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AN INTERPRETIVE SUMMARY

EXTENDED STUDIES OF RATING BROAD CRESTED V-NOTCH WEIRS
WITH NARROW SLOPING APPROACH CHANNELS

James F. Ruff, Associate Professor, Civil Engineering, Colorado State Univ.
Brent W. Mefford, Hydraulic Engineer, Bureau of Reclamation,
Denver, Colorado
Keith Saxton, USDA-SEA, Washington State University

Introduction

The U. S. Soil Conservation Service (SCS) developed a triangular
broad-crested weir in 1937 for installation in small watersheds. The
objective of this weir development was to provide a precalibrated stream
flow metering installation for small watersheds. Precalibration of the
original broad-crested V-notch weirs was performed with models using
fixed bed approach channels with low velocities approaching the weirs.
Numerous weirs were installed in the field. Later inspection of the
installations showed that the field conditions generally failed to
conform to the limits of the original model studies and the question of
precalibration validity arose.

Further investigations of the broad-crested V-notch weir were
conducted by Ruff, et al [1977]!, as a review of the original work and
to delineate calibration effects of sediment laden flows with varying
approach channels. Ruff's investigation indicated the calibrations were
affected by the approach channel slope and cross sectional area. This
report is an extension of Ruff's work and focuses on approach channel
conditions that affect the rating of the SCS broad-crested V-notch weir.

The latest study was conducted using model weirs at different scales
to develop a laboratory rating from which the field hydrologist can
predict rating influences defined by on-site approach conditions. The
major areas of the study involved: (1) developing weir calibrations to
cover a range of channel conditions, (2) defining channel slope-area
effects on weir ratings and (3) evaluating effects due to changes in the
approach channel bed elevations below the weir notch on the weir rating.
The model weirs were subjected to simulated flows corresponding to a
range of prototype flows from 0.0014 to 84 m3/s. Approach channel slopes
were varied between 0.0 and 1.5 percent involving both subcritical and
supercritical flows. Approach channels with circular and trapezoidal
cross sections and several different side slopes were studied. Channel
beds upstream from the weir with elevations of 0.0, 0.15, 0.3 and 0.45 m
below the weir notch were tested. All measurements referred to in this
paper are prototype unless specifically identified as model dimensions.

1 pates appearing in the brackets refer to literature references
at the end of this summary. '
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Weir Calibration Model Tests

The SCS broad-crested V-notch weir was economical to construct,
durable and accurate throughout a wide flow range for approach channels
with small bed slopes. Details of the weir are shown in Figure 1. The
discharge of the broad-crested V-notch weir is expressed by

0.5

i 8 Vi2, 2.5
Q= Cd g tan > (H+ a; 2g)

or

_ 0.5 0 2.5
Q= CD g tan 5 HT

1‘

where: Q is the discharge with dimensions of L3 T~
C 0.5 -1

-

is the discharge coefficient, L s

6 1is the internal weir angle;
H is the‘'head above the notch measured 3m upstream, L;

a; is the kinetic energy correction factor;

g 1is the gravity constant, LT'Z;

V is the average approach velogity, LTDl; and

Hp is the total head H + o) %ﬁ;-, L.

The discharge coefficient is assumed to account for losses, and other
factors that may affect the weir rating without having to alter the
other variables, i.e. H, V, and 6 .

Model tests were conducted to define the approach channel effects
on the calibrations of the broad-crested V-notch weirs. Fixed bed
models with a model to prototype ratio of 1:10, 1:5, 1:2.5 and 1:1 were
tested with head measurements taken 3.0m upstream from the weir center-
line.

Numerous channel cross sectional geometries have been tested. Ruff
et al [1977] used channel geometries modeled in part from the original
SCS work of Huff [1938, 1941a, 1941b, 1942] and from field installations.
Generally, the trapezoidal channel geometries modeled in the 1977 study
were similar to the channels used in the original tests conducted by
Huff and the circular sections were selected to approximate approach
channels of USDA-ARS broad-crested V-notch weir flow metering stations
near Treynor, Iowa. The channel cross sections chosen for additional
testing in this study are shown in Figure 2. These cross sections were
selected to broaden the scope of available weir calibrations for
generalized approach channel conditions.
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(a) Elevation

P e

(b) Top View

/\*\

(c) Prototype, Section A-A

Fig. 1 Soil Conservation Service Broad Crested Weir
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SUMMARY AND CONCLUSIONS

Approach Channel Effects

Rectangular, trapezoidal, and circular channel cross sections were
tested mainly at four channel slopes of 0.0, 0.5, 1.0 and 1.5 percent.
The approach channel area was varied by changing the location of the
notch with respect to the channel bed in addition to using the different
geometric cross sections.

There was no obvious effect on the weir rating due to geometric
changes in the approach channel area for the 2:1 and 3:1 triangular
weirs tested in this study when compared to each other. It is apparent
that the tests were not made over a broad enough range of areas. There
is an area effect when the channels are compared to a large channel with
low approach velocities as evident in Figures 3 and 4 for the generalized
curves. Table 1 gives the conditions for which these curves are
applicable .

The rating curves for the 5:1 triangular weir shown in Figures 5 and
6 indicate the effect due to changes in approach channel area. Table I
gives the conditions representative of the curves shown in Figure 5.
Figure 6 demonstrates that the smaller circular channel with a 12.1 ft
radius indicates a greater discharge at a given head than the larger
circular and trapezoidal channels. These differences in discharge are
not evident in Figure 7 when the velocity head is taken into account
which reflects the influence of the velocity head component on the total
head. The velocity head influence was also observed for the 5:1
triangular weir when the bed elevation is lowered and the approach channel
area is thus increased. The most significant effects due to channel
area are evident when the channel area decreases and approaches the cross
sectional flow area of the weir. In the limit, if these areas are equal,
the channel and weir form a chute and the flow is controlled by the slope
and channel roughness rather than by the weir.

The approach channel slope also affects the weir calibrations mainly
through the approach velocity. This is evident by comparing the plots
of head versus discharge shown in Figure 8a, 8b, and 8c with the
corresponding plots of total head versus discharge in Figure 9a, 9b and
9c. The addition of the velocity head in Figure 8 tends to make the
ratings become more congruent. When the velocity head is not included as
in Figure 8, the discharge can differ on the order of 100 percent at
heads of 3 to 4 ft. At slopes less than 0.5 percent, the changes in
the rating curves can not be readily distinguished.

Numerous runs were tested under supercritical flow conditions. When
flow becomes supercritical in the channel, the control also reverts to
that due to the channel slope and roughness. There appears to be a
smooth transition between the two types of controls for the model channels.
This may not be the case for the dynamic and mobile channel beds found in
the field. Therefore, the ratings recommended for use are those where
the flow is subcritical. The generalized weir rating curves representative
of several weir channel conditions are presented in Figures 3, 4, and 5 for
the 2:1, 3:1 and 5:1 triangular weirs, respectively. Table I presents
the conditions for which these general curves are applicable.
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TABLE I

Classification of Weir Rating Effects

Rating Curve Channel Conditions
Bed Slope Bed Elevations
2:1 Weir
16-1 0.0% -0.5', -0.0'
0.5% -0.5', -0.5"
1.0% -0.5!'
16-2 1.0% -0.0"
16-3 1.5% -0.0'
3:1 Weir
17-1 0.0% -0.5', -0.0
0.5% -0.5', -0.0"
1.0% -0.5"
1.5% -0.5"
17-2 1.0% -0.0"
17-3 1.5% -0.0"
5:1 Weir
18a-1 0.0% -0.0', -0.5"
0.5% -0.0', -0.5'
1.0% -0.5'
18a-2 1.0% -0.0'
1.5% -0.0', -0.5"
18b-1 0.0% -0.0', -0.5"
0.5% -0.5"
1.0% -0.5"
18b-2 0.5% -0.0"
18b-3 1.0% -0.0"
1.5% -0.0', -0.5"
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The improved rating determined by this study of the broad-crested
V-notch weir will provide a better determination of flow rates for field
installations where incorrect ratings or no ratings existed before. Field
measurements of approach channel slope and cross section will indicate
which rating curve is most appropriate for a given installation. The
hydrologist will have improved and accurate flow measurements which can
be used to base economic, social, and scientific interpretations.
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Chapter 1

INTRODUCTION

The need for accurate discharge measurements of runoff flows
occurring on small watersheds often confronts the field hydrologist. In
the semi-arid and arid regions of the United States, water is becoming an
increasingly scarce resource. Paralleling the increasing demands on
water are the tightening reins of water management and, in turn, the
need for reliable streamflow measurements from small watersheds. Typical-
ly, small watersheds react to runoff occurrences with rapid responses in
their streamflows. On-site measurements are thereby complicated by
large variations in discharge versus short time frames of stream stage
duration. Ruff et al. (1977) cited an example of a discharge hydro-
graph of a small watershed stream which illustrates a part of the
streamflow measurement problems facing the field hydrologist. Streamflow
varied from 0.3 cfs to 411.0 cfs in a period of less than 15 minutes.
Additional measurement problems exist with the transport of significant
amounts of trash and sediment which interfere with gaging.

Starting in 1937, the Section of Runoff Studies of the Division of
Research of the U. S. Soil Conservation Service (SCS) developed a tri-
angular broad-crested weir (Figure 1). Utilization was aimed toward
a precalibrated streamflow metering installation for small watersheds.
These weirs have been used extensively because they are durable, econom-
ical, and offer the ability to define discharge as a continuous function
of stream stage. Precalibration of the broad-crested V-notch weir was
originally performed by Albert N. Huff (1938, 194la, 1941b, 1942) omn

fixed bed approach channels in laboratory model studies. Huff found the
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Fig. 1 Soil Conservation Service Broad Crested Weir



triangular ("V"-notch) broad-crested weir, developed by the SCS, to pro-

vide reliable ratings for channel conditions with low approach velo-

cities. Where field conditions fail to conform within the limits of the

original model studies the question of precalibration validity arises.
In 1973 further investigation of the broad-crested V-notch weir

was conducted by Ruff et al. (1977) as a review of Huff's work and

to delineate calibration effects of sediment laden flows with varying

approach channels. This report is an extension of Ruff's work, focusing

on approach channel conditions that affect the ratings of the SCS broad-

crested ""V'"-notch weir.

Objectives of this Study

This study was conducted using model weirs of different scales to
develop a series of laboratory ratings from which the field hydrologist
can predict rating influences defined by on-site approach channel
conditions. The major areas of study are:

(1) developing weir calibrations to cover a range of channel

conditions;

(2) defining channel slope-area effects on weir ratings;

(3) evaluating weir rating effects due to changes in approach

channel bed elevations below the weir notch.

Values are given in prototype dimensions unless specified. Flows
were considered within the range of 0.05 cfs to 3000.0 cfs. Approach
channel slopes were varied between 0.0 and 1.5 percent involving both
subcritical and supercritical flow. Approach channels with circular
and trapezoidal cross-sections and varying side slopes were studied.
Upstream channel beds with elevations of 0.0 ft., 0.5 ft., 1.0 ft., and

1.5 ft., below the weir notch were tested.



Chapter II

BACKGROUND

Weirs

The weir is a channel constriction designed to provide a control
section for streamflow. The control section can then be calibrated for
flow metering. The calibrations are conducted under steady state
conditions at several discharges. One of the first theoretical equations
for measuring flow over a rectangular weir was developed in 1717 by
Marquis Geovanni Poleni (Rouse, 1971). Since then a multitude of studies
have been conducted to define weir calibratioms.

Weirs can be classified into two general categories: sharp crested
and broad crested. Sharp-crested weirs are characterized by a ''sharp"
edge over which the flow springs free of the weir crest. A generalized

formula for discharge over a rectangular sharp-crested weir is:

1/2

Q=C, ¢ o

(1)

where Q is the discharge, Cd is a coefficient of discharge, g is

the acceleration of gravity, L 1is the effective weir length perpendicular
to the flow, and H is the head above the weir crest measured at a point
upstream of the nappe drawdown and, generally,measured 10 ft upstream

from the weir centerline.

"Broad crested" infers a finite crest length in the direction of

flow. As such the weir crest adds a second dimension of complexity to



the control section hydraulics. As opposed to '"sharp-crested", the nappe
of the flow remains in contact with the weir crest. In theory, sub-
critical flow approaches the weir and the flow passed through critical
depth while on the crest of the weir. The broad-crested weir is thus
sometimes described as a critical depth meter. Two primary advantages
are associated with critical depth devices: 1) submergence can occur

up to critical depth without significantly affecting the upstream head-
discharge relationship, 2) the discharge can be defined by a single
critical depth measurement. Assuming uniform parallel flow and a know-
ledge of the location of critical depth a generalized discharge equation

for rectangular broad-crested weirs could be:

Q=g 1 Hcs/z 2

where Hc is the critical depth of flow. In the field, the assumptions
underlying Equation 2 are seldom met. Flow patterns and the point of
critical depth are a function of several variables. Weir geometry,
crest roughness, and entrance conditions all influence the system.

To understand the hydraulics of the broad-crested weir, a knowledge
of the general flow patterns over a weir is required. Tracey (1957) dis-
cussed the flow patterns over a weir crest. His discussions lead to an
expanded definition of broad crested. The term '"broad crested'" must be
broken into two parts. In the general sense the term is a function of
the crest length in the direction of flow. Secondly, it is defined by

the head versus weir geometry relationship. For a broad-crested weir,



with an aerated free overfall and a horizontal crest of fixed geometry
the internal and surface flow patterns are dependent on the head-to-crest

length ratio.

Under conditions of small head to length ratios the weir crest
becomes a channel control. The thickness of the boundary layer, § ,
along the crest and the slope of the total head line over the weir
become important. The slope of the total head line over the weir becomes
large because of the viscous shear losses within the boundary layer.

Even though flow may be irrotational through most of the depth, within
the boundary layer the shear stresses create a velocity gradient. The
average velocity of the boundary layer being less than that of the
ambient flow produces a wedge shaped segment of flow of lower discharge

resulting in a non uniform flow (Figure 2).

- N\

rbulent Boundary
Separation Layer

Eddy |

Fig. 2 - Boundary Layer Development




The same weir at intermediate values of head-to-length ratios may
produce a separation zone between the flow nappe and the leading edge
of the weir (Figure 2). Separation with reattachment on the weir crest
produces a localized eddy downstream of the point of separation. The
formation of the separation zone redefines the effective boundary of the
internal flow patterns over the weir crest.

If sufficiently high head-to-length ratios occur, the nappe will
fail to reattach within the limits of the crest length. The nappe will
spring clear of the weir crest as a free jet,which is characteristic of
sharp-crested weirs.

