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ABSTRACT

INSTALLATION AND FIELD USE OF CUTTHROAT FLUMES
FOR WATER MEASUREMENT

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 vbvious 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 generaiized 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 fiow, 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 35 pcrcent. 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 maintcnance procedures for Cutthroat flumes
are described.

Skogerboe, Gaylord V., Ray S. Bennett, and Wynn R. Walker.
INSTALLATION AND FIELD USE OF CUTTHROAT FLUMES FOR WATER
MEASUREMENT. Report to United States Agency for Inter-
national Development, Contract No. AID/csd-2460. Water
Management Technical Report No. 18, AER71-72GVS-RSB-WRW4
Agricultural Engineering Dept., College of Engineering,
Colorado State University, Fort Collins, Colorado.

7 March 1972.

KEYWORDS - *drainage, flow measurement, *flumes, *hydraulics,
hydraulic structures, *irrigation, *measuring instrwasents, open channel
flow, subcritical flow.
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INTRODUCTION

Procedures and methods for more accurate measurement and improved
management of watev are continually being sought to make better use of
our water resources. Of all the devices and structures developsd 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 dist.ribution 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, somec 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 fiumes which have the same geometrié shape. Then, since all



of the flumes are basically similar, the flow behavior, or discharge
characteristics, of other Cutthroat flume sizég can be predicted.
Biéiyso of this simildrity, the behavior of all flumes intermediate in
size to ‘those tested is capable of being predicted within a degree of
éccﬁficy 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 2nd Harrison (1963) recommend a maximum convergence of 3:1 for
a flume_iqlét section. Experimental work indicg@@l that this recommend;
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 Bggleston, 1967), showed that



fiow depths measured in the exit section of the flume resulted in more
accur;te 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 exif section of the flat-bottomed flume was selected
for measurement.

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

The rectangular flat-bottomed flume, which resulted from the
testing program, is illustrated in Fig. 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. Definition sketch of Cutthroat flume.




The most obvious advantage of a "Cutthroat' flume is economy,
since fﬁbrication 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
structﬁre 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,
Anderson, and Eggleston (1967) utilized a flume length, L, of 9 feet.
The throat width, ¥, 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
the flumes of any one length vary from each other by a factor of two.
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
are scale models of the larger flumes having the same width to length
ratio. Por oxample, the 2 in by 1.5 ft flume (2 in throat width, W,

and 1.5 £t flume length, L) is a 1/2 model of the 4 in by 3 ft flume;
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a 1/3 model of the 6 in by 4.5 ft flume, and aul(olmodel of the 12 in
by 9.ft flume. By de51gning the flumes using thie erite;fa, it was
possible to determine the effect of flume size on the flow conditions.
Also, the development of the generalized discharge relationship among
flume sdzes was made possible. Furthermore, the data collected in the

inftiallstudy could also be inEOrporated into the analysis for developing

generalized discharge relations for Cutthroat flumes.

i _-FREE FLOW ANALYSIS

Uéder‘free flow conditions, critical depth occurs inkthe vieinity
of the flume neck. This critical depth makes it possible to determine
the flow rate knowing only the upstream depth, ha' This is possible
because whenever critical depth occurs in the flume the upstream depth,
ha’ is not affected by changes in the downstream depth, hb’ as,shoﬁn in
Fig.‘sh(ﬁater surface profiles a and b), thereby resulting in a unique
re}ation between discharge, Q, and upstream flow depth, ha'

i For free flow operation, a plot is made of flow rate, Q, against
upstream depth, h , with Q as the ordinate and h as the abscissa. When
these two variables are plotted on logarithmic paper, all of the points
will fa11 on a stralght line as shown in Fig. 4. The equation for this
free flow rat1ng can be written as:

L Q=Ch™ ciieeenirnieneneneenee ()
phere é = flow rate, in cubic feet per second; C = free flow coeffici-
ent,wnhdoh~ie"the value‘of Q'when ha is 1.0 foot; ha = upstream flow-
depth, in feet, and n, = free flow exponent, which is the slope of the
free flow rating when plotted on logarithmic paper. Eq. 1 can be
rewrltten in metric units as

*

- * * n
Q=Ch, ) Y 3



- " - - -- -
=
]
e
- :
oho P . ' .hb : .
//////////////f///////[/-"/////(//77//////f//////////////f////////////ﬂ

Fig. 3.. Illustration of flow conditions in a (fiatthroat\’flme.'



Discharg.e, Q, in cfs

1
O.l 0.2 04" 06 08 1.0
Upstream Flow Depth, hy, in fe;et
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10

. ihefp 6 = flow rate, in Cubid'méters'pbr‘Sééond;'E ="free flow coeffi-
cieét. which is the value of 5 when ha is 1.0 meter; and h; = ‘
upstream flow depth, in meters. . = ;; |
.* The value of n, was found to be dependent only g;on the fiﬁﬁe
len?th, L. Therefore, the value of n, is a constant ?Lr all Cufthroat
flu;es of the same length, regardless of the throat ﬁidth, W. fhe values
are also the same for both metric and English uni;s;' Furthermore, the
valﬁes of n, for the flumes tested plotted on a smooth curve as:shown
»}n Pigs. 5 and 6. Therefore, the value of'n1 can %e determined - for any
.flumo length between 1.5 feet and 9 feet (0.45 meter and 2.7 megefs):
;by simply reading the valué from the graphs ;hoﬁn in Fig. § for:Bnglish
runits and Pig. 6 for metric units. ;b
| The value of the free flow coefficiept'is a function of b?th flume

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

C=K wl.025

N €3 |

iha}a C = the free flow coefficient, for English units; K = the flume
lenkth coefficient; and W = the throat width in feet. 1In qetric units,

, CmKW025 i (d)
ihé?e E = the free flow coefficient for metric untis; i = the flume
len?th coeff{cient for metric units; and i = the throat width in meters.
Thegvalues of K can be obtained from Fig. 5, while the vélue of i is obtained
from Pig: 6. . - - |

Having obtained the values for ni 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
dischargg 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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values of this ratio resulting in greater inaccuracies because of
higher approach velocities and a more rapidly changing water surface

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

, Example 1. A free flow rating is needed for a
- Cutthroat Tlume 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 valui of n] is found to be 1.75 (1.75) and the value .
K is 4.15 (KR = 3.16). Then, using Eq. 3 (or Eq. 4 for metric
units) .the value of the free flow coefficient, C (or C) is
calculated. : )

Csa K wl.025

4.15 (1.167)1.025 .

‘. = 4,15 (1.172)

4.86

Q=
]

K (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 hy (or h;) using Eq. 1 (or Eq. 2 for metric units).
‘Assuming hg = 1.20 feet
ny -
a

"4.86 (1.20)1:75

Q = Ch

4.86 (1.38)
, = 6.70 cfs |
EAssuming h; = 0.366 meters
‘ 6 - Chan1~
Q= 1.10 (0.356)-75
..=.1,10.(0.172)...

ol R
.. = 0.1892 cms


http:1.20)1.75
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SUBMERGED PLOW 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 Pig. 3 (water surface profile c). A flume oper-
ating under submerged flow conditions 1equires that two flow depths be
measured, oﬁe upstream, ha’ and one downstrean, 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.

Sah/h vieiiiiiiiiiiinna, N )

Submerged flow calibration curves are determined for the Cutthroat
flume by preparing three-dimensional plots of the parameters desc*ibing
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 nl) for the same
geometry.

From the submerged flow plots, an equation has been developed
(Skogerboe,lﬂyatt, Anderson, and Eggle;ton, 1967) which describes the
flow rate through the Cutthroat flume. The equation is:

C, (h hb)"l
Qn—l———a-T- oocuoooooouooocoo'noo'-oooto'(6)

(-log §) 2
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- OOt Co Ol 10
Difference in.Water Surface Elevation, hghy, in feet

Fig. 7. Typical submerged flow rating curve



16

where hb « downstream flow depth, in feet; C; = submerged flow coeffi-
cient for English units; and n, = submerged flow exponent. The same

equation can be written in netric units as

. ¢ (h )n
Q= - ) 1 N ¢4
(-1og S)M, ;

wheie ﬁb = downstream flow depth, in meters; and El -fghbmergéd flow
coefficient for metric units, '

The value of c, and n, must be determined frém a plot of the sub-
meréed flow data. This can be accomplished byjdetermining the discharge
intercept at ha'hb = 1.0 (Ah = 1,0), denoted by the symbol QAA and
racognizing that (ha-hb)nl is equal to one, when ha'hb = l.O.‘ Thus,

Eq. 6 cen be reduced to

-nz

Qp =C, (1og8) % iiiiiiiiiiiiinin . (8)

By plotting QAﬁ against -log S on logarithmic paper as shown in Fig. 8,
a linear relationship should result, where C1 is the value of QAh
at -log S =1 and n, is the slope of the straight line.

. The value of n, was also found to be dependent only on the flume
length, L. Therefore, like ., the value of n, 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 n, for
the experimental flumes are plotted on a smooth curve as shown in Figs.
9 and 10. Therefore, the value of n, can be obtained 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 in Pigs. 9 and 10.

The submerged flow coefficient is a function of both flume length

and throat width. This relationship is:
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Fig. 8. Typical plot for developing.submerged flow coeffic-

jent, C,, and submerged flow exponent, n,.

1’
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1.025

c1 = KIW 0.-.-lloo.ntl.t..tflobtocg)

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

*

*
c El w 1.025 l.o-.l.cco.t'o.!l!.c.l(lo)

1 =
where El = the submerged flow coefficient, for metric units; il = the flume
*
length coefficient, for metric units; and W = the throat widths in meters.
*

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

Having determined the values of n, 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 %lume 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 nj is found to be 1.75 (1.75). The values of

ns and K; are found from Fig. 9 (Fig. 10 for metric units)

and are equal to 1.43 (1.43) and 2.37 (K; = 1.80), respect-

ively. Knowing K; (or kl), the value of C; (or Cl) can be
calculated using Eq. 9 (Eq. 10 for metric units).

1.025
1 =K )
2.37 (1.167)1-025

c

2.37 (1.172)

= 2.78
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For .metric units,

| ] *
. X 1,025.. . ¢,
Cy.wKj (03025 ooy

1,80 +(0.356)3+025 ,

= 0.625

Knowing the values of n,, nz, and C; (or 51), the flow rate
through the fiume can be calculated for any value of ha and

hb (or h: and ﬁb). Assuming hy = 1.20 feet and hy = 1.10 feet,
S =1,10/1.20

= 0.92
- E} (ha'hb)nl
e (-1log S)N2
. 2.78 (0.1)!-73
(-log 0.92)1.43
o 2.78(0.1)*-75
(0.0362)1-43

. 2.78(0.0178)
0.0088

5.63 cfs

Assuming h = 0.3658 meter and h; = 0.3353 meter,

(e

S = 0.3353/0.3658
« 0.92
» -
. & (ha'hb)nl
(-log S)M2

_ 0.625 (0.3658-0.3353)!-7%
(-1og 0.92)1-43

_ 0.625 (0.0305)!-75
(0.0362) 143

_ 0.625(0.0022
0.0088

0.0386 cms
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TRANSITION SUBMERGENCBE
The transition submergence, S,» 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 transitioan submergence, St’ the free flow and

submerged flow equations are set equal to one another.

Lt
-log (hb/ha)nz

AT ¢ § §)

Dividing both sides of Eq. 11 by hanl in 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:

n n
(-log St) 2. (CI/C)(I-St) 1 iieeseees(12)

BEq. 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
diist 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.

I
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~ The values obtained for the coefficients.and exponents for the flumes
tested are listed in Tehle 1 for English units and Table 2 for metric
units. The relationships of these values with flume length are shown
in Pigs. 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 instaliing a flume
is the location or site of the structure. The flume should be placed
in a Sfraight section of channel. If operating conditions require
frequent changing of the discharge, the flume may be conveniently
iocated near a point of diversion or regulting gate. However, caie should
be taken to see that the flume is not located too near a gate becaﬁse
of unstable or surging effects which might result from the gate operation,
Also, a Cutthroat flume should not bellocated 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. FPor 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, bﬁt 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. Summary of coefficients, exponents, and transition submergences
for experimental Cutthroat flumes, for English units.

Plune 12" x 9.0 3" x 4.5 2" x 3.0 1" x 1.5°
C 3.500 0.960 . 0.719 0.494
nj 1.560 1.720 1.840 2.150
K § 3.500 ° 3.980 4.500 6.100
C; l.688 0.548 0.413 0.261
K; 1.700 2.250 2.580 3.250
St ' 0.800 0.700 0.650 0.600

Flunme 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
na 1.390 1.410 1.480 1.741
K; 1.700 2.250 . 2.580 3.250
St 0.800 0.700 0.650 0.600

Flune 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
K 3.500 3.980 4.500 6.100
C) 6.970 2.275 1.705 1.048
na - 1.390 1.410 1.480 1.741
K, 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" l6" x 3.0 8" x 1.5'
C 22.000 8.010 6.040 4.030
n, 1.560 1.720 1.840 2.150
K "3.500 3.980 4.500 6.100
Cs 10.600 4,575 3.465 2.140
X, 1.700 2.250 , 2.580 3.250
S 0.800 0.700 0.650 0.600

t




Table 2. Summary 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:  0.051 x 0.91 0.025 x 0.46 '
¢ 0.6322 c.2108° °  0.1811 ©'0.1802
ny 1.560 1720 . . 1.840 2.150
K 2.1388 2.9394. . 3.7758 7.491
€ - 03049 ... 0.1200 . .0.1040 . 0.0952
n 1.390 1.410 148 - 1741
K, ““loses 1.6789 2,142 - 3.98%0
s, . 0.800 0.700 - 0.650 0.0
Fluse  0.610 x 2.74  0.152'x 1.37  0.102 x 0.91 . 0,050 x 0.46
¢ .. l.2mas 0.4293 0.3675 . .0.3583.
n, v, 1.560 1720 1.840 2.150
k.. .. 2.3 294 . 3718 . . 7.4
¢,  0.6196 0.2453 - 0.2108, . 0.1882
n, © 1,390 1.410 1.480 1.741
X, 1,0303 16189 21402 ., 39830
5, " 0.800 0.700 - 0.650  0.600
Fluse  1.219x 2.74  0.304 x 1,57 0.203x 0.91 0.101 x 0.46
¢ 2,6175 0.8718-. . 0.7503 ~0.7208
-ny 1.560 1.720 . -1.840 . 2,150
X C 2.1383 2.9394 3.7758 i 7.4791
¢, = 1l 0.4983 0.424 0.3
n, 1.390 1.410 1.480 .. 1.741
K, 1.0303 1.6789 2.1402° T 3.9830
5, 0.800 0.700 0.650 0.600
.Plune  1.829 x 2.74  0.609 x 1.37 . 0.406 x 0.91  0.203 x 0.46
- & 3.9741 17545 1.5213 1.4701
n, . 1.560 1720 . 1.840 . 2.150
X " 2.1383 2.9;92 - s.7s8° . 7.4
¢ £ 1.9148 1.0021 . . 0.8727 . . 0.7806
:2 2{33.}80 13§19f ': 1480 - ‘ '. 1.741
Uk hoss o leres o 2Mez 39880
s

0.800 0.700 - 0.650 0.600

”
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Table 2. Summary of coofficients, cxponents, and transition sub-
murgencos for oxperimontal Cutthroat Fluncs, for Motric

units,
 Flueo 0.0305 x 2.74  0.076 x 1.37  0.051 x 0.91 - 0,025 x 0.46
e 0.6322 0.2103 0.1811 “ 0.1802
n 1.560 1.720 1.840 2.150
K 2.1383 2.9394 Lass . 74791
c, "0.3049 . 0.1200 . 0.1080 0.0052°
n, . 1.390 . L4100 " 1.480 1,741
X 1.0303 1.6789 2.1402 3.9830
S, 0.800 0.700 0.650 0.600
Fluee 0.610.x 2.74 0,152 x 1.37"  0.102 x 0.91 0.050 x 0.46
¢ 1.2843 0.4293 - - 0.3675 0.3553
n, 1.560 L7200 . . 1840 . 2.1so‘_ 
'§ 2.1383 2.9394 " 3.7788 © 7.4791
c, 0.6196 0.2453 0.2108 " 0.1882
n, 1.390 1.410 1.480 - L
ii 1.0303 1.6789 © o 2,1402 © 3.9830
s; - 0.800 0.700 " 0.650 0.600
Plume | 1.219°x 2,74 -~ °0.304 x 1.37  0:203 x 0.9] 0.101 x 0.46
¢ 2.6175 0.8718 . 0.7503 0.7205
n LS 1720 1.840 2.150
K 21333 2.9394 . 3.7758 7.4791
¢, 1.2501 0.1983 0.4294 B 0.3823
n, T 3o 1410 © 1480 1741
il : 1,0305 1.6769 o402 : 3.9830
Ly é 0.800 0.700 © 0.650 " 0.600
Fluno * ' 13820 x 2,74  0.609 x 1.37 _ 0.406 % 0.91 0.203 x 0.46
¢ som 1.7545 1.5213 1.4701
N1 1560 1.720 1.840 2.150
ko L2133 7 TTU 209304 37758 - 7.4791
¢, 1.9148 1.0021. 1 CLC N 0.7806
n, 1.390 ).410 1.480 1.741
X, 1.0303 1.6789 2.1402 3.9830
s 0.800 0.700 0.650 0.600
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Values of -log S knowing the submergence, S.

S -=log S -8 -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
0.68 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 b.1427 0.90 0.0458
0.73 0.1367 0.91 0.0458
0.74 0.1308 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, | o

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
(ha/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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Pig. 13. Plan view of Cutthroat flume showing various mothods
' " ' 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 ave 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. 1(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 (Stha) below the

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

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 S_ = 68.2%. From Eq. 1
(or Eq. 2 for metric units), the value of ha that corresponds to
7 cfs (0.1982 cms) can be calculated.

h, =(%) 1/ny
1.7

o7 - 0.57 o
hy (m) (1.44) 1.23 feet

* 1
h .(3) /m
& 1c

)
e

The downstream flow depth, hb(or * in metric units), becomes
hb - hast = 1,23 feet (.682) = 0.84 feet

0.57
= (0,180) = 0,375 meter

hy = 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 12.5 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 hy 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.
Nence, 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 flume 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 tho floor of the flume being placed at essentially the
:ilf sane elevation as the bottom of the canal the maximm depth
n ::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 - hb(or h; - h;). Using this information, the
. .
_‘submergence, hb/ha (which has the same value as hb/ha)’ can
‘be computed.
5. Select the flume length desired. Then, fron Fig. 11 (or Pig.
12 for metric units) determine the values of St, nl, Kl’ and
n, (or St, n, Kl’ and nzif Pig. 12 is used) that correspond

to the chosen fiume length.

6. Calculate the value of C1 using the following equation

n
C. s Q('log st)
n
(g~ By 1
* .
or, C1 can be calculated using the following equation,
. a nz
C. = Q (-log St)
1 . Ny
- hb)

7. The throat width, W, can now be calculated by,

0.976
! é(fi)
K
1

The value of W (or ﬁ) 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 Tlow operation. The maximm 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.

From Figs. 11 or 12 the values of St, n, n,, and Kl (St, n,
My Kl) are determined as follows: ’

ol

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

used.

English units .metric units
S, = 0.80 S, = 0.80
ny = 1.560 ny = 1.560
. n, = 1.390 n, = 1.390
K, = 1.70 K, =1.03
1 ‘ . .1 "
“h =271,7 feet h = 0,518 meter
a o8
'hb = 1,5 feeot hb = 0,457 meter
-English.units_ L 523512_99152
[ ]
c. « Q-log 51)™ & - Q1o Sp)"2
1 n r 3 'y
(h, - h)1 (hy - h) M
1.390
- 100.0989) _ _ 0.1982(0.0969) '+ 390
0.2) (0.0610)1‘55°
7(0.0390
=-—%——-171 0.1982(0.039
0.08 - _'(o'.'o'f‘zTa 2)
= 3,37 s 0.611
Cl 0.976 R C; 0.976
" =2 -KT W —:
1
. (3;37)0.976 (0.611)0.976
"\ *\"T.03,
~\1.70/. _ )
) .97
©a(1.98) 77" =(0.593)°+*7°
s 1,95 feet - = 0.60 Meters
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‘ MAINTENANCE OF CUTTHROAT .FLUMES - .

