502 
.400 0 .372 .415 .441 .459 .472 .483 .491 .4Q8 .503 .507 .510 .513 .515 .516 .517 .517 .512 .512 .512 .512 
.405 9 .378 .422 .448 ;467 .481 .491 .500 .5n7 .512 .516 .520 .523 .525 .526 .527 .527 .522 .522 522 .522 
.410 * .385 .429 .456 .475 .489 .500 .509 .516 .521 .52b .530 .532 .534 .536 .537 .537 .532 .532 .532 .532 
• 15 * .391 .437 .4; .483 .498 .509 .518 .525 .531 .536 .539 .542 .544 .546 .547 .548 .542 .542 .542 *542 
:420 * .398 .444 .472 .492 .506 .518 .527 .514 .540 .545 .549 .552 .554 .556 .557 .558 .552 .552 52 S5f­' -
.425 * .405 .452 .480 .500 .515 .527 .536 .544 h50 .555 .559 .562 .564 .566 .567 .568 .569 .563 .563 .563 
.430 * .411 .459 .488 .508 .524 .536 .545 .553 .559 .564 .569 .572 .574 .576 .578 .579 .579 .573 .573 .573 
.435 * .418 .467 .496 .517 .532 .545 .555 .562 .559 .574 .578 .582 .585 .587 .588 .589 .590 .584 .584 .584 
.440 * .425 .474 .504'..525 .541 .554 .564 .572 .579 .584 .588 .592 .595 .597 .598 .599 .600 .594 .594 .594 
.445 0 .431 .482 .512 .534 .550 .563 .573 .5! .588 .594 .598 .602 .605 .607 .609 .610 .611 .605 .605 .605 

*&C09 .438 .489 .520 .542 .559 .572 .5R2 .591 .598 .604 .608 .b12 .615 .618 .619 .621 .621 .622 .615 .615 
.455 0 .445 .497 .529 .551 .568 .581 .592 .6O1 .608 .614 .619 .622 .625 .628 .630 .631 .632 .632 .626 .69­
.460 0 .45? .505 .537 .560 .577 .590 .601 .610 .b1b .624 .629 .633 .636 .638 .640 .642 .643 .643 .637 .637 
.465 0 .459 .513 .545 .568 .5b6 .600 .611 .620 .627 .634 .639 .643 .646 .b49 .651 .653 .654 .6S4 .648 .648 
.470 * .466 .520 .553 .577 .595 .609 .620 .610 .637 .6/94 .,49 .653 .657 .660 .662 .663 .664 .665 .659 .659 
.475 o .473 .528 .5#2 .586 .604 .618 .630 .639 .647 .654 .659 .664 .667 .670 .672 .674 .675 .676 .676 .669 
.4hO * .480 .536 .570 .594 .613 .628 .639 .649 .657 .664 .669 .674 .678 .681 .683 .685 .686 .687 .688 .681 
.4.85 * .487 .544 .579 .603 .622 .637 .649 .699 .667 .674 .680 .684 .688 .691 .694 .696 .697 .698 .699 .692 
.490 0 .494 .552 .587 .612 .631 .646 .659 .669 .677 .684 .690 .695 .699 .702 .705 .707 .708 .709 .710 '7d"" 
.495 * .501 .560 .595 .621 .640 .656 .668 .679 .687 .695 .701 .706 .710 .713 .716 .718 .719 .720 *721 .714 
.500 * .508 .568 .604 .630 .650 .665 .678 .6a9 .697 .705 .711 .716 .720 .724 .727 .729 .731 .732 .732 .733 



Table 23 (continued) 

* .105 .110 .115 .120 .125 .130 .135 .140 .145 *SO
 

.505 * .737 .737 
.737 .737 .737 .737 .737 *737 .737 .737
.510 * .748 .748 .748 .748 .748 .740 .748 .748 .748 .148
 

.SIS1 .760 .760 .760 .760 .-760 .760 .760 .760 .760 .760


.520 0 .779 .?71 .771 .771 .771 .771 .771 o771 .771 .771
 

.525 * .791 .783 
 .783 .783 .783 .783 .7P3 .7A3 .783 *783
.530 0 .803 .794 .794 .794 .794 .794 .794 .7Q4 .794 .794


.535 9 .814 .806 .806 
 .806 .806 .8C6 .806 .*86 .806 .806
.540 * 
 .826 .818 .819 .818 .818 .818 .818 .dja .818 .818


.545 * .838 .830 .830
.838 .830 .830 .830 .830
.830 .830


.550 * 
 .850 .A50 .042 .842 .842 .842 .842 .842 .a42 .842

S555 • .862 .862 .854 .854 .854 .854 .854 .854 .854 .854

.560 o 
 .874 .875 .866 .866 .866 .866 .866 .866 .866 .866

.565 9 .886 .887 .878 .878 .878 
 .878 .878 .878 .878 .878
.570 * .898 .899 
.899 .890 .890 .890 .890 .890 .890 .890
 