Surface profiles are characteristic of a weir crest length for a
specified head. Flow over a weir of long crest length eventually
approaches critical depth on the crest,as the flow accelerates with
increased distance from the leading edge. At critical depth the specific
head is a minimum. Continued energy losses at or near critical depth
requires the flow depth to adjust itself and leads to the formation of
standing waves. As the head increases, in relation to the weir length,
the water surface profile over the weir traverses lengths of both
curvilinear and nearly parallel flow. When the ratio of head to length
decreases to the point where only curvilinear flow occurs over the
crest, a non uniform pressure gradient due to non parallel flow exists
over the entire region of the weir crest (Figure 3).

Broad-crested weirs are often subdivided into three groups based
on the resultant surface profiles. Narrow weirs are defined by the
complete expanse of fully developed curvilinear flow over the weir
crest (Figure 3c). Medium or broad weirs are characterized by zones of

curvilinear flow at the leading and trailing edges of the weir crest
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a. Long-Crested Weir b. Broad-Crested Weir
¢, Narrow-Crested Weir d. Sharp-Crested Weir
Fig. 3 - Typical Water Surface Profiles
TABLE 1
Classification of Weirs
(Govinda Rao, Muralidhar, 1963)
Value of H/L Nature of Water Surface . Classification
of Weir

0 < H/L < 0.1 Consists of series of standing Long-Crested

waves Weir
0.1 < H/L <0.4 Parallel to the weir crest for Broad-Crested

considerable portion Weir
0.4 < H/L < 1.5 Wholly curvilinear Narrow-Crested
to 1.9 (upper Weir
limit dependent on
H/p)
H/L > 1.5 to 1.9 Flow separates at the upstream Sharp-Crested
(Lower limit de- corner and springs clear of the Weir
pendent on H/p) weir crest




bounding a central length of approximately parallel flow. The third
group, called long weirs is depicted by the development of standing
wave patterns over the weir crest.

Govina Rao and Muralidhar (1963) presented a classification for
square-edge, byoad—crested weirs based on relative head to length ratios;

utilizing flow patterns fimilar to those discussed above (refer to Table 1).

Triangular Broad-Crested Weir

The triangular broad-crested 'V" notch weir infers a third aspect
of weir geometry. Triangular refers to the shape of the weir in cross
section normal to the direction of flow. The weir forms a "V'" across
the channel as illustrated in Figure 1.

The purpose of the "V" notch design is to increase the depth of
flow over the vortex at low discharge. The triangular shape enables
the weir to handle large ranges of discharge without forfeiting
sensitivity at the low end. Selection of the angle of the "V", the
weir angle 6 , determines the low end sensitivity and the range of

flow conveyance possible over the weir.

Prior Research

The original research on the Soil Conservation Service broad-
crested V-notch weir was conducted by Huff (1938, 194la, 1941b, 1942) at
Cornell and Minnesota Universities. Huff worked mainly with channel bed
slopes less than 1 percent and short, fixed bed approach channels.

Field installations deviating from the laboratory settings defined by
Huff lead to a second level of laboratory testing conducted by Ruff, Dang

and Saxton, (1977).
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The objectives of the research carried out by Ruff, Dang, and
Saxton at Colorado State University were:

1. to verify the original calibration curves for the 2:1 and 3:1
broad-crested V-notch weirs developed by Huff;

2. to derive new rating curves and discharge coefficients for
different weir approach channel slopes and cross section
combinations;

3. to determine the effects of approach channel deposition; and

4. to determine the energy and momentum correction coefficients
for the approach channels tests.

Five to one scale model studies were conducted using a 4 ft x 8 ft x
200 ft recirculating, tilting flume. The test section contained 45 ft
(model) of concrete-lined approach cﬁannel. The weir plates were con-
structed from aluminum stock. A slotted stilling well intake, referred
to as an integrated intake, was constructed across the channel flush
with the bed. The intake was 10 ft upstream of the center of

the weir for recording head measurements.

3:1 Weir Calibrations

Ruff et al. (1977) used rectangular, trapezoidal, and circular
channel cross sections with the geometries as shown in Figure 4. Empirical
calibrations were formulated for 0.0, 0.5, 1.0 and 1.5 percent channel
slopes. Additional tests were conducted with the circular approach
channel modified to include alluvial deposits modeled in concrete. Dune
bed forms measuring 0.5 ft and 1.0 ft were used at a position-10 ft

upstream from the weir notch.
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(a) Rectangular Channel

R=24. P=0
(d) Circular Channel with Severe Deposition

Weir
3 Deposition
Bed ' '
R=247  P=0 fo.s'
(e) Circular Channel with Moderate Deposition

Fig. 4 - Channels Tested In Conjunction with 3:1 Weir
(Ruff et al. 1977)
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2:1 Weir Calibrations

Similar rectangular, trapezoidal, and circular channel cross

sections were utilized in the 2:1 weir tests (Figure 5). Again channel

slopes from 0.0 to 1.5 percent were tested. Sediment deposition tests

were conducted for both the circular and trapezoidal channels as

described for the circular channel of the 3:1 weir calibrations.

Conclusions

In general Ruff, Dang, and Saxton found that:

1.

Increasing the approach channel slope results in a greater
velocity head and an increase in the discharge for a given
head on the weir, H

Smaller channel cross sections caused increased flow rates for
a given head due to increased approach velocities.

The use of total head instead of static head tends to decrease
rating curve differences caused by approach channel variations.
In general, the rating curves for channels with deposits
approached those without deposits at the higher stages and
deviated from them at low stages. Curves for 0.5 ft deposits
were similar to those without deposits for heads greater than
about 2.5 ft. Heads of 4 ft to 6 ft were required before

the rating curves for the 1.0 ft deposit approached the non
deposit curves. For example, at 2 ft head and 1 percent slope,
the discharge is about 109 cfs with no deposition as compared

to about 7.3 cfs with 1 ft of deposition.
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R=|
(c) Circular Channel with Severe Deposition

(e) Trapezoldal Chunm'ilih Severe Depoglﬂon

Fig.5 - Channels Tested in Conjunction with 2:1 Weir
(Ruff et al. 1977)



Chapter III

THEORY

Weir Discharge Equations

A relationship for the discharge over a weir can be developed by
first considering a simplified one-dimensional flow pattern. The flow
is assumed as inviscid steady uniform flow within the reach
considered and viscous effects are not significant. The triangular
weir equation can be developed by utilizing an incremental discharge

relation:

vdA (3)

e

The incremental velocity, v , is derived from application of the
Bernoulli equation between points 1 and 2 (Figure 6a). The incremental
area, dA , (Figure 6b) is equal to (y)dh. Theoretical discharge, QT
can then be expressed as an integral function of head and approach

velocity:

H 2
Q = 2(2g) ¥? tan & [ (H-h)(h + % 172y gn 4)
o]

With further development, integration defines a theoretical discharge

relationship for the assumptions of ideal flow.

14
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Fig. 6a - Longitudinal Cross Section of Flow
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Fig. 6b - Cross Section of Triangular Weir
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8 25/2 5
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O =15 @Y7 tan § L&+ w¥2 - (Y7 - Sadin¥Y

H(g (5)

Equation 5 provides an exact solution under the assumptions of its
derivation. It defines the maximum theoretical discharge for the
available total head.

Flow patterns in the field can deviate greatly from the assumptions
of ideal flow. The effects of field conditions (viscous fluid and
nonparallel streamlines) are normally approximated through the addition
of coefficients to Equation 5.

Two coefficients are primarily associated with weir hydraulics.
These coefficients are the velocity distribution coefficient, o , and
the discharge coefficient, CD
The velocity distribution coefficient is used as a kinetic energy

correction factor to account for the nonuniform velocity distribution

and modifies the average velocity head term of the approaching flow,
V12
2g
section per unit time based upon the incremental velocity vy v , compared

.

to the kinetic energy flux based upon the average velocity, V

It is defined as the ratio of the kinetic energy passing a cross

_ZaviAaA/2g_zviaAA

& VAT 5 Vi A (6)

The second coefficient, Cd , 1s defined as a coefficient of
discharge, which functions as a conglomerate influenced by simplifications

of theory, fluid properties, and nonuniform flow patterns.
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In a simplified form Equation 5 can be rewritten as,

QT = Cd 81/2 tan %_HS/Z )]

where Cd accounts for the influence of the deleted terms. Under the

previously stated assumptions of ideal flow, C, in Equation 7 is

d
primarily a function of approach velocity head and weir geometry. For
normally assumed conditions of negligible approach velocity, Cd then
becomes a constant, defined by weir geometry.

The nature of Cd becomes less predictable with non ideal flow,
for which many of the stated assumptions are inappropriate. Many
factors can produce non uniform flow patterns upstream of the weir
control. These factors can best be defined by dimensional analysis.

The important variables for two-dimensional flow over the SCS

triangular broad-crested weir with aerated nappe are grouped as follows:

Boundary Variables (L, k, a, p, r, 8, ¢, s)
Flow Variables (H, V;)

Fluid Variables (y, p, u, o)

where, L = weir length in the direction of flow,
k = roughness height on the weir plate surface,
a = approach channel area, measured 10 ft upstream of the

weir centerline,
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distance of weir notch above the channel bed,
channel roughness,

internal weir angle normal to the flow [tan %J,
weir edge angle,

approach channel bed slope,

static head upstream of the influence of the nappe
drawdown and measured 10 ft upstream from weir centerline,
average approach velocity,

specific weight of the fluid,

fluid density,

dynamic viscosity of the fluid, and

surface tension of the fluid.

variables listed can be expressed functionally as

0=f (L, k, a, p, v, 8, ¢, s, H, Vi, Y5 Ps W, o)

(8)

Choosing V; , H , and Yy as repeating variables and grouping into

nondimensional parameters yields,

where

L k a pr Vi  pViH pV1%H
£ (_'3 H* HZ » [ es ¢l S, > ]

H’ H> HZ? H* H /gH— ' (o]
[g =1

(9)
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Four parameters represent factors of weir geometry: %-, %-, 8, ¢.

Four factors represent channel characteristics: ﬁ%—, g-, E-, s , and

2 2
three factors evolve around the mechanics of flow: L 3 pViH 3 pVé fH ¥

VgH M

The three flow parameters are recognized as forms of the Froude,

Reynolds and Weber numbers,respectively. The coefficient of discharge

can be obtained by combining 2 and (El—a and using tan 6 to form
HE T g
Q/(gllztan 6 H5/2) where [Q = av]. Transferring Cd to the other side

1/

of Equation 9 and substituting Cy for Q/(gll2 tan 6 H 2), allows it

to be equated as a function of the following nondimensional parameters.

& 00 s, R, W) (10)

For the purposes of this report the number of terms in Equation 10
can be reduced by briefly considering the nature of the nondimensional
parameters.

The term, E-,depicts the progression of flow patterns discussed in
Chapter II which characterize broad-crested weirs in general. Although
several models at different scales were tested, the crest length always
corresponded to a single prototype crest length. In effect, this caused

the geometric ratio, to be a constant for the different models.

L

H. 3
In connection with ﬁ-, only at very high values of ﬁ- do the parameters
%—, Re’ We exert a level of significant influence in most field studies.
Similarly, when defining Cd as a function of either weir roughness

or the Reynolds number, concern is generally restricted to low heads

(outside the scope of this study) where the boundary layer thickness is

significant.
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The third parameter accountable at high values of ﬁ- is a form
of the Weber number: a ratio of surface tension forces to inertial forces.
As such it has an insignificant effect except at very low heads where
surface tension becomes a factor in the flow dynamics.

The tests were designed to avoid low heads in the models. Flow
conditions yielding low heads were subsequently tested under full-scale
conditions.

The parameter ¢ appears in Equation 10 as a constant. As a
dimensionless quantity it is independent of the head for a fixed weir
geometry. For the purposes of investigating the calibration of a
specific weir geometry the term can be deleted.

A revised form of Equation 10 can then be written as,

= s  E. X
H (11)

Channel Area

The results of tests conducted on 2:1 and 3:1 weirs by Ruff et
al. (1977) showed calibration effects attributed to approach channel
area, a . In general these tests showed two relations. First, smaller
channels with low values of ﬁ% produced higher velocities than larger
channels with the same value of ﬁ% . Secondly, as a increased
relative to H a decrease in discharge is apparent. This can be seen
by considering the limit as ﬁ% approaches infinity. At the upper limit,

the channel can be considered as a large upstream reservoir. As an

infinite reservoir the approach velocity is negligible and the nonuniformity



21

of flow is minimized. As a result,the influence of channel area on Cd

is expected to be inversely related to ﬁ%

Distance from Bed to Weir

Reasoning similar to that used for channel geometry can be applied
to predict the general effect of bed elevation relative to the weir
notch on Cd . As the distance, p , approaches infinity, the volume
of water under control of the weir increases resulting in lower approach
velocities and a total head line becoming asymptotic to a horizontal line.

Therefore, the expected effect of bed elevation on C, is inversely

d
related to p/H.

The relationship can also be considered by using the momentum
principle. Chow (1959) illustrates the effect of bed elevation on Cd
by applying the momentum equation to a simplified two-dimensional flow
over a broad-crested weir. The coefficient Cd was found to decrease
with increasing values of p/H . The resultant effect indicates for a
given head, H , an increase in p would result in a decrease in

discharge.

Channel Roughness

The channel roughness of a natural stream may vary greatly over a
short reach. Channel roughness may also vary at a cross section with
changes in time, stage and sediment load. Several parameters, such as
the Manning "n'" and the Chezy "C" have been developed to express
generalized channel resistance in terms of surface roughness. Natural
channels normally exhibit conditions of a hydraulically rough surface.
As such the channel roughness influences the velocity distribution and

the slope of the total head line.
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A comparison of the ideal flow patterns underlying the theoretical
development of the discharge equation to the patterns of boundary flow
suggest the effect of %— on Cd . The theoretical discharge,Equation 7,
was developed independently of channel roughness by assuming an inviscid
fluid. As such the fluid could not support turbulent shear; 1i.e.,

4" Similarly,for very small values of %, the

laminar sublayer produces a hydraulically smooth surface which indicates

no effect of ﬁ-on C

a minimum effect of 5— on Cd =

Channel Bed Slope

Increasing approach channel bed slope leads to both nonuniform
flow and greater approach velocities. A sloping channel bed directly
adds to the nonuniformity of flow under the assumption of a horizontal
water surface within the reach of weir control. Also, due to a steeper
upstream hydraulic grade line, higher approach velocities often occur
in the channel, resulting in a significant velocity gradient over the
length of weir controlled flow. As a result, the coefficient of dis-
charge is expected to show an increase with steepening approach channel

bed slope.



Chapter IV

MODEL TESTS

0f the four approach channel parameters identified in Equation 11,
three were chosen as components of the model testing. Channel roughness
was deleted as it was considered beyond the capability of the modeling
effort.