After a Cutthroat flume has been prope;ly 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)fwill "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
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discharge from the equations or. tables will yield values less than the |
true discharge. This discrepancy between the estimated discharge and
tne true discharge becomes greater as the amount ot settlement 1ncreases.
Satisfactory ‘solutions ‘to this problem ‘include’ raising the lower end of
the flume S0 that it 1s level again or placing a new level floor 1n the _

s (.h.

flume. e
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~ CAPPENDIX A
DISCHARGE RATINGS IN ENGLISH UNITS
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Table 5 Submerged flow calibration for 4in X 3ft

Cutthroat flume, (Q, cfs)
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Table 5

(continued)
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Table 5 {continued)
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Table 6 Submerged flow calibration for 8in X 3 ft
' "Cutthroat flume, (Q, cfs)
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56 @ 6 7 .8 9 9 1.0 1.0 1,0 10 1.0 1.0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
«508 @ 6 8 o9 9 1.0 1.0 l.l 1.1 lel l.1 l.1 lel lel lel lel lel 1.1 l.1 lel 1.1
«60 ® o7 B oY le0 l.1 le1 lel lel 1el le2 1.2 1.2 le2 > te2 1e2 1e2 le2 le2 1.2 1.2
b2 * o7 9 1.0 lel l.1 1.2 1.2 1.2 Lel 1.2 1.2 le2 le2 'le2 120 142 1.2 1.2 1.2 1.2
«64 @ o7 9 1.0 lel 1.2 1.2 1.2 1.3 le3 1.3 le3 1.3 163 163 163 13 1.3 1e3 1.3 1.3
66 o8 9 l.l le2 1.2 le3 le3 1.3 Lol le4 1ol leo le® les lels lets leo lew lb“ let
obd @ o8 le0 lel ls2 le3 le3 let L% Le% le# 1¢S5 1e9 15 15 leb ™ led ) ) 1e5 le5 1S
«70 @ o8 1«0 1.2 13 1.3 lew le4 1.5 1e5 1e5 1S 1.5 15 1S 1e5° 165 1.5 19 15 1.5
o72 ¢ 9 lel 1.2 1.3 lets 15 1.5 1.6 16 le6 leb - le® le6 le6 le6 le6 leb leb le6 1.6
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Table 6 (continued)
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2e00 © Qe Sel S.8B Oels 6eY Ted {1.6 1.9 del BeS de7 8.9 9.1 93 Q44 95 Ye7 9.8 Ye9 10.0
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Table 7 Submerged flow calibration for 16inXx 3 ft
: _ ~ Cutthroat flume, (Q,ecfs)
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[3-1- 204 1.2 1.5 1.6 17 1e8 1.8 1.8 1.9 19 1.9 19 149 1e9 19 19 1e9 19 1e9 19 19
o83 ¢ 1.3 1.5 1.6 1.7 1.8 1.9 1.9 1.9 2.0 2.0 240 2.0 2.0 220 2.0 200 20 240 200 2.0
e90 #...1e3 ..1eb 1.7. 18 1.9 1e9. . .240. . 2.0 . .20 . 2el... 201 201 . 261 2.1 2.l 2e1 2.l 2e1 241 2.l
32 ¥ le& le6 1.8 1.9 1.9 2.0 2.0 2.1 Zel Cel 2.1 2.2 2e2 2.2 2e2 2.2 242 Ce2 202 LY
0906 @ . le 17 1.6 19 2ol 2el 2.1 2.2 2ol 2e2 2.2 -394 2.2 202 2.2 22 2.2 2e2 2e2 ‘2.2
- let le?7 . 1.9 2ol . 2l 2el 2.2 2.2 203 2e3 2e3 243 23 23 23 2¢3 243 23 203 23
9B ¢ 15 les 1,9 20 2.1 2e2 2.2 2.3 2e3 2.3 2e4 2o 2e4 2ol 2ol el Zeon 2% 2o Lol
100 # - led -] 2.0 2e1 2¢2 23 23 Lo Lol 24 2ot 245 25 25 25 245 gos 25 2e5 2.5

-

vs
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hg a’'b — -
LA AA AR A A AR St A A At il ad S ittt AR dd I AL 222 TLLLT T LLLY FRT LY TR T L L RN T TR R R N S e g g g g e g
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W= LN~

“ «02 T eyt «08 elu ole ol® 16 «18 «20 o228 o264 26 «28 «30 32 ;.03“ «36 «38 o4
leye # leb 1e9 3] 2e2 Ce3 2e3 2e4 2o4 <ceS 245 2e5 2e5 2e5 20 206 26 . 240 a0 ~ 2eb 2e
le04 # 1.6 1.9 2.1 2e2 2e3 2ot 2e9 2,9 Ced 246 2e0 246 246 247 247 2e7 247 2.7 267 2.
levo @ le7 2e0 2.1 el - 2o4 245 2.5 2,6 2eb 2.7 2.7 2.7 2.7 2e7 2e17 2.7 2.7 2.7 2.7 2e
lovy @ le? 2eU 2.2 2e3  2ed 2e5 2.6 2,7 2e? 27 Zeb 2.8 2.8 2e8 2.8 2e8 2.8 2.8 2.8 2.
leltt ® 1e7 2el 2.3 2ebs 245 206 247 2,17 Ceb 2.8 2ot 269 249 29 2«9 29 2e9 . 249 249 24
lole 1.8 2el c.3 2e> 2e6 2.7 2.7 2,8 CeY 249 249 209 3.0 3.0 . 3,0 3.0 3.0 3,0 3,0 d.
lelo @ l.8 2.2 2.4 245 2.7 2.7 2,8 2.9 29 3.0 3J.0 3,0 3.0 3.1 ° 3.1 3.1 .1 - 3.1 7 3.1 3.
l,160 # | 2.2 2.4 246 2.7 2e8 I-% 3.0 3.0 3.0 Jal 3.1 3.1 3.1 3.1 3.2 3.2 3.2 3,2 3,
lels © 19 Ced ZeD 2e7 2.8 2+9 3.0 3,0 el 3.1 3.2 3.2 3.2 3.2 3.2 3.3 3.3 33 3.3 3.
l.20 = 2.0 Zel Ce6 2e7 2eY 3.0 3.0 3.1 Je2 3.2 Je2 3.3 33 3.3 3.3 Jde4 3.4 o™ et 3.4
le22 ¢ 2.0 2ot 2.6 2ehs 2e9 3.0 3.1 3.2 KXY 3.3 33 34 Je4 Jea 3o 3¢5 365 35 3.5 3.5
le2e & Zel 2ol 2.7 209 3.0 3.1 3.2 3.3 3.3 K Jet 3.4 365 35 3.5 35 3.0 KN 3.6 3.6
lel2b @ Zel 2eS 2.8 2e9 3.1l 3.2 3.3 J.3 e 3.5 3¢5 KPS 30 36 3.6 3.0 3.0 346 3.0 J.06
lo20 2.2 2e0 2.8 3.0 3.l 3.3 3.3 3.4 35 3.5 346 3.0 3.7 3e7 3.7 3.7 37 3.7 3.7 o7
lesu ¢ 2.2 2e06 2.9 3.1 3e2 3.3 3.4 3.5 Jeb b 3.7 3.7 3.7 3.8 3.8 3.8 3.8 .8 3.8 3.8
le32 * 23 207 2.9 3.1 3.3 3.4 3.5 3.6 37 3.7 et 3.8 3.8 3.9 3.9 3.9 3.9 3.9 3.9 3.9
le3g v 243 Ce¥ 3.0 3.2 3.4 3.5 J.0 J.7 3e7 3.8 Je8 3.9 3.9 Je9 4e0 440 4,0 4.0 R ] “.o
leso @« e 2eb 3.1 3.3 3.4 3.6 3.7 3.7 368 39 3.9 4.0 40 Ge0 4.1 4ol 4.1 4.1 4.1 4,1
le38 @ Qe 2e8 3.1 3.3 35 Jeb d.7 3.8 JeY 4.0 40 4.1 4el Gel 4.2 4.2 4.2 4ol 4.2 4.2
let0D @ Lol 209 3.2 3o 3.0 3.7 3.8 3.9 4e0 4.1 Hel Ge2 4e2 “9e2 4.3 4¢3 “ed “.3 4'3 '“.3
led2 v 2.5 K7 3.3 3.5 3.7 3.8 3.9 4,0 4el 4.1 4a2 4.2 L) 43 4.3 el Ge% 4.0 bLob G.4%
lebs © 245 3.0 3.3 3.5 3.7 39 “+ol “.l 4e2 4.2 Ge3 4,3 G.4 bos Lol 49 %5 “55 ,4.5 4:5
leud ¢ 2eb6 3.1 3.4 3.6 38 3.9 9.1 4,2 EYY- 4.3 Geb Qe “e5 be 4.5 Ge6 Ge6 446 Ge7 4,7
latsts ® 2e6 3.1 3.5 37 3.9 4e0 4.1 L4 4eJ 44 95 4¢S L4606 440 446 4e7 uwel 407 44,7 Ha8
le.:U @ 2a7 3.2 3.5 KPY.] 4.0 “el 4.2 4.3 “o 445 “e0 “4e6 4.7 Y7 Ge7 48 48 - 4,08 4.8 “4e9
le32 @ 2e7 3.3 3.° 3.8 4.0 “we2 443 4.4 4e2 446 “we? 4.7 4.8 LYY-8 4.8 99 409 9.9 4e9 S.0
1.54 @ 2.8 3.3 3.7 3.9 Q.l “e3 L “.5 4e6 4.7 447 448 QoY QY 4.9 S«0 5.0 S.9 5:6 SOQ:V
156 ¢ 2e" et 3.7 40 L2 “ed “+eD 4,0 “Ge7 Q.3 L YY) 49 5S¢0 Se0 5.0 Yel 5.1 Sel . Sel 5?1
188 ® 209 3.4 3.8 Gel 443 “Goth 4,6 w7 “al 4e9 “e9 Se0 S.1 Sel Sel Se2 S5e2 5.2 S.2 Se2
leaby ® 3.0 3.5 3.9 a1 “@s3 LYY 44,0 %, 8 49 Se.0 S50 S.l Se.2 Se2 5.2 S5¢3 Se3 53 S.3 S.4
lene # 3:9 k 79.3 3.9 4e2 Lot LY} @q7 QG Y “e0 5.0 Sel S.2 9.2 53 Se¢3 Se 5% Set 5.6 S¢S
lebs @ 3.l 3.0 4.0 3 4D wel 4.8 4.9 95«0 5.1 Se.2 53 Se3 Se6 Se6 5¢5 SeS S¢S Se6 S.6
lebo @ 3.1 KIY4 9;1 4e3 4e0 “eb GeY 5.0 Sel S5.2 Ded 5.“ Seo 55 5% Seb 5.6 Se0 5.7_ 5.7
le50 ¢ 3.2 3 4,1 “Gelt “+al “weld - 3.0 9.1 Se2 5.3 Sl S 5.5 S.6 Se0 Se? Se7 S5e7 S.4 D48
lafy) @ 3.2 K1Y “.2 “4ed Gol G4eY S.1 5.2 Se¢3 S Sed 5.6 5.6 Se7 S.8 Se8 Se8 Se9 Se9 9.9
l.72 ¢ 3.3 3eY 4.3 Ge6 Seb 2.0 5.2 5.3 Hel 5.5 Se6 Se? Se? S8 Se9Y Se? 5.9 6.0 6.0 6.0
Lo @ 303 3.9 6,4 47 6.9 bel 5.2 5,8 5.5 5.6 5.7 5,8 5.8 5.9 6.0 640 6.0 6.1 6.1 6.1
la70 @ 3.0 Qa0 Geo@ “s7 5.0 5.2 Sed 9.5 Je0 5.7 Se8 5.9 6.0 6.0 6.1 el 0e2 6.2 6.2. 662
l.78 = Jota 4ol 4.5 48 Sel Se3 5.4 9,06 9.7 5.8 549 6.0 6.1 6ol 0.2 6.2 6.3 6.3 6,3 6.3
lenl = 3.5 Ge1 4,6 Q9 Sel 53 5.5 5.7 De8 5.9 6e0 6.1 6.2 6.2 Ged 6e3 (- T [- 7Y 644 6.5
lec2 @ 3.5 4.2 4.6 S5e0 S.¢ Set S.6 5,8 Se9 6.0 bel 6.2 6.3 6e3 6.4 6% 6.5 6.5 6.5 0.6
leag ¢ 3.6 403 4,7 5.0 5.3 55 5,7 5.5 0.0 6.l 0.2 603 (-T2 OCels 6.5’ 6eS (- 7% -] 6.6 6e7 6,7
lenso o 3.6 4.3 4.8 Sel 5.4 S.6 S.8 5.9 bel 6.2 bed 6.4 6.5 6.5 6.6 607 6.7 6.7 6.8 6.8
lebs + 3.7 Gets 4.9 S5.2 Sed 5.7 S.9 6.0 0e2 6.3 (-T2 6.5 60 606 6.7 6e8 0.8 6e9 6.9 6.9
levy = 3.8 4e9 4.9 5¢3 59 Se8 0.0 6.1 6ed 64 Deb5 6.0 6.7 Oeb 6.8 69 6.9 7.0 7.0 7.0
lev2 ¢ 3.4 “95 9.0 Sels Se06 5.9 6.1 0.2 -1 6.5 0eb °o7 6.8 6e9 6.9 ,.u 70 7.1 7.1 7.2
leva © 3.9 Geb 5.1 S«4 Se7 DeY 6.1 L } beS (. 7%.} 6e7 .79 -] 69 70 7.0 Tel 7.1 7.2 Te2 7.3
levd ¢ 3.9 sal 5.1 Se5H S.b 6.0 0.2 (- Deb 6e7 19 -) 6.9 7e0 7ol 7e1 7e2 7.3 7.3 Tel Te
lewts @ Gef) 4ol 5,2 Seb Sa9 oel (-9} 6,5 el 6.8 DeY 7.0 7.1 1e2 7.3 7e3 Teo 7.4 7.5 7.5
200 © “e0 YY- 5.3 Se7 6.0 0e2 [ X3 0,6 0.6 6.9 7.0 7.1 7.2 73 Te 7Ted 75 7.5 76 7.6
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Table 8 {continued)

h ' ha—hy

60069.0066605&ﬁ“#“ﬂﬂﬁﬂ#ﬂ.l#“#vi'O6&¢GOGQO#.OQﬂ"Oﬂﬂl69“ﬂﬂﬂ##ﬁiOGOOﬂQQGO'9QQQQG'ﬂ‘.“ﬁ..ﬁ.ﬁC...‘Clﬁ‘C.ICC‘C.C"CCCC""CC

¢

el «20 22 24 «26 «c8 «30 032 P «36 «38 040

g 00? oo“ -Ub .oB .10 -1‘ .l“ .lb
2.2 ® wel &4eY S Selt 6ol Oed Oed 0,7  ©OeY 7.0 Tel 742 T3 Tel 75 75 76 Tel T.7 TaT
2eul # el 409 St 9.8 66l Qe 6.6 0.8 1.0 T} 7.2 T3 Tl Te5 Teb le7 Te7 7.8 7.8 ,7.9
200 ® “+e2 Sed 9.9 5.9 6.2 6.5 6.7 6,9 7ol Te2 Ted Tolt 1.5 Te6 T7 1.8 7.8 7.9 7.9 8.0
e’y © “e3 Sel 5.6 6.0 6.3 De0© 6.8 7.0 le2 1.3 14 1.5 1.° 1.7 1.8 I.q 8.0 8'0 a.l 6;1
241U ¢ “e3 Se1 S.7 bel 6o b7 0.9 7.1 1e3 T4 15 T.7 7.8 7.8 7.9 8.0 8.1 8.l 8,2 8,2
212 ® sebs - 1Y S.8 - 662 Oed (. 7Y} 7.9 7.2 (el 1.5 100 7.8 1.9 de0 8.0 del 8e.2 8,2 8.3 8.3
2e]9 * “Geob Sed .8 0e2 6.6 6.8 lal 7.3 . 75 7.6 1.7 19 840 8el 8.2 8e2 83 B Bele 8¢5
delb @ web Se3 5.9 6.3 6.7 0e9 7.2 T4 {16 1.7 1.9 8.0 del 8e2 8.3 Bel Bel 65 - 1%} 8.6
ZdelB ® “web Sett 6.9 6ets 6.1 7.0 7.3 1,5 ' 7.8 8.0 8.1 8.2 8.3 B4 8.5 8.5 8.0 8.7 Be7
2420 ® 4.6 Se5 6.1 bed 6el8 7.1 Tot 1.0 (X)) 1.9 del Be2 8e3 Bel 845 Beb He.7 867 8.8 8.8
2el2 * wel 5.6 5.1 6.6 69 7.2 75 7.7 Te9 8.0 Be2 8e3 Bl 8.S 846 8e7 Ha8 8.8 8.9 9.0
Cell # Ge? Seb 6.2 6.7 TeU Te3 1.6 7.8 de0 8.1 Bed B4 845 He6 Be7 8.8 Be9 Y.0 9.0 Yel
Ce26 ® LY. ) Se? 6.3 be7 Tel Tews la7 I.9 vel d.2 Gel 8.5 Be6 88 8.9 B9 9.0 9.1 9.2 9.2
Ce28 ¢ 4.8 Se.b b4 6.8 7.2 7.5 7.8 8.0 Bel 8.3 Be5 8,6 b.8 8.9 9.0 Yol Ye1 9.2 9.3 9.3
2.30 @ GeY Seb 6.5 6.9 Te3 7.6 1.9 d,l Bed 8,5 Beb 8.7 8.9 9.0 9.1 9.2 9.3 9.3 9.4 9.5
2e32 # 5.0 Sed 6.9 7.0 Tols 1.7 8.0 4,2 Yol 8.6 Be7 8.9 9.0 el 9.2 Y3 S 9.5 9.5 Jeb6
2oy @ Se0 6e0 6.6 7.1 7.5 1.8 3.0 8,3 85 8.7 8.8 9.0 Y91 Ye2 9.3 el 9.5 9.6 9.7 9.7
2e¢30 # Sel 6.1 .7 7.2 70 19 d.1 d.4 Se6 8.8 Be9 Sel 9.2 9.3 9o 9¢5 S.0 907 9,8 9.8
ey ¥ Sel 6ol 6.8 7.3 Teb Be0 8.2 d.5 el 8.9 Yel 9.2 YeJ 9.5 9.6 97 9.8 9.8 9.9 10.0
Cetal ® 5.2 6e2 6,9 7.3 7.7 del B,3 4,6 deB Je0 9.2 9.3 9.5 Ye6 9.7 9.8 9.9 10.0 10,0 10.1
Celd © Se3 Ged [ 4 T. e T8 del Bele 5.7 CeY 9.1 Ye3 Q. 9.6 Ye7 9.8 9.9 10.0 101 10.2 10.2
Coltts # Se3 563 TV  £%+3 TeY de3 B.95 d. b Y0 9.2 Yelo 9.5 967 Yel 9.9 10.0 10.1 10.2 10.3 10.4
Cels ¥ Dele 6% 7.1 7.6 8.0 Bes 8.6 8,9 Ja1 9.3 Y5 9.7 9.8 9¢9 10,0 102 10,3 10,3 10,4 1045
2ot # 5.5 65 7.2 Te7 Ba.1 8.5 8.7 9.0 9.2 Yol 9.0 9.8 9.9 10.1 10.2 10.3 10,0 10.5 10,5 10.6
2eb0 # SeS 6.6 7.3 1.8 8.2 Heb 8,9 9.1 Y3 9.5 Yo7 9eY 100 10.2 10.3 104 10.5 10,6 10.7 10,7
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Table 8 {continued)

h . ha-hb

L2222 222 22 2 224 22222l il IRl eIy Yy Yy Yy Yy Yy Yy T Yy Y Yy Sy s e ey Y Yy

@4

@ b2 olele ) b8 -1 52 «S4 «56 «58 «60 62 -1 «66

&+
letie » 2e7 2e7 ol Ce? 2ol 2o -4 c.7 2e7 2e7 2e1 247 el
levb & 2e? 2e7 2.7 27 2el 207 2e7 -3 § Zel 267 2e7 2.7 2e7
levd # 2ol 2e8 2.8 2.8 2e8 2e8 248 2.8 cel 2e8 2e8 248 28
lelu ¢ 29 _2e%9 CeY 209 2eY CeY CeY 2.Y ' 269 249 ZeY 29 209
lel2 ¥ Je0 3.0 3.0 3.0 3.0 Je0 3.0 3.0 300 3,0 Jo0 3.0 3.0
lala « 3.1 3.1 J.1 3.l 3.1 3ol 3.1 3.1 del Jed del 3.1 3.1
lejb @ 32 3.2 3.2 3.2 3.2 Je.2 3.2 3.2 KPY-4 3.2 KPPy 3.2 3.2
l.18 o 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 Je3 3.3 33 3.3 Je3
1620 ® 3.6 3e6 3,4  3ab  3ew  3e4 3.4 3.4 36 3.6 3.4 3.4 34
le2¢ © 3.5 35 3.5 3.5 EFS- Jed 3.5 3d.0 3e5 3.5 Jeb 3.0 365
leda « 3.6 3.6 3.6 3.6 3.0 Ja6 3.6 3.0 Jeb 3.6 30 3.6 3e6
le20 @ Jeb6 3.6 3.6 3.6 3.0 3.0 3.6 3.0 36 3.0 30 3.6 3eb
leco & 3.7 3.7 3.7 J.7 3.7 3.7 3.7 3.7 37 3.7 37 3.7 3.7
l.30 @ J.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 Je8
1.32 = Je9 Ky 3.9 3.9 3.9 3.9 3.9 3.9 39 3.9 3¢9 3.9 3.9
lo3u © e 4.0 “.0 4e0 400 “e0 4.0 “wa,0 4e0 440 4e0 4e0 4e0
le36 ® 4.l 4.1 4.1 “el adl “el 4.l @, wel Gel 4el 4ol Gel
leidy ¢ 4e2 el a2 “e2 4.2 .2 4.2 “+.2 4wl 442 Ge2 4ol “e2
lew @ 4.3 43 4,3 “3 “a3 “4e3 443 L | “ed 93 “4e3 3 | “4e3
les2 o “. 44 G4 “.4 G 4ol “oh 4.4 44 44 4o 4ot 4ol
letos @ 445 .4e5 4.5 45 Ged @5 4.5 4.5 9eS “4e5 9e5 45 Ge5
leun ® 4a7 LYY 4 o,7 LYY 4 el Y4 “we7 w7 YY) 47 Yy 4 G o7
loeuts @ 4e8 'Y . Q.8 48 G 48 L8 4.8 'YY-} 4.8 Ge8 4.8 4.8
le0 ® “4e9 49 4.9 “4e9 4¢9 “e9 4.9 4,9 Ge% 949 B9 449 4e9
le52 ® S.0 S0 5.0 Se0 Se0 5.0 Sel 5,0 Se0 S.0 Se0 Se0 Se0
1.54 @ 5.1 Sel S.l Sel Sel Sel S.1 5.1 sel Sel Sel Sel Sel
l«50 @ Se2 Se2 5.2 5.2 Se.2 5.2 S.2 9.2 Se2 5.2 Se2 5.2 Se.2
led8 & Se3 Se3 5.3 Sed 5.3 D3 5.3 5.3 Sed S.3 Sed Sed Se3
leol ¢ Yel Sa6 S.4 Sel Set Yes Sele S.4 HYel Se Se& Se&t Sel
lebe # 55 Sed 5.5 95 S5 EY%-1 5-5 3.5 Seb 5.5 Sed Seb 5.5
leba Seb S.6 5.6 D46 Se.6 Se De6 5.6 Se6 Se.6 Seb Se0 Se6
lebt @ YSe? Se8 S.8 9.8 S.8 Sed S.8 S.8 Seltd S.4 teb S8 S.8
lebty @ 5.8 Se¥ 5.9 Je9 S.Y S.9 9.9 5.9 DeY S.9 S99 5.9 SeY
la7v * Y9 Se9 6,0 6.0 6bel 6.0 6.0 6,0 6.0 6.0 bel bel 6.0
la7¢ ® 6.0 bel 6.1 6el ol 6el 6.1 0,1 oel Sel oel 641 6ol
le74 © 0.1 6e2 6.2 De2 Ge2 bel2 6,2 0.2 0.2 6.2 el 6.2 6.2
le76 @& 03 6bed 6.3 0e3 Oed 03 6.3 0.3 0e3 6.3 03 6,3 63
le78 & bel 6ele 6.4 6.5 6.5 05 0.5 0.5 6e5 0.5 [- 7% 6.5 6.5
lebl ¢ 0e5 6e3 6.5 beb6 DL [- 7Y} 0.6 0,6 OeO 6.6 Oeb 0.6 646
leng © 6.6 6e6 6.6 el 6.7 6e7 &7 0.1 oe? 6.7 0e? 0e7 6.7
lexs o el 6.7 6.7 6«8 [ 7%-} 6.8 6.8 5,8 6.8 6.8 o.8 6.8 6.8
letio & 6.8 6.8 6.9 6.9 6eY [-¥% ) 6.9 0.9 6eY 6.9 0«9 6.9 GeY
1.8 * 6.9 Teu 7,0 7.0 7ol 7.1 7.1 7.1 leld Te1 7.1 7.1 7e1
l.90 © 7.1 el 7.1 7.1 Te2 7.2 7.2 7.2 le2 7.2 7.2 Te2 7.2
lewe © 7.2 Te2 (.2 1.2 Te3 T3 7.3 1.3 1e¢3 7.3 73 Ted Te3
levs © 1.3 Te3 1.3 Tol Tot lew T.4 1.4 leo T4 Te4 Tet T
1,96 © lets Te0 7.5 75 7.9 1.6 7.6 1.6 le6 7.6 Teb 76 7.6
l.98 o 1.5 746 7.6 7.6 7.6 1.7 7.7 1,7 1.7 7.7 1.7 1.7 Te?
ce(U & 1e7 1.7 7.7 7 Tet leo T, 7.d8 Tet8 7.8 Y-} 7.8 1.8
€02 ® 7.8 Tet8 7.6 7.9 Te9 7.9 de.0 6.0 Be0 8.0 He0 8,0 8.0