.575 • .910 .911 .911 .902 .902 .902 .902 .902 .902 9902

.SHiO • .923 .923 
 .9P4 .914 .914 .914 .914 .914 .914 .914

.5b5 0 .935 .936 .936 .927 .927 .927 .927 09P7 .927 .927
.590 0 .947 .94R .949 
.939 .939 .939 .939 .919 .939 .939
.595 * 
 -960 .961 .961 .961 .952 .952 .952 .952 .952 .952
 
.600 * .972 .973 .974 
 .974 .964 .94 .964 .964 .964 .964
.605 0 .984 
 .986 .986 
 .987 .977 
.977 .977 .977 .977 .977
.610 o .997 .998 .999 .999 .989 
.989 .989 .989 .989 .989
.615 * 1.009 1.011 
1.012 1.012 1.002 1.002 1.002 1.002 1.002 1.002

.620 w 1.022 1.023 1.024 
1.025 1.025 1.015 1.015 1.015 1.015 1.015
 
.625 * 1-035 1.036 1.037 1.038 1.038 1.028 1.028 1.02U 1.028 1.028
.630 0 1.047 1.049 1.050 1.051 
1.051 1.040 1.040 1.040 1.040 1.040

.63S * 1-060 1.062 1.063 1.064 1.06u 1.053 1.053 1.053 1.053 1.053

o640 * !.073 1.074 1.076 1.077 1.077 1.066 1.046 1.066 1.066 1.066
 
.645 o 1.085 1.087 1.089 1.090-1.090 1.090 1.079 1.079 1.079 1.079

.650 0 1.098 1.100 1.102 1.103 1.103 1.104 1.092 1.002 1.092 1.092
.655 0 1.111 1.113 1.115 1.116 1.117 1.117 1.106 1.106 1.106 1.106

.660 0 1.124 1.126 1.128 1.129 1.130 1.130 1.119 1.119 1.119 1.119

.665 e 1.137 1.139 1.141 1.142 1.143 1.144 1.132 1-132 1.132 1.132

.670 0 1.150 1.152 1.154 1.155 1.156 1.157 1.157 1.145 1.145 1.145

.675 • 1.163 1.165 1.167 1.169 1.170 
1.170 1.171 1.1;9 1.159 1.359
.680 * 1.176 1.178 1.180 1.182 1.183 
1.184 1.184 1.172 1.172 1.172

.685 * 
1.189 1.192 1.194 1.195 1.196 
1.197 1.198 1.1R6 1.186 1.186
 
.690 0 1.202 1.205 1.207 1.209 1.210 1.211 1.211 1.194 1.199 1,199
.695 0 1.215 1.218 1.220 1.222 1.223 1.224 1.225 1.225 1.213 1.213
 
*700 0 1.229 1.231 1.234 1.236 1.237 1.238 1.239 1.239 1.226 1.226

.705 o 1.242 1.245 1.247 1.249 1.251 
 1.252 1.252 1.253 1.240 1.240

.710 0 1.255 1.258.1.261 
1.263 1.264 1.265 1.266 1.267 1.254 1.254

.715 * 
1.269 1.272 1.274 1.276 1.278 1.279 1.290 1.281 1.268 1.268
.720 0 1-282 1.285 1.288 1.290 1.292 1.293 1.294 1.2q5 1.295 1.281
.725 0 1.295 1.299 1.301 1.304 1.305 1.307 1.308 1.308 
1.309 1,295

.730 o 1.309 1.312 1.315 1.317 1.319 1.321 
1.322 1.372 1.323 1.309

.735 0 1.322 1.326 1.329 1.331 
1.333 1.335 1-336 1.337 1.337 1.323
.740 a 1.336 1.339 1.342 1.345 1.347 1.349 1.350 1.3cl 1-351 1.337
 
.745 0 1.349 1.353 1.356 1.359 1.361 
1.3b3 1.364 1.365 1.365 1.366
.750 * 1-363 1.367 1.370 1.373 1.375 1.377 1.378 1.379 1.380 1.380
 



Table 23 (continued)
 

ha h b
 

*005 .010 .015 .020 .025 .030 .035 .0&0 e045 OSO .055 .060 .065 .070 .075 .080 .085 .090 .09S .100
 

.505 0 .535 .576 .613 .639 .659 .675 .6RO .6o9 .708 .715 .721 .727 .731 .735 .738 .740 .742 .743 .7*4 .744'*'