The channel geometries studied in the 1977 CSU tests (Ruff et al.)
of the SCS broad-crested V-notch weir were modeled in part from the
previous work of Huff (1938, 1941a, 1941b, 1942) and from field instal-
lations. Generally the trapezoidal channel geometries modeled in the
1977 study were similar to the type of channel used in the original
testing carried out by Huff. In contrast, the circular channel cross
sections tested were selected to approximate approach channels of
USDA-ARS broad-crested V-notch weir flow metering stations near Treynor,
Iowa. The channel cross sections chosen for additional testing and report-
ed herein broaden the scope of available weir calibrations for general-
ized approach channel conditions.

The 1976 weir calibration tests conducted by Dang which utilized
only 5:1 scale models with 45 ft (model) of approach channel were
expanded to include weir models with scale ratios of 1:1, 2.5:1, 5:1
and 10:1. Models were constructed with 90 ft (model) of approach channel.
As with the 1976 study, models were constructed in the 4 ft x 8 ft x 200 ft
recirculating flume at the CSU Engineering Research Center. The flume
tilts with a 2 percent maximum slope and has a orifice calibrated

discharge range of 0.05 cfs to 30 cfs.

23
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The 5:1 scale weir plates were constructed of aluminum stock. Weir
plate materials for the model scales of 1:1, 2.5:1, and 10:1 were selected
based on the ease of construction. The large scale weir plates, 1:1 and
2.5:1, were constructed of laminated wood and coated with an epoxy paint.
The 10:1 scale weir plates were cut out of plexiglass and milled to the
correct dimensions.

Round bottom triangular channels, designated as circular, and
trapezoidal channels of various cross sections were constructed of sand
and surfaced with a thin cement mortar. An integrated intake was con-
structed flush with the channel bed at a distance of 10 ft (prototype)
upstream of the weir centerline to measure the average head over the
cross section. The integrated intake was connected to the stilling well
and consisted of a box like structure with an iron band covering the
top and which served as an intake surface. The iron band was fabricated
to conform to the shape of the different channel cross sections. Oblong
slots approximately 0.5 inch by 2 inch and separated by 3 inches were cut
into the band to permit the entrance of water. Two secondary head
measurements were taken using piezometer taps located at positions
immediately upstream of the weir face and 10.0 ft (model) upstream of
the weir centerline.

The integrated intake and piezometers were connected to a selective
multiple input stilling well located on the outside wall of the flume
adjacent to the weir centerline. The stilling well was free to pivot
about a point on the weir notch zero elevation line such that no cor-
rection for flume slope was required. A hook gage mounted on the
stilling well was used to obtain static head measurements. The hook

gage could be read to the nearest 0.001 ft.
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Three weir geometries were tested in combination with the channel
shapes. Weir side slopes of 2 to 1 (6 = 127°), 3 to 1 (8 = 143°), and
5tol (6 = 157°) were utilized. For each weir angle the elevation of
the center of the weir notch was defined as the zero datum. Conditions
describing zero bed elevation are shown in Figure 7. The upstream
channel bed was maintained at 1.5 ft (model) above thé downstream
channel bed to provide adequate drop to insure against weir submergence.
Negative bed elevations were achieved by raising the weir. Bed elevations
of 0.0 ft, -0.5 ft, -1.0 ft, and -1.5 ft were generally tested. All
channels tested at 0.0 ft bed elevation were run at the following four
channel slopes: 0.0, 0.5, 1.0, and 1.5 percent.

During some calibration runs, velocity and water surface profile
measurements were conducted at flows approximately 25 and 75 percent of
the expected discharge ranges. Surface readings were taken at positions
along the channel centerline and 2.0 ft (model) to either side of
centerline as shown in Figure 8. Surface readings were used as com-
parisons to still well values and as indicators of the presence of
standing waves.

In conjunction with the surface readings, point velocities were
measured at the channel cross section over the integrated intake, using
an Ott current meter. The Ott meter was positioned in a cross sectional
grid of 0.5 ft horizontal to 0.1 ft vertical (model). Velocity
measurements were taken at the grid nodal points (refer to Dang, 1976).
Velocities were used to construct isovels for computation of a values
representative of the test conditions.

The model test program results were correlated by run number and

a run characteristics code. Test conditions are coded by weir type,
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percent channel slope, channel type, and model scale.

Weir types are abbreviated as:

W1l = 3:1 side slope weir
W2 = 2:1 side slope weir
W3 = 5:1 side slope weir

Channel type designations define test conditions by channel form
and bed elevation. Channel forms are generalized as circular, '"C" , or
trapezoidal, "T" . Bed elevations are presented as negative values
defining the channel elevation upstream from the weir in feet below the
weir notch.

The following example illustrates the use of model test coding.

W1/0.5/C-0.18/5:1

where;
Wl = 3:1 side slope weir
0.5 = percent channel slope
C-0.18 = circular channel with the channel bed -0.18 ft (model) below

the weir notch
5:1 = model scale of testing
Table 2 cross references the model testing by run number, test conditions
coding, channel bottom dimension, and the approach channel side slope.
The channel bottom dimension is the bed width for a trapezoidal channel
or is the radius of the circular section forming the bed that is tangent
to the channel side slopes. The weirs and channels tested are shown in

Figure 9.



2:1 WEIR
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2:1 Weir Tests

Circular channels built at a 1:1 scale ratio and a trapezoidal
channel built at a 5:1 scale ratio were tested in conjunction with the
2:1 slope broad-crested V-notch weir (see Table 2).

The aim of the full-scale testing was to increase the accuracy of
the calibrations at low flows. The tests encompassed flows for heads of
less than 1.5 ft. The circular channel geometry, Figure 9b, was con-
structed with a bottom radius of 4.94 ft and 3:1 side slopes. To
minimize channel construction the circular approach channel geometry
was chosen to enable its use for both 2:1 weir and 3:1 weir tests.

A second series of tests with the 2:1 weir was also conducted.
Tests were performed at a 1:1 scale with 15 feet of the channel upstream
of the weir modified with a 17 ft radius and 2:1 side slopes (see Figure
9a). The channel is similar to channels test by Dang (1976). The larger
channel geometry (17.0 ft radius) allowed for calibration comparisons with
both the narrower (4.94 ft radius) channel tests and previous tests
performed by Dang. The 2:1 weir was also tested with the trapezoidal
approach channel with 4:1 side slopes and a 5.0 ft bottom width shown
in Figure 9c. The channel geometry was chosen as representative of a
wide trapezoid channel used with the 2:1 weir. Calibration tests con-
ducted with the 5 ft trapezoid channel allow weir rating comparisons
with the previous studies conducted by Huff (194la) and Dang (1976) on

narrower trapezoidal cross sections.

3:1 Weir Tests

Full-scale circular channels and 5:1 scale trapezoidal channels,

similar to the 2:1 weir channels test, were tested in conjunction with
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TABLE 2

Chart of Calibration Tests

Run No. Testing Code Channel Bottom (ft) Channel Side
(radius or width) Slope
1 W1/0.00/C-.18/5:1 24.70 31
2 W1/0.25/C-.18/5:1 24.70 3:1
3 W1/0.05/C-.18/5:1 24.70 321
4 W1/0.75/C-.18/5:1 24.70 Fal
5 W1/1.00/C-.18/5:1 24.70 |
6 W1/1.50/C-.18/5:1 24.70 3:1
7 W1/0.50/C-.70/5:1 24.70 3:1
8 w1/0.50/C-1.23/5:1 24.70 el
9 W1/0.50/C-1.76/5:1 24.70 R |
10 W1/0.00/C-.18/1:1 4.94 31
11 W1/0.50/C-.18/1:1 4.94 3:1
12 W1/1.00/C-.18/1:1 4.94 3]
13 W1/1.50/C-.18/1:1 4.94 341
14 W1/0.00/C-.68/1:1 4.94 3:1
15 W1/0.50/C-.68/1:1 4.94 3:1
16 W1/1.00/C-.68/1:1 4.94 3
17 W1/1.50/C-.68/1:1 4.94 3:1
18 W2/0.00/C-.19/1:1 4.94 3:1
19 W2/0.50/C-.19/1:1 4.94 31
20 W2/1.00/C-.19/1:1 4.94 axl
21 W2/1.50/C-.19/1:1 4.94 3:1
22 W2/0.00/C-.68/1:1 4.94 Sl
23 W2/0.50/C-.68.1:1 4.94 3:1
24 W2/1.00/C-.68/1:1 4.94 k.4 |
25 W2/1.50/C-.68/1:1 4.94 3:1
26 W2/0.00/C-0.0/1:1 17.00 2:1
27 W2/0.50/C-0.0/1:1 17.00 251
28 w2/1.00/C-0.0/1:1 17.00 2:1
29 W2/1.50/C-0.0/1:1 17.00 2:1
30 W1/0.00/T-0.0/5:1 5.00 531
31 W1/0.05/T-0.0/5:1 5.00 51
32 W1/1.00/T-0.0/5:1 5.00 5:1
33 W1/1.50/T-0.0/5:1 5.00 5
34 W1/0.50/T-0.50/5:1 5.00 531
35 W1/0.50/T-1.00/5:1 5.00 5:1
36 W2/0.00/T-0.0/5:1 5.00 4:1
37 W2/0.50/T-0.0/5:1 5.00 4:1
38 wW2/1.00/T-0.0/5:1 5.00 4:1
39 W2/1.50/T-0.0/5:1 5.00 4:1
40 W2/0.50/T-0.50/5:1 5.00 4:1
41 W2/0.50/T-1.00/5:1 5.00 4:1
42 W5/0.00/T-0.0/10:1 10.00 51
43 W5/0.50/T-0.0/10:1 10.00 5:1
44 W5/1.00/T-0.0/10:1 10.00 5:1



32

TABLE 2 Continued

Chart of Calibration Tests

Run No. Testing Code Channel Bottom (ft) Channel Side
(radius or width) Slope
45 W5/1.50/T-0.0/10:1 10.00 531
46 W5/0.00/T-0.50/10:1 10.00 5:1
47 W5/0.50/T-0.50/10:1 10.00 5l
48 W5/1.00/T-0.50/10:1 10.00 5:1
49 W5/1.50/T-0.50/10:1 10.00 5:1
50 W5/0.00/C-0.0/10:1 48.40 5l
51 W5/0.50/C-0.0/10:1 48.40 bl
52 W5/1.00/C-0.0/10:1 48.40 S5zl
52 W5/1.50/C-0.0/10:1 48.40 5l
54 W5/0.00/C-0.0/2.5:1 12.10 5ed
55 W5/0.50/C-0.0/2.5:1 12.10 5:1
56 W5/1.00/C-0.0/2.5:1 12.10 5:1
57 W5/1.50/C-0.0/2.5:1 12.10 i 8
58 W5/0.00/C-0.50/2.5:1 12.10 5l
59 W5/0.50/C-0.50/2.5:1 12.10 5:1
60 W5/1.00/C-0.50/2.5:1 12.10 51
61 W5/1.50/C-0.50/2.5:1 12.10 5:1
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the 3:1 weir., Channel slopes and bed elevations for both the circular
and trapezoidal channels were tested as for the 2:1 weir and are outlined
in Table 2. Channel geometries used in conjunction with the 3:1 weir

are shown in Figures 9d, 9e, 9f. The full scale circular channel, used
for low head calibration, was constructed with a radius of 4.94 ft. The
channel radius was chosen as it allowed for greater versatility in the
testing program. The trapezoid channel was constructed with a bottom
width of 5.0 ft and 5:1 side slopes (Figure 9f). The geometry of the
trapezoidal channel was selected to define the weir discharge calibration
curves for wide approach channel conditions.

In addition to the established testing program for the 2:1 and 3:1
weirs, a series of control tests was also run with the 3:1 weir to
duplicate tests conducted by Ruff, Dang, and Saxton (1976). Additional
tests at the 5:1 scale were conducted using the previously described
circular approach channel (Figure 9d) to duplicate the tests of Ruff et
al. At a 5:1 scale the channel radius, 24.7 ft, was the same as the
circular channel tested by Dang. Runs at the four bed slopes were
conducted to duplicate the circular channel calibration tests conducted
by Dang. Two additional bed slopes of 0.25 and 0.75 percent were also

tested for comparison.

5:1 Weir Tests

Three channel cross sections were tested using the 5:1 weir. These
included a trapezoidal and two circular channel cross sections.

The trapezoidal cross section, shown in Figure 9i, was tested using
a 10:1 model scale. The trapezoidal cross section was constructed with

a bottom width of 10 ft (prototype) and 5:1 side slopes. Tests were
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run at the four bed slopes of 0.0, 0.5, 1.0 and 1.5 percent with bed
elevations of 0.0 ft and -0.5 ft.

Tests were performed at the 10:1 and 2.5:1 scales with the circular
channel shape. The same channel was used for testing both model scales.
The 10:1 scale circular channel as shown in Figure 9g had a bottom
radius of 48.4 ft and 5:1 side slopes. Using the larger 2.5:1 model

scale the bottom radius of the channel was reduced to 12.1 ft.



Chapter V

DATA SUMMARIES

Individual test results are presented in the appendices. Figure

numbers within the appendices correspond to the run numbers of Table 2.

Tables A-1 to A-61 of Appendix A give the tabulated test data.

All prototype head values represent flow conditions at a cross section

10 ft (prototype) upstream of the weir centerline. Data are given for:

10.
1L.

12,

f=]
=

~
e

R e

M

|-<

1

model discharge, cfs

prototype discharge, cfs

model static head, ft

prototype static head, ft

prototype flow cross-sectional area, ft2

mean prototype velocity at station 10 ft upstream
from weir centerline, ft/sec

velocity head, (V1%/2g), ft

total head, ft (HT = HP + aHv , a = 1,116)
prototype normal depth of flow, ft
prototype critical depth of flow, ft

Froude number, (Vp/[g AP/GT]O'S; where T = water surface
width)

discharge coefficient

Calibration curve data for static head versus discharge are plotted

on logarithmic scales in Figure A-1to A-61, Appendix A. The static head

values reflect stilling well readings in:feet. The corresponding dis-

charges which were modeled by the Froude criterion from orifice measured

35
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flows in the model are given in cubic feet per second. All plotted results
are presented in prototype dimensions. Data points are shown for both
subcritical and supercritical flow conditions in the approach channels.
Data points depicting supercritical flow are set apart from the weir
controlled flow data by using solid symbols. The calibration curves and
equations presented reflect a least squares regression fit on only the
data indicating weir control (see Tables A-1 to A-61). Data plots
reflecting largely supercritical flow condtions are given without cali-
bration curves.

Total head is plotted against discharge in Figures B-1 to B-61,

Appendix B. Total head was computed as:

Hy = Hp ¢ aly a2)

where:
= total head
= static head

= velocity head

a & & 5

= velocity coefficient, 1.116

The value, a = 1.116, given by Dang (1976) is a average value representative
of flow conditions in his 1976 broad-crested V-notch weir study. The
sampling of velocity distributions conducted under this study was generally
representative of Dang's average value. The testing reflected values

between 1.006 and 1.183, giving an average of 1.120. Both subcritical
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and supercritical data points are shown on the total head data plots
with only those describing subcritical flow over the integrated intake
considered in the weir calibrations.