Table 8 {continued)

hy hy=hy
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L ]

e P Y- olbls kD ole¥ 20 52 «54% 50 .58 «60 02 b «66

o .
Ceuls & 19 79 v.0 Be0 HeQ el 8.1 d.1 oel 8.1 sel 8.1 8e1
2eub @ Be0 8.1 B.1 Hel 8.1 Bel 8.2 8,2 Ye2 8.2 8e2 8.2 8.2
Loeush ¥ del Bel b.2 8.2 HBec de3 d.3 d.3 ded Be3 Bed B8e3 8.3
2.1lu * P | Be3 B.3 Bl Bets des B4 8.5 de5 845 B¢ HBeS5 He5
2e12 ¢ Hels 8ot 8,5 B5e5 BeS deD 85 8,6 de6 8.6 Be6 Be0 Beb
2e1t # BebS Be5 B.6 Be6 Be06 Be6 - 7%} 8.8 se8 8.8 el Be8 8.8
216 ® HBeb Be7 Be7 Be7 8.8 Bels B.8 4,8 SeY 89 BeY 8.9 8¢9
2eln @ He8 8.8 b.bB Be9 BeY SaY Be9 8.9 Jeold 9.0 Ye0 9.0 9.0
22V * d.9 Be9 Y.0 7e0 9.0 Y.0 Yal Y.1 Je2 9.2 Ye2 9.2 Ye2
ce22 # Y0 9.1 9.1 Yel 9.1 9.2 9.2 9.2 Yed 9.3 Ye3 9.3 9.3
2.26 ®  Yal  9e2 92 Y3 9.3 9.3 9.3 9.3 Ye3 Yeb el Y& 964
226 ® Y3 Y3 9.3 Yee Yele Yels Y.,5 9.5 Ye5 Yeb6 Ya.6 Y.6 9.6
2eéb * Jebo Q9.6 Y.5 9.5 Yoo Jeb6 Y.6 9.6 Je0 9.7 Yel Y.7 9e7
2430 * 9e¢5 Ye6 9.0 Yeb 9.7 Ye? Yl 9.7 Yed Ye9 Ye9 Y.9 9.9
2e32 ® Jeb 967 9.7 Y.8 Yebs Y.8 Yy 9.9 Je9 9.9 100 10.0 10.0
Celb @ 98 9.8 9.9 9.9 9.9 10.0 10,0 10.0 100 10.0 10‘1 lO.l 10.1
2.3b ¢ 9.9 10.0 10,0 10.0 10.1 10,1 10.1 10,2 10.2 1002 103 10,3 10.3
2esd ® 10,0 10.1 10,1 10.2 10.c 10e2 10.3 10,3 10e3 10e3 10.¢ 10.4 104
Cewl ® 10.2 10.2 10.3 10.3 10.3 10.¢ 10.4 10,4 10.4 10.5 105 10.6 10.6
2,62 @ 10e3 10e3 10,6 10.4 16.5 105 10.5 10,6 106 10,6 106 10.7 10.7
2ot ¢ 0ot 105 10.5 10.6 106 10.7 10.7 0.7 1Ge7 10.7 10e8 10.9 10.9
2.46 ¢ lue6 10.6 U7 10e7 10.8 1U.d 10.8 10,8 10.9 10.9 109 11.0 11.0
2.8 ® 10.7 1Ue7 10,8 108 10.9 109 11.0 11.0 11.0 11.0 11.0 111 11e2
2e50 @ 108 109 10.9 1140 11.0 1lel 11a1 1kl 1162 11.2 112 1162 11.3
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Table 9 Submerged flow calibration for 16in X 6 ft

Cutthroat flume, (Q, cfs) ho—h
hq a ''b , , o S
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*

[
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67
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9e5
9.7
Yo
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103
1Ve6
10.8
11.0
112
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119
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luel
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Se?7
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oel
oed
Oed
007
be8
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{e&
7.6
{8
6e0
aed
Bel
Heb
S8
9.0
Jeod
25
9.1
Ye9
10.i
10.3
lueo
1ue8
110
11e2
115
117
11.9
lze2
) P
12.6
lceY
13.1
13e4
136
13.9
lueld
laew
lusb
1449
15.1
154
1oe?
1069
102

«60

Se.4
5.6
Se7
S.9
6l
6.3
b.s
b.1
6.8
7.9
T2

15.1

16.2

02

Zeb
Seb
Sel
SeY
Gel
6ed

Y0

10.1
103
1006
10.8
11.0
11.2
115
11.7
119
122
124
126
12.9
13.1
134
130
13.9
lee.l
l6e0
laeb
l4a9
15.1
154
157
15.9
16.2

-1

Se4
Se6
Se7
S.9
6.1
Ged
045
6.7
6.8

7.2
Te
Te6
7.8
8,0
8.2
8.“
8.6
8.8
9.0
Y3
95
9.7
9.9
10.1
10.3
10.6
10.86
11.0
11.2
115
11.7
119
12.4
12.4
12.6
12.9
13.1
13.4
13.0
13.9
l4e1
144
14.0
la,9
15.1
1S54
15.9
16.2

=06

be7
Y9}
Te0
Te2
Tets
7.6
7.8
8e0
8.2
Be&
‘Beb
8.8
9.0
Y3
9¢5
967
Y¢9
10.1
103
1046
10.8
11.0
11.2
11.5
11.7
11.9
12.2
124
12.6
129
13.1
13.4
13.6
13.9
1401
laes
1446
1449
1S.1
154
15..1'
159
16.2
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Table 9 (continued)

h_—h
hg a'b
-2 2 ry-xxr-2xt 222 2x2-2- 1222222221224 YTy rey 2 re 2y 2 ey 2 ey e 24222 2222 2 2 3

&

« Y] Py o4 «48 =11 e92 - 5S4 «S6 58 «60 o2 «bG% Y.1.3

4
et # 161 161 lo.2 16.2 163 163 lo.5 16,95 loe> 165 165 16,5 16.5
Cetlb © 16.3 16«4 lb." 105 16> 10«0 lb.7 16.7 loe? 167 1007 1007 167
2et1% 0 1646 1666 16,7 16e7 16,8 1068 108 17,0 17.0 17.0 17.0 17.0 17.0
2elv ® l6.8 loeYy 17,0 17.0 17.0 17.1 17.1 17.3 17-3 17.3 173 17.3 173
2ele @ 17e1 1721l 17.2 1743 1723 173 17.6 17,5 11eS 17e5 17e5 175 1745
216 ¢ 17e3 17e4 17.5 17e5 1746 176 17,6 17,8 1ie8 17,8 1leb 17.8 17.8
2¢16 ¢ 17e6 177 17,7 17e8 17em 179 1749 17.9 1oel 18¢1 1Be.1l 18.1 1861
218 & 17.8 17y 1b.0 18e0 1lbel 13Z3el 18e2 18,2 l1loes 184 184 18.4 1804
Cecl ® lsel 18+2 16.2 1343 13e4 1dew 1.4 13,9 lBe06 186 ide0 18.6 l8e06
ce22 1493 183.4 18,9 18.6 18B.6 [8el 18.7 14,7 loeY 18.9 18.9 18.9 1869
2e24 © 136 1367 18.8 188 189 18.9 19.0 19.0 190 192 192 192 1962
Ce26 % 1ney 1869 19.0 19e]l 19e2 192 1922 19,3 17e3 195 19e5 1965 195
2628 ® 1Y9el 19ez 19e3 194 19w 19e5 19,5 19,6 196 198 198 19.8 19.8
2e30 # 1346 1945 19,6 196 197 197 19.8 19,9 1ve9 20.1 20.1 20.1 20.1
232 © 196 197 19.8 1ve9 200 2060 20el 20,1 2uel 20s2 203 203 203
2036 ¢ 19,9 2Ue 20,1 Z0e2 20e2 203 203 20.4 2uUed 204 20eb 206 2046
2e3b @ 2042 2063 20.4 204 205> 20406 20.6 dU.? 2067 20,7 20eY 209 209
Ceisd ® 200 2065 2U.6 20.7 2040 ¢led 20.9 2U.9 210 2140 2le2 2le2 212
24U ® 2047 20e8 2049 210 2lel 2lel 21,2 21,2 213 2led 21¢3 21.5 2145
2e2 ¢ 2leV 2le.l 21,2 21e3 Z1e3 21e6 215 21.5 2le6 216 2ieb 2l.8 21.8
et © 21lea2 2le3 214 215 21e6 217 217 21,8 21.8 219 21«9 22.1 22.1
2ot & 2145 2leb 21e7 21e8 219 2260 22.0 22.1 22e¢]l 2242 2ce2 224 2244
2eaB 8 21e8 21e9Y 220 22el 222 2262 22e3 22.4 2ce4 225 2245 22.5 22.7
2ent) & 2240 22el 22¢3 224 2244 2265 22.6 2247 2207 2247 22.8 22.8 23.0
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Table 10  Submerged flow calibration for 24in X 6 ft
Cutthroat flume, (Q, cfs)
hq hg=hy ,
ogcpocpccnococﬁnoooeooo9o¢Q¢eo¢¢§ou0¢¢99¢¢¢§o¢¢¢novcc90¢¢OQQOOOQOOOQOOQO00000OOOOQ0o..oi00.09QCOQOOOOQQQQQQQQ'QQQOQ0.0'0
. . . . .

L «02 « 00 e 00 U8 «l0 <12 ole e]l0 ol «20 .28 24 26 o2l «30 32 «34% §36'”.g36;¢_.“0
02 * o0 o0 ol «0 -y «0 «0 o0 oV ] Y] ) 0 0 o0 0 Qo o0 'kQ° ; 1.o
o & «0 o0 «0 o0 «0 ) «0 o0 o0 o0 ol «0 o0 o0 0 voo «0 o0 :, .0, B 1 ]
YU I ol ol ol el ol ol ol i | el ol ol ol ol ol ol. el ol - el Fel. el
b @ ol el ol ol el ol ol .l' ol ol ol ..‘ ol ol el ol ol ol .qls,?{ol :
o1V @ o2 Y o2 o2 o2 -2 2 - o2 2 2 o2 2 2 o2 o2 2 o2 B .2 08 -
ol @ Y ol o2 2 Y4 o2 o2 o2 1Y 2 2 Y Y 2 Y] Y] ol el ,'52‘5‘;.2-
ol & 3 3 P | 3 3 P 3 3 . 3 3 ) 3 3 3 3 3 3 oJ - &3 ‘§3
el * 3 ol olt ol o4’ ol ol o o L) b b o ol b ol . ol b ol
old -« e o‘. .5 05 ob 05 05 .5 05 -5 .5 05 .5 OS .5 05 .5 05 .5 - -57'
ocl © -] - -} 5 5-3 S .- -3 5 -3 5 .- ’s-3 -3 ’s-3 S -3 S ”SE 'OSL
.22 @ g3 6 .6 6 -6 .6 -3 o .6 6 o5 .6 o6 -6 o6’ N o6 6 . o067 a6
ol # +6 o7 o7 o7 ol ol o o7 o7 ol o7 o7 o7 o7 o7 o7 o7 o7 ol - el
b © o7 'Y -] Y «8 Y. ] -] ) .} Y. ) 8 8 «8 8 8 8 o8 8 oq v,B S e8
28 ® -8 9 .9 9 Y 9 9 9 x4 9 9 Y 9 o9 9 9 Y 9 ‘a9 9
«30 ® 9 le0 1.0 1.1 l.1 lel 1.1 lad lel lel lel lel 1.1 lel lel lel lel 1.l 1.1 lel
32 ® 9 l.1 1.1 l.2 1.2 le2 1.2 1,2 1.2 1.2 1.2 1.2 1.2 le2 1.2 1.2 1.2 1.2 1¢2  1e2
o306 @ 1.0 1.2 1.2 1.3 1.3 le3 1.3 1.3 1e3 1.3 13 13 13 13 13 13 1e3 1«3 1e3 1.3
eJdb @ lel 1e3 lo4 le& le4 lew le4 le4 le4 leé le& leo le& let leb 1% lebe Lot let
el @ 1.2 le4 1.5 1.5 1.6 1.6 1.6 1.6 1.6 1.6 leb 1.6 le6 1le6 1.6 16 1.6 1e6 1e6. 1leb
o © l1e3 1.5 1.6 le7 le7 1.7 1.7 1.7 le7 le7 1e7 1.7 le7 1le7 1.7 17 le? 17 17 le7
ool ® let le6 1.7 le8 l.8 1.8 1.8 1,8 18 1.8 le8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
olety © | -1 le7 1.8 1.9 2.0 200 cel ce.0 200 2.0 Zel 2e0 200 20 2.0 20 2.0 200 2.0 2.0
o4 ®© 146 l.8 2.0 2el 2.1 2e1 2.1 2.1 Zel 201 2e1 2.1 2.1 2el 2.1 2.1 2el 261 2.1 2¢1
B ¢ le7 19 2.1 2.2 2.2 2.3 2e3 2.3 eI 203 23 243 263 23 263 2¢3 2e3 2.3 2¢3 23
oS0 ¢ le8 2.1 2.2 2e¢3 2o 2ol 2.5 2,9 2e5 2.5 ée5 2.9 25 25 2465 265 2.5 2.5 2.5 2.5
52 © 1.9 2.2 2.4 25 2¢D 246 2.6 2.6 2eb6 e Leb 246 206 2.6 20 246 2¢6 2.6 246 246
oSG & 2e0 2.3 2.5 2.6 2.7 27 2e8 2,8 Ze8 2.8 2.8 2.8 2.8 2e0 2.8 2.8 2.8 2.8 2.8 2.8
«56 © 2e1} el 2.6 28 2e8 29 2.9 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
ool ® 2.2 2eb6 2,8 2.9 3.0 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3el 3.1 3ol . 3.l 3.1
U ® 203 2e7 2.9 3.1 3.2 3.2 3.3 3.3 3e3 3.3 3e3 3.3 3.3 3e3 3.3 303 3.3 3.3 3.3 303
b2 ® 2ol 2ol 3.1 3.2 3.3 3e4 3.4 3.5 3e5 3.5 3.5 3o 3¢5 35 3.5 3.5 3.5 3.5 3.5 3.5
b © 2.5 3.0 3,2 3.4 3.5 3.6 3.6 3,6 37 3.7 367 3.7 3.7 37 3.7 3.7 3.7 3.7 3.7 3.7
66 # 26 3.1 3.4 3.5 3.7 3.7 3.8 3.8 309 3.9 369 3.9 3.9 3.9 3.9 39 3.9 3.9 3.9 3.9
obd ® 2e7 3.2 3.5 3.7 3.8 3.9 4.0 4,0 Gel 4.1 GeX 4.l 4.1 Gel 4.1 4ol 4ol 4.1 4.1 Gel
o7V © 2eY 3l 3.7 3.9 460 bel Qo2 w2 4ol 4¢3 4e3 Go3 443 403 403 43 “e3 403 463 443
72 ® 3.0 3¢5 3.8 o0 o2 43 @4 4.4 G4 445 445 4.5 4¢5 445 4,5 45 4e¢5 4e5S bLe5 4.5
ol # 3.1 3.6 4,0 4.2 “4e3 “wed 4.5 4,6 446 4.7 Y | ™ LY | 47 4.7 v o7 bel 4.7 HeT
ol ® 3.2 3.8 4,1 b4 98- “4eb6 wof 4,8 “4e8 4.9 4e9 449 Qo9 4.9 449 49 4.9 449 449 4e9
o780 3.3 3.9 4,3 4.5 4.7 4.8 4.9 5,0 De0 Sel Sel 5.1 5.1 S.1 Sel Sel Se.1 Sel Sel Sel
o8l © 3.5 Gal G4,4 “wel b9 5.0 5.1 5.2 Se2 S.3 53 S.3 Se3 5.3 5.3 53 Se3 Se3 Se¢3 Se3
P-T- 3.6 o2 4,6 409 S.1 Se2 S.3 ) Yed S.5 9e6 5.0 Se6 Se6 5.6 Se6 Se6 S.6 Se.6 5.6
oBH # 3.7 Lot 4.8 Sel 5.3 Se4 59 5,6 YN 5,7 Se8 5.8 S.8 Se8 Se.8 Se8 5.8 S.8 S.8 Se8
o6 ® 3.8 45 LS Se2 Set 5.6 5.7 5.8 £YS B9 Gl 640 6.0 6.0 6.0 600 00 6.0 6.0 6.0
oY @ 49 [ | S.1 Sele 5.6 Se8 Se9 60,0 6ol [ § 6e2 . 6.2 6e2 6e2 6e2 6ol 6e2 6.2 6.2 Oe2
o0 @ Hel Y -) S.3 56 S.8 600 0.l 6,2 Ded 6ed Belt . 0.5 645 65 65 65 645 645 65 6.5
92 ° G4e2 Sel Set Se8 6.V 6.2 6.3 6.5 0e3d 6.6 Geb 6.7 6e7 67 6.7 6e7 6e? 6e7 6e7 67
oG @ “4e3 Sel S.6 5.9 6.2 6ol 6.5 6.7 6e8 6.8 beY 6.9 7.0 70 Te0 7«0 70 T0 Te0 750
90 ¢ 4.5 Se3 S.8 6al 6ol 6.0 6.8 6.9 7.0 Te1 7.1 Tel 1.2 Te2 Te2 1e2 7.2 7.2 Te2 Te2
o9yl o 4.6 Set 5.9 6e3 6.6 0.8 7.0 7.1 7.2 Te3 7.3 Tl TS5 15 TS5 75 75 75 75 7.5
1.00 © 47 Se6 6.1 6.5 6.8 7.0 7.2 7.3 Telo 7.5 1.0 7.6 Te7 Te7 17 17 Te7 1.7 1.7 7.7
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Table 10 (continued)
hg hg~hy

<@

@ <02 o0& «06 «08 «10 el2 el4 e]6 «18
le02 & 449 Se? 6.3 67 70 71e2 Teo 1.0 I£Y 4
lo04 @ S.0 Se% 6,5 6.9 7.2 Teas 7.6 7.8 79
l.ub @ Sel 6.1 6,7 1.1 Te4 7.6 7.8 8,0 del
leuih @ S5e3 642 6,8 73 7.6 Te9 8.1 8.2 Bek
lelu @ Set 6ot 7.0 7.5 Tet 6ol 8.3 8,5 de6
1,12 ¢ 5.5 6.6 7.2 Te7 8.0 oe3 8.5 6.7 Bel
1.1 @ 5.7 6.7 T4 7.9 8.2 8.5 8.7 8,9 Yel
lol6 5.8 6.9 7,6 8.1 8.4 8.7 9.0 9,2 Ye3
lelt o 6.0 7.1 7.8 de3 8.7 Y0 9.2 Y4 JYeb
1.20 @ 6.l Te2 8,0 8.5 HeY 9.2 et 9.6 Jeold
lece o 6e3 Tt 8.1 8.7 9.1 Yeie Y7 J.9 1vel
le2e o (- X4 76 8.3 8.9 9.3 Y6 9.9 10,1 lued
lezo ¢ 6.5 7.8 8,5 9.1 9.5 Y¢9 101 10.4 10e6
le26 o 6.7 7.9 8,7 9.3 9.7 10.1 10,4 10,6 10.8
lesu # 6.8 8.1 8.9 J¢5 100 10.3 10.6 10.9 11.1
le32 & 7.0 8.3 9.1 Ye7 10e2 10.6 10.9 11.1 141.3
le3s = a1 8¢5 9.3 Y¢9 10«4 108 11l 11.4 116
ledb @ 7.3 Beb 9¢9 1021 106 11e0 11,4 11,6 11.8
le38 @ Te4 8.8 9.7 104 1ue9 11e3 11,6 11,9 1c.l
lo40 #= 7.6 Fe0 9.9 10.6 1lel 115 11.8 12,1 1.4
lew2 o 7.7 9.2 10.1 10.8 11.3 1le7 12.1 12,4 12.6
lete @ 7.9 9¢b 10,3 110 11.5 12.0 12.3 12.6 12.9
lebo 3.0 9¢6 10,5 11e2 118 122 12.6 12,9 13.2
led8 ¢ 8.2 9e¢7 10,7 11:4 12,0 125 12,9 13,2 lses
1.50 » Bet 99 10.9 11e7 12.2 1267 13.1 13.4 13.7
leSg # 8¢S 10e1 11.1 11¢9 12.5 13.0 13.4 13,7 1440
leSé © 8e7 10e3 113 121 12.7 132 13.6 14,0 14.3
1.56 & H.8 10.5 1106 12.3 13.0 13.5 13,9 14.2 145
leSB © 9.0 107 11.38 12.6 13.2 1347 1.1 1“.5 lg.8
le60 @ Je2 109 12.0 12e8 134 1460 14.4 14,8 15.1
l.bé <« Ye3 llol 12.2 l3.0» -lwe2 l“., lb.O 15.“
166 & 945 11¢3...02,6~TIT 13.Y 145 14.9 15.3 15.6
1666 # =906 1le4 12.6 135 14,2 lue? 15.2 15,6 15,9
lebd @ Pe8 11e6 12.8 13.7 14.6 15.0 15.% 15.9 10,2
le70 © 10.0 118 13.0 13.9 1.7 15.2 15.7 ‘6.1 105
lo72 o 191 12.0 13,3 1442 1449 15.5 16.0 16,4 lo.8
leza @ 10,3 122 13.5 14e4 15.2 15.8 16.3 o7 17.1
176 @ 10.5 12.6 13.7 14.7 15.4 16.0 lo.5 17,0 17.4
1e78 @ 106 12.6 13,9 14.9 15,7 163 16.8 17,3 17,7
les0 @ 1048 128 14,2 15%.1 15,9 1646 17.1 17,5 17.9
les82 @ 11.0 13.0 1.4 19.4 lo.2 16.8 17.% 17.8 13.2
letio @ 11.1 13.2 14,6 15.6 16,4 17.1 17.6 8.1 la.5
letie © 11.3 13.4 l‘.u 199 16,7 17ea 17.9 18." 1508
1.88 & 11.5 13e6 15.0 160l 16.9 176 18,2 18.7 1vel
leb0 ¢ 1146 13eb 15,3 16e3 17.2 17.9 18.5 19.0 1v.4
1l.92 ¢ 11.8 lasl 15,5 106 17.> 18.2 13.8 19,3 19.7
e84 & 1240 14e3 15.7 168 17.7 18e4 19.0 19,6 20.0
le96 @ 1242 1a.5 16,0 17.1 16.0 13.7 19.3 19.9 2ve3
le98 @ 12,3 1447 16,2 173 18.2 190 19.6 0.2 2ueb
2600 @ 12.5 1449 16,4 17.6 1d.> 193 19.9 290.5 2ueY
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6.1
8.3
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lJ.3
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lael
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153
15.6
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1545
15,8
1ol
16.4
16.7
17,0
17.3
17.6
17.9
18,2
18.5
18,9
iv.2
19,5
ivet
20.1
20.4
0.8
2l.1
2l.%
2la7
22.1