.510 * .522 .584 .6?1 9648 *668 .685 .698 .?o9 .118 .726 .732 .737 .742 .746 .749 .751 .753 0754 .755 *756
 

.515 * .529 .592 .630 .657 .678 .694 .708 .719 .128 .736 .743 .748 
 .73 .757 .760 .762 .764 .766 .767 .767"


.520 o .536 .600 .638 .666 .687 .704 .718 .7?9 .738 .746 .753 .759 .764 .768 .771 .774 .776 .777 .778 779
 

.525 • .543 .608 .6&7 .675 ",696 .714 .728 .739 .749 .757 .764 .770 .775 ..779 .782 .785 .787 .789 .790 .790


.S30 9 .551 .616 .6S6 .684 .706 .723 .738 .749 .759 .768 .775 .781 .786 .790 o793 .796 .798 .800 .801 .802


.535 * .558 .624 .664 .693 .715 .733 .748 .740 .770 .778 .785 .791 .797 
 .01 .805 .807 .810 .812 .813 .814
 

.540 .565 .632 .673 .703 .725 .743 .758 .770 .780 .789 .796 .802 .808 .812 .816 
.811 .621 .823 .825 .8967
 

.545 * .573 .641 .682 .712 .735 .753 .768 .7m0 .791 .799 .607 .813 .819 .823 .827 .830 .833 .835 .836 
.837
 

.550 * 5R0 .649 
 .691 .721 o744 .763 .778 .71 .801 .810 .818 .824 .830 .835 .839 .842 .844 .847 .848 .849
 

.355 * .587 .657 .700 .730 .754 .773 .788 .8nI .812 .821 .829 .835 .841 .846 .850 .853 .856 .858 .860 .861
 

.560 * .595 .665 *709 .740 .764 .783 .798 .811 
 a22 .832 .840 .847 .852 .857 .861 .365 .868 .870 .872 .873
 

.565 o .602 .674 .718 .749 .773 .793 .809 8P2 .833 o843 .851 .858 .864 .869 873 .877 .880 .882 .884 .885


.570 * .610 .682 .7?7 .758 .783 .803 .819 .q32 d44 
 .854 .862 .869 .875 .880 .885 .888 .891 .894 *896 .897
 

.575 * .617 .691 .736 .768 .793 .813 .829 .843 .655 .864 .873 .880 .886 .892 
 .896 .900 .903 .906 .908 .90v"
 

.5A0 . .699 .777 .823 .853 .865 .875 .884 .891 .898 .903 .908 .912 .915 .918 .920
.625 .745 .803 .840 
 .921
 

.585 * .632 .707 .754 .787 .812 .833 .850 864 .876 .886 .895 .903 .909 .915 .920 .924 o927 .930 .932 .934
 

.590 * .640 .716 .763 .796 .822 
 .843 .860 .875 .887 .897 .906 .914 .921 .926 .931 .935 .939 .942 .944 .946
 

.595 * .647 .724 .772 .806 .932 .853 .871 .885 .a98 .908 .918 
 .925 .932 .938 .943 .947 .951 .954 .956 .958
 

.bOO * .655 .733 .7e1 .819 .842 .864 .881 .806 .409 .920 .929 .937 .944 .950 .955 .959 .963 .966 .968 .970
 

.605 * .662 .742 .790 .825 .852 .874 .892 .907 .920 .931 .940 
 .948 .955 .961 .967 .971 .975 .978 .981 .983
 

.610 . .750 .835 .884 .918 .931 .942 .952 .960 .967 .973 .979 .9d3 .987 .901 .993 .94T- O
.670 .799 .862 .902 


.615 * .678 .759 .809 .844 .872 .895 .913 .929 .942 .953 .963 .971 .979 .985 .991 .995 .999 3--03 1.005 1.008
 

.620 . .767 .854 .905 .939
.686 .818 .882 .924 .953 .964 .974 .983 .990 .997 1.002 1.007 '.vss 1.015 1.018 1.020
 

.625 * .693 .776 .827 .864 892 .915 .934 .990 .96. .976 .986 .995 1.002 1.009 1.014 1.019 1.024 1.027 1*030 1033


.630 ..701 .785 .836,,.874 .9D3 .926 .945 .9h1 .975 .987 .997 1.006 1.014 l.021 1.027 1.032 1.036 1.040 1.043 1.045
 

.635 . .794 .846 -.884 .913 .936 .956 .972 .986 .998 1.009 1.018 1.026 1.03
.709 
 1.039 1.04k 1.046 1.052 1.055 1.058
 

.640 . .A02 .893 .923 .947 .967 .9Q3 .998 1.010 1.020 1.030 1.038 1.04C 1.051 1.056 1.061 1o064 1.068 1.070
.717 .855 