Linear scale data plots of total head versus discharge coefficient
(Cd) are shown in Figures C-1 to C-61, Appendix C. Only the data points
representing subcritical flow approaching the weir are shown. Total head
is plotted in feet of water and Cd 1is a non-dimensional parameter. The
discharge coefficient derived from Equation (7) given previously was

calculated by:

255

Cq = Q, / [tan 3 @ (™) (13)

where:
QP = Prototype Discharge
HT = Prototype Total Head
8 = Weir internal angle
g = Acceleration of gravity

Channel Size Effects

Three channel geometries were tested and compared for each weir.
To illustrate the results, tests are compared for a 0.0 ft bed elevation
and 0.5 percent channel bed siope. The rating curves present a least
squares analysis of the combined test runs. Head versus discharge for
the different channel geometries are givgn in Figures 10a to 10c. The
corresponding total head versus discharié’comparisons are shown in

Figures 1la to llc.
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2:1 Weir

Head versus discharge data from the three approach channel sizes
tested with the 2:1 weir are shown in Figure 10a. The regression line
using all the data shows a good correlation between the three channels.
The weir ratings indicate no significant approach channel size effects
for the range of channels tested. Total head data plotted in Figure lla

shows a similar compliance of calibration data.

3:1 Weir

Figure 10b shows the combined test data for the three channels
constructed in connection with the 3:1 weir. A good correlation is
apparent between the combined data rating curve and each of the three
data runs. The total head data, Figure 11b, also conforms well to the

regression curve.

5:1 Weir

Figure 10c shows the head versus discharge calibration data for the
trapezoidal and two circular approach channels studied. The wide circular
channel (radius 48.4 ft) and the trapezoidal channel show comparable
calibration data within the range tested. The narrower circular channel
(radius 12.1 ft) shows a calibration shift nearly parallel to the
calibration curve drawn for the wide channels as indicated by the regres-
sion lines shown. The narrow channel weir calibration indicates nearly
30 percent larger discharge for a given head than measured using the
wider approach channels,

The corresponding total head versus discharge calibration comparisons

are shown in Figure llc. The plotting of total head in place of static
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head shows a closer congruity between the discharge calibrations of
the three channel gebmetries. The total head plots shows a significant

rating influence due to velocity head.

Bed Elevation Effects

Representative discharge data comparing the bed elevations tested
for each weir type are presented in Figures 12 and 13. Head versus dis-
charge graphs are shown in Figures 12a and 12d. The related plots of
total head versus discharge are presented in Figures 13a to 13c. All
data comparisons in Figures 12 and 13 represent 0.5 percent sloping

approach channel conditions.

2:1 Weir

Discharge ratings for the 2:1 weir utilizing bed elevations of 0.0
ft, -0.5 ft, and -0.1 ft are shown in Figures 12a and 13a. The data
shown were obtained using the 4:1 side slope trapezoidal approach channel.
Both head and total head data graphs (Figures 12a and 13a, respectively)
shows only a small effect of bed elevation (refer to Figures A-37, A-40,
A-41) over the bed elevations tested. Comparison of the separate rating
curves for each run indicate a slight increase in the rating curve slope

and intercept as the bed elevation becomes larger.

3:1 Weir

Figure 12b shows the weir calibration data for the 3:1 side
slope, trapezoidal channel at bed elevations of 0.0 ft, -0.5 ft and -1.0
ft. The 0.0 ft bed elevation test data indicates weir discharges 10 to

20 percent higher than for the lower channel beds (refer to Figures A-31,
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A-35). As cited for the 2:1 weir tests, a convergence between the data
is evident with increasing head. Subsequent lowering of the channel bed
from -0.5 ft to -1.0 ft shows no additional decrease in the discharge
data. The graph of the corresponding total head versus discharge data,
Figure 13b, supports the results, indicating no apparent velocity head

effect.

5:1 Weir

Comparisons of head versus discharge for bed elevations of 0.0 ft
and -0.5 ft are shown in Figures 12c and 12d. Results from tests with
the wide 5:1 side slope trapezoidal approach channel are shown in Figure
12c. Lowering the channel bed shows discharge decrease of up to 20
percent at the higher heads, (refer to Figures A-43, A-47).

Low head tests using the narrow, 5:1 side slope, circular approach
channel at bed elevations of 0.0 ft and -0.5 ft reveal a weir rating
variation near 30 percent (Figure 12d). Similar to the previously
cited channel area-velocity head effect, the incorporation of a lower
bed elevation reduces the influence of velocity head. Plotting total
head (Figure 13c) shows improved correlation as the 0.0 ft and -0.5 ft

curves tend to converge toward a single line.

Channel Slope Effect

Figures 1l4a - 1l4c illustrate weir calibration dependence on approach
channel slope. Calibration curves corresponding to channel slopes of
0.5, 1.0, and 1.5 percent are shown in each figure for the 2:1, 3:1 and
5:1 weirs respectively. Weir tests with channel slopes of 0.5 percent

or less generally yielded essentially congruent calibrations. Therefore,
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only the 0.5 to 1.5 percent channel slopes are used for comparison
purposes. Tests involving channel slopes in excess of 0.5 percent
normally revealed considerable data fluctuation and drift in contrast
to the nearly linear weir rating curves associated with milder channel
slopes.

The corresponding total head versus discharge graphs are shown in
Figures 15a - 15c. The addition of velocity head to the calibration
ratings generally cause a convergence of data for the channel slope

tested.



=mmm X~ I

LBLRRLLI

Q =

LB LLAAL ] Frrvrmm

>

LAiLig}

IR IR ERLL} | | LB ARLLI | ¥ Rrireny | J | AR EELE]

5.57 H 2-67

1

W2-8.5/C and T
CHANHEL FORMS
O= CIR.s17.8 FT. RAD.
A= CIR-, 4-9 FTI RQDO
O= TRAPEZ0ID

L1 1 hati 1 L1 Laiine 1 L8 1 aiiat i1 3 3 050138

q 4 b 111l

(W]

1

.04 6.1

FIG.

8.4 1 4 10 48 1080 460 1680
@ IN CFS

16a PLOT OF HEAD versus DISCHARGE DATA POINTS

i
4600

A4



aa LB ELL)

LR R ALL L | LRI BERRLLI ¥ IR BAALLE L] ¥ T resvany v L §
ol @= 9.82H2-68 }
H s o
N i
N - -
E 1 = :
E F W1/8.5/C and T -
0.4 CHANHEL FORMS 7
= D= CIR|’24-?, FT- RHD- -

A= CIRn’ 4-9’ FT. RgD.

P O= TRAPAEZOID :

9'1 Lifill ) | I EEENIe 1 LA 1 0 1 Ll pLiti1l LA 1 11111l 1 i

8.04 0.1 8.4 1 4 10 40 100 400 1080 4000
@ IN CFS

FIG. 18b PLOT OF HEAD versus DISCHARGE DATA POINTS

1917



MMM T~ X

20 IR ALL
10

LB B ERERLLL!

Q
8.4

T oot

] LB LLL L] LR ¥ LA RALE L LR LLLL

Q = 12.53 B> 9P~

H578.5/T and C
CHANNEL FORMS
O= CIR.;,48.4 FT. RAD.
A= CIR.,12.1 FT. RAD.
O= TRAPEZOIDAL

i | L L Lii8it 1 1 4 211418 1 4 1 1440411 1 L1 1 ALkt

=21.11 H2'95\

LA iliin

8.1
8.04 0.1

8.4 1 4 10 46 0@ 460 1e0e
@ IN CFS

FIG. 18c PLOT OF HEAD versus DISCHARGE DATA POINTS

1
4000

144



=

—mmmm

29 L BARLI

R =

LB BLERALLS

a'4

LB RLRARL

B

LiLllll

v LRI RLLLI LR ALLLE L ] LB ARLLE Ll LB ARLL) L]

2.64
5.36 Hy

W2/-8.57C and T

CHANHEL FORMS
n= CIRI’I?IB FT- RQD.
A= CIR., 4-9 FT- RQD.
O= TRAPEZOID

1 L L LiAlil 1L 2 iiriit L L i 141314k 1 A1 i a2iis 1

A0 L Lilil 1 AL Arllil

8.1
8.84 0.1

FIG.

8.4 1 4 18 46 100 468 1006
@ IN CFS

i1a PLOT OF TOTAL HEAD versus DISCHARGE DATA POINTS

40068

Sy



—=mMmmM T

LEBLBALL] L] LR LB RALLI L] LR LB RERLL Ll LB LB ARLL) v LB B ALALLI | | v
- 2.38
T a4fF ]
} B
1E =
= W1-8.5-C_and T .
0.4 [ CHANNEL FORMS :
= u= CIRI ,24-?, FTI RRDC -
A= CIR-’ 4-9, FT- RRD.
3 O= TRAPEZ0ID “
B.l IHEEIl 1 LA rriing ! | N L1 1 111311 1 L 1 8 20488 1 1
6.64 9.1 8.4 1 4 18 40 106 488 10060

@ IN CFS
FIG. 1ib PLOT OF TOTAL HEAD versus DISCHARGE DATA POINTS

46086

9¥



—mmm =

LR RRLI L] | B R | T T Tyrye L ¥ T Esreny L] F S T TsEvd L] LJ
| @ = 13.98 HS2'® )
Z " L&
- .
F W5-8.5/T and C -
® CHANNEL FORMS .
" O= CIR.;48.4 FT. RAD.

A= CIR.,12.1 FT. RAD.
X O= TRAPEZOIDAL .

LAigiil 1 L L L Liiil I | L LLEAlL L L L L ianig —r b L 1 108000 L1

.84 8.1 0.4 1 4 10 40 100 480 1000 4800
@ IN CFS
FIG. 11c PLOT OF TOTAL HEAD versus DISCHARGE DATA POINTS

Ly



bl B =

-immm

8.4

)

FIG.

12a PLOT OF HEAD versus DISCHARGE DATA POINTS

LB BRRALS L ] ISR ERERALLL] | LB ERLL] L ) LB ERERAL] LI 1B B BARALI | | |
S a 3
C (=] 3
= ()II =
B oAmA o
- A =
- é @ -

™ e~
L 8 ]
- - W2/8.5/T .
[ CHANNEL BED ELEU. -
N O= 6.8 FT. y
A= 8.5 FT.
= O= 1.0 FT. -
118010 1 5 b faain 1 1 Lol L 1t &Ll 1 L L LhRll: 1 i
.84 8.1 8.4 1 4 16 40 1006 400 1666 48008
@ IN CFS

8y



TTTEEY L | LB LB R ] IR EERLL] | ¥ v Teeemg L F § yrrNee L} L
i8 ~ 3
: -
. 4 AOG ~
I - Bm =
N 5 &t 2
F A OB
E lE gt © -
E F A W1/8.5/T :
a.4 CHANNEL BED ELEV. .
§ o= 8.0 FT. .
A= 8.5 FT.
- O= 1.0 FT. -
6.1 1 1i808 1 L1 211118 11 1 11111 1 1 4 A hihnl 1 j 1 1 88008 [
8.64 0.1 8.4 1 4 10 48 100 400 1000
@ IN CFS.
FIG. 12b PLOT OF HEAD versus DISCHARGE DATA POINTS

i
4080

T’



=r~ I

-mmm

28 LELBRALI

| LR LB ERLLLE v | | IR B BRI | LI RERALS v ¥ § T REINE  §
- AN -
4 o
A & An“”‘n o
(u]
1E —
E HS/0.5/T 2
Y CHANHEL BED ELEV. 7
N 0= 8.8 FT. §
A= 0.5 FT.
B.l LifiiL 1 1 Lititi 1 . L pLaamn 1 1 Liaiiin 1 L L ioaant ] 1
v.84 8.1 0.4 1 4 16 40 1606 400 1000 480608

FIG.

@ IN CFS
12c PLOT OF HEAD versus DISCHARGE DATA POINTS

0s



-mmm X I

23 LILAARL]

LR 1 ] IR B Rl ] T §F T Veaen ¥ ¥y T T rvery | | |
18 ¢ =
4 F -
- -
F =3
s B
" ao® ° W5/8.5/C 3
a.4 [ s CHANNEL BED ELEV. -
- A O= 8.0 FT. b
A= 8,5 FT.
- 4
0.1 LL1ll | I e 1 L L Lihail 1 L AL Lirnil . | AL ARRiRk i i
8.64 9.1 0.4 1 4 16 408 160 406 1060 48606
@ IN CFS
FIG. 12d PLOT OF HEAD versus DISCHARGE DATA POINTS

1S



—AMMm™ Zw

28 LB RS

1 vy § T reeen L | BB EERLL] | ] § T TEvNew | ] T § V¥ 3000y | | §
19 -
: a 3
- o8 - -
T 4 b oAmA =~
p A =
- é m =
A}t!*
L E ) -
- @ W2,8.5-T 3
8.4 F CHANNEL BED ELEV. 5
a1 O= 0.6 FT. i
A= 8.5 FT.
- O= 1.0 FT. ..
B.l LiLliil 1 1 4 141111 1 L1 11111k o | Lt artil 1 1 1L 2 00011 1 | |
.84 9.1 8.4 1 4 10 40 1980 488 10068
@ IN CFS
FIG. 13a PLOT OF TOTAL HEAD versus DISCHARGE DATA POINTS

4800

A



I

=Immm X

28 LB RAL!

| | T T T YeeTy Ll T T Ve | | T T T iNeyy L] LB ARLLS v  J
i8 - b
T 4F Aﬁﬁn .
L odﬂ 4
= 36 7

on
1 = A * =
E a8 =
G W1-08.5/T =
8.4 L CHANNEL BED ELEV. "
o O= 8.8 FT. ]
A= 8.5 FT.

o O= 1.8 FT. 1

g.1 L L8t gaainl (B EEEIT L1 paaeen 14 s 1ip0na N |

8.64 9.1 8.4 1 4 10 40 1808 488 1008 40680
@ IN CFS

FIG.