«26

Te9

8.1

Be4

8.1

8.9

Ye2

9.4

9.7
100
10.2
10.5
10.8
11.0
11.3
11.6
11.9
12.2
12.4
12.7
13.0
13,3
13.6
139
14.2
14.5
14.8
15.1
15.4
15.7
1640
163
lb.b
16.9
17.2
17.5
17.8
18,1
la.“
‘8.8
19.1
19.4
19,7
20.0
20 .“
207
21.0
Zl .“
2147
22.0
224

«28

8e0
8.2
8eS
Be7
8¢9
9.2
9.5
9.7
10.0
10.3
106
10.8
1lel
llet
117
12.0
12.2
12.5
12.8
13.1
134
13.7
140

lbe.s"

14.6
14e-
15.2
155
15.8
161
164
167
17.0
17.6
177
18.0
18.3
18.6
19.3
19.6
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20,3
20.6
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213
2le6
219
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2246
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W
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-
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1.2
1le4
11.7
12.0
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12,6
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13.8
14.1
la.4
14,7
15.0

153

15.6
15.9
16.2
166
16.9
17.2
175
17.8
18.2
18.5
18.8
19.1
19.5
19.8
clal
20.5
20.8
2l.1
‘l.s
2l.8
22.2
2245
22.8

032

Be0

8.2

8.8

9.0

9.3

9.6

.9
10.1
0.4
107
109
1)e2
115
11.8
121
12.4
12,6
12.9
13.2
13.5
13.9
14.2
145
14.8
15.1
1544
157
16.0
163
167
17.0
17.3
17.06
18.0
133
18.6
18.9
193
19.6
20,3
20.6
2l.0
2le3
2le7
220
2243
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2340
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202
2e00
2.06
ZervB
2e.10
2.12
Zela
2el0
leu
2020
2.22
224
Z-Zb
2.28
2430
Ce32
2e34
24306
2e38
2otV
2eud
-
-9 )
28
2650
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«02

1267
12.9
13.0
13.2
13.4
lJ.b
13.7
13.9
leugl
14¢3
14.5
1407
laes
lb.o
1542
154
195.6
15.8
1n.0
16.1
1643
lb.s
1647
169
17.1

{continued)

« 04

1S.1
15.3
15.5
157
15.9
16."
16e4
lb.b
168
17.0
1/7.2
17.4
17.7
179
18.1
183
13.6
18«8
19.0
19.2
13.5
197
19.9
20.1
2044

«06

1641

16,9
17.1
17.%
17.6
17,8
18.1
18,3
18,6
18,8
19,0
15.3
19.5
19.8
20 ’0
20,3
2U.5
20,17
21.0
21,2
21.5
2l.7
22,0
22.3
22.5

-08

17.8
18.1
1d.3
13.6
18.8
19.1
19.4
19.6
19.9
20.1
204
2V.6
209
2le.2
2le4%
2le7
22.0
222
225
22.8
23.0
23e3
23.6
23.8
24el

.lu

18.8
1900
19,3
19.6
19.8
20.1
20 .4
2046
20.v
Zle.2
2l
21.7
2240
223
2246
22.9
23.1
2.4
23.7
2440
4o
2446
2“.8
25.1
25.“

.la

195
19.8
20.1
U4
20.7
20.9
2le2
215
2l.8
22e1
224
e2e?
2249
23.2
235
23.8
24.1
2%
2467
25.0
293
2546
25.9
2642
205

ola

20.2
20,5
20,8
2l.1
21,4
21 .6
2109
22.2
2245
22.8
23.1
23,4
23.7
c4ab
24,3
2446
25.0
25.3
25.6
25.9
c6.2
26,5
26.8
27'1
27 o4

«l0

0.8
21,1
21,4
el
22.0
2243
22,6
22.9Y
23,2
23,5
23.8
2a,l
26,4
2,7
25,0
5.4
25,7
2o,0
20,3
26,6
26,9
27.3
27.6
27.9
28,2

h—hy

«l8

2)e2
2leb
21.9
222
225
228

2361

2344
2347
Cuel
C4el
2ae?
250
25¢3
297
2600
2003
2646
2/.0
2/e3
2146
28.0
283
2806
2940

«20

2le7
22.0
2243
22.6
22.9
23.3
23.6
23.9
24.2
24.6
24.9
¢S.2
es.s
e5.9
26.2
2645
26.9
27.2
27.5
27.9
28.2
28.6
2849
29.2
29.5

«22

2201
2244
2247
23.0
2.4
23.7
2443
24.7
2540
253
2547
2bel
26e¢3
20.7
27.0
21.7
20e1
284
28/
291
294
29.8
30.1

Y-

2244
22.7
23.0
23.4
23,7
24,0
24,4
2047
25.1
25.%
25.7
2641
264
26,8
2701
27.5
27.8
28.2
28.5
28.9
2942
29'6
29.9
30.3
30.7

«26

22.7
23.0
23.4
23.7
24,0
26 .4
2447
25a1
2544
25.8
26,1
Zb.s
268
272
27.5
2749
28,2
2826
2849
29.3
297
30.0
304
3047
3le.l

«28

2249
23.3
23.6
2440
2463
24,7
25.0
254
2547
2661
264
268
27.1
275
27.9
28.2
28¢6
2te9
293
297
30.0
304
30.8
3l.2
31.5

.30

23.2
23.5
23,9
24.2
2446
2449
€543
25.6
26.0
‘6.“
2667
27.1
274
27.8
28.2
28.5
.‘8.9
29.3
29.6
30.0
30.4
30.8
3l.]
31.5
31.9

032
23.4
23.7
244l
2445
24.8
25.2
2545
2949
263
266
27.0
273
217
28.1
285
28.8
29.2
2946
30,0
3063
30.7
3l.1
315
31.9
32.2

« 3

23.06

23,9
24,3
24,7
25.0
25.4
25.7
Zb.l
26,5
26.8
et.2
27.6
28.0
28.3
28,7
29.1
29.5
29.9
30.2
30.6
3l.0
3l.4
31.8
32.2
32.5

36

23,7
24,1
24,5
24.8
25,2
25,6
25,9
2643
2647
27.1
274
.‘7.8
28.2
28.6
28.9
€9.3
29.7
30.1
30.5
30.9
31.3
31.7
32.0
32.4
32.8

o338

23.9

24,2 -

24,6
25.0
25.4
25,7
26.1
26,5
26,9
e7.2
27.6
28.0
28e%
280&
2%.1
29.5
29.9
303
30.7
3l.1
31.5
31.9
32.3
32.7
33.1

o4l

240
254
24,7
25.1

- 2545

25.9
26.3
26.6
27.0
27.4
27.8
28.2
2846
28.9
29.3
29.7
30.1
30.5
30.9
31.3
3i.7
32.1
32.5
32.9
33.3

99



Table 10 (continued)

o - hymhy |

LA AR AR LA S A2 A2 A a IR Lt AR LYY Y LT TIY T Y IT A AR R IR SRR R gogrgryogrgrgrgrgy

h

-2

e a2 bty - 48 «20 'Y-Y-4 «54 506 «53 «60. b2 -1 «606

s .
levse ¢ de2 Bel B8,c de2 842 el 8.2 8,2 del 8.2 Bel 8.2 842
l.00 # Be5 8.5 8.5 deS e BeYS B.5 4.5 8e5 84S 8e5 8.5 8.5
levn ¢ 8.8 el | 8,8 de8 Bed Se8 d.8 a.ﬁ . Oel 8e8 ﬂ.d Beb 848
lelU # J¢0 9.0 9.0 940 Gab Y0 9.0 2,0 Ye0 9.0 Jel0 Ye0 A9.0
lel2 & * 9.3 Y3 Y3 Y3 Q.3 9.3 9,3 9.3 Yed 9.3 Fed Y3 9.3
lelo < Yeb 9.6 9.6 Yeb Jeb Jeb 9.6 Y Yeb 9.6 Y0 9.6 9.0
lelo # Ye9 9.9 9,9 Ye9 9.9 Y9 99 9,9 Ye9 9.9 9.9 GeY 9.9
lel & 10el 10el 101 1061 1061 100l 104} 104} 10el 106l 10el 10el . 10.1
le20 ® 10.4 104 10,6 10.4 100 104 10.« lUug.s 1yes 10.4 l0e% . 10e% 10e4%
le22 ® 107 10e7 10.7 10e7 10e7 10e7 1047 10,7 due? 10e7 10e7 107 10.7
lezae # 1120 110 1140 11«0 11e0 11e0 11eU0 11,0 110 110 110 110 1140
le26 # 11e¢3 113 1143 11e3 11e3 11e3 113 113 1lie3 11¢3 1le3 11e3 1le3
le28 # 1146 11e6 11,6 11e6 11e6 11e6 1146 11,6 11e6 11e6 1166 1le® 1leb
1630 @ 119 1129 119 119 119 11e9 1129 11.9 11e9 11e9 119 11.9 11.9
1632 ® 12e2 122 1242 122 12e¢ 1262 1242 12.2 122 1262 1202 122 1242
1e36 & 12.5 1265 125 125 1265 125 12.5 1¢.5 125 12¢5 1265 125 125
le36 & 12.8 1248 12.8 17e8 128 12e8 12.8 128 1ceB 1248 1248 12.8 12.8
leds # 13.1 13¢1 13,1 136l 13.1 13a)1 13.1 3.1 13el 13¢1l 13el 13el  13ed .
lag0 & 134 1344 13,4 13¢6 13.6 13e4 13.4 13,46 13e4 13,4 13¢4 13.4 13.4
lea2 & 1348 13.8 13.8 138 13¢8 13e8 13.8 13.8 13e8 13.8 13.8 13.8 13.8
lets & la.l 14,1 14,1 141 14,1l leel 14,1 14,1 lasl 14l luel 1l4el 14eld
le6 # l4.4 l4a.4 14,4 l4.4 la s leat la.4 la .4 leet 14.4 144 l4.4 l“.“,
1e48 2 16,7 14e7 14,7 1407 14o7 1ae? 14,7 16,7 1lae? 14e7 1447 14,7 1447
1.50 #1541 151 1501 151 15.1 151 15.1 15,1 15e1 151 151 15.1 1S.1
1e52 15.4 15.4 15,4 154 154 154 19.4 15,4 129 154 154 ISQQ 154
leS4 @ 157 1Se7 15.7 157 15¢7 15¢7 1547 15,7 157 1547 19¢7 15¢7 157
156 & - 1661 161 1621 1661 1601 16e1 1641 16,1 166l 16.1 16e]l 16e1 1beld
l.58 @ loed 16e¢4 16,4 1644 16.4 16a9 16.9 1o, loes 164 loek lbet 16e4
le60 @ 1608 16.8 16.6 16.8 16.8 168 l6.ﬂ 10,8 loed l6.8 lo.ts 16.8 16.8
leb2 & 17.0 17e1 171 17e1 17¢] 1761 17a1 17,1 17ed 17l 171 17e1 17.1
lets & 14,3 175 17,5 17e5 1745 175 175 17.5 17e5 17e5 175 17.5 175
1e66 & 17.6 17ab 17,8 178 178 17e8 17.8 17,8 17.8 178 17.8 17.8 17.8
leos & 1840 18.2 18,2 1842 1842 18e2 18.2 18,2 1582 18.2 18.2 18.2 18,2
le70 & 1803 1846 18.5 18.5 18e5 1665 18,5 18,5 18e¢S 18,5 18.5 185 185
le72 & 187 1Be7 18,9 15¢9 18.9 (8e® 18.9 18,9 18eY 18.9 18.9 18.9Y 18e9
le74 & 19.0 191 19.3 19¢3 19.3 193 193 19,3 19e3 19e3 193 19¢3 193
le76 @ 19.4 19.6 19.6 1946 19,6 196 19.6 19,6 190 19.6 19«0 19,6 196
1.78 # 19,7 iYeb 19,8 2040 20.0 2040 20,0 20,0 20e0 2040 200 20.0 2000
len0 & 20el 20el 202 20e6 0% &0e4 2004 20,4 2004 2064 2066 204 204
led2 & 2046 20e5 20.5 2067 20.7 20e7 20,7 20,7 CU0e?7 20e7 20e7 207 20.7
leB% # 2048 20.9 20.9 2lel 21el 2lel 2iel 2l.] 2lel 2lel 2lel 2lel 21e1
letib @ 2142 2162 2143 21e3 2le5 2165 2145 €lo5 215 2le5 21e5 2165 2165
188 ¢ 21e5 216 21¢6 21e7 2le¥ 219  2ie9 21e9 2109 2leY 21¢Y 21e9 219
190 @ 2149 2240 22.0 2201 22¢3 22e3 22¢3 22.3 2Ce3 22¢3 223 22¢3 22.3
1.92 @ 2243 223 22.9 224 227 22¢7 22e1 2.1 2¢el 22¢7 22071 227 227
levs @ 2246 2247 22.8 22.8 22.8 23el 2301 ¢3.1 231 23.1 23.1 23.1 23.1
lavb & 23,0 2361 231 23e2 2362 €385 2349 3.5 235 23.5 23«5 23.5 23.5
labd @ 23.4 234 »eJ.b 23.6 3.0 23.48 23.8 EJ.U 2348 23.8 23.8 23.8 23.8
2400 ® 23.7 23.8 23.9 2440 24,0 L XY 24,2 cw, 2 24ec 24,2 2442 2442 24.2
2.02 ® 24.1 242 24,3 2443 Ch et 24 e 24,0 24,0 240 2440 2440 24406 2446

29



»C-L‘.
2406
2610
2.12
Celw
2el0

anld
2e20U
2.22
224
Q.Zd

Ze 3V
2e32
2e3%
£.3b
2e30
2ol
2enl
Celtd
2eud
2etsB
2.5V

Table 10

T EELEEE A EE I IS A B BN

ul

C4eS
24.9
2542
2940
2040
db.u
2be
27.2
2745
2le9
28.3
e". 7
29.1
295
29.9
30.3
30.7
3.1
31.5
31.9
3243
32e7
"~ 33.1
33.5

(continued)

el

T 2446

2540
2543
25.7

265
2649
273
277
2401
235
238
29e¢
29.6
300
30.4
30.9
31.3
31 .7
2.1
325

32.9

33.3
33.7

2601

sub

26,7

25,0
25.4
25.8

26.2

26.6
27,0
27.4
27,48
28,2
26,0
29,4
29.“
29.4
3.2
30.6
31.0
3l.%
31.8
32.2
32,6
33.1
33.5
33.Y9

PrY:!

2447
251
2945
2549
263
26.7
27.1
27.5
27.9
26.3
25.7
291
2945
29.9
30.3
30.7
31.1
31.5
31.9
32.4
32.8
33.2
3346
34.0

«5u

24 4b
é5.2
25.06
26.0
26,3
e6.17
27.1
275
27.9
2B 44
8.8
29.2
Z29.06
30.0
30es
30.48
3l.2
3l.0
32.1
32.5
32.9
33.3
33.7

34.2 .

92

2ue8
252
2546
260
PL-TL.
260
272
27.6
2.0
2d8e8
292
297
30.1
30.5
30.9
313
31.7
32.2
32.6
33.0
33.4
33.9
3403

5S4

29,1

25.5

25.6
26,0
26.4
26,8
27.3
27.7
28.1
e8.5
28.9
293
297
30.1
30.6
31.0
3le.4
3l.8
32.3
2.7
33.1
33,5
34,0
34,4

LN

25.1

25,5

25.9

26,3

26,7
27,1
27,3
el.?
26,1
28.5
28,9
294

29,8

30.2

‘3,6

31,0
31,5
31.9
32,3
32.8
33,2
33.6
34,1
34,5

hy—hy,

aqoaoonoéonuoaaoq90066¢¢¢¢¢¢uooﬂnQ-iﬁudéno#ﬁ#poicﬂoooo#nodaooq

<

"a58

251
2545
2549
203
207
27.1

275

28.0
284
CUeb
2940
294

290

30.2
3.7
31.1
3145
3260
32.8
33.3
3447
3401
346

«60

e5.1
25.5

25.9.

2643
2647
27.1
27.5
28.0
28".
28.8
29.2
29.7
30.1
30.5
30.7
3l.1
3i.6

‘320

3244
32.9
33.3
33.8
34.2
34,6

".62 -

25.1
255
299
263
20647
27.1
275
28.0
28.4
28.8
29.2
297
30.1
3045

31.0'

3l.4
31.9
2.3
3245
32.9
334
33.8
34.2
KLY §

-6“-

251

2545
25.9
2603
26.7
27.1
27.5
28.0
28.4
28.8
29.2
29.7
30.1
30.5
31.0
3l.4
31.9
32.3
32.8
33.¢
33.7
34.1
34.3

HERROTRETRNORRI DY

.66

291

295

259
2643

2607

27.1
275
28.0
284
2848
29.2
29.7
30.1
3065
31.0
3le4
32.3
32.8
33.2
33.7
34l
3446

35.1

‘89



Table 4 Submerged flow catibration for 12in x 9 ft
Cutthroat flume, (Q, cfs)
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34 3t 4,0 4.2 Gl ‘ot L& “.5 Y% “.5 “4e5 “‘5 4o5 4.5 4e5 4e5 “.5 445 4545 '“;s-
35 d.9 441 943 [ 445 440 “,6 4eb Q.17 Yy § Q47 o7 bo? Ge7 be7 L | L 47 47
3.6 4ol 4,2 bels G445 LYY -] ‘0.7 "'7 448 4.8 4.8 4.8 4,8 4.8 4e8 4e8 4.8 4.8 4,8 4.8
3.7 Gel .3 4e5 446 o1 LY. “,8 4o 49 Y% 449 4e9 4e¢9 49 “e9 4e9 49 b9 “e9
JeM 42 4,4 Gob Go G4e8 . 4.9 4.9 S0 Se0 Se0 S.0 Se.0 Se¢0 Se0 Se0 Se¢0 S0 S.0 5.0
3.9 “e3 4.5 Lo 48 49 9.0 S.1 Sel Se.l Se2 52 Sel Sel Sel Sel Sel Sel Sel Sel
3.9 Lol G4e.t “4e8 Se0 Sel Sel 5.2 Ded Se3 Sed 5.3 93 Se3 Se3 Se¢3 5«3 Se3 Se3 Se3
4e0 445 4,8 4¢9 S.l Se2 S.2 5.3 Se3 Sels Se& S.4 Seo Se& Seb Sele St 5.4 S.t Se&
4.l 4.6 4.9 Se0 S.¢ Se3 Se& S.4 2e5 SeS S5 Seb Se5 55 Se5 Se5 S5 S5 S.5 5.5
4e2 4o 5.0 Sel Se3 Set 5.5 5.5 Se6 Seb Se7 Sel Se7 Se7 Se.7 Se7 Sel? Se7 5.7 el
“4e¢3 4.8 S.l 93 Ses Se5 Se6 S5e7 Se? 5.8 Se8 Se8 5.8 S8 Se8 S8 Se.8 Se8 S.8 Se8
Geb 4.9 5.2 Sets SeS 5.6 5.7 5,8 Deld 5.9 Se9 SeY 5.9 Se9 Se9 Se9 $.9 S.9 5.9 9.9
4.5 5.0 5.3 545 S.0 el 5.8 S.9 0e0 6.0 0e0 6el bel Gel 6.0 6.0 6.0 6.0 6.0 6.0
4e5 Sel S.4 Se6 Se7 69 6.0 0,0 bel 6.1 0e2 6e2 62 62 6.2 6.2 6ol 6.2 6.2 6.2
4eb Se2 5.5 Se? S.9 6e0 6.1 0,2 6e2 6.3 663 bed 6e3 6e3 6.3 6e3d 6e3 6e3 6.3 6.3
4.7 5.3 5.6 5.8 0.0 6.1 6.2 0,3 0e3 (-1 Ceo 6.4 0e5 6.5 6.5 645 6.5 645 6.5 6.5
“e Sels 9,7 5.9 6.1 6.2 643 6,4 6e5 6,5 6,0 6,6 6.6 646 6.6 646 6.0 6.6 6.6 6.6
4e9 Se5 5.6 6.0 6ol 663 6o b.S 0«6 6.6 °.7 6.7 6.7 6e7 6.8 6e7 607 607 6.1 o7
Hel Seb 5.9 62 6e3 0e5 0.6 0.7 oe? Ge8 b8 0.9 Ge9 6e9 6.9 6e9 6.9 69 69 6.9
3.l Se? 6.0 6e3 64 6.6 0.7 0,8 0eY 6.9 70 7.0 7.0 7.0 7.0 7.0 7.0 7.0 TV 79
Hed Sed 6.1 Dol 6.6 b7 6.8 6,9 {0 7.0 7.1 7.1 el Te2 7.2 7e1 7.1 7.1 Tel 7.1
Se3 5.9 6,2 0e5 GCe7 (- TX-] 7.0 1.0 7.1 Te2 1.2 T3 Te3 7e3 73 7e3 Te3 73 763 73
Se bel [« P b6 [-¥% -] 7.0 7.1 7.2 Te2 7.3 et 7.“ Te& Tel 75 75 Te& Tl Tek Tl
S5 6el 6.5 6.7 6e9 7.1 7.2 7.3 1o Te4 15 75 Tebd 76 Teb 746 7.6 7.6 7.6 7.6
Je& 6e2 6.6 6.8 7.0 7.2 7.3 Tt 75 76 746 Te7 1.7 Te7 Te? 7.7 7.7 7.7 Te7 Te7
Seb 6.3 6.7 7.0 7.2 Ted 1.5 7.6 7.6 1.7 7.8 7.8 7.8 7.9 79 79 7.9 7.9 7.9 7.9
Se7 Gels 6.8 7.1 Ted 7.5 7.6 1.7 {eb 7.9 7.9 8.0 8e0 8.0 8.0 3.0 b0 8.0 . 8.0 8.0
S8 6.5 6,9 7.2 Te4 7.6 7.7 7,8 Tev 8.0 Be0 8.1 8el Be2 8.2 8.2 8.2 8.2 8.2 8e2
59 6o 1.0 7.3 Te5 le7 7.9 8,0 del Bel 8.2 8.2 8.3 8.3 8.3 8.3 #:3 8.3 8.3 8.3
6.0 67 7.1 Tes Te7 Teo 8.0 d.1 8e2 8.3 Be3 3.4 Sab Be& Be5 BeY 8.5 8.5 8.5 8.5
Sel Gets 7.3 7.6 T8 8.0 d.1 d.,2 Ge3 8.4 BeS 8.5 da.06 de0 8e6 8.6 8.6 8.6 8.0 8e6
Hel 69 7.4 77 79 8e1 8.2 de& Be5 845 8e06 8e7 8e7 Be7 8.8 de8 He8 8.8 8.8 8.8
0.3 Teb 7.5 7.8 Be0 de2 - 8.9 Seb. Be7 Bel Be.b 8.9 Be9 849 8e9 B9 8.9 8.9 8¢9
6ol 7e2 7.6 Te9 Bel Se4 e d,.,0 sel 8.8 B9 9.0 9.0 Je0 Yel 961 Yol Yol 9.1 Jel
be5 7.3 7.7 8.0 8e3 Bed 8.6 8,8 89 9.0 Jel Ye1 Ye1 9e2 9.2 J.2 Ye2 9.3 9.2 Ye2
646 Teb 7.8 82 Bet Be6 [-¥% ) - Y0 9.1 Ye2 9.2 Y3 Je3 94 el Q.0 Q9.4 9.4 L FY )
bel 75 B.U 3.3 Be0 BeB 8.9 9,1 9.2 9.3 Ye3d et ) 95 9.5 95 9.6 9.6 9.5 9.5
b8 76 B.1 Bel 8e7 Be9 Yol 9.2 Ye3 9.4 95 95 946 Ye6 9.7 9.7 Y7 9.7 9.7 97
6,9 Te7 8,2 8.5 848 9.0 9.2 Y3 Yol 9.5 Yeb 9.7 9.7 9.8 Ye8 Y8 9.9 9.9 9.9 9.8
7.0 7.8 8,3 8,7 BeY Ye2 9,3 9,5 Yeb Q.7 Jel8 9.8 9.9 9.9 10,0 10.0 10.,v 10,0 10.0 10,0
7.1 Te9 8,4 8.8 Yl 9.3 9.5 9,6 Yo7 9.8 99 10,0 10,0 10.1 10,1 10.2 10.2 10.2 10.2 10,2
7.2 8.0 8,6 Ye9 9.2 Yol 9.0 v, 7 Yo 10,0 10ek 10,1 10,2 10e2 10,3 10.3 10,3 10,4 10,4 10,3
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Table |1 (continued)

ho a b
oqocenobcnnnobiﬂennoﬁoﬁnobiﬂéﬂilodnioonnuuolﬂo.l¢9oniuolcoil¢¢¢¢90ooinnﬂooolliiéolllﬁcio9¢Qool&l..l.....t..c.i.ﬁ.l...l..