.645 ..724 .Al1 .865 .903 .933 .957 .977 .9Q4 1.009 1.021 1.032 1.041 
1.050 1.05' 1.063 1.068 1.073 1.077 1.080 1.063­

.650 . .P20 .913 .9z3 .968
.732 .874 
 .988 1.0r5 1.020 1.033 1.044 1.053 1.062 1.06-: 1.075 i.081 1.085 1.089 1.093 19096
 

.655 * .740 .829 .884 .923 .954 .979 .999 1.017 1.031 
1.044 1.055 1.06S 1.074 1.081 1.087 1.093 1.098 1.102 1.106 1.109
 

.660 o .748 o838 .893 .933 .964_ .989 1.010 1.028 1.043 1.056 1.067 1.077 1.086 1.093 1.100 1.105 1.110 1.115 1.118 19121
 

.665 * .756 .947 .913...943 -%74T.000 1.021 1.039 1.054 
1.067 1.079 1.089 1.098 1.105 1.112 1.118 1.123 1.127 1.131 1.134
 

.670 0 .764 .856 -9 W .953 '985 1.011 1;032 1.00 1.066 1.079 1.091 1.101 1.ll1 11'R 1.124 1.130 1.136 1.140 1.144 1.147
 
-%75 .772 .964 .922 .963 .595 1.021 1.043 1.0$1 1,077 1.091 1.102 1.113 1.122 !.130 1.137 
1.143 1.148 1.153 1.157 1.160
 
6,0* .780 .873 .931 .973 1.006 1.032 1.054 1.073 1.089 1.102 1.114 1.125 1.134 1.142 ]149 1.155 1.161 1.166 L.470 i,113"

.68a * .789 .882 .941 .933 1.016 1.043 1.065 l.Oq4 1.100 1.114 1.126 1.137 1.146 1.15% 1.162 1.169 1.174 1.178 1.183 1.186
 
o690 * .796 .891 .951 .993 1.027 1.054 1.076 1.095 1.112 1.126 1.138 1.149 1.159 1.167 1.174 1.181 1.186 1.191 1.195 1.199
 
.695 . .q01
.804 .960 1.004 1.037 1.065 1.087 1.107 1.123 1.138 1.150 1.161 1.171 1.179 I1.If7 1.193 1.199 1.204 1.208 1.212
 
.700 • .812 .910 .97?. 1.014 1.048 1.076 1.09 1.118 1.135 1.149 1.162 1.173 1.183 1.192 1.199 1.206 1.212 1.217 1.222 1.225
 
.705 e?82O .919 .900 3.024 1.058 1.086 1.110 1.130 1.147 1.161 1.174 
1.186 1.195 1.204 1.212 1.219 1.225 1.23r, 1235 1.239
 
.710 . .928
,820 .990 1.034 1.069 1.097 1.121 1.141 1.158 1.173 1.186 1.198 1.208 1.217 1.225 1.232 1.238 1.243 1.248 1.252
 
.715 . .937
.836 
 .999 1.045 1.080 1.108 1.132 1.153 1.170 1.185 1.198 1.210 1.220 1.229 1.237 1.244 1.251 1.256 1.261 1.26T "
 
.720 * .845 .946 1.009 1.055 1.090 1.119 1.144 1.164 1.182 1.197 1.211 1.222 1.233 1.242 1.250 
1.257 1.264 1.269 1.274 1.278
 
.725 * .853 .955 1.019 1.065 1.101 
1,130 1.155 1.176 1.194 1.209 1.223 1.235 1.245 1.255 1.263 1.270 1.277 1.282 1.287 1.292

.730 * .861 .965 I.OP9 1.076 1.112 1.142 1.166 1.187 1.205 1.221 
1.235 1.247 1.258 1.267 1.276 1.'83 1.290 1.295 1.301 1.305
 
.735 .
.869 .974 1.039 1.086 1.123 1.153 1.178 1,1o9 1.217 1.233 1.247 1.259 1.270 1.280 1.289 14296 1303 1.309 1,314 1*318
 
.740 * .877 .983 1.049 1.096 1.134 1.164 1.189 1.211 
1.e29 1.245 1.259 1.272 1.283 1.293 1.301 1.309 1.316 1.322 1.327 1.332
 
.745 . .993 1.059 1.107 1.144 1.175 1.201 1.222 1.e41 1.257 1.272 1.284 1.296 1.306 1.314 1.322 1.329 1.335 1.341 1.345
.886 

.750 * .894 1,002 1.069 1.117 1.155 1.186 1.212 1.234 1.253 1.270 1.284 1.297 1.308 1.318 1.327 1.335 1.342 1.348 1.354 1.359
 