13b PLOT OF TOTAL HERD wversus DISCHARGE DATA POINTS

€S



-

—mmm

28 AL RAL]

| | « §F F RAREY ] | LB B ERERLLI | | J I ERRL] | LB RALAS L |
18 “E
s A-A -
T 4F D‘Flp o
L a o
pre “
a:»'@'0
i -
- ® -
E °°0 W578.5/T and C a
8.4 0 CHANHEL BED ELEV. .
3 o o= 7-0.0 FT. T
A= T“G.S FT-
- O= C-8.0 FT. -
O= C-8.5 FT,
a.l LEiill 1 L Lot 1 1 L hhRint [l 1 1 1 0k11k . | L 1 Lisinn | - |
8.84 6.1 8.4 i 4 i8 40 168 4080 1066 480806
@ IN CFS
FIG. 13c PLOT OF TOTAL HEAD versus DISCHARGE DATA POIHTS

¥S



EB LB ALLE

T T T TTTTm T T T T T Ty Y
18 ¢ -
af W O 2
I - - o) &
H - O -
F &o °F
E 1E BO 3
E - n©® =
T : uzfa.s,cl.a’ 1.5"1‘ :
0.4 f CHANNEL SLOPES ;
u O= 0.5 PERCENT E
A= 1.8 PERCENT
i O= 1.5 PERCENT e
8.1 L 11 % a1l 14 1151418 Ll it AL i aann P4
8.64 0.1 8.4 1 4 i0 48 1606 400 10068 48886
@ IN CFS
FIG. 14a PLOT OF HEAD versus DISCHARGE DRTA POINTS

SS



=mmm XX~ I

29 AL RALS

L ¥ §rvrNn ] LR Rl LI T T TV Iensy L | LB ARLL] LI LB
18 ¢ B
«F -
: 208
_ A&%‘ &e |
A
.. o© i
'E o® :
: HI/G.S,I-BQI-&P’C -
8.4 L CHANNEL SLOPES .
i O= 8.5 PERCENT -
A= 1.0 PERCENT
I* O= 1.5 PERCENT >
9.1  WEETT] 1 1 4. 1118811 1 1 1 1 hikll | £ 1L Laehtl 1 L. 1 B RAikk 1 i
8.84 8.1 8.4 1 & 10 40 168 408 16686 4868

@ IN CFS.
FIG. 14b PLOT OF HEAD versus DISCHARGE DATA POINTS

9S



—mmm I~ I

26 LR EAL]

L} LRI ALLL | v U VT Vees 1 ¥ s 1revee LI LB B RRLL L
18 -
4 b p | t ‘:
i n% @
r~ % A . =
B @
- -
- N5-8.5,1.051.5-C 3
8.4 [ CHANNEL SLOPES 2
L O= 8.5 PERCENT :
A= 1.8 PERCENT
0 O= 1.5 PERCENT .
8.1 Lilkil 1 RN -l 11 L hhinl 1 1 15310 1 Ll il 1iiil 1 1
8.04 0.1 8.4 1 4 19 40 100 480 1060 4000

FIG.

@ IN CFS
14c PLOT OF HEAD versus DISCHARGE DATA POINTS

LS



2@ LR ALLE

L] IR LB REREL ] LB LB RLLS v LB RRLL] ] T §F T yrsey |
: 8
e L F g :
T 4L DA -
1 F B9 -
N s &0 20 i
F 40
e lE a -
I o W2/0.5,1.8,1.5/T .
0.4 [ CRANREL SLOPES .
3 0= 8.5 PERCENT ;
A= 1.8 PERCENT
- O= 1.5 PERCENT .
g.l Libldl 1 L1 2 ia11t 1 L L 1 aiatl L L0 L iiiis ] L 1 11188 | | |
.04 0.1 8.4 1 4 10 40 168 400 1000 4800
@ IN CFS

FIG.

15a PLOT OF TOTAL HEAD wversus DISCHARGE DATA POINTS

8§



26 LB AL

LR LLL | L | ¥ § T 700N | | | § 1L R RAL] | § T VIR ees T
10 | d
- .]J =
» A .
HT 4k P' -
I = s
N A 8@‘3\ J
. o)
e F W1/8.541,8y1.5C .
0.4 L CHANNEL SLOPES .
X O= 8.5 PERCENT il
A= 1.0 PERCENT
- O= 1.5 PERCENT -
8_1 Lililt 1 1 L. 1111l 1 L L 1ihll 1 L L ALilL 1 L L L ikl 1 i
8.94 0.1 6.4 1 4 10 40 100 400 1666 4000
@ IN CFS

FIG.

1Sh PLOT OF TOTAL HEAD versus DISCHARGE DATA POINTS

65



)

-mmm

aa LILRRRLS

L LB RALLS L IR BB EELL LR B EARLL] L IR BB AR LLI ] ]

10 | o 2.
: ® A "
T afF K 3 - .
» o .
- D ‘ =

| ®
'E :
- W5/8.541.851.5-C 3
6.4 L CHANNEL SLOPES “
L O= 8.5 PERCENT i
A= 1.9 PERCENT

1 O= 1.5 PERCENT .

9.1 Lililt 1 L1 108111 1 L 1 1111l e | 1. 2 1 8hiit 1 L1 112101} 1 1

8.94 0.1 8.4 1 4 18 40 100 400 1080 4000
@ IN CFS.
FIG. 15c PLOT OF TOTAL HEAD versus DISCHARGE DATA POINTS

09



Chapter VI

ANALYSI S

The objectives of the study centered on developing the relationships
between approach channel conditions and weir discharge ratings. Toward
this end results of studies by Ruff, Dang, and Saxton (1977), Dang (1976),
and Gwinn et al. (1967) were added to the results for analysis.

The weir calibration curves (Figure A-1 to A-61) for each weir type
were analyzed to develop sets of generalized head versus discharge curves.
Channel conditions which showed nearly similar weir rating effects were
combined into single data sets. Rating curves were formulated using a
least squares analysis of the combined data. Approach channel conditions
which caused major weir rating effects were represented by separate
curves. These curves for the 2:1, 3:1, and 5:1 weirs are shown in Figures
16 through 18, respectively. For each weir type the generalized curves
extend only over the regions for which the curves are considered to be
applicable based upon the approach channel slopes and the elevation of
the channel bed below the V-notch of the weir. The combined approach
channel test conditions underlying each of the generalized curves are
summarized in Table 3. The effects of channel area were not sufficiently
defined by the testing to a}low it to be used as a genergl delineator.

The range of channel cross sections tested in this study for the 2:1
and 3:1 weirs revealed negligible rating effects related to channel area.
The channel cross sections tested with the 2:1 weir ranged in specific
areas (channel cross-sectional area based on a 1 ft depth) from 4.6 ft2 to
9.0 ft2. Channels tested in conjunction with the 3:1 weir had specific areas

between 4.6 ft2 and 10.0 ft2. Some calibration effects were noted between
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TABLE 3

Classification of Weir Rating Effects

Rating Curve Channel Conditions Model Test Run
(Graph No) Bed Slope Bed Elevations Number
2:1 Weir
16-1 0.0% -0.5', -0.0' 18, 19, 22, 23, 24
0.5% -0.5', -0.0"' 25, 26, 27, 36; 37
1.0% -0.5"' 40, 41
16-2 1.0% -0.0', -0.2' 20, 28, 38
16-3 1.5% -0.0', -0.2' 21, 29, 39
3:1 Weir
171 0.0% -0.5', -0.0" 1, 2, 3,7,8,9
0.5% -0.5', -0.0' 10, 11, 14, 15, 16
1.0% -0.5!' 17, 30, 31, 34, 35
1.5% -0.5"'
17-2 1.0% -0.0! 5, 12, 32
17-3 1.5% -0.0' 6, 13, 33
5:1 Weir
18a-1 0.0% -0.0', -0.5" 42, 43, 46, 47, 48
0.5% -0.0', -0.5' 50, 51
1.0% -0.5'
18a-2 1.0% -0.0' 44, 45, 49, 52, 53
1.5% -0.0', -0.5
18b-1 0.0% -0.0', -0.5" 54, 58, 59, 60
0.5% -0.5"
1.0% -0.5"
18b-2 0.5% -0.0' 55
18b-3 1.0% -0.0! 56, 57, 61

1.5% -0.0', -0.5"'
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channel cross sections tested in conjunction with the 5:1 weir. Channel
forms used in the 5:1 weir had specific areas from 7.3 ft? to 19.6 ft2.

By utilizing Dang's (1976) calibration data involving wide rectan-
gular approach channels (specific area = 40.0 ft2, see Figure 4 and 5),
rating effects.dependent on channel area were also apparent for the 2:1
and 3:1 weirs. The following discussion of the generalized weir ratings
outline the cited examples of channel area effects.

The generalized composite curves are presented as guidelines for
establishing weir ratings for similar channel conditions and for deter-
mining probable rating effects due to changes in approach channel con-
ditions. Approach channel roughness from the model studies corresponds
to prototype channels with Manning's roughness values in the range of

0.015 to 0.025.

2:1 Weir

Figure 16 shows the composite 2:1 broad-crested V-notch weir cali-
bration ratings. Three generalized rating curves were developed. The
curves show a general increase in the slope of the ratings curves for
both increased channel slope and decreased bed elevation. Weir rating
effects were less apparent for changes in bed elevation at small approach
channel ‘slopes.

Curve 16-1 was developed from the tests outlined in Table 3. Weir
ratings for channels sloping at 0.0 and 0.5 percent were tested at bed
elevations between 0.0 ft and -1.0 ft. The same curve also involved
calibration data obtained from 1.0 and 1.5 percent sloping channels which

were tested with bed elevations of -0.5 ft and -1.0 ft. Curves 16-2 and
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16-3 were developed from channels tested at bed elevations from 0.0 ft to
-0.2 ft with channel slopes of 1.0 and 1.5 percent, respectively.

The dashed line indicates a weir rating developed by Dang (1976),
from weir calibration tests conducted using wide rectangular approach
channels with bed elevations of 7.5 ft at mild bed slopes (see Figure 4).
The approach channel conditions defined by Dang's tests illustrate
nearly ideal conditions. Figure 16 illustrates the general magnitude of
rating variations which can occur due to large changes in approach channel
size and bed elevation. The weir ratings associated with the rectangular
approach channel show lower discharges for a given head than the other

curves in Figure 16 would indicate.

3:1 Weir

The composite 3:1 broad-crested V-notch weir ratings are shown in
Figure 17. The three curves tend to converge at low discharges and show
an increase in discharge at a given head with increasing channel bed
slope and with decreasing bed elevation. Curve 17-1 was developed from
weir ratings for channel slopes of 0.0 and 0.5 percent with bed elevations
of 0.0 ft, -0.5 ft and -1.0 ft (see Table 3). The curve also corresponds
to weir ratings defined by 1.0 and 1.5 percent channel bed slopes tested
with bed elevations of -0.5 ft and -1.0 ft. Calibration curve 17-2
represents data for a 1.0 percent approach slope and bed elevations of
0.0 ft to -0.2 ft. The third rating curve 17-3 resulted from similar tests
with the channel slope increased to 1.5 percent.

The dashed rating curve shown in Figure 17 is from Dang's (1976)
work using mild slope, wide rectangular approach channels (specific

area = 40.00 ft?, see Figure 4a) Comparison of the curves reflects the
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effect of large differences in approach channel area and bed elevation

on the weir ratings.

5:1 Weir

Two sets of generalized curves were developed for the 5:1 weir
tests to show channel area effect, Figures 18a and 18b. The curves in
Figure 18a reflect the test results obtained using the wide circular
and trapezoidal approach channels (specific area - 19.6 ft?2 and 13.1 ft2,
refer to Figure 9g and 9i). Weir ratings for the narrow circular approach
channel (specific area = 7.3 ft2, refer to Figure 9h) are shown in Figure
18b.

A comparison of the channel conditions given in Table 3 representing
the 5:1 weir rating curves in Figures 18a and 18b show significant rating
effects occur at milder approach channel bed slopes with narrower approach
channel. The weir ratings for the wide and narrow approach channels
nearly converge under conditions of a horizontal bed slope where velocity
head effects are minimized.

Curve 18a-1 (Figure 18a) characterizes 0.0 and 0.5 percent channel
slopes tested at bed elevations of 0.0 ft and -0.5 ft and 1.0 percent
channel slope with a -0.5 ft bed elevation. Curve 18b-1 (Figure 18b)
was formulated from model tests of nearly similar channel conditions.

The curve reflects the channel conditions of Curve 18a-1 except for the
0.5 percent, -0.0 ft approach channel. The channel size effect is evident
for the 0.5 percent channel slope with a 0.0 ft bed elevation. Higher
discharges for these conditions are shown by Curve 18b-2. The second
curve (18a-2) in Figure 18a and the third curve in Figure 18b compare

more closely with the 2:1 and 3:1 weir tests at steeper channel bed
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slope conditions. Both curves encompass the test results of 1.0 percent
channel slopes with a 0.0 ft bed elevation and 1.5 percent channel

slopes using both 0.0 ft and -0.5 ft bed elevations.

Coefficient of Discharge

The discharge coefficient, Cd , was determined for each test run
and is tabulated in Appendix A. The values of Cd were calculated
assuming an exponent for HT of 2.5 and a value for o of 1.116. Graphs
of Cd versus Hg for each series of tests are presented in Appendix C.
However, the graphs show only the points for subcritical approaching flow.

The Cd values obtained for tests performed with the 2:1, 3:1 and
5:1 weir and a circular approach channel are compared with Cd values
computed from the data reported by Dang (1976) and Gwinn et al. (1967).
Three Cd values for each weir were calculated from Gwinn's data at
head to crest thickness ratios of 0.1, 0.3 and 0.7. These comparisons
are shown in the graphs of Figures 19, 20 and 21 for the three weirs.

The tests performed during this study attempted to bridge the gap between
Gwinn's results at ranges of total head generally less than 1 ft and
Dang's results at the intermediate and high ranges of total head generally
greater than 1 to 2 ft. The results of the three studies show general
agreement. The shape of the Cd curves shown in Figures 19, 20 and 21
are typical of results obtained for tests involving mild sloping or
horizontal approach channels. The plots show that the value of Cd
changes more rapidly at total heads less than 1 ft, than for larger
total heads. In some of the plots shown in Appendix C, for approach
channel slopes greater than 0.5 percent and at the smaller distances

between the V-notch and the channel bed, the magnitude of Cd reaches
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a maximum and then decreases. Generally, when Cd reached the maximum
and the total head was 2 to 4 ft, the flow was near critical and the
Froude number was approaching a value of one. This indicated that the
channel was beginning to act as the control rather than the weir and

the flowwas in a transition zone. When C d values increased significantly
at values of total head on the order of 0.5 ft or less, no apparent reason

for the increase could be determined. Surface tension effects may have

been a factor at these lower heads.