L

«02 otlb « b «0b «lu ole al4 ¢]l0 «18 «20. 22 29 «26 28 «30 32 36 36 «38 P ]

L]

9.3 Jeb Yo7 9e9  1Ue0 1001 102 103 10.3 10e% 10e6 105 10.5 10.5 10.5 10.S

eyl # 7.3 He2 8,7 Yel

Celln @ 7ol Be 3 b.b Ye2 Yeb Vel 9.9 10,0 10e2 10.3 10.4 10.% 10.5 105 10,6 106 10,7 10,7 10,7 10,7
2eyb @ 7.5 det& 0,9 9.3 9.6 9e0 100 10,2 10e3 10e4 105 1046 10,7 107 107 10¢8 10.8 10.6 10.8 10.9
ceiil @ 1.6 ReS 9,0 Ye0 Pel 1040 10.2 10,3 1lued 10,6 10.7 10,7 i0e8 10.9 10.9 10.9 11,0 11.0 11.0 11.0
2elu ® 7.7 3.0 9,2 Y46 Je¥ 101 10,3 10,5 1lueb 10,7 10.8 10,9 11.0 11.0 11,1 11.1 11.1 11.2 11,2 11,2
2el2 ® fe8 Bel 9.3 Ye7 10,0 10.2 10,4 10,6 10e7 10.9 11.0 110 11.1 11e2 1142 113 11.3 13,3 11.3 11.3
Colt ® 7.9 8.t Y4 Yot 10e1 10e6 10.6 108 109 11,0 11e) 1led 11.3 11.3 11.49 11le4 11.5 11.5 11.5 11.5
2elb © $e Yeu 9.5 106U 10e3 105 1047 10,9 11e0 11e2 11.3 11.4 1144 11e5 115 14e6 11,6 11,6 11,7 11,7
Cell = Hel Je1 9.7 10e1 10e4 107 10,9 11.0 112 11.3 1.4 11,5 1146 1146 11.7 11.7 11.8 11.8 11.8 11.8
Zelu # de2 Yec Yol 10e2 105 108 11,0 1.2 11e3 11e5 11e¢0 11e7 11e7 1le8 11.9 119 119 12,0 12.0 12.0
2,22 ¢ Hed Ye3 Je¥ 10e3 107 109 11,2 11,3 11e5 11.6 11e7 ll.8 11.9 120 12,0 12.1 12.1 1l2. 12,2 12.2
2e24 @ Hel e 10,0 10.5 10.8 1l.l 11,3 11,5 11.0 11.8 11e9 12,0 1241 12e1 12,2 12.2 12,3 12,3 12,3 12,3
2.26 ¢ He® Fe6 10,2 1046 11a0 11e2 1146 11,6 1:.8 11.9 1240 12,1 1242 1243 12.6 12¢4 12.4 12.5 12.5 12.5
2elH # HebH 947 10,3 107 1141 114 11.6 118 119 12e1] 1ce2 123 124 125 125 1246 12.6 1206 127 12.7
2e3U ¢ de8 Jefs 1044 10eY 11e2 11e5 1l.7 11e9 lcel 1262 1244 125 1izeS5 12eb 12e7 127 1.8 12.8 12.8 12.9
2632 ¢ Het 9e¥ 10,6 110 11e4 11e7 11.9 12,1 12e2 12.4 12¢5 12.6 i2e7 128 12,8 12. 129 13.0 13.0 13.0
2e36 © Fel 106U 10.7 11al 11e5 1le8 12,0 12.2 1ces 1205 12e7 12.8 129 129 1340 131 13.1 13.1 13.2 13.2
2036 @ Yel 10el 10.5 11e3 11e6 11e9 1242 12,4 1246 1267 1ce8 1249 13.0 13el 132 13.2 13.3 13.3 13.4 13.s
el @ Ya2 103 10,9 11e4 llets 121 12.3 12,5 12e7 1249 1340 1341 13,2 13.3 13e3 1364 13,4 13.5 13.5 143.6
Cotels ® Va3 1Ue4 11.l 11a6 11e9 122 12.5 12.7 1249 13.0 13e1 13¢3 13.4 13e4 13,5 13.6 13.6 13,7 13.7 13,7
2eal @ Yoo 105 112 1le7 121 1244 12,6 12,8 1320 13,2 13.3 13,4 13.5 13.6 137 1307 13.8 13.8 13.9 13.9
Celtts @ 9e5 106 113 11e8 12,2 125 128 13.0 13.2 13.3 13¢5 1346 13.7 13.8 13,8 13.9 le.0 12,0 14,0 14a,]
et © Y6 108 11.5 12.0 124 12.7 12.9 13.1 lJOJ 13.5 13,0 13,7 13.8 13.9 14,0 loel l“.l la.2 14.2 14.3
ety @ Yo7 10.9 11,6 12.1 12.5 12.8 13,1 13,3 135 13,6 13.8 13.9 14.0 1la.l J4e2 1602 Ja,3d 14,4 14,6 jb.4
2eny ® JeH 1l 11,7 12.2 125 13.0 13,2 13,5 ls.0 13.8 14,0 1la,1l 14,2 19.3 14,4 la.4 16,5 la,8 14,6 14,6
2eb2 ¥ 9.9 1lel 11,9 12,4 12.8 13.1 13,4 13,6 138 14,0 14,1 14,2 14,3 1.4 1445 1l4e6 14,7 16,7 14,7 4.8
2eb% ¢ 1041 11e2 12,0 12,5 12.9 13.3 13,5 13,8 1440 14,1 14,3 19,6 14,5 14,6 14,7 14.8 le.,8 14,9 14.9 15,0
2450 ¢ 102 1le4 121 127 1341 13.4 1307 13,9 lael 14e3 14¢4 19,6 16,7 148 14.9 1449 1540 15.1 15.1 1%.1
2458 ¢ 103 11e5 12.3 12.8 13.2 13.6 13.8 14,1 14e3 14.5 14.6 14,7 14.9 15¢0 150 15¢1 152 152 15.3 153
26U & 104 1166 12.4 12.9 13,4 137 14,0 14,2 laes 14,6 148 4.9 i5.0 15¢1 1542 15e3 15.4 1544 15.5 155
2e2 © lueS 11e7 12.5 13.1 13.5 13e9 la,] la,4 lasb 14,8 le.9 15.1 15.2 153 1S.4 155 15.5 1S.06 1546 15.7
Cebu © 1046 11.9 12.7 13.2 13.7 l4e0 la.3 14,5 laoon 14,9 151 15.2 19«4 155 15.6 15.6 15.7 15.8 15.8 15.9
Cebb ® 10.7 1240 1lz.8 134 13.8 les2 14.5 1‘0.7 loe9 15.1 19.3 15.4 1595 15.06 1547 158 159 15,9 16.0 16.0
CetB ¢ 10e8 12e)] 1249 13.5 13.9 lwe3 las6 14,9 15.1 1543 154 15,6 1547 158 15¢9 160 16e.]1 1l6el 16.2 16.2
2e70 = 1049 12.3 13.1 13.6 leecl leed 14,8 15,0 l1loe¢ 15.4 156 157 15e9 16.0 16el 16e2 1642 16.3 16.4 16.4
2el¢ * 1lel 12.4 13,2 13.8 l4e2 196 14,9 15,2 19,49 15,6 15.8 15.9 16.0 1642 1643 1643 16.4 16,5 16.5 16.6
Cola 3 1142 12.5 13.3 13.9 lasa 148 5.1 15,3 1.6 15.8 159 1ol 16.2 1643 16,4 16.5 16,6 16,7 16,7 1648
2.76 *  11e3 1246 13,5 14el 16e5 LJaev 15.2 15,5 15¢7 15.9 16.l 16,3 16.4 16.5 166 1647 16,8 16,8 16,9 17.0
2ol & 1let 12.58 13,6 14.2 1la.7 15¢1 15,4 13,7 15.9 16,1 10.3 16.6 166 16e7 16e8 1669 17,0 17.0 17.1 17.1
2e8U * 1145 1249 13,7 16,6 luob 152 15.6 15.8 1oel 16e3 1oe4 16.0 16a7 16e% 1790 17¢1 1741 17e2 17.3 17.3
2e52 #  11e6 13,0 13,9 14.5 15.0 154 15,7 16,0 16.2 1646 1beb 16.8 16.9 1740 1741 1742 17¢3 1746 17.5 17.5
2e0% @ dle7 1342 14,0 197 15.1 15e5 15.9 10,2 10e% 1646 1648 16,9 17el 172 173 174 17.5 17,6 17.6 17.7
€a836 # 11,9 13e3 14.2 14¢8 1543 15.7 16,0 10,3 10¢60 16e8 170 1741 173 174 175 176 1747 17.8 17.8 17.9
2488 ® 12.0 13.6 14,3 14,9 15.4 159 10,2 16,5 16e¢7 16.9 17.1 17.3 17.4 1746 17.7 17.8 17.9 18.0 18.0 18.1
ey © 12.1 13.5 l"‘.“ 19.1 15.6 loe0 10.‘0 10,6 loeYy 1’.1 173 17.5 17.6 1708 179 1840 lﬁ.l 18.1 i8.2 18.3
2eie © 2.2 13.7 14,6 15.2 15. 7 1642 lo.5 ID.U l1ral 17.3 17.5 17.0 17.8 17.9 1840 14.2 1.2 18.3 18.4 18.5
2e96 & 12,3 13.8 14,7 15.46 15.v 103 1647 17,0 1/e2 175 170 17.8 1840 18el 182 18e2 18.4 1B¢5 18.6 18.6
2e9b ¢ 12,4 13.9 14,9 15¢5 16el 165 lo.8 17,1 17e4 17:6 17.8 18.0 1862 18e¢3 18e4 18.5 15B.6 1B,.7 18.8 14,8
2e3B ® 12,6 le.dl 15,0 15.7 l6.2 106 17,0 17,3 17.6 17.8 18.0 18.¢ 18.3 1845 16846 1847 18.8 18,9 19.0 19.0
3.00 ® 12.7 14,2 15,1 1%.4 16,6 1.8 17,2 17,5 1/.7 18.0 18.2 18.4 18,5 18.7 18,8 18.9 19,0 19,1 19,2 19.2
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10.6
1058
i1l.0
11.1
1.3
115
11.7
11.9
12.0
12.2
12.4
2.5
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13.0
13.2
1344
13.6
13,7
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la.}
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1445
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1S.4
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lo.l
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lo.b
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ll-b
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1240
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13.¢
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14.6
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10,06
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19.5

«28

lued
108
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125
1c.1
12.8
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laed
150
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loe9
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13.2
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15.7
15.9
16.1
16,3
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1647
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17.2
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17.6
17.8
18.0
18.2
l8.4
16.6
18.8
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19.2
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Table 12 Submerged flow calibration for 24in X S ft

Cutthroat flume, (Q, cfs)
ha hd-hb )
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el = U '] )] 0 ol o0 o0 ) o0 o0 «0 ol ol o0 «0 o0 0 o0 «0 +0
V& ® «0 o0 oV o0 ol 0 o0 o0 0 «0 «0 o0 0 o0 «0 <0 «0 .0 . 0 «0
b @ el el ol el ol el ol el ol ol ol ol ol ol ol ol el ol el ol
ottd ¥ el ol ol ol el el ol ol ol el ol ol ol ol el el ol ol el ol
olu A .2 .2 .2 02 el 2 ol .d oe .Z -2 .e .2 .2 52 .2 .2 . .2 .z - .2
wi2 @ 3 3 3 ) o3 3 3 od «3 3 o3 3 3 3 3 3 3 3 «3d T <3
ol © «3 «3 -3 «3 3 o3 o3 «3 ) 3 3 3 3 «3 «3 3 3 .3 «3 P ]
ol6 ® ol & ole ol 9 o4 o ot ol ol of ol ol ol ol ol o o ol b
oltt © 5 5 S 5 ] D s -} 5 5 5 5 s} 5 «5 S S -] S «5
20 # Y- 6 -] b -} 6 o6 ) 6 -} b -} Y- .6 o6 o6 b Y- b «6
o228 @ 6 o7 o7 7 of o o7 o7 «? o7 o7 o7 ol o7 o7 o7 Y o7 S §
eclh © o oltd .8 8 ol3 Y} 8 .- 3-) Y- X} -8 8 8 8 -8 o8 8 8 «8
ot © Y- «9 i 9 %4 9 -9 v 9 ] 9 9 9 9 9 9 «? «9 Y 5]
ech © 9 leu 1.0 1.0 leu 1.0 l.0 1,0 1.0 1.0 1e0 1.0 1.0 1.0 le0 le0 1.0 1.0 1.0 1.0
e3C ¢ 1.0 le} 1.1 1.1 l.1 1.1 1.1 1.1 lel lel 1e1 l.1 l.1 lel 1.1 lel lel lel lel le1
032 ¢ l.1 l.2 1.2 1.2 le2 l.2 1.2 1.2 12 1.2 1.2 1.2 l.2 1e2 le2 1.2 1.2 1.2 1.2 1.2
s34 ¢ 1.2 1.3 1.3 13 les 1.3 L} 1.3 13 le3 13 1.3 le3 le3 le3 1.3 1.3 1.3 1e3 le3
e3b @ 1.3 le4 ) let le4 lew j P J le& le& let le% le4 let le | P let% let le% leta
e38 @ le4 1.5 1.6 l.6 le0 l.6 l.06 1.0 le6 1.6 leb 1.0 le0 leb 1.6 146 1.6 1.6 leb l.6
eel) ® led le6 1.7 1.7 1.7 1.7 le7 1.7 17 le7 le? 1e7 te7 le7 le7 1a7 1e7 le7 le7 le7
seg © l.6 leb 1.8 le8 lets l.8 1.8 1.8 18 1.8 1.8 1.8 1.8 le8 1.8 1.8 1.8 1.8 le8 1.8
bl © le7 1.9 2.0 2.0 200 2e0 2.0 2.0 2e0 2.0 2e0 2.0 240 2.0 2.0 240 200 240 2.0 260
eb © lev 2e0 2.1 2ol 2.1 Zlel 2.1 2.1 cel 2e1 Cel Cel 2el 2o 2.1 2el 2ol 2.1 2el 2el
elell © 2.0 2el 2.2 2e3 Ce3 2e3 2.3 2,3 2e3 2¢3 23 2.3 2e3 2e3 23 23 2.3 2.3 23 203
50 ¢ 2ol 263 - 2o 2e4 2e4 el CJ4 el 2o 2ol % 2ols r-e] e Lol Co® ras - Lol
«5¢ ¢ 2.2 Cett 2.5 26 20 2¢6 Ceb6 2,6 2e6 2e6 Ceb 240 26 2eb 26 206 206 2006 246 206
«D4 @ 2e3 25 2.7 27 2e7 cel? 2.7 c.7 27 2.7 2e? 2e1 2e7 2ol 2.7 207 207 2e7 2e7 r
«5b ¢ 2ols 2e? 2e8 29 2eY Ce9 249 2e9 CeY 209 CeY 29 229 2eY r%; 2e9 2e9 29 2e9 CeY
«5H ¢ 2e6 2e8 2.9 3.0 3.0 3.9 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
ol @ 2e7 3.0 3.1 3.2 3.2 3.2 3.2 3,2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
02 ® 28 3.1 3.3 3.3 K Y e 3.4 3.4 el 34 34 3o e Jet 3e4 K K 3.0 3.Q 3.4
ot © 3.0 3.3 3.4 3.5 3.5 3.0 3.> 3.5 3e9 3.5 3.5 KPS 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
66 # 3.1 Je4 3.6 3.7 3.1 3.7 3.7 3,7 3.7 3.7 3.7 3.7 37 3.7 3.7 3e7 3.7 3.7 3.7 3.7
oY 3.2 3eY 3.7 3.8 3.9 3.9 3.9 3.9 39 3.9 3.9 3.9 39 3.9 3.9 3.9 3.9 3.9 3.9 3.9
«70 ® et 3o/ J.g 40 4el Gel P | “.l el “ol “o‘ 4ol 40l 4} “.l “01 “.l 4al b.l LYY |
o7C ® 3.5 3.9 440 4.2 LY 43 4.3 4.3 Ge3 “4e3 43 G443 “e3 “e3 4¢3 43 “ed 4.3 4.3 4.3
o794 ® 3.6 Gel 4.2 “weld Ges Yo w5 E ) baols L L) Yoo bl Qe bek G4 belt Geole “Geb L4 Yol
70 ®© 3.8 He2 G.4 445 4 o0 G o0 a7 “,0 4e0 440 Q.? “.9 4.6 46 He6 Geb 4e06 46 406 L Y-}
o/t © 3.9 G4e3 4.5 o7 448 “eB Q.8 L - ) Geb 448 YY) Lol Ge8 4.8 Hel GeB “.8 48 408 48
B0 Gel 4eb 4,7 4e9 GeY S0 S.0 9,0 Se0 S.0 Se0 5.9 5.0 Se0 Se0 Se0 5.0 S.0 Se0 5.0
82 ® “e2 4ab 4.9 S.0 5.1 5.2 5.7 S.2 Se2 5.2 De2 S.2 5.2 5.2 Se2 Se2 5.2 5.2 5.2 5.2
d4 443 LGB .1 Se.2 S.3 Dol Ses Dk Dels S.4 Sel Se4 Sele 5.4 Se4 Sel Se4 Se4 S0 Sel
86 & 4.5 S.U 5.2 5S¢4 Sz 506 566 Le0 560 5.0 9¢0 5,6 5,6 966 5.6 56 546 S6 5.6 Se6
-1- et Sel 5.4 Re6 S Sets S.8 5.8 S8 S.8 bel8 Se.b Se8 S8 5.8 Se8 S.8 5.8 Se.8 S.8
90 @ 4R Se3 5.0 S.8 S.v 0ol 6.0 6,0 0.0 6.0 0.0 6.0 6.0 60 6.0 6.0 6.0 6.0 6.0 6.0
o492 # 4.9 Ye5 5.8 0.0 oel 6.2 6.2 0.3 0ed 6.2 bel 6.2 6e2 6.2 6e2 6.2 6.2 6.2 6.2 6.2
L Sel Set S.9 6ol 643 Oed D4 0,5 0.5 6.5 0.5 6.5 545 6.5 6e5 65 6.5 6.5 6.5 645
«90 ® bel Sets 6,1 6.3 6.5 6.6 6.0 o, 7 o7 647 0.7 6.7 bel 6o 6.7 6.7 6.7 6.7 6.7 6,7
Uy © S¢4 6o 6.3 0.5 6ol [ XX (-7 -] G.Y OeY 6eY 6e9 0eY 6eY 6.9 6.9 69 69 [ Y}) 6eY 6.9
le0OU *® 5.5 6.1 6.5 ce? Se¥ 7.0 7.1 7.1 Tel 7.1 Te1l 7.1 Tel Tel 7.1 7Tel 7.1 7.1 7.1 7.1
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Table 12 (continued)

ho hﬂ—hb
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o 2 s U Y-} ir-] o1V ol olw °]06 ol8 «20 22 24 20 28 «30 32 o34 36 «38 ]

leve ® el Gest 6.7 Oe? Tel le2 Ted 1.3 {elo Tt T3 7.3 T3 73 Te3 13 73 Te3 Te3 1.3
leute ® Se9 - 7%-} 0.9 /a1 7.3 lets 1.5 1.5 16 76 T« 7e6 7eb 1.6 70 Teb Te0 7.6 7.6 1.6
leub ® 6.0 be? 7.1 7.3 Ted 7.0 7.7 7,8 lTot8 7.8 7.8 7.8 7.8 7.8 7.8 Te8 7.8 7.8 7.8 T+8
leiy © 6.2 OeY 1.3 1.5 11 7.8 1.9 d.O CeV 8.0 del 8.0 Be0 840 8.0 3.0 be0 8.0 8,0 4.0
lel @ 23 Tau 1.4 1a7 TeY 800 8.1 d4.,2 de3d B8e3 de2 8.2 8.2 8.2 8.2 de2 8.2 8.2 8.2 8.2
lell ¢ Hed Y4 7.6 le9 cel Ged d.4 - Ged 8.5 B2 8.5 8.9 HeS 8.5 8e5S 8.5 8.5 8.5 8.5
lela ® b7 Tets 7.8 Hel Be3 8.5 8,6 8,7 se? 8.7 Be8 Bo7 8.7 Bl 8.7 8.7 8,7 8,7 8.7 8.7
lelo » 6.4 Teb 8,0 8,3 R,5 8.7 8,8 4.9 8.9 9.0 9.0 9.0 9.0 9.0 9,0 .0 9.0 9.0 9,0 9.0
leln © 7.0 T8 8.2 de5 Beb YeY Y¢0 J.l Yel 9.2 Yol 9.2 9e2 92 9.2 Yel 9.2 9.2 9.2 9.2
lecdy & 1.2 Hel b.4 B.7 Yel Yel Ye3 Yol Yelo 9.5 945 9.4 Se&s Yao 9.4 Yol Qels 94t 9.4 9.4
le22 ¢ le3 3e1 d.0 9.0 9.2 e 9.5 3.6 Yel 9e7 Ya7 9.7 97 Ye7 9.7 97 97 9.7 9.7 Yo7
le2w # 1.5 Be3 8.8 Ye2 Yot Jeb6 9.7 9.8 Ye9 9.9 1U«0 10.0 Y9 99 9.9 Y9 9.9 9.9 9.9 9.9
l.2b 2 1.7 3.5 Ye0 Yol YeO Ye8 10eU 4Uel 1luel 102 1062 1062 10.2 102 10.2 1042 10.2 102 102 10.2
le28 © {.8 8el Y.2 Ye0 9.8 1060 10e2 10,3 1lUes 10e4 10e5 10.5 105 1045 105 105 105 10e5 105 1065
ledu # B8.U HeY Jott Yedd 10e1l 1Ue3d 104 10,5 10e0 1067 10e7 1047 10e7 1047 10e7 107 10e7 107 107 1047
Le32 ¥ H.2 Jel 9.7 10e0 10.3 105 10,7 10,8 10.9 10.9 110 11,0 110 110 11.0 11.0 11.0 11,0 11.0 11.0
le3e ¢ Bels Y3 9.9 102 10e5 107 10.9 i1.0 lied 11.2 llec 1103 11e3 1le2 1142 11e2 1l1e2 11,2 11.2 1162
l.30 ¢ BeS 3¢5 1lU.]l 1UeS 108 1le0 1lel 11c3 lle4 lleé4 1le5 1led 115 115 115 11e5 11:5 1165 1105 1165
lo38 ¢ 8.7 9.7 10.3 10.7 11.0 11e2 11.6 11,5 lleo 117 1147 11e8 11e8 11e8 11.8 118 11e8 11,6 11.8 11,8
leal + 8.9 949 10,5 10¢9 1le2 11le4 11,6 11,8 11.9 11.9 12.0 12,0 12¢1 1240 12.0 12.0 12.0 12.0 12,0 12.0
lets2 © Jel 10el 1UJ7 1lel 11e4 1le?7 11.9 12,0 el 12.2 1263 123 1203 1243 1243 1243 12.3 12.3 12.3 12.3
levs ¢ ve2 10e3 10.9Y 11e6 1let 119 12¢1 12,3 12e4 12¢5 12e5 1246 1246 1206 126 1206 12.6 1240 12.6 12.6
ledo & 96 16e5 1lel 11e6 11e9 12e2 12.4 12.5 12e6 12.7 12.8 128 12¢9 129 12.8 128 12.8 12.8 12.8 12.8
ledu8 ¢ Jeh 10e7 1le& 11e8 121 lcew 12.6 12,8 129 13.0 13l 13¢1 13¢] 13e2 131l 13«1 13.1 131 13.1 13.l
iedU ¢ Jet 1069 11.6 12:0 12.4 iced 1249 13,0 13ed 1342 13e3 134 13¢4 13e4 1344 134 13.4 13.4 13.4 13.4
192 ¢ 10e0 1lel 11,8 12¢3 1240 1209 1341 13.3 13.4 13e5 1360 1346 13.7 13¢7 13.7 13.7 13.7 13.7 13.7 137
ladte ® 102 1led 1240 1265 1249 13.1 134 13,5 137 13,8 139 13.9 140 14e0 14e0 13e¢Y 13.9 139 139 139
1en6 2@ 10e3 1led 1Z.2 127 1321 13eo 13.6 13,8 13.9 14.0 l1oel 182 14e2 1403 14,3 142 142 142 1442 1402
leot # 1ve5 1le7 12.5 13.0 13.4 13.6 13.9 14,0 lael 14.3 laca l4e5 145 146 1606 1445 1405 1445 14.5 145
lebl) © 10.7 11.9 1(.7 13.2 13.6 13.9 la,1 l“.3 1445 14,6 laa7 14,7 14.8 le.8 1449 14.8 le.8 l4.8 14,8 1.8
lenl © 10e9 12¢2 129 13ea 138 19l la.e 14,6 loe? 14¢9 19«0 15.0 15«1 151 15.1 152 15.1 15.1 15.1 15.1
lenes @ ll.l 12e 13.1 13.7 14,1 l9ew 14,06 1‘0.6 1940 ls.l 15.2 15-3 15.4 1S.4 15.4 1505 15.4 ‘5-‘. 15.4 15.4
1.66 © 113 126 13.4 13.vy 16,3 la.o 14,9 15,1 15,3 1506 195 15,0 15,7 157 15,7 157 15,7 15,7 15,7 1547
1.68 ¢ 1125 125 13,6 1442 14e6 149 15,2 15.4 1965 15¢7 198 159 15,9 160 16,0 16.0 10,0 16,0 16.0 16.0
1.70 @ 11e7 13e0 13,8 lass le.d 152 15,4 13,6 lo.o 1640 16¢l 10e2 16.2 1663 1663 16¢3 16,3 16,3 16,3 16,3
172 @ 119 1302 14,1l 14,6 15.1 154 15,7 15,9 lo.l 16,2 1l0ed 18,6 16.5 16.6 16,6 1646 16,06 16,6 16,6 10.6
1.76 @ 1240 13e% 14,3 14e9 15¢3 197 16,0 10,2 loes 16.5 1060 16e7 1668 1069 1609 169 16e9 1609 1609 1649
1,76 @ 1242 13.7 14,5 15¢1 135.6 159 10,2 16.5 loeb 1608 10e9 17,0 17e1 172 17,2 17e2 17.2 17.2 117.2 17.2
1.78 ® 12e4 13e¢% 16,8 19.46 15.8 10e2 1lbed lo.7 1oy 17.1 172 17e3 17e4 175 175 1led 1746 17.5 1745 175
150 @ 1246 lael 15.0 15.6 16.1 1oe> lo8 17,0 17.¢ 17066 17e5 1746 17e7 178 17.8 178 17.9 17.8 178 17.8
1on2 © 12.8 1403 15,2 135.9 16e3 167 17,0 17,3 175 176 178 17.9 18.0 18.1 18.1 ldel 1be2 18.2 18,1 18.l
levs = 1340 1a.5 15,5 1oel l6.0 170 17,3 17,0 178 179 ldel 18.2 18.3 18 18.4 185 18.5 18.5 184 18.4
1eHb & 1302 lwe8 15,7 1oes 16e9 173 17.6 17.98 18e0 18.2 1deb 1BeS 186 18e7 18Be7 188 18.8 18.8 18.7 18.7
1,88 © 13.4 150 15,9 16e6 17.1 175 17.8 18,1 18.3 18,5 l8e7 18.8 18.9 190 19,0 19.1 19.1 19.1 19.0 19.0
le%0 = 13.6 15.2 lo,.¢2 10.9 174 12.8 18.1 18.4 loe0 18.8 190 19.1 19.2 193 19.3 194 19.4 19.4 19.4 19.4
1e92 ¢ 1348 15e¢ 16,4 17,1 17.0 13.1 18.6 13,7 1lwve9 19.1 19.2 19.4 195 19¢6 19.6 19.7 19.7 19.7 19.8 19.7
1494 ¢ 14e0 15.7 16,7 17.6 17.9 183 1ve?7 17.0 192 194 195 1947 19.8 199 19.9 20.0 20.0 20,1 20.1 20.0
lovo © 14e2 15,5 16,9 17.6 10.2 186 19,0 19,2 19,5 19.7 198 20,0 20e1 202 203 20.3 20.4 &20.4 20.4 20.3
leys © lass 1661 17,1 17.% 183.4 18e9Y 19.¢ 14,5 19.6 20.0 20el 20.3 0.4 20.5 20.6 20.6 20.7 20,7 20.7 20.6
2.00 © laeb 103 17,6 18.1 168.7 19¢1 19,5 19,8 20.1 2063 20e% 20,6 207 20e8 20,9 21.0 21.C <cl.0 2le.l 21.0
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2.N¢2
deuw
2.06
2eubd
Cail
2eld
Eal&
2e.l0
2alY
rXY44
2e22
cel®
2.26
228
Ze3V
2.32
2ol
2. 36
2.35
2etl
2eud
2ol
s
ey}
250
2e52
e.s‘.
ZeD0
2.58
260
2.62
2ehte
2.66
2ot
2.0
2.72
2ol
2.76
2.78
2otV
2ecé
2%
216
2.88
2490
2.2
2o
2e495
2e908
3.09

Table 12
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«02

19.%
ISev
15,3
19,5
15,7
12.9
lnal
lo,3
lo.5
lo.7
13.9
17.1
l l.“
17.6
17¢4
ls.0
lg.2
ls.4
187
1d.9
1vel
19.3
19.5
19.8
20.0
20.2
204
2047
209
2l.1
213
210
‘l"”
2249
2242
2269
22.7
2249
23.2
ZJ.‘.
23.6
2349
2ual
2ue3
2446
CueB
251
2543
2945
2.8

06

lb.b
| 7Y -]
l7oU
173
17.5
17.7
13.0
l6e2
18,5
147
13.9
19.2
19.4
19.06
199
20.1
20eb
2Ue6
20.9
2le1
2let
2l.6
2l.9
22.1
224
2246
229
23.1
23e4
23.6
2349
C4al
Caels
2“.6
2ee
23.2
Coeu
257
2oeY
26.2
25>
26e 1
270
273
275
274
231
213
25.6
23 .Y

Y]]

17.06
17.9
14,1
18,4
18,6
16,9
19.1
19,4
19,0
19.9
20.1
2U.%
2u.7
2069
2l.2
2l .4
3107
2c.V
22.2
22.5
22.t
23.0
23.3
23.5
23.b
24,1
2‘..“
2440
24,9
25.2
29,4
25,7
26,0
20.3
26,5
20,8
2l.1
27.4
21.7
27.9
2v,2
20.5
28,8
29.1
29,3
29.5
29,9
30.¢é
30.5
3u.3

Iod

18.4
18.6
1.9
l".z
1904
19,7
20.0
20.2
2045
20.8
2le0
2l.3
21.6
2le8
22.1
224
2246
2249
23.2
24.5
238
2440
2‘..3
2“.6
249
25.1
22e4
257
26.0
2643
26.6
20e9
él.l
214
21.17
284V
2343
2846
2d8.Y
292
295
2Y.8
Vel
30e&
30.7
31.0
31.3
3l.6
3lev
32.2

.lu

1940
iYec
19.9
19,8
20.9
20e3
C)e0
20.9
Zlel
2]l e
2l
c2el
223
‘2.3
22.8
23.1
234
23.17
2440
2440
P-ZYS-)
2408
25.1
‘5.“
25l
2640
C¢be3
200
2649
c¢T2
P
277
‘a.u
2343
r<-7%.]
2.9
2.2
9.2
29.9
30.2
30.5
3U.0
Sl.1
314
31.7
JZ.U
32.3
32.0
329
33.c

-l

19.4
19.7
20.0
CUe3
20.5
c0e8
Z2lel
2le
2led
cleY
222
2de>
22e8
3.l
234
43.,
2440
243
246
O e
<32l
P R0 4
ce~~0
2Del
2be6
20eY
272
2703
21«9
2be2
28e5
zd.d
2Y%.1
294
29.7
300
30.3
“,0.6
30.9
3les
3le0
3le9
32.2
325
32.8
3362
335
33.8
3e.l

ale

19,8
20.1
20,4
20,6
20.9
cl, 2
cled
21.48
2c.l
22.4
2241
¢3.0
23.3
23.06
23.9
24,2
d“ob
249.8
¢5.1

e16

cu,.1
c¢l,4
20,7
21.0
¢l 3
cl .6
cl, b
clcal
22
22.7
23,0
3,3
23,6
c3.9
c4,2
24,6
24,9
5,2
29.5
¢5,.d
¢,
26,4
o7
21,0
27,3
el 7
¢38,0
28,3
28,6
cd.9
29,2
29,0
c9.9
30.2
30.5
30,9
31,2
31.5
31,8
2.2
32.5
32,8
3s.2
33,5
33,8
34,2
34,5
3% .8
35,2
39.5

olo

2Ue4
2ucb
209
212
214>
Zleb
221
2l
2¢cel
230
2363
23617
Z2ael
24e3
24e0
24e9
25.2
25e5
Z2De8
r-{-T¥?
2beD
2048
27.1
274
27.17
2840
CBe%
281
290
293
291
30.0
303
3Ue6
31.0
31.3
3.0
3¢
323
3ce6
3360
333
33.7
34.0
3403
3ael
3560
IDes
KEYYS
3540

«20

20.6
2049
Zla2
el .s
Zl.8
22.1
22e%4
2247
23.0
23.3
23.6
23.9
24.2
245
24e9
25.2
25.5
Y48
26,1
264
26.8
27.1
274
27.7
281
eu.“
2847
290
2944
29.7
30.0
0.4
30,7
31.0
3le4
31.7
3240
2.4
32.’
-’3.1
33.4
33.7
34,1
34.4
34.8
35.1
35.5
358
Jboe
3005

.22

2Ue7
2lel
Cle“
21.7
2240
2243
22e0
2249
23.2
235
23.8
24el

2405
2448
2be.l

254
257
Zbel
2bel
20.7
27.0
e’.“
21.7
26.0
25.3
2be7
290
293
2947
-’0.0
3063
0.7
31.0
3le4
3l.7
32.0
32.“
32.7
33.1

334
3.8
Juel

34.5
a8
3.2
Jb.b
35.9
30.c¢
RI-PY-)
Jo.9

.2“

20,9
Z21.2
215
2l.8
22.1
22.4
22.8
23.1
23.4
¢3.7
24,0
2403
247
2540
2543
254,06
db.o
2643
2040
26,9
27.3
27.6
27.9
2843
28.06
2849
2943
29.6
29.9
3003
-’o.b
31.0
31.3
3l.7
3240
32.3
-’z'7
33,0
33,4
33.7
da.l
34.4
34,8
35.1
35.5
45.9
J6.c¢
Jo.tb
36,9
KY )

«26

21.0
2led
gl .b
22.0
2243
2246
2249
23.2
23.5
2349
Q462
2445
248
252
2545
25.8
Z2oel
2645
2648
27.1
27.5
dIQB
28.14
2845
28.8
‘9.2
2945
29.8
30.2
30.5
30.9
3l1.2
3l.6
319
323
3246
33.0
33.3
33.7
34.0
344
3447
35.1
35.4
Jb.6
36e2
36.5
36.9
-’7.3
37.6

«28

2le]
2le4
2148
22.1
2244
2247
23.0
233
231
24e0
24ed
24406
25+0
2543
29e06
2640
263
2be6
27«0
273
28.9
28.3
Zd.7
290
293
29.7
30.0
30e4
307
3l.1
3le4
31.8
32.1
325
32.8
33.2
33.5
33.9
343
34.6
35.0
35.3
35.7
36.1
36.4
372
375
37.9

«30

Z1.2
2le5
‘1.8
2.2
2245
‘2.&
23,1
23,5
23,8
caal
Chels
c4 et
‘5.1
254
25.8
26.1
r4-r3
¢b.8
27,1
274
‘7.8
‘8.1
2845
¢B8.8
292
‘9.5
29.9
30.2
306
30.9
Jl .3
31.6
3240
-’2.3
32.7
3.0
-’3.‘.
33.8
341
3445
KL )
35.2
35.6
35.9
3663
36.7
37.0
37.4
37.8
3d8.2

«32

2le3
2le0
21.9
22.2
2246
2249
23.2
23.5
2442
245
2449
252
255
299
26.2
2645
269
2le2
2146
279
2843
2940
30.0
JUes
307
3l.1
3le4
3l.8
32.1
32.5
32.9
33.2
3.0
33.9
343
34.7
35.0
354
35.8
306.1
3665
36.9
373
8.0

36

2l.3
21.6
2240
22.3
22.6
2249
23.3
23.6
23.9
P |
2406
2449
253
25.6
260
26.3
20e6
27.0
27.3
27.7
25.0
28.%
28.7
29.1
29«4
298
3uel
-’0 .5
30.8
31.2
31.6
31.9
32.3
3¢c.6
33.0
33.4
33.7
3a,.l
34eS
3a.b
35.2
35.6
35.9
36.3
36.7
371
37 .4
378
3d.2
38.0

«36

214
2le7
22.0
2.3
2.7
23,0
23.3
23.7
c4.0
2403
d‘..’
25.0
2543
2Se7
2640
26.4
0.7
27.1
T4
27.8
28,1
2845
26,8
29.2
9.5
29.9
30.2
30.6
3l.0
31.3
Jl.7
32.0
32.4
32.8
33.1
33.5
33.9
4.2
J4.6
35.0
35.4
35.7
36.1
3605
36.9
37.2
J7.b
38.0
38.4
38.8

«38

2104
21.7
22.0
224
2247
23,0
23.4
23,7
e“.o
r-L I
2447
25.1
25.4
25.7
26.1
26.4
26408
27.1
2745
27.8
28e2
2845
28.9
29.2
29.6
30.0
3063
30.7
3l.0
3l.4
3l.8
32.1
32.5
3249
33.2
33.b
34,0
3444
3“-7
35.1
35.b
35.9
36,2
36.6
37.0
37.4
37.8
38,1
38.5
38.9

Q)

2le4
2Lle7
22,1
22.4%
22.7
23.1
23.4
23.7
24,1
240%
24.8
25.1
254
es-d
2bel
2645
2648
27.2
275
27.9
28.2
Zd.b
29.0
29.3
297
30.0
30.“

30.8 -

3l.1
31.5
31.9
32.2
32.6
33.0
33.3
33.7
3a.l
3445
34.8
35.2
35.6
36.9
3be4
36.1
37.1
37.5
37.9
38.3
38.7
39.1
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Table 12 (continued)

hg ha=hp
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+
@ a2 ekl eud ot -11} -7 «S4 50 y-1-) «60

@
Zois @ C€leb 2leb 21,6 2le6 cleb <cied 2leb cl.6 216 2la6
Celb & 22el 22U 22.0 22e0 22U 2240 22.0 2.0 2¢+0 22.0
2.08 8 2223 223 22.3 22e3 ¢Pe.3 22e3 22.3 c2.3d 2¢e3 2243
2010 © 2246 22e6 2Z46 2206 226 2206 2.0 2.0 2¢eb 2246
2e12 © 23.1 23eU 23,0 23.0 23.u0 23.0 23.0 23.0 2s.0 23.0
col& & 23.4 233 23.3 233 3.3 c3e3 233 24,3 233 2303
2.16 ¢ 23e7 236 24.0 236 2340 c3eb 23.6 23,06 2360 23.6
218 @ Cuwal 24e0 24,0 26e0 24l 24e0 24e0 24,0 240 24.0
2e2U < IY e4e3 4.3 4l Z2de3 c4e3 2443 c4 o3 243 2403
2.22 © 24.8 24.8 26,7 247 2aol Cael 2u.l cu 1 c¢uel 24e1
Ce24 © 25.1 25.1 25.0 290 25.9 250 25.0 25.0 250 2540
2.26 % 2965 295 ¢5.4 29e%. 2544 (De4 (D4 3.4 2Ye4 25.4
Aecdb @ 25.8 258 25.7 257 ¢S5e¢f 2547 25.7 eb.7 €oe1 25.7
2.30 ¢ 2be.2 26e2 2b.]1 2bel 26.1 zbel 20s1 26,1 Zbel 6.l
2e32 % 265 2665 26,5 20e4 2644 20e4 20.4 20,4 2004 20644
2e3u ® 26.9 2649 26,9 2648 268 2048 20,8 F<-1N-) 208 2048
2e36 & 2742 272 27.3 271 27.1 271 27.1 ¢1.1 2.1 &7.1
2e38 8 2le6 276 27,0 215 27e5> cled 2745 27,5 215 2745
2aal © 2.9 28.0 28,0 27.9 279 21e9 27.9 2l.9 21e9 279
2en2 © 2803 2Be3 2b.3 28.4 <2R.2 28B.2 28.2 <co8.2 282 <282
2.40 © CB.b 2847 28,7 28e7 2H.0 208.6 2B.b Z0.6 280 <2846
2ot @ 2940 290 2Ye1 2Yel 94U 290 29.0 29,0 29.0 2940
208 % 29.4 29e4 29.4 295 £9ed 2963 29,3 2Y.3 293 29.3
290 % 297 29e8B 29.8 298 £9.7 297 29.¢ 29.1 29.7 29.7
2eb2 © 30.1 30.1 3v.2 3Ve2 30.¢ 3vel 30.1 V.l 3ue.l 30.1
Cedu © 0.5 303> 30.5 3046 3040 3Ves 30.4 0.4 304 30.4
2.56 ¢ 30e8 3069 30.9 309 30.9 30.8 30,8 30,8 3ued 30.8
258 ® 31.2 31e2 31.3 313 J31.3 31e2 31.2 31.2 3l.2 3l.2
2460 @ 3146 3le& 31,7 317 31.7 3le6 316 Jl.6 3le6 3le6
2e62 @ 31e9 3240 32,0 3241 32.1 32.1 31.9 31,9 di1ed 319
2ehtt © 32e3 32ei 32.4 32.64 3245 32e3 3243 32.3 32.3 32.3
2466 ¥ 32.7 327 32.8 32.8 32.b 3ce9 327 32.7 3.7 3247
2.8 @ 3340 33e1 33,2 3342 33.2 33.2 33.1 33.1 33.1 33.1
2.70 © 33.4 33.5 33.5 33.6 33.6 34.0 33.> 33.5 3345 33.5
2472 @ 33e8 339 33.9 349.0 39,0 34e0 34,0 33,9 3s.9 JI3.9
CeTa © 34.2 342 34,3 343 v .4 RETYY e .4 34,3 3443 3443
2.76 @ 3846 34e6 34,7 34,7 36.8 3ued 34,8 34,6 Ju.0 34,0
2.78 % 34.9 35.0 35,1 32e.l 35.2 39.¢ I9.¢ 2.0 35,0 35.0
26U @ 3563 3506 395,95 35.5 35.5 35.0 35,6 33,4 3Ines 35.4
2ec2 © . 39.7 35.8 35,4 359 35.9 30.0 30,0 Jo.0 35.8 35.8
[-¥Y-X 4 36.1 36.2 Jo.2 3o.3 Jdned J0e Jo,.4 a0 .9 3oe2 36.2
2enb @ 36.59 36.5 36,6 36.7 367 308 30.8 39,08 306 36.6
2488 © 35.8 35,9 37,0 31l 37.1 3Slel 3lec 31,2 310 3740
2e90 # 3742 373 37,4 37.5 37.5 37.5 37.6 37.6 3/es 7.4
2ev2 @ 37e6 37e7 37,8 37.9 37.¥ 379 3v.0 38.0 3g.U 37.8
2oyt ®  38.0 38.]1 38.2 3I8e2 JIoed 383 38.6 8.4 Iues 38.2
2096 # 38.4 38.5 38.6 3d.0 dB.7 3d.17 KY. Y. 38,8 K1-7%.) 38.6
2498 © 38.8 38.9 39,0 3Y.D Jd9.1 391 39.2 JI9.2 3v.2 39.1
3.00 * 39.2 39.3 3Y .4 IJes 39.5 39.6 39.0 JdJ.0 39.0 392
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Table 13 Submerged flow calibration for 36in X 9 ft
Cutthroat flume, (Q, cfs)