=r+ I

-{mmm

za T AUVES | | LRI R EELL] ] LR BRRALLE L § T rreenn 1 ¥ F VRN | | §
10 Q, = 5.66 g2+ Curve No. =
= 1 b i -
& Q, = 5.99 H™ 1, =
4L  o3=8.278>"° . o
s -
i S -
= 3
354 = -
B.l LAiliat 1 1 0 11111l 1 1 1 1 i1t 1 L1 i hikil i L. L ERLRkl 1 1
8.04 8.1 8.4 1 4 10 40 100 400 1608 4008

@ IN CFS
FIG. 16 - GEHERALIZED RATIHG CURVES, 2:1 HWEIR

89



aa LB BALI | | T OV TV R0IY L] ¥ F Yyuwuny v ¥ T rsreat | LB BB ERRLL | 1 §
18 - Q. = 9.01 H2'66 Curve No. =
- 1 " EE
- Q, = 13,16 52-34 et 3
Ho 4F o =242 3 ]
1 = -
H
F 1 —
E - 3
E - =
T 3.4 pe -
F R
. 1 i1l 1 1 L Lt 1 1 L Lhtbin J | P L il 1 L A 1 inii | | |
8.64 0.1 8.4 i 4 10 48 1006 488 1080 4808
@ IN CFS

FIG. 17 - GENERALIZED RATING CURVES, 3:1 WEIR

69



-mmm X I
[

)

LR RBRLLI | T v yrenyy L | LB RRLL ] T T Teere L ] LR LB LA L] | ] v
o Q, = 13.49 g*-37 -
- Qz - 20.42 H3.23 Curve No. -
- 1 -
L 2 -
- .
Liting 1l 1 1 120818 . | L 1L L i1t [ L L iitLi _1 L1 18000t L A
.84 0.1 6.4 1 4 19 48 168 406 1008 400606
@ IN CFS
FIG. 18a - GENERALIZED RATING CURVES,; 5:1 WEIR

0L



aa TTRvEy ] LR LB EALLI | LB RALLI | | LB RALLE ] LB LB ARLAL L} | §
19 Q, = 14.85 n2+% 3
- 4 2.95 3
& Q2 = 21.11 H™* Curve No. .
H 4 Qg = 27:19 >34 -
. 12 -
1 3
H = s
FlE -
E - .
E . >
TB'4 P g
j— -
9-1 LiLLAL 1 LA Liitnt 1 L L L ihlil 1 L L Aiiln L1 L iriiks . | 1
8.4 0.1 6.4 i 4 18 40 100 488 1060 4008
@ IN CFS

FIG. 18b - GENERALIZED RATING CURVES, S5:1 WEIR

TL



FIG.

1.4 Y ™ T Y |
c

L W2-0.0-C-8.0 .
2‘ . O= DANG
Fi.2F o= GWINN -
E A= MEFFORD
11.1F -
C
é1.a - -
H - =
TB.S
08.8 = .
Fa.7} .
D
16.6 “
20.5 ™

S F .
H o <
A 8.4 H-:E” -
R A
Ge.3F .
E

9.2 L 1 i 1 [ 'l

TOTAL HEAD IN FT
19 ~ COEFFICIENT OF DISCHARGE COMPARISONS - 2:1 HWEIR

"Gl



FIG,

(5]
-

4 L] | ] Ll L

C

1.3 W3-8.8-C-8.0 s
2 o= DANG
=y ail. o= GUINN )
F A= HEFFORD
I11.1F -
i

.80 .

El
TB-S e -
DB.B F =
F@.? - .
D

8.6 .
! a b o |
ce.J5Fr & .
H
ﬂ13.4ﬁ5HCIC’ ~
R
Go.2F .
E

8-2 i 1 i L AL

TOTAL HERD IN FT
280 - COEFFICIENT OF DISCHARGE COMPARISONS - 3:1 WEIR

€L



FIG.

[y

| | L) | |
3k N5-8.0-C-0.0 g
o= GWINN
L A= MEFFORD

ot e — [
" » -

MAODDIZOW—T 7O —~AZM—=O=-=TTIMOoo

o 0 0 @ O 6@ @ ©
-

N WA 0N & = YW B
T
1

®
[
nN
(7
=
a
(2]

TOTAL HEAD IN FT
21 - COEFFICIENT OF DISCHARGE COMPARISONS - S:1 WEIR

17



Chapter VII

SUMMARY, CONCLUSIONS & RECOMMENDATIONS

Broad-crested V-notch weirs have been used extensively in the United
States to determine the discharge from small watersheds. The original
laboratory calibrations conducted in 1938 - 1940 of these weirs was
limited to narrow trapezoidal approach channels. More recent calibrations
of specific weir sites made in 1975 showed that different approach channel
cross sections and slopes cause significant deviations for the original
calibrations. Therefore, the objective of this study was to extend the
calibrations of V-notch weirs with side slopes of 2, 3, and 5 horizontal
to 1 vertical and to demonstrate the influence of channel cross sectional
areas, channel bed elevation, and channel slope on the weir ratings.

Model studies were conducted using fixed-boundary chamnels. The
weirs were tested at model-prototype scales of 1:10, 1:5, 1:2.5 and 1:1.
Rectangular, trapezoidal, and circular channel cross sections were tested
mainly at four channel slopes of 0.0, 0.5, 1.0 and 1.5 percent. The
approach channel area was varied by changing the location of the notch
with respect to the channel bed in addition to using the different geometric
cross sections.

There was no obvious effect on the weir rating due to geometric
changes in the approach channel area for the 2:1 and 3:1 triangular weirs
tested in this study when compared to each other. This is apparent in
Figures 10a and 10b which shows the rating curves for combination of the
different channels tested at 0.5 percent slope. It is apparent that the
tests were not made over a broad enough range of areas. There is an
area effect when the channels are compared to a large channel with low

approach velocities as evident in Figures 16 and 17.
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The rating curves for the 5:1 triangular weir shown in Figure 10c
indicate the effect due to changes in approach channel area. The smaller
circular channel with a 12.1 ft radius indicates a greater discharge at a
given head than the larger circular and trapezoidal channels. These
differences in discharge are not evident in Figure 1llc when the velocity
head is taken into account which reflects the influence of the velocity
head component on the total head. Similar comparisons can be made between
Figures 1l4c and 15c¢ for the 5:1 triangular weir when the bed elevation is
lowered and the approach channel area is thus increased. The most signif-
icant effects due to channel area are evident when the channel area decreases
and approaches the cross sectional flow area of the weir. In the limit,
if these areas are equal, the channel and weir form a chute and the flow
is controlled by the slope and channel roughness rather than by the weir.

The approach channel slope also affects the weir calibrations mainly
through the approach velocity. This is evident by comparing the plots
of head versus discharge shown in Figure 14 with the corresponding plots
of total head versus discharge in Figure 15. The addition of the velocity
head in Figure 15 tends to make the ratings become more congruent. When
the velocity head is not included as in Figure 14, the discharge can differ
on the order of 100 percent at heads of 3 to 4 ft. At slopes less than
0.5 percent, the changes in the rating curves - can not be readily
distinguished.

Numerous runs were tested under supercritical flow conditions. When
flow becomes supercritical in the channel, the control also reverts to
that due to the channel slope and roughness. These appears to be a smooth
transition between the two types of controls for the model channels. This
may not be the case for the dynamic and mobile channel beds found in the
field. Therefore, the ratings recommended for use are those where the

flow is subcritical.
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Individual test data is presented both in tabular and graphical form

in Appendices A and B for all the channel-weir combinations studied.
Generalized weir rating curves representative of several weir channel
conditions are presented in Figures 16, 17, and 18 for the 2:1, 3:1,

and 5:1 triangular weirs, respectively. Table 3 presents the conditions
for which these general curves are applicable.

The improved rating determined by this study of the broad-crested
V-notch weir will provide a better determination of flow rates for field
installations where incorrect ratings or no ratings existed before. Field
measurements of approach channel slope and cross section will indicate
which rating curve is most appropriate for a given installation. The
hydrologist will have improved and accurate flow measurements which can

be used to base economic, social, and scientific interpretations.
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Appendix A

TABULATION OF TEST DATA

HEAD VS DISCHARGE DATA PLOTS
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TABLE A- 1 W1/0.00/C-0.18/5:1
L e T e O R e e T T e R L S, ]
H H A v H Ho Y Y F C
No.  Qy Qp M p P P v T N C d
(cfs) (cfs)  (ft) (ft)  (ft2) (ft/sec) (ft) (fr) (fr)  (ft)
1 29.53 1650.90 1.373 6.87 203.41 8.12 1.142 8.0C1 INF. 6.42 +75 .535
2 30.02 1678.26 1.374 6.87 203.66 8.24 1.178 8.05 INF. 6.48 .76 <837
3 27 .36 1529.75 1.344 6.72 196.19 7.80 1.054 7.77 INF. 6.18 .73 #5343
4 27.10 1514.94 1.:338 6.69 194. 71 7.78 1.050 7.74 INF. 6.15 .73 .534
5 23.35 1305.30 1.274 6.37 179.27 7.28 .919 7.29 INF. 5.70 .70 .535
6 14.66 819.52 1.083 5.42 136.85 5.99 .622 6.04 INF. 4.51 .61 .538
7 B8.83 493.861 .895 4.48 100.43 4.91 .419 4.8B9 INF. 3.49 +55 . 547
8 2.25 125.95 .530 2.65 44 .88 2.81 « 137 2.79 INF. 1.76 +39 +5
9 2.02 112.89 +519 2.60 43.51 2.59 117 2.71 INF. 1.66 .36 .548
10 1.38 77.27 .445 2.23 34.81 2.22 . 085 2.31 INF. 1.38 .33 .560
11 +32 17.64 .276 1.38 18.01 .98 .017 1.40 INF. .66 .18 .450
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TABLE A- 2 W1/0.25/C-0.18/5:1

LR R R R R R R e R R R R R S R A A R RS R R R R L A R

No. QM Qp HM Hp A v HV H Y Y F &

P P T N C d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 16.25 908.60 1. 102 5.51 139.77 6.50 .733  6.24 4.29 4.75 .66 .548
2 13.47 753.09 1.036 5.18 126.24 5.97 .617 5.80 3.93 4.32 .63 .547
3 8.77 490.47% .886 4.43 9/.93 5.01 .435 4.86 3.21 3.48 .56 .552
4 8.42 470.48 .B75 4.38 95.99 4.90 .417 4.79 3.15 3.41 .55 .550
5 7.79 435.44 .850 4.25 91.64 4.75 .392 4.54 3.03 3.28 .54 .551
6 B8.47 473.38 .B883 4.42 97.40 4.86 .410 4.82 3:15 3.42 +B9 .544
7 6.03 337.04 .775 3.88 79.16 4.26 .314 4.19 2,69 2.88 «51 .551
8 2.15 120.06 .536 2.68 45.00 2.67 .123 2.80 1.66 1:72 .37 .536
9 2.08 116.53 .531 2.66 44.38 2.63 120 2.77 1.64 1.69 .37 .534
10 2.00 111.89 .523 2.62 43.39 2.58 «115 2.73 1.61 1.66 .36 .534
11 1.90 106.27 .513 2.57 42.17  2.52 .110 2.68 1.57 1.61 .36 .534
12 1.65 92.48 .485 2.43 38.82 2.38 .098 2.52 1.47 1.51 ~35 .537
13 1.39 77.63 .449 2.25 34.70 2.24 .087 2.33 1.36 1.38 .34 .549
14 .79 44.24 .362 1.81 25.53 1.73 <052 1.86 1.04 1.04 .28 .549
15 .37 20.87 «“270 1.35 17.06 1.22 .026 1.38 .74 T .23 .552
16 +37 20.41 .268 1.34 16.89 1.21 .025  1.37 .73 L1 23 .551
17 +23 12.72 .225 1.13 13.39 .95 .016 1.14 .59 .56 .19 .538

18
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TABLE A- 3 W1/0.50/C-0.18/5:1
Mok o ok vk ke b ok ok ke ke o o b o b b o o o ok ol ok ik ok ok ok ok ok sk ok ok ke ok ok ok ok ok ok ok ok k- Fhkkkk kkkkkkkk kR ko kb kb hk gk ke kb kb kg ko kx k sk E X% o e ok ok ok ok ok gk ok ok ok ok ok Rk K

No. H H A Vv H Y ¥

Q Qp M P P p Vv Hy N g ¥ Ca

(cfs) (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 27.17 1518.85 1.240 6.20 169.01 o.YY 1.401 7.60 4.65 6.17 .88 .560
2 24 .01 1342.20 1.160 5.80 151.10 8.88 1.368 i o oy ¢ 4,38 5.79 .89 .573
3 16.23 907.28 1.040 5.20 126.04 7.20 .899 6.10 3.64 4.75 .76 .580
4 7.16 400.47 .833 4.17 87.89 4.56 .360 4.53 2.48 3.15 .53 .540
5 “ 4,36 43.53 .700 3.50 66.77 3.65 231 3.73 1.96 2.45 .45 .532
6 1.98 110.89 . 545 2.73 45.50 2.44 .103 2.83 1.36 1.65 .34 .485
7 2.07 115.60 .520 2.60 42.41 2.73 .129 2.73 1.39 1.69 .39 .552
8 1.85 103.60 .494 2.47 39.29 2.64 « 121 2.59 1.32 1.60 .38 .564

LA R R RS S R R R R S R R R R R R R R R RS R R R R R R R

TABLE A- 4 W1/0.75/C-0.18/5:1
L R T R R S R R R R E R R R R R R R A R R R T R R R R R AR R P R R R R S
3 Y ¥ C
No. Gy Qp By B Ap oo By B Yy C d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 25.00 1397.53 1.046 5.23 126.24 11.07 2.125 7.36 4.06 5.92 1.16 .560
2 24 .84 1388.64 .888 4.44 96.52 14.39 3.590 8.03 4.04 5.90 1.63 . 447
3 12.93 722.78 .821 4.11 85.04 8.50 1.283 5.36 2.97 4.24 .99 .639
4 8.91 498.07 . 745 3.73 72.84 6.84 .811 4.54 2.50 3.51 .83 .668
5 B8.04 449.60 .715 3.58 68.27 6.59 752 4.33 2.38 3.34 .B2 .678
6 7.89 441.16 . 705 3.53 66.77 6.61 «757 4.28° 2.36 3.31 .82 .683
7 5.25 293.31 .632 3.16 56.31 5.21 471 3.63 1.95 2.69 .68 . 686
8 5.17 289.01 .644 3.22 57.97 4.99 431 3.65 1.94 2.67 .65 .667
9 2.25 125.98 .492 2.46 38.47 3.27 .186 2.65 1.31 1.76 .48 . 650
10 2.05 114.36 . 477 2.39 36.74 3.1 .168 2.55 1.26 1.68 .46 .645
11 1.84 102.79 .462 2.31 35.03 2.93 .149 2.46° 1.20 1.59 .44 .637
12 1.43 80.13 .435 2.18 32.05 2.50 .108 2.28 1.07 1.40 .38 .598
13 1.27 70.81 .414 2.07 29.81 2.38 .098 o T B 1.01 1.32 - .37 .601
14 .96 53.54 «373 1.87 25.62 2.09 .076 1.94 .88 1.15 .34 .600
15 .56 31.40 »301 1.+.51 18.88 1.66 .048 1.55 .69 .88 .30 .614
16 .38 21.22 .270 1.35 16.22 131 .030 1.38 .58 «72 .25 , +558
17 .35 19.70 .263 1.32 15.64 1.26 .028 1.34 .56 .69 .24 .554