hy=h
v o b - e B

QQOD““““DD“DOQD90°°\l0““““““l““““09“0“04#““0'“9“.9#“9““““.#00.““.Q...Q‘..QQ‘...ﬁ..‘.ﬁ“ﬁ...Q‘...‘...‘.....‘.f....i.."‘b
'S > . PR o
L «02 Py o016 «08 «10 ol2 ola «16 o188 «20 «22 24 «20 «28 «30 .32 «34 <36 «38 ;Qdﬂ
@ 0 0 ol o0 «0 ) o0 .0 o0 «0 «0 ol o0 0 o0 «0 o0 Y -0 el
o ol el e | el el el ol el el el el ol ol el ol el el ‘ql -l !r
-~ .l ol .l .l .l ol .l .1 ol .l .l .l .l .l ql .l ;l ~.’l v:_‘__’.l .l
° ol o2 .2 ol ol P-4 ol ol Y- ol Y4 2 o2 o2 2 o2 ol o2 el " o8
s e3 a3 23 W3 a3 a3 .3 .3 W3 43 43 43 43 43 W3 43 43 3 .3 .3
@ b ol ol ol ol ol ol ot o ol ol .u ol & ol ol PY Y ol P
< 5 5 .b 5 D -] .5 .5 5 ;b .5 .5 S - .5 05 Ps- .5 ".5 i ;S
* -] b . .6 6 .6 . 6 -] «6 -] o0 Y. Y- Y.} 6 Y. ".b Y] Y -
L4 o7 o7 o7 o7 o7 ol o7 o7 o7 o7 o7 o7 o7 o7 o7 o7 o7 o7 o7 ”é7
+ a9 3 . 9 Y Y oY . Y 9 9 9 o9 9 9 oY o? 9 ;9 ;9
o 1.0 1.0 lav le0 leu 1.0 1.0 1,0 10 1.0 le0 1e0 1.0 LY} 1.0 le0 le0 1.0 1e0 l@n
s 1.1 l.2 1.2 le2 le.¢ ie2 1.2 1.2 le2 NPy 1.2 le2 1.2 1.2 1.2 1e2 1.2 1.2 1.2 le2
o 1.2 l.3 1.3 '103 103 103 l.J l.J 103 loJ 1-3 103 l.J 103 1.3 103 1.3 l.3 193 lg;
& lea 1.5 1.5 1.5 1> 1.5 le5 1.5 led 15 L5 leS 1.5 15 15 15 15 15 1eS 15
b 1.5 leb 1.6 le6 leo leb l.b 1.0 10 1.6 leo leb 16 le6 1.6 le6 le6 le6 le6 1.6
b Le7 le8 l.,8 lets let le8 ie.8 1.8 le8 1.8 1.8 1.8 let le8 1.8 le8 18 le8 lqu ‘1e8
* leo eV 2.0 2.0 2.0 2eU 240 2.0 2.0 Ce0 240 2.0 240 2e0 240 260 2.0 240 2.0 2.0
b 2.0 2.2 2.2 2.2 2ec Zel 2.2 2.2 2.2 2.2 2ol 2.2 ce2 2.2 2.2 2e2 2e2 2e2 2.2 2.2
i 2.2 el Cev 2ol el Ceot r- ] 2.4 el 2.4 e 24 2e& el 2+4 el P2 2e4 2okt :2.4
“ 2.3 265 2,6 246 2.6 2e6 246 2,6 2eb 2.6 - 2e0 2.0 2e6 246 240 €eb 246 2.0 2.6
° 25 2e7 2.8 248 2eB Z2ed 2.8 2,8 Cel8 2.8 Zeb 248 P-XY.] Cel 2.8 2e8 208 2e8 2e8 2ol
¢ 2e? 209 3.0 3.0 3.0 3.0 3.0 3,0 360 3.0 3eC 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 30
L leld 3.1 3.2 3.2 3.¢ 3.2 3.2 3.2 Je2 3.2 3.2 3.2 3.2 3eu 3.2 3.2 3.2 3,2 3.2 3.2
° 360 3.3 3.4 3.5 Je4 Sel J.4 J.4 Je4 KPR 3e4 3.4 3.4 Jow 34 3e4 K 3.4 Jeb 3.4
- 3.2 3.5 3.0 3.7 3.7 3.7 3.7 3.7 3ol 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7
@ o4 3.7 3.8 3.9 39 3.9 3.9 3.9 309 3.9 3.9 3.9 3.9 3.9 3.9 3e9 39 3.9 3.9 J.9
8 3.6 Je9 4]l 4a]l 4.2 40l 4.l 4]l 4e]l Gl 4al Ga]l Gel 4ol el Ge]l 4.l 4e] 4dd 4]
b4 3.7 el “ed Wl Yot “Gols G ol 4.4 Gl 444 4eb Q4% G4 Gl 4o Qels Qe Q.4 Qb 4ol
® 369  4ed 4.5 4.6 Gel 9.6 4.0 4,0  4aD 446 4.0 4,0  Geb 405 46 4ab 4.6 4,6 4,6 4.6
o 4l 4¢5 L § 4.6 GeY 4o Q49 “.,% “4eY 49 4e9 4.9 4.9 469 4.9 49 49 4.9 ﬂ.g “9
-+ 403 Ge7 SeU Sel Se2 5.2 S.l 5,1 Sel Se.l Sel Sel Sel Sel Sel 5.1 Sel 5.1 Sel Sel
o 45 5.0 5,2 S.3 Se4 Se4 Sew S.4 Dot 5.4 Se4 S.« 5.4 Ses Se0 Sets Set S5.8 Se4 Db
o Go7 S5e2 S.4 Se.6 Se7 Se/ 3.6 2,06 Se6 5.6 5.0 5.0 5.0 Se0 S.6 Se6 Se0 S.6 S.6 5.b
o “4e9 Sets S.7 SeH8 Se9 Ol 5.9 3.9 DeY 5.9 S.9 9.9 Sev Se9 Se9 5.9 S5e9 Se9 Sey Y49
@ Sel S.7 D.Y 6. 6.2 6.2 0.2 D.d 0e2 0e2 0e2 6.2 6.2 6.7 6.2 6.2 0e2 6.2 6.2 6.2
° Se3 SaY 6.2 6.4 Oed 0.5 6.5 b.S DeS 045 beS 0.5 0eS 6 645 65 0S5 6.5 6.5 6.5
- 55 6el 6.4 6.6 6.7 [ XY -] 6.8 0.7 6ol 6.7 bel 007 6l 6e7 6e7 be? b7 6.7 67 6.7
* SeH Oets b,/ 6«9 7.0 lel 7.1 7.0 1.0 7.0 l.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.q 7.0
g Del 6.0 O,y a1 Te3 Toir Tol 1.3 Te3 Tel T3 73 7«3 T3 Te3 le3 Ted T3 Te3 7.3
@ 6.2 bed 7.2 lots 7.6 Te.6 717 7.6 Te6 740 7.6 7.6 7.6 Te6 7.6 746 7.6 7.6 7.6 7.6
@ [ P 7«1 7.5 T7 7.8 Te9 8.0 8.0 19 Te9 1% 7.9 Te9Y T«9 769 TeY 79 79 Te9 Te9
A neb 73 7.7 3.0 Bal Bel2 8.3 5;3 el 8e2 de2 ez 8.2 Be2 8.2 Hel Be2 8.2 8.2 8.2
b be9 7.6 8.0 Be2 Se4 8.5 8.6 8,6 G5 8e5 Be5 8.5 8.5 8.5 8.5 8e5 Be5 8ed 8.5 8.5
@ Te1 T8 6.3 8.5 Be7 Geld B9 6.9 Bel 8,8 Be8 B.8H B.8 Beo 8.8 Yol -¥Y-] 8.8 8.8 8;8
& 73 Bel Be5 de8B Y. Yel Yel 9,2 Yel 9.1 Yel 9.1 Sel 9.1 9.1 Jel Y.1 9.1 9.1 9.1
A 75 843 6.8 Jel 9.3 Yels Y5 9.6 Yeb Y45 Ye5 9.5 9.5 9.5 2.5 YeS 9.5 9.5 9.5 945
L 7.8 8.6 J.1 Yeis Jeb dol Y8 9.9 Jeo¥ 9.4 Yol Fe8 Ye8 Ye8 .8 Ye8 Yels 9.8 9.8 9.8
L Je0 B9 Y. 9.7 Ye¥ lUed 1U¢]l 10.,¢€ 10e2 10e1 1061 10e1 10e)l 10e1 1061 1061 1061 10.1 101 10.1
A de?l 9.1 9.6 10.0 10.2 lUes 10.5 1U,.9 lyeo 104 lUes 10.4 10.4 104 104 1Ueb 10e4% 10e% 10e% 104
@ 3.5 Gets Je9 103 10e9 1Ue7 10,8 10,9 10e9 108 10e8 10e8 108 10e8 108 108 10,8 10.8 10,8 10.8
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Table 13  (continued)

hg hﬂ hb
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& U2 N1 o:O «0d8 10 «l2 sl ei0 Y- «20 022 24 26 28 30 22 P L 36 38 "._o“’o

lete @ Ha7 Fel 1Uel 1Ueb6 LueB 1lev 1lel 11e2 1liec 1le3d 1lel 1lel 11lel 1lel 1lel 1lel 1lled 1lel 1lel 111
leva ¢ de9 Yed 1US 10e9 1lel 1163 1loé 11,5 116 11,6 11.5 115 115 1145 1165 115 115 A1eS 115 11.5
le06 & 9¢2 102 108 11e2 11e® 11e6 118 11,9 11.9 11.9 118 11,8 11.8 118 11.8 11.8 11,8 11.8 1l.# 11.8
lo0ts @ Jets 105 11,1 11eS 11e8 1240 1241 12,2 1243 1223 lzec 12.¢ 1242 1262 12.2 12.2 12.2 12.2 12.2 12.2
lely @ Yo7 1Ue8 11e4 118 12¢1 123 12.4 12,5 1€e0 12,6 125 1245 12¢5 125 12.5 125 1205 12.5 12.5 12.5
lele & o' 11e.v 11.7 12.1 12.4 12.0 12.8 l¢.9 13.0 13.¢ 13.0 1249 12.9 12.9 1249 12.9 12,9 12.9 12.9 12,9
1alo ¢ 1042 1123 12,0 12.4 12.7 12.9 13.1 13,2 13.3 13,4 13.4 13,2 13.2 13.2 13.2 13.2 13,2 13.2 13.2 13,2
1,16 © 1Ue® 11e6 12,3 1¢.7 13.0 13,3 13,5 13,0 13,7 13,7 13.7 13,6 13,6 13.6 13,6 13,6 13,6 13.6 13.6 13,6
1o18 @ 10.7 119 12,6 13.0 13.4 13.6 13,8 13,9 la.0 14,1 1lecl 16,0 16,0 14,0 14,0 16,0 14,0 14,0 14,0 14,0
1,20 © 1069 122 1249 13.4 13,7 190 1a,l 19,3 1a.s 14,4 14,5 16,3 14,3 14,3 14,3 14,3 14,3 14,3 14,3 14,3
1022 ¢ 1142 124 13,2 13,7 1,0 14e3 14,5 10,0 la7 14,8 14,9 14,9 16,7 16,7 16,7 14,7 16,7 14,7 14,7 14,7
le24 © 119 127 13.> 140 luow l4ed l4.8 13,0 15e1 15.2 19.2 1953 15613 15«1 151 151 151 15.1 15.1 1501
1076 @ 11e7 13.0 13.8 14¢3 lae? 19«0 15e2 15,4 15e5 156 15:6 1beb 155 159e5 155 1565 155 155 155 15.5
le2b @ 12.0 13.3 le,.l 14,7 15.0 15.3 15,6 15.7 109 15,9 1040 lo.0 15.8 158 158 1De8 19.8 15.8 15.8 15.8
1e30 @ 122 13e6 144 1560 19e4 15e7 15.9 10,1 1loe2 16e3 10e4 1be4 16e2 1662 1642 10e2 162 1642 162 1642
1632 & 1265 1369 14,7 15e3 157 10¢0 16,3 10.5 106 16e7 108 16e8 16eB 16e6 166 1606 16eb 166 166 1646
ledt @ 12.8 1642 15,1 15a7 16.1 164 16,6 10,8 170 1761 172 17.2 172 170 7¢0 17.0 17.0 17.0 17.0 17.0
1236 ¢ 1340 1405 15.4 16e0 16ew 1648 17.0 17.2 176 175 11e5 17460 1706 1766 174 1les 1744 174 1704 1744
1e38 © 1363 14e8 159.7 1603 16eb 1761l 1746 17,0 17e7 1749 179 18,0 1840 178 17.8 17.8 17.8 17.8 17.8 17.8
1:60 & 13e6 15e¢1 16,0 1667 1741 175 17.8 18,0 1bel 18.2 18e3 18.4 18B.4 18e2 1842 18Be2 1be.2 18,2 18.2 18.2
lew2 ¢ 13.8 15a% l6.4 17.0 175 17.0 18.1 18,3 loed 18.6 1847 l18.8 18.8 1849 1866 13.6 18.6 1846 18.6 18.6
letote @ 1ol 157 16.7 173 17.8 18Be2 18.5 18,7 1359 1940 19l 192 19.2 193 19.0 19.0 19.0 19,0 19,0 19.0
1066 ¢ loes 1600 17.0 177 182 1de6 18.9 19.1 19e3 1944 195 1946 197 19e7 19.5 19¢5 195 19.5 1945 19.5
lent © lae? 160 17,4 18.0 180 189 19.3 19.5 19.7 19.8 1v.9 20.0 201 20.1 19.9 199 19.9 19.9 19.9 19.9
1.50 © 1200 16.7 17,17 184 18.9 193 19,06 19,9 c0el 20e2 2063 2064 20e9 2065 ¢c0e3 2063 203 <0.3 203 20,3
1eo2 ® 1562 170 1B.0 18¢7 193 19e7 200 CU,3 205 2046 208 20.8 209 209 <21.0 207 20.7 20.7 2V0.7 2067
1.5 ® 155 173 1B.4 19l 19.6 20el 204 20.7 009 2le0 2162 2103 21e3 2le4 2le4 2lel 21.1 2l.1 21.1 2l.)
1656 ¢ 15eB 17¢6 1He7 1Y9e5 200 32e5 208 Clel 21e3 21e5 2leb 21e7 2le8 21e8 218 216 2146 ¢cleb6 2146 21e0
1eb8 & 166l 179 190 19¢8 204 20e8 21,2 21,5 21e7 21e9 2260 2261 2242 2242 2243 220 22.0 22.0 22,0 22.0
160 ¢ 1606 1Beé 19.% 2002 cUeb 2led 21e6 21.9 22el 2203 22e% 2.9 2240 2207 2207 2244 22e¢4% &Z244 22s4 2244
1062 © 1607 1He6 19,7 20e5 Clel 2le6 22.0 22,3 2¢e5 227 2248 23.0 23.0 23.1 23.1 23.2 22.% 2269 2249 2249
166 ¢ 16e9 18e¢9 201 20.9 Z1e5 22e0 2244 <2247 2¢e9 &3.) 3.3 23,4 23.5 23.5 23.6 23.6 23.3 23,3 23,3 23.3
1066 © 17e2 192 20e4% 2le3 2ie9 2Ce8 22,8 23,1 2343 23,5 2371 23,8 23.9 249.0 4.0 24¢1 23,8 23.8 23,8 23.8
1068 & 175 195 20.8 21e6 223 228 2342 £3.5 23¢7 2600 2841 28e.C 203 2068 24eS 2645 26,2 24,2 2h.2 2442
1070 & 17e8 19e9 2lol 22.0 €2¢6 2302 23.6 3.9 20e2 24.4 24,5 24.T 26,8 269 £24.9 25.0 CueT 24T 24,7 24.7
1,72 @ 18el 2062 21,95 224 €3¢0 2345 28,0 29,3 2u4eb 24,8 25.0 25,1 5.2 25¢3 <£5.4 25.4 25.4 25,1 25.1 25.1
let6 @ 1.4 2065 21.8 22.7 23.4 c3eY 24.4 ew, 7 ¢2e0 29l 29e% 25.6 5.7 258 258 2909 25.9 25.6 25.6 25.6
1e76 & 1807 2Ue9 22.2 23e) £3aH C2ue3 ZaeB ¢€5,1 ¢€9e9 25e7 25.8 20,0 26.1 26e2 6.3 26e3 2044 26,0 26,0 2640
le/s ® 19.0 21e2 22.5 23¢5> 2uqc 2el 25.2 P3-98-) 228 26,1 20e3 cbe& r-{-¥%~ 267 2047 2548 26,8 26,5 265 2645
150 © 19e3 21ed 22¢9 2309 26.0 25e¢1 5.6 20,0 20e3 26,5 20e7 206e9 27.0 27e1 2742 2743 27.3 27.0 27.0 27.0
1ec22 © 19¢6 2le9 23.3 28e2 £5.0 £9eD 200 6,4 zoel 27¢0 27¢2 2743 27.5 2746 <27.7 21e7 27.8 27,8 27.4 21l.4
lebt @ 19.9 22¢2 23,0 24,6 <254 2599 6.4 co.8 2f/.1 27.4 27.0 218 27.9 28B.0 28e1 28e2 2Be.2 2B.2 27.9 21.9
ledt © 2Ue2 2246 24,0 2540 25.8 chelt 26.b el 2 2led 27.8 28.} 28.2 284 28¢5 2846 28e7 28.7 28,7 28.4 28.4
188 ® 20e5 22¢9 29.3 25¢4 2641 26ed 27,3 27,7 28.0 28.3 28.5 2B.7 28.8 290 ¢9.1 29.] 2%.2 29.2 28,9 28.9
lev0 © 208 23.2 2447 258 c6e> 212 2l.1 20,1 2Be% 28e7 290 29.1 293 29 & 295 29s0 29.7 29.7 293 293
lev2 # 2l.1 23.6 25.1 26.1 26e9 276 ¢Z8.1 £8.5 208e9 2942 2Ye% 29.D 2968 299 30,0 0.1 30.1 30.2 30.2 2Y.8
1,96 % 21e6 23¢9 259.4 265 27«3 c8es0 28,5 29.0 29«3 29¢6 299 30.1 30e2 3064 30.5 306 30.6 30.7 30.7 30.3
le96 © 2147 24e3 25.8 26.9 278 2de4 2940 P c'9e08 30.1 303 30.5 3067 30.8 31.0 31.0 31.1 31.1 31.2 30.8
1.9 = 2240 2heb 26,2 27.3 2842 288 294 29,8 0.2 30.> 3L.8 31.0 3l.2 313 3l.0 315 3l.6 31.6 3l.¢ 3l.3
200 @ 22.6 25¢0 26,6 27.7 <ciied 292 2Y9.8 30.3 3Iva.v 31.0 312 3leD 31e6 318 31e9 3I2.0 JI2.1 3I2.1 2.2 JIl.B

8.
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b 02 « 04 «(j6 o083 «10 el2 ole el6 «l8 20 . 22 24 26 «28 «30 32 34 36 «38 _ 40
2e02 ™ 2247 233 26.Y 280l 29e0 9e7 3042 3UT 3lel 31e8 317 31e9 32e]l 32e3 32.4 32.5 3240 3246 3207 3247
Cele © €340 23¢7 27,3 28¢5 9.4 306l 30,7 31,1 3led 31e9 322 3244 3246 32¢7 32.9 330 33,1 33.1 33.2 33.2
2eivh @ 23,3 26au 27,7 l8eY 29.8 30e5 31,1 31,0 32,0 32,3 3266 32.9 3341 3362 33.6 33.5 33,0 33,6 33,7 33,7
CelB8 # 23,6 2hes 28,1 2Y9e3 30 309 31,5 32,0 3ce4 32.8 I3el 33,3 33,95 33e7 33.9 34,0 36,1 34,1 34,2 34,2
€eld © £23.9 20e7 28,5 29e7 30,6 3lea 32,0 32,5 3269 33e3 33.0 338 34,0 34e2 363 345 34,6 34,6 34,7 34.7
el ¢ 2oed 27e¢]l 28.8 3Vl 3le0 3le8 3244 32.9 3364 337 3490 34e¢3 3445 34e7 348 3340 39.1 J35.1 35,2 35.2
el & 20,6 27e5 29,2 3UeS 31e5 322 3209 33,4 3368 4.2 34e¢H 368 35.0 3592 35e3 39¢5 35.6 35,6 35,7 35,7
Celb ® 2ae9 2748 29,6 30e9 3ley I2el 3303 33,8 34e3 3447 35.0 35,2 35¢5 357 J35.8 30e0 360e]1 36,1 36,2 36.2
2el8 ¥ 292 282 30,0 3le3 J2.3 33e)l 33,7 34,3 34ae7 35¢1 39eH 35.7 3640 36e2 36e3 30e5 366 307 36.7 30.8
2420 & 295 28eS 30,4 31eT7 3247 33635 3442 39,7 39542 35.6 35e9 3642 30e5 3667 308 3760 370l 37.2 37ec 37.3
2e22 & 229 23¢9 30,0 32:1 331 39e0 34,6 3I5.Z Ioe7 36.]1 0.4 36,7 36eY 3762 373 375 37.6 J37.7 37.8 37.8
2el4 © 2be2 293 31.2 32«5 33.b 344 35.1 35,7 3oel 30eS J0e9Y 3T7e2 3ITee 3747 378 3d.0 38.1) 362 3843 38e3
2426 % 2heS 29e6 31.6 32¢9 390 39e8 35,5 30,1 306 370 374 377 37.9 38e2 3843 3HeS 38.6 JH.7T 8.8 38.9
Ce28 ¢ 26eB8 300 32.0 3344 I%e4 35e3 36,0 30,6 376l 37ad 37e9 3842 3Bed 3Be7 38e8 39.0 39.1 39.2 39,3 39.4
2e30 # 27e2 30e4 2.4 33e8 3uey 35e7 36,4 37,0 37e5 3840 38e3 38e7 3849 3962 39.4 39e5 3947 39,8 39,9 39.9
Z2e32 © 275 30.5 32.8 34.2 35,3 db.2 36.9 37.5 3.0 38,5 3.8 39,2 394 39.7 39,9 400 40el 403 4004 40,5
2e38 & 27e8 3lel 33,1 346 35,7 360 37.4 38,0 Joeb 3He9 Y3 39,7 39.9 4062 904 406 407 40.8 40.9Y 4le.0
el ¥ 28342 3led 33,5 3Ivel JIbeg 37e]l 37.8 38,4 39e0 394 JIYeB 40.2 40es 40e7 409 4le]l 4le2 4le3 4led 4leS
2e38 & 2845 3le9 34,0 354 3646 375 38,3 38.9 39D 399 40e3 40,7 40.9 4le2 4le4 41e6 41,8 41,9 42,0 a2l.l
2e0 © 238 323 34,4 35,9 37U 380 38T 39,4 IY.T9 40,4 40e8B 4leC 4leS Glel 41e9 420l 423 4244 42.5 4246
2eul # 24942 32.6 KITYY-) 36.3 372 384 39,2 39,9 G0 es 0.9 “4).3 “wl.7 4ce0 4242 42.5 G246 42,8 “42.,9 43,1 43.1
2ot © 29,5 330 35,2 3667 3749 38.9 39,7 40,3 4069 4leb GleB 42.2 42e5 427 43,0 43e2 43.3 43.5 43.6 43,7
Ced ® 2Z9¢d 33e4 35,6 3741 38e3 3963 4ULL 40,8 Glev 4l.9 42¢3 42,7 43,0 43.3 43.5 43.7 43.9 44,0 44.1 44.2
CosB #  30.2 33.8 30,0 37,6 8.8 398 40,6 91,3 41,9 42,4 42eB 43,2 43.5 4368 44,0 G4e2 44,4 44,6 44,7 44,8
2450 # 30,5 34.2 36,4 38U 392 402 4l.]l 4l.B 4ces 4249 433 43,7 44,0 44l 44,6 44,8 44,9 45,1 45,2 45.3
2en2 © 309 345 36,.b 8.4 39a7 407 4l.5 42,2 G428 43 .4 43.8 4442 G4 e5 44948 45,1 4943 45,5 45,6 45.48 4549
e & 3l1.2 349 37.8 38.9 “40.1 wle2 az.0 “d.’ G303 43,9 44,43 Gool 45.1 4S54 45,6 4548 4600 “b6e2 46,3 46.4
Cebb © 31.6 35.3 37.06 393 40,6 4le6 42.5 43,2 43.8 4404 4448 4S5.¢2 45.6 4Sey 46,1 4604 46,6 46,7 46,9 47,0
2,58 ¢ 31e9 3547 38,0 39e7 4le0 426l 43.0 43,7 4403 46.9 4503 45,7 46e) 46ets 46e7 4669 47,1 47,3 4T 4146
CetU v 3242 360l 38,4 40e2 Gle9 92e5 434 44,2 4448 49,4 49,9 403 46,06 4649 47,2 475 a4T.7 47,83 48,0 a8.l
2402 & 3206 3603 38,9 4066 4leY 43e0 43,9 44,7 4593 45,9 408 468 472 G47e5 4T.B 4He0 482 w8t 48,5 48.7
et © 32.9 3609 39.3 Gle0 42t “3.5 LGh .4 45,2 LT -] 40.4 4be9 @7.3 4767 4Be0 4843 485 4.8 4849 49,1 49.2
266 © 333 3762 39,7 41e5 42.8 44.0 44,9 45,7 40ed 46,9 4l.4 47,8 4Bel 4BebS5 48.8 4Yel 4Ye3 49,5 49,7 49.8
Cebd @ 33.6 37.6 ‘00.1 G4l “43.3 G4 el 45,4 40.1 4be8 w79 GleY 48,4 48,7 49.1 49,4 490,06 49,9 S50.1 S0.2 SU.%
27U & 34e0 3He0 4U.D 42.4 4348 w4e9 45,8 40,0 4led 4T.Y 404 4B.Y 4Y.3 49e6 49,9 50.2 SUes 5046 508 5SUY
272 ¢ 34,3 3Bed 41,0 428 44e¢ 49ed 46,3 «T,1 4re8 4B.4 49,0 42,4 49,8 S0e2 50e5 50c7 51.0 512 5Sle4 51.5
2e7h # 34,7 3Beb 4l.a 4342 44,7 4DeB 40,8 47,6 40e3d 48e9 4Ye5 4Y.Y 50e3 5067 5910 513 Sl.5 5Sle7 Sl.9v 52.1
2e76 ® 30,0 39e2 41,8 43,7 45.1 46e3 47,3 ad,l 48,8 49,5 50e0 50,5 509 512 5le6 Sletl 5241 523 52.5 52.6
CeTB # 35,4 3940 42,2 44¢]l 45,0 ubeB 47,8 43,0 69,4 50,0 50e5 51,0 5leé SleB 52l 5264 52,7 92.9 53.1 53,2
2eH0 * 3o,.8 4060 “2-7 4446 46.1 wle.3 48,3 ‘09.1 49.9 0.5 Slel 51.5 52.0 S2.3 927 S3.0 53.2 3.4 S3.06 53.8
2ettd & 300l 400t 43,1 45.0 96D 4le8 40,8 49,0 5S04 5Slald 51e6 5241 H2e3 5269 93e2 53¢5 53,6 540 54,2 S4eb
ettt © 36.5 4008 43,5 45.5 @740 EY-XY 49,3 su,.l SUeY 51.5 52.1 9246 S53.1 S3.4 3.8 S4el 54,3 94,6 S4.8 55.0
2ebbb © 36.8 4l.2 44,0 45,9 47e5 Y- TN 4 49,8 50.0 Slew 22.1 520 53.2 3.0 S4e0 54.3 S4.0 S4e.9 55.2 SS.4 S9.5
2e8B & 37.2 41e6 44,4 464 479 9942 5043 51,2 51e9 52.6 53e2 537 54e]l S4e5 54,9 55.2 55,5 95.7 55.9 5641
2e40 # 37.6 4240 44,8 4b.8 B4 4917 50.8 31.7 S2e4 3.1 Sde7 S4,.2 S4eld SSel 55,5 55.8 56.1 56,3 56.5 S0.7
Ce92 # 3Te9 425 45,3 4743 48eY 9Ue2 5Sled el 53e0 53.7 54e3 H508 55.2 55¢7 5640 S6e3 50.6 96,9 57.1 S7.3
2e90 # 3de3 429y 45,7 4l 49,4 DUe? Sle8s 52.7 5365 542 S4ed 5543 95548 5662 5646 56,9 57,2 5S7.5 S7e7 S7.9
Ce¥b ¢ 3Heh 43e3 46,1 4de2 498 Dleld 5C¢e3 3.2 Sue0 94e7 5995e3 99eY 564 50e8 5762 57eH 57,8 HU.L S58.3 SB.Y
Ced & 39,0 43.7 40,0 48e7 D0ed 5led Hleb 23,7 Saed 5992 H9eY Y04 90e9 57e3 57T S8e]l SBed SB.6 58.9 SY.1
3.00 # 39,4 4401 47,0 4Yel Hden 524l 9303 24,2 559el 5948 504 5740 57e5 57eY SBu43 58¢6 58.Y 99.2 595 59.7



2406
2e006
2e0B
2elu
2.12
2elb
2eld
Ze13
2.20
2422
224
2.26
2.25
2edV
2432
2.3‘0
2e 30
2438
2440
2e42
2eltts
Lol
2ebb
250
2e92
2e54
2506
2458
2460
2et2
r-3y-12
2606
2468
2e70
2.72
276
2.76
2.78
2.60
2.82
P
F-3%.1.)
2.84
2.90
2.%2
2.9“
2496
298
3.00
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a2

2.8
33.3
33.8
3ue3
35.2
3573
363
3b.8
KY ]
3/.8
3des
33.9
3.0
40.0
405
4la.0
“4).6
“2.1
“42.7
43.2
3.8
4463
44.9
4S54
46.0
4645
47.1
47.7
“8.2
48.8
49,3
49.9
90.5
Slel
Sles
5242
52.8
53."
539
9445
55.1
95.7
563
969
57.5
53.1
5d8.6
59.2
598
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bt

32.0
33.3
33.3
34.3
J4etn
35.3
358
364
3b.9
379
3He%
3d.Y
39.5
4060
4045
41.1
41.6
4242
4247
43.3
43.8
[
4409
460
4646
47e2
477
48.9
4944
S0.0
50.6
Sl.2
Sle7
523
S52.9
S3.5
54.1
S55e2
S55eH
56e4
S7.0
57.6
SHe2
58.6
S9.4
60.0

-

32.8
33.3
33.8
34.3
34,8
35,3
35.0
36.4
36,
37 .4
37.9
38.5
39.0
3v.5
40,06
41,1
4l,.0
42,2
42,7
43,3
43.9
44,4
45,40
45,5
46,1
40,7
47,2
47,8
48,4
48,9
49,5
Su.l
S0.7
51,2
51.8
52.4
S53.0
53,6
Se,.2
54,7
55,3
55.Y
56.5
57.1
57.7
SH4,3
SH,.9
59,5
60,1

«JV

3240
33.3
33.8
34e3
4.8
JS.J
35.06
34
36eY
374
37.9
3845
39.0
395
“0.}
“o.b
4l.1
“lel
“2.2
“z.8
“3.3
43.9
44 5
45.4
46.1
46.7
“47.3
479
w8l
4.0
49,6
S0.2
bo.u
51.3
51.9
525
53.1
537
D43
54 .Y
bb.b
36.1
S6e/
57.3
579
58.5
59.1
59,7
00.3

'-7-

32.8
333
33.8
34e3
34ed
39eJd
35.4d
Jo.s
3J6eY
374
37.9

‘3Beb

390
39.5
401
«le0
4lel
wle?
“wle2
42.8
“3ed
G309
445
450
3-TY]
wb6el
EY-Y%4
479
490
4940
S0.2
50.8
51le4
520
5240
53.1
53.7
3443
S4 49
3Ded
561
503
57.4
S¥e0
SHe6
9Y.2
SYed
o00.4
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32.8
3J.J
33.8
3443
Ju.b
3Ine.d
35,.8
30,4
36,9
37 .4
37.9
34,5
39.0
39.5
40.1
4U.6
“4l.l
“wled
42.2
42.8
43.3
‘03.9
44,5
45,0
45,0
46,1
46.7
473
47.9
GB.4
49,0
49,6
50.2
50.8
52.0
3246
53.2
53.8
S4 .4
55.0
55.6
56-2
So.8
ST.4
58.0
SH.0
SY.2
59,9
60.5

34,3
34,8
35,3
35.8
30,4
36.9
37 .4
37.9
30,5
39,0
39,5
40,1
LIV .
4l 2
@), 7
2.2
2.8
43,3
3,9
wi S
45,0
45,0
40,1
wo,7
a4l.3
al.9
YR
49,0
49,6
50,2
50,8
ol.4
S1.9
92,9
2d.1
93.7
35,0
95,6
0,2
50,8
57,4
58,0
Sd.7
29.3
oY,9
oL ,5

hg=hy

}obd

3ce8
333
33.8
Jue3
Jued
353
30.8
Joes
369
374
3/e9
3de5
3940
3965
4uel
40«6
410l
41.7
4ce2
4ce8
“3e3
4349
4495
4500
4540
CITY
4o0e7

ade3

47a.9

bdets -

49.0
496
50.2
Su.H8
Slet
Sle9
Scze5
XYY
3.7
S4ed
Sye9
555
Soel
Soe?
Sdel
S8e7
593
S59.9
[ 1T%-)

«60

32.8
33.3
33.8
3403
34.8
3543
35.8
364

- 3649

37.4
37.9
38.5
39.0
4001
40.6
41l
4l.7
42.8
43,3
43.9
G405
5.0
45.6
46,.1
4ube?
473
41,9

48B4

49,0
49,6
50.2
50,8
Sle4
S1.9
525
53.1
53.7
9443
54,9
5549
5661
56.7
57.4
5840
58.6
99%.2
59.8
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._  APPENDIX B
DISCHARGE RATINGS IN METRIC UNITS



«005
«010
«015
«020
«025
«030
«035
«040
=045
«050
«055
«060
«065
«070
«075
2080
«085
+090
«095
«100
=105
o110
«115
«120
125
«130
«135
140
145
«150
«155
«1€0
165
o170
175
«180
«185
«190
«195
«200
«205
210
«215
220
«225
-230
«235
«240
«245
«250

Table 14
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sontsesant

10X90CM

.000
.000
.000
.060
.000
.001
.001
.001
.001
.001
.062
.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
.022
.024
.025
.026
.027
.028

Free flow calibrations for se'zcted Cutthroat flumes, metric units

(Q* cms)

Q...ﬁQG......l....l....ﬂ......ﬂ..ﬂ.."..ﬁ#........#..#ﬂ..ﬁ......0’.'...........

20X90CM

«000
«.000
000
<001
»001
«001
002
002
»003
+003
«004
004
«005
006
006
«007
.008
009
«010
«011
.012
«013
014
015
016
.018
«015
«020
022
.023
024
«026
«027
«029
«031
«032
«034
036
«037
039
+041
<063
045
. 047
«049
«051
.053
«055
+057
059

30X90CM 20X180CM 4O0X1RO0CHM 60X130CM 30X270CM 60X270CH’ 100x270C

«000 -

«000
<000
«001
«001
«002
«002
«003
«004
«004
«005
«006
«007
«008
«009
<011
«012
«013
«014
«016
«017
«01%
«021
=022
« 024
«026
«028
«030
«031
«034
«036
«038
« 040
« 042
« 045
<047
«049
<052
«054
«0S7
«060
«062
<065
«068
«071
<074
«077
«080
«083
«086

«000
«000
«000
«001
«001
«001
«002
002
«003
«003
«004
«005
«00S
«006
«007
«007
<008
2009
»010
<011
«012
«013
«013
«014
«015
«016
018
«019
«020
«021
022
«023
«024
«026
«027
«028
«030
«031
«032

«034.

«035
«036
«038
«039
0041
«042
o044
« 045
« 047
+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
.036
«336
.038
.040
-043
045
o047
«050
«052
055
058
060
.063
.066
068
.071
<074
077
.080
.083
.086
089
092
«096
«099

«000
«001
«001
«002
«003
«005
«006
«007
«099
<011
012
«014
«016
«018
«021
<023
«025
«028
«030
«033
=036
«039
042
«045
«048
«0S2
«054
«957
«061
«064
«066
«072
«075
«079
«083
«087
«091
«095
+099
«104
«108
112
«117
121
126
«130
«135
«140
145
«150

«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
«367
«069
072

.«000

«001
«002
«003
« 004
«00S
«007
«008
«010
«012
«014

«016

«018
«020
«022
«025
«027
«030
<032
«035
«038
+040
«043
«046
«049
«052
«056

« 059"

«062
«066
2069
«073
«076
«080
<083
-087
«091
«095
«099
«103

2107

o111
«115
119
«123
«128
«i32
137
elé4l
o 146€

«001
«002
«003
«005
«007
«009
«011
«014
«017
«020
«023
«026
«030
«034
«038
o042
«046
«050
« NS4
«059
«063
«068
«073
<078
«083
«089
«094
«099
«105
111
o117
122
129
«135
ol4l
o147
«154
0160
«167
o174
«180
o187
«194
«201
«209
«216
«223
«231
«238
«2h6

28



«255
«260
265
«270
275
»280
*«2R5
«290
295
«300
«30S
«310
«315
320
«325
«330
«335
e 340
03465
«350
«355
«360
«365
«370
«375
«380
«38S
390
«395
«400
+40S
«410
615
0420
«425
<4630
«43S
&40
e844S5
«450
455
460
«465
.670
«475
480
485
«49Q
«495
«500

Table 14
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.....................................Q................I.....................Q..........'"

10X90CM

029
«030
031
032
033
«036
. «035
037
038
039
+040
041
«043
<044
=045
« 046
-048
<049
050
052
053
.054
«056
«057
059
«060
<062
063
+06S
« 066
.068
«069
«071
072
+076
«076
077
«079
.080

.082
oo

20X90CH 30X90CH 20X180CM 40X180CHM 60X180CH 30X270CH 60X270CM 100i27éc

«061
«063
«066
+068
«070
«073
«075
.078
.080
082
+085
.088
«090
«093
096
098
<101
«104
<167
110
112
-115
-118
.121
1264
127
<131
«134
<137
«140
«143
o147
«150
«153
«157
+«160
»163
«167
170
<174

eoe

eee

oo

ese

eoe

eoo

eee

eee

oo

soe

«089
«092
«096
« 099
«102
«106
«109
113
«116
120
«124
127
«131
<135
«139
«143
147
«]151
«15S
«159
«166
«168
«172
177
«181
«185
«190
«195
«199
«206
«209
«213
«218
«223
«228
=233
«238
0243
268
«253

o0 e

(1 1)

[ I 1]

o0

[ 1 2]

oee

[ 1 2]

oee

ose

e0e

«050
«052
«053
«055
»057
«059
«060
062
«064
«066
«067
=069
«071
«073
«075
«077
«079
«081
«083
«085
«087
«089
«091
«093
«095
«097
«099
«101
«103
«105
-108
110
ell2
«1l4
216
219
121
123
«126
128
«130
«133
135
138
«140
162
145
0147
«150
152

«102
106
«109

-112°

116
«119
123
126
130
«134
137
lal
« 165
149
.152
156
160
1646
.168
o172
«176
«180
«185
-.189
«193
197
«202
206
.210
«215
«.219
224
.228
«233
237
o242
o267
«251
+256
+261
«266
270
275
«280
«285
«290
«29S
«300
«30S
310

«155
«160
«16S
«170
«175
«180
«186

197
202
«208
«213
«219
«225
231
0237
<243
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Table I7  Submerged flow calibration for 30cm X 90cm
. Cutthroat flume, (Q® cms) .
ha b3t
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*160 ¢ .021 .C26 .029 .032 .03 .035 «036  .037 .037 .037 .037 .038 .038 .038 .038 -038 .038 .038 ,038 ,0a8
«165 ¢ .022 .027 .031 .033 .035 ,037 «038 039 <039 039 .040 .040 .040 .040 <040 «040 <040 o040 L040 ,040
#170 o .023 .029 .032 .035 .037 .039 2040 <041 L0441 042 L042 L0062 L0642 L042 2042 L0642 <042 <042 L042 LO42
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«195 ¢ ,028 ,035 .040 ,043 .046 «048 ,050 4051 .052 .053 .053 .054 .0S& +054 ,054 .054 .054 0S54 ,.054 ,0S4
«200 * 029 .037 .042 .045 .048 .050 +052  .053 .054 L.055 .056 .056 ,056 .056 .057 «057 .057 .057 .057 ,057
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«245 ®  .039 ,050 .057 .062 .066 <069 ,072 .074 076 ,078 .079 .080 .08l +081 .082 .u82 .,082 .083 ,083 .083
«250 © <041 .05] +059 L064 .068 «072 .074 .077 .079 .080 .082 .0B3 .084 .08 «085 .085 .,085 .086 .086 ,086
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Table 17  (continued)
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1159
1.171
1.183
1.195
1,208
1.220
1.233
1245
1.258
1.270
1.283
1.296
l1.308

«070

«735
e T4b
« 757
« 768
.779
«790
«30)
«812
<423
«8135
846
+«857
869
.880
892
«903
«91S
«926
«938
<950
«961
«973
«98S
«997
1.009
i.02!
1.03
1.045%
1.05"
1.06:
1,08}
1.093
1,105
1,18
te130
1.142
l.lb“
1.167
1.179
1.192
1.20¢
1.217
1.229
l.242
1.255
1.267
1.280
1.293
1.306
1.318

«075

«738
«T49
760
77}
»782
«793
«805
«8l6
827
«839
«850
«861
«a73
885
«896
908
«520
«931
«943
«955
«967
979
991
1,002
1.01%
1.027
1.039
1.051
1l.063
1.075
1.087
1.100
1.112
leol24
1137
14149
1.162
1.174
lel187
1.199
1.212
1.225
1.237
1.250
1.263
1.276
1.289
i.301
l.314
1.327

«080

<740
+751
.762
o774
785
.796
+807
.817
.830
.862
853
<365
.77
.888
1900
912
.‘.‘z“
935
2947
<959
«971
+9a3
995
1.007
1.019
1.032
1.064
1.056
14068
1.081
1.093
1.105
1.118
1.130
1,143
1.155

1.16%

1.181
1.193
1.206
1.219
1.232
1,244
1.257
1.270
1.283
1.296
1.309
1.322
1.335

«085

« 742
«753
o764
«776
«787
«798
«810
<821
«833
0844
«856
<368
<880
«891
«903
«915
«927
«939
«951
«963
«975
«987
«999
Tevii
1.02%
1.036
1048
1.061
i.073
1.085
1.098
1.110
1.123
1.136
le148
1.161
1.:174
1.188
1.199
1.212
1,225
1238
1.251}
l.264
1.227
1290
1303
1.316
1329
le3a2

«090

e Th3
« 754
e 766
o777
-789
«800
<812
«823
«83S
«8&7
«858
«870
+882
«894
« 906
«918
«930
«9462
»954
« 966
<978
« 907
1-.203
1.015
1.027
1.040
1.052
1064
10717
1.089
le102
1.115
1e127
lel40
1.153
1.166
l1.178
1.191
1.206
1.217
1,230
l.2643
1.256
1.269
l.282
1295
1309
1.322
1335
1348

«095

« T44
«T55
« 767
«778
«790
«801
«813
«825
«836
«848
+860
<872
«884
«896
«908
~920
932
«964
«956
«968
+«981
«993
1.005
1.018
1.030
1.043
1.055
1.068
1.080
1.093
l1.106
l.118
1.131
1,144
1.157
Ll70
1.183
1.195
1,208
1.222
1.235
1.248
1.261
1.274
1.287
1.301
1.314
1.327
1.361
1.356

.....