18 .31 17.06 + 245 - 1.23 14.18 1.20 .025 1.25 .52 .65 .24 .574

c8
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TABLE A- 5 W1/1.00/C-0.18/5:1
L T LR L R T L R e R R e R
Y Y F G
No. By Qp Hy  Hp Ap Voo By i Yy g d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 25.76 1440.22 937 4.69 104.42 13.79 3.299 7.98 3.8B4 6.01 1.53 .470
2 21.:56 1205.41 .BE4 4.32 91.47 13.18 3.012 7.33 3.53 5.49 1.51 .487
3 12.00 670.82 715 3.58 67.52 9.94 1.712 5.29 2.68 4.09 1.24 613
4 9.03 504.74 .643 3.22 57.14 8.83 1.353 4.57 2.35 3.54 1.15 . 665
5 B.92 498.91 .639 3.20 56.58 8.82 1.348 4.54 2.34 3.52 1.15 .666
6 B8.88 496.39 .646 3.23 57.55 8.63 1.290 4.52 2.33 8.51 1.12 .672
7 8.79 491,32 .638 3.19 56.44 B.70 1.314 4.50 2.32 3.49 1.14 .671
8 8.62 481.88 .630 3.15 55.34 8.71 1.315 4.486 2.30 3.46 1.185 .672
9 7.93 443.05 .625 3. 13 54.66 8.11 1.139 4.26 2.21 3.32 1.07 .693
10 7.27 <06.68 . 5689 2.95 49.86 B.16 1.154 4.10 2.12 3.18 1 .51 .703
11 6.68 373.49 .574 2.87 47.92 7.79 1.054 3.92 2.04 3.04 1.07 .720
12 4.51 251.95 .509 2.55 39.89 6.32 .692 3.24 1.70 2.50 .91 . 785
13 3.24 220.10 .484 2.42 36.97 5.95 .615 3.03 1.59 2.33 .88 .806
14 2.37 132.44 .418 2.09 29.71 4.46 . 345 2.43 1.26 1.81 .70 . 841
15 2.13 119.16 .403 2.02 28.15 4.23 311 2.33 1.20 1. 71 .68 .849
16 2.00 111.93 .404 2:02 28.25 3.96 + 272 2.29 1...18 1.66 .63 .827
17 1.94 108.35 + 392 1.96 27,03 4.01 279 2.24 1.15 1.63 .65 . 849
18 1.82 101.97 .385 193 26.32 3.87 .260 2.19 1.11 1.58 .€3 .849
19 1.63 91.398 .383 1.92 26.12 3.50 212 2.13 1.06 1.50 +57 .814
20 1.87 76.47 . 367 1.84 24.54 3:12 .168 2.00 .98 1.37 52 . 791
21 1.03 57.80 353 1:'77 23.20 2.49 .108 187 .86 1.19 .42 .708
22 1.01 56.63 . 353 1.77 23.20 2.44 .103 1.87 .85 1.18 .41 . 697
23 .62 34.86 .305 1.53 18.80 1.85 060 1.58 .68 .93 .34 .648
24 .38 21.35 + 259 1.30 14.90 1.43 .036 1.33 .54 72 .28 .614
25 .37 20.95 . 258 1.29 14.82 1.41 .035 1.32 .54 T2 .28 .610
26 .39 21.63 244 1..22 13.70 1.58 .043 1.26 .54 + 73 +32 + 709
27 -3 17.32 .242 1::2% 13.54 1.28 .028 1.24 .49 .65 .26 .596

28 .30 16.50 . 244 1.22 13.70 1.20 . 025 125 .48 .64 .24 . 560

£8
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TABLE A- 6 W1/1.50/C-0.18/5:1
e T T T T T T T T T T Tl T T T,
Nes Gy Qp Fy Hp Ap Vp Hy Hp Yy T # Ca
(cfs) (cfs) (£L) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft) _
1 28.08 1569.46 .885 4.43 93.37 16.81 4.900 9.33 3.64 6.29 1.92 .347
2 20.27 1133.02 .800 4.00 79.16 14.31 3.553 7.55 3.12 5.33 1.71 .425
3 14.46 B08.29 701 3.51 63.97 12.64 2.769 6.27 2.66 4.49 1.60 .482
4 9.06 506.39 565 2.83 45.50 11.13 2.148 4.97 2.14 3.55 1.55 .540
-] 9.06 06.3¢ .565 2.83 45.50 11.13 2.148 4.97 2.14 3.55 1.55 .540
6 8.76 89.62 .560 2.80 44.88 10.917 2.064 4.86 2.11 3.49 1.53 .551
7 7.76 433.52 .534 2.67 41.68 10.40 1.876 4.55 1.99 3.28 1.49 .578
8 5.42 303.12 .457 2.29 32.82 9.24 1.480 3.76 1.68 2.74 1.42 .648
9 3.94 220.10 415 2.08 28.35 7.76 1.045 3.12 1.45 2.33 1.24 .752
10 2.13 119.16 .323 1.62 19.50 6.11 .647 2.26 1.09 1.72 1.10 .910
11 2.00 111.93 .315 1.58 18.80 5.96 .615 2.19 1.06 1.66 1.08 .927
12 1.86 104.14 314 1.57 18.71 5.57 .537 2.11 1.02 1.60 1.01 .949
13 1.36 76.17 +299 1.50 17.41 4.38 .332 1.83 .89 1.37 .81 .992
14 1.26 70.41 .289 1.45 16.56 4.25 .314 1.76 .85 1.32 .80 1.009
15 .98 54.59 . 254 1.27 13.70 3.98 275 1.55 .76 1.16 -80 1.081
16 .64 35.67 .227 1.14 11.62 3.07 .163 1.30 .62 .94 .65 1.091
17 .34 18.79 .194 .97 9.24 2.03 .072 1.04 .46 .68 -47 .997
18 .37 20.81 .194 .97 9.24 2.25 .088 1.06 .49 .72 .52 1.062
19 .25 13.71 173 .87 7.80 1.76 .054 .92 .40 .58 -43 .996

¥8
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TABLE A- 7 W1/0.50/C-0.702/5:1
L T T I T T T e T T T T T T YT Tt
L W Hy  Hp Ap Vp By Hp Yy Y # Cq
(cfs) (cfs)  (ft) (ft)  (ft2) (ft/sec) (ft) (ft) (ft)  (ft)
e 19.05 1064.95 1.149 5.75 172.34 6.18 .662 6.41 3.93 5.15 .60 .602
2 17.92 1001.83 1.142 5.71 170.72 5.87 .597 6.31 3.81 5.00 .57 .589
3 9.83 549.62 . 940 4.70 1712 4.32 .324 5.02 2.88 3.69 .45 .571
4 8.86 495,55 .Ba2 4.46 117.67 Q.21 .308 4.77 2.74 3.50 .45 .587
5 8.42 470.48 .B79 4.40 115.16 4.09 .289 4.68 2.67 3.41 .44 .582
6 6.10 340.74 « 792 3.96 99,07 3.44 . 205 4.17 2.30 2.90 .39 .566
& 4.33 241.80 . 696 3.48 B2.63 2.93 .149 3.63 1.96 2.44 .34 .567
B ZoTG 152.93 .584 2.92 55.20 2.35 .09% 3.02 1+58 1.94 .29 .569
9 2:17 121.45 . 547 2.74 59.86 2.03 071 2.81 1.42 1.73 .26 . 541
10 2.13 119.13 .543 2.72 59.29 2.01 .070 2.79 1.41 1.71 .26 .541
1 1.55 86.53 .478 2.39 50.44 1.72 .051 2.44 121 1.46 .23 .546
12 .51 28.53 .299 1.50 29.33 .97 016 1.51 .72 .84 15 .597
13 .38 20.99 .270 1.35 26.36 .80 011 1.36 .63 .72 .13 .571
14 .34 18.77 . 257 1.29 25.07 .78 010 1.29 .60 .68 12 .578
15 .28 15.63 .234 1.17 22.85 .68 .008 1.18 +55 .62 « 12 .610

16 .14 B.03 77 .88 17.70 .45 .004 .89 .40 .44 .08 .634

S8
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TABLE A- 8 W1/0.50/C-1.229/5:1
L T e e P R e L rE EE e T R R RS R e S e L
No.o Q@ G By  Hp Ap Voo Hy  Hpoo Yy Yc P Ky
(cfs)  (cfs) (ft)  (ft) (Ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 15.19 849.06 1.153 5.77 198.61 q4.27 «317 6.08 3.53 4.60 .40 .547
2 13.01 727.16 1.098 5.49 185.18 3.93 .267 5.76 3.28 . 4,25 «37 .537
3 11.04 617.20 1.023 5.12 167.59 3.68 .235 5.35 3.04 3.91 .36 .548
q B8.88 496.39 .914 4.57 143.53 3.46 .207 4.78 2.74 3.51 « 39 . 585
- ) Q.BS 94.71 .931 4.66 147.16 3.36 <196 4.85 2.74 3.50 .34 . 561
6 B8.65 83.61 .922 4.61 145.23 3.33 .192 4.80 2.7 3.46 .34 .562
7 755 421.80 .B76 4.38 135.56 3.11 .168 4.55 2.54 3.23 +32 .562
8 6.86 383.42 .B834 4.17 127.00 3.02 .158 4,33 2.43 3.08 .32 .578
9 5.42 303.12 .764 3.82 113.33 2.67 .124 3.94 2.18 2.74 .29 .577
10 4.45 248.62 LT11 3.56 103.47 2.40 .100 3.66 1.98 2.48 «27 .572
11 4.26 ~ 238.33 . 701 3.51 101.66 2.34 .095 3.60 1.94 2.42 .26 .569
12 4.00 223.87 «686- 3.43 98.97 2.26 .089 3.52 1.89 2.35 .25 . 566
13 2.186 120.99 .550 2.75 76.10 1.59 .044 2.79 1.42 1.72 .19 . 545
14 1.83 102.25 .515 2.58 70.66 1.45 .036 2.61 1.31 1.58 .18 .545
15 .38 T 21.02 .279 1.40 38.80 .54 .005 1.40 .63 «72 .08 .533
16 .36 20.29 .276 1.38 38.45 .53 .005 1.38 .62 .70 .08 .528

17 .26 14.32 . 247 1.24 35.12 .41 .003 1.24 .53 .59 .06 .494
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TABLE A- 9 W1,/0.50/C-1.756/5:1
L Y R Rt R R T e L L T R R T s
No. QM Qp H.M HP Ap \.P HV HT YN YC F Cd
(cfs) (cfs) (ft) (ft) (ft2) (ft/sec (fr) (££) (££) (ft)
= 24.35 1361.10 1.405 7.03 296.97 4.58 .364 7:39 4.41 5.83 .39 .539
2 19.82 1108.05 1.310 6.55 268.96 4.12 .224 6.84 4.00 5.26 .36 . 531
3 19.12 1068.71 1.288 6.44 262.66 4.C7 .287 6.73 3:93 5.16 .35 . 5395
4 1905 B41.37 1.176 5.88 231.74 3.63 .229 6.11 d:51 4.57 33 .536
5 B.v2 493.02 . 951 4.76 175.32 2.81 -137 4.69 2.73 3.49 2T . 547
6 B.21 458.79 .924 4.62 169.06 2.7 .128 4.75 2.64 3.37 .25 . 549
T 6.90 385.59 . 864 4.32 155 .53 2.48 107 4.43 2.44 3.09 +25 .550
8 4.956 27724 « T8 3.7 131.33 2.11 077 3.83 2.09 2.62 .22 .568
9 2.18 121.68 . 557 2.79 94.80 1.28 .029 2.81 1.42 173 .15 « 538
10 2.17 121.45 . 556 2.78 g4.62 1.28 .029 2.83 1.42 1. 73 «15 .540
11 2.10 117.25 .547 2.74 93.06 1.28 .028 2.76 1.40 1.70 .14 .543
12 1.45 80.83 .476 2.38 81.13 1.€C 017 2.40 1.18 1.41 12 .534
13 1.13 63.23 .431 2.18 73.96 B85 .013 2.17 1.08 1.25 «10 « 537
14 .59 33.18 .328 1.64 58.70 .57 .006 1.65 .78 .90 .07 .561
15 .38 21.14 ,288 1.445 53.20 + 43 .003 1.44 .63 72 .C3 L4987
16 «37 20.83 T284 1042 52.66 P8 .003 1.42 .63 .7 cs .507
17 .36 20.01 .279 1.40 .00 .38 .003 1.40 .62 .70 s .509
18 32 18.03 . 272 1.36 51.07 .35 .002 1.36 .59 .66 cs .489
18 .24 13.68 . 244 1.22 47.43 .29 .001 1.22 .52 .58 .04 . 488
20 .09 4.78 +155 .78 36.64 «13 .0C0 .78 .32 .34 .02 - 531

L8
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TABLE A-10 W1/0.00/C-0.176/1:1
tttlt##ttt!ttttt‘l‘ltt#.*t$$ttt!*¢t$‘t**tv*tttt*t*#tttit*l**#x*l#**tt‘ttt*#tt**t*it*itttt‘tttttttt*t:#'*‘**'tltttlt

No.

Q W By  Hp Ap Vo By Hpo Yy e P4

(cfs) (cfs) (ft) (ft) (ftz) (ft/sec) (ft) (ft) (ft) (ft)

1 7.69 7.69 .938 .94 5.44 1.41 .035 .97 INF. .65 .32 .484
2 7.56 7.56 .912 .91 5.23 1.45 .036 .95 INF. .65 .34 .508
3 7.46 7.46 .897 .90 5.11 1.46 .037 .93 INF. .64 .34 520
4 6.96 6.96 .878 .88 4.95 1.40 .034 .91 INF. .62 .33 .514
5 5.04 5.04 <177 .78 4.18 1.20 .025 .80 INF. .53 .30 .514
6 3.01 3.01 .670 .67 3.44 .88 .013 .68 INF. .41 .23 .459
7 1.97 1597 .580 .58 2.86 .69 .008 .59 INF. .33 .19 .435
8 1:14 1.12 .465 .47 2.19 .51 .004 .47 INF. .25 .15 .434
9 .67 .67 377 .38 1.74 .38 .003 .38 INF. .19 #12 .441
10 .36 .36 .307 .31 1.41 .26 .001 3% INF. .14 .09 .404
11 .25 .25 .267 w2y 1.23 .20 .001 .27 INF. .12 .07 .394
12 .16 .16 .218 .22 1.03 .16 .000 .22 INF. .09 .06 .424
13 .10 .10 .179 .18 .88 11 .000 .18 INF. .07 .04 .436
14 .05 .05 .148 .15 B i 4 .07 .000 .15 INF. .05 .03 .373

L T T e R R R R e R e e R R e e R R e R R A L ]

TABLE A-11 wW1/0.50/C-0.176/1:1
'.‘1“..“‘i*ltttt*t.**t*t**.t“‘*‘ttt*.‘t'***tl*.‘*.“;t*“.t*‘t“#*t‘***it't‘tt‘.t.t.t‘.t‘t“.‘*t#t*i‘*t*-*‘.'.“

No. H A v ' Y

Qy Qp Fy p P p My Hp Yy Y E g

(cfs) (cfs) (ft) (ft) (ft?) (ft/sec) (ft) (ft) (ft) (ft)

B | 14.53 14.53 1.170 1.17 7.05 2.06 .074 1.24 .78 .90 .44 .495
2 10.65 10.65 1.058 1.06 6.04 1.76 .054 1.11 .68 «77 .40 .480
3 8.86 8.86 973 .97 5.32 1.67 .048 1.02 .62 .70 .39 .494
B 6.92 6.92 .895 .90 4.70 1.47 .038 .93 .55 .62 .35 .484
5 4.90 4.90 . 785 .79 3.88 1.26 .028 .B1 .47 .52 «32 .484
6 4.10 4.10 « 751 .75 3.65 1.13 .022 .77 .43 .48 .29 .459
7 2.69 2.69 .642 .64 2.93 .92 .015 .66 .36 .38 25 .452
8 152 1.52 .521 .52 2.22 .68 .008 .53 .27 .29 +20 .438
9 .74 .74 +.399 .40 1.60 .46 .004 .40 .20 .20 .15 ..425
10 .38 .38 314 .31 1.22 «31 .002 «32 .14 .14 .11 .400
11 11 11 .188 - .19 .73 «15 .000 .19 .08 .08 .06 .427

12 .06 .06 . 143 .14 .58 .10 .000 .14 .06 .08 .05 .458
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TABLE A=-12 W1/1.00/C-0.176/1:1
R e e I mm T T T MM M M M MM MM M M T M MM T T T T M M M I I T T T T T T T T T T Tt T MM T Tm T T T T T M T T T T T YT T T T T T T YT T YTt e ey

No. r

Q Qp Hy Hp Ap Ve Hy Hp Yy e F Ca

(cfs) (cfs)  (£t) (ft)  (ft2) (ft/sec) (ft) (ft) (ft)  (ft)

| 11.48 11.48 .923 .92 4,53 2.54 «112 1.03 .60 .80 +E1 .620
2 9.01 9,01 .B72 .87 4,15 237 .082 .95 .53 =i .54 . 596
3 S.01 9.01 .848 <85 3.97 2.27 .089 .94 .53 & .57 .8623
4 B.43 B.43 .824 .B2 3.80 2,22 .085 . 91 - .68 .56 .629
5 7.63 7.63 .793 .79 3.59 2.13 .078 .B7 .49 .65 .55 .B633
6 7.13 7.13 .780 .78 3.50 2.03 .072 .BS .48 .63 .53 .825
7 6.27 6.27 . 755 .76 3.34 1.88 .061 .82 .45 .59 .49 .612
B 5.37 5.37 .723 .72 3.13 1572 .051 77 .42 .55 .40 .599
9 4,42 4.42 .728 <73 3.16 1.40 .034 .76 .38 .49 .37 .512
10 2.21 2.21 .588 .59 2.32 .95 .016 .60 .28 «35 .28 .459
¢ i | 79 79 .401 .40 1.38 .57 .006 .41 17 .21 .19 .441
12 .39 .39 .314 G | 1.01 .38 .003 .32 .12 .15 .14 .406
13 26 .26 . 265 .27 .83 «31 .002 .27 .10 52 12 .416
14 .15 .15 .209 o | .63 .24 .001 .21 .08 .09 .10 .436
15 .09 .09 .164 .16 .49 .18 .001 .16 .06 + 07 .08 .466

16 .06 .06 . 132 .13 .39 .15 .000 .13 .05 .06 .08 .557
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TABLE A-13 Wi1/1,50/C-0.176/1:1
"“...‘**-".tl_‘t#t**tl.i e R S R S R e R L E
No.
QM QP HM HP AP ‘ VP HV I.Ll‘ YN YC F Cd
(cfs)  (cfs) (ft)  (ft) (£t2) (ft/sec) (ft) (ft) (ft) (ft)

1 29.63 29.63 1.024 1.02 4.92 6.02 .628 1.65 .85 1.29 1.43 .496
2 23.64 23.64 .988 .99 4.64 5.09 .450 1.44 .76 1.15 1.23 . 560
3 19.16 19.16 . 956 .96 4.40 4.35 .329 1.28 .69 1.04 1.07 .602
4 13.81 13.81 . 739 .74 2.9 4.74 .389 1.13 .59 .88 1.30 .600
5 8.95 8.95 .738 .74 2.91 3.08 - 165 .90 .48 .71 .84 .680
6 7.76 7.76 .681 .68 2.56 3.02 .159 .84 .45 .66 .86 . 706
7 6.56 6.56 .621 .62 2.22 2.95 .151 o 8T .42 .60 .87 « 737
8 5.22 5.22 .573 .57 . 1.97 2.65 .122 .70 .37 .54 .81 .762
9 4.10 4.10 .546 .55 1.83 2.24 .087 .63 .34 .48 .70 . 756
10 2.88 2.88 .514 «51 1.67 1.72 .051 .57 .28 .40 .55 .704
11 2.16 2.16 .490 .49 1.56 1.39 .033 .52 .25 .35 .45 .641
12 1.08 1.08 .408 .41 1.19 .91 .014 .42 .18 .24 «32 .549
i3 .39 +39 . 297 .30 .76 «51 .005 .30 11 .15 .21 .460
14 .36 .36 .288 .29 .73 .50 .004 .29 11 .14 .20 . 461
15 .25 «25 . 251 «25 .61 .42 .003 .25 .09 .12 .18 .457
16 .12 12 . 192 .19 .42 .27 .001 «19 .06 .08 «13 .413

17 .06 .06 . 143 .14 .29 .19 .001 .14 .05 .06 11 .421

06
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TABLE A-14

No.

WONOU DLW =

TABLE A-15

No.

VONOULHWN -

(cfs)

.55
.30
<72

(cfs)

.67
.65
- T7
.33
.68

= NWLHUDNINDW

—LUUNON~NO®

)

QM

QP
(cfs)

9.55
8.30
7.72
7.01
6.70
5.89
4.17
3.01
2.03
115

.64

.35

.13

.07

(cfs)

B.67
B8.65
T TT
7.33
.66
.92
.09
.87
17
.39
.24
.08

= wuunon

"y
(ft)
1.023
.972
.047
.913
.900
.855
.743
.664
.583
.a75
.373
.287
.183
.148

"
(ft)

.996
. 996
. 953
.933
. 952
. 857
.812
« 737
. 459
.313

.259.

.198

"

(ft)

1.02
<97
«95
«n
.90
.86
.74
.66
.58
.48
«37
.29
.18
«15

fp

(fv)

1.00
1.00
.95
.93
.95
.86
.81
.74
.46
«31
.26
.20

W1/0.00/C-0.676/1:1

!
A, Vs
(ft2) (ft/sec)
11: 32 .84
10.72 g
10.44 .74
10.05 .70
9.91 .68
9.42 .63
B.25 .51
7.47 .40
6.71 .30
5.75 .20
4 .91 13
4.26 .08
3.52 .04
3.29 .02

HV
(ft)
.012
.010C
.009
.c08
.008
.007
.003
.003
.002
. 001

W1/0.50/C-0.676/1:1

Ap Vp
(ft2) (ft/sec)
10.42 .83
10.42 .83
9.94 .78
9.72 .75
9.93 .67
8.91 .66
8.44 .60
7.69 «50
5.20 .22
4.08 .09
.70 .07
3.29 «02

HV
(ft)
.012
.012
.01
.01
.0c8
.oca
.0C3
.0C2
.001
.00
.000
.000

(ft)
1.04
.98
.96
.92
.91
.86
.75
.67
.58
.48
<87
.29
.18
.15

r
(£t)

1.01
1.01
.96
.94
.96
.86
.82
.74
.46
.31
.26
.20

N

(ft)
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.

N

(ft)

.61
.61
.58
«57
.54
.51
.48
.42
.24
.14
<12
.06

Ek o kK Rk R R R ok kb ok ok ok ok R O R R ok R KR B R ok ko R K o ok ko ok ok o ok o ok oK K 3Kk K ok o o K K K om0 ok oK O ok ok ok R R ok ok ok ok ok K kR R K

¥

(ft)

.73
.68
.65
.62
.61
+57
.48
.41
+33
«25
.19
.14
.09
.06

Ye

(ft)

.69
.69
.66
.64
.61
57
.53
.46
+25
.15
.12
.06

E

O e T T T

LA R R O R R e R R R R R R R R L A R

:ﬁ; QP <

F

.16
.16
.15
<15
.13
.13
.12
.11
.05
.02
.02
.00

R R R T AR SRR RS 2 8

i

.515
.510
.507
.506
.501
.502
507
.488
. 457
.435

440

.47
.551
. 465

xS s RERgR ¥

IR R E R R 2 S

G

.499
.498
.501
.48g

434

.500
.494
. 480
.480
.414
.421
.204

16
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TABLE A-16 W1/1,00/C-0.676/1:1
‘*#*‘ﬂ.**i**‘ta*l‘.i*ttt‘lﬁ**‘**‘*tt‘t*t%**ttttttt*‘***;*i‘i**t#*iti*t*‘tt*tt*'*‘ttt.!ttt#tt*.#"#ttt‘**“**"*“"
0. H A A ¥ Y F C
N Q Qp iy P P p Hy Ay N C d
(cfs) (cfs)  (ft) (ft)  (ft?) (ft/sec) (ft) = (ft) (ft)  (ft)
1 19.41 19.41 1.331 1.33 13.90 1.40 .034 1.36 .76 1.04 25 .524
2 13.94 13.94 1.188 1.19 12.09 1.15 .023 1.21 .65 .88 .22 .508
3 8.95 8.95 1.002 1.00 9.93 .90 .014 1.02 .53 .71 .18 .506
q 8.37 . 8.37 .975 .98 9.64 .87 .013 .99 «51 .68 17 .507
5 7.93 7.93 .959 .96 9.46 .84 .012 .97 .50 .66 o 1T .501
6 7.03 7.03 .914 .91 8.98 .78 011 .92 .47 .62 .16 .503
7 5.20 5.20, .815 .82 7.97 .65 .007 .82 .41 .54 + 14 .498
8 3.47 3.47 .698 .70 6.84 .51 .004 .70 .34 .44 « 11 .493
9 2.18 2.18 .596 .60 5.93 «37 .002 .60 .27 .35 .08 .463
10 1.35 1.35 .514 .51 5.24 .26 .001 .52 .22 .27 .06 .416
1 .56 .56 . 341 .34 3.92 .14 .000 .34 .15 .18 .04 .485
12 .27 .27 « 271 .27 3.44 .08 .000 .27 .10 .12 .02 .409
13 .06 .06 «192 .19 2.93 .02 .000 «19 .05 .06 .01 .204

L s R R e R L R e P R P PR R A R Ll

TABLE A-17 w1/1.50/C-0.676/1:1
..tttt“it*l‘ta#t‘tt*tilttl***“.#ilttﬂ‘tt#ttt.'#l#tt“;ttﬁ*#ﬁﬁitttﬁtt**‘i*t#tlit‘tttttltttttltl":nttt-tttt#ttttt#
No. H A v ' Y Y " F C
Q QW Hy p p p By  Hp Yy c d
(cfs) (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 12.87 12.87 1.127 1.13 10.78 1.19 .025 1.15 .57 .85 .23 .531
2 9.07 9.07 1.003 1.00 9.40 .97 .016 1.02 .49 o i | .19 .508
3 8.40 B8.40 971 .97 9.05 .93 015 .99 .47 .68 .19 .511
4 7.69 7.69 .946 .95 B.79 .87 .013 .96 .45 .65 .18 .501
5 5.92 5.92 .858 .86 7.90 .75 .010 .87 .40 57 .16 .496
6 3.62 3.62 .713 « 71 6.52 .55 .005 .72 .32 .45 12 . .48B6
T 2.01 2.01 .575 .58 5.33 .38 .002 .58 .24 .33 .09 .467
8 1.35 1:35 .483 .48 4.60 .29 .001 .48 .20 .27 .07 .485
9 .39 .39 «332 +33 3.52 .11 .000 .33 .11 .15 .03 .358
10 .16 .16 .238 .24 2.91 .05 .000 .24 .07 .09 +01 i g
11 .05 .05 . 130 .13 227 .02 .000 .13 .04 .05 .01 .493

Z6
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TABLE A-18 wW2/0.00/C-0.186/1:1
““‘**tt*i.t.***ttt***‘*t*'**‘i*'i“*t“*tt***t*ﬂ****‘;*.***t*‘l****‘**.t****‘iﬂtt‘*t#***lt*t#tttitii*t#!i‘*.*i'.‘
No. H A Vv H H Y Y F C
QM QP HM p P P v T N C d
(cfs) (cfs) (ft) (ft) [ftz) (ft/sec) (ft) (f£) (ft) (ft)

1 7.29 7.29 1.093 1.09 6.89 1.06 .019 1. 11 INF. .63 .23 .493
2 4.85 4.85 .935 .94 5.50 .88 .013 .95 INF. .52 .20 .488
3 391 3.31 .807 .81 4.48 74 .009 .82 INF. .43 18 .484
4 2.12 2.12 .695 .70 3.67 .58 .006 .70 INF. .34 15 .454
5 1.69 1.69 .636 .64 3.28 .51 .005 .64 INF. .30 .14 .453
6 1.15 1.15 .562 .56 2.81 .41 .003 .56 INF. .25 11 .422
7 .45 .45 .430 .43 2.06 29 .001 .43 INF. .16 .07 .328
8 33 «33 ,339 .34 1.60 21 .001 .34 INF. 13 .07 .434
9 .35 .35 .346 .35 1.63 .21 .001 .35 INF. .14 .07 .434
10 .26 .26 .305 w31 1.44 .18 .001 .31 INF. 12 .06 .440
11 .16 .16 .276 .28 1.31 12 .000 .28 INF. .09 .04 . 341
12 «14 .14 .255 .26 1.22 132 .000 .26 INF. .09 .04 .385
13 .09 .09 .186 .19 .94 .09 .000 .19 INF. .07 .04 .522

LA E R RS A B R R R R R R e R R S s e S A R PR 2

TABLE A-19 w2/0.50/C-0.186/1:1
(22 2 RS R I T L E T R R R s R R R T R R R T R R AR R R S R R RS R R RS E R R S
v H oY Y F c
No. Q4 = Q By  Hp Ap P v T N c d
(cfs)  (cfs)  (Ft) (ft)  (ft2) (ft/sec) (ft) (fr) (ft) (£t
1 8.03 8.03 1.129 1.13 6.76 1.19 .024 1.15 .59 .67 .26 .495
2 4.62 4.62 .924 .82 5.00 .92 .015 .94 .46 .50 w22 .a477
3 2.16 2.16 .706 wid 3.41 .63 .007 it .32 .34 Wy .444
4 .79 .79 .476 .48 2.04 .39 .003 .48 .20 «21 .12 .440
5 .38 .38 .361 .36 1.47 .26 .001 .36 .14 .14 .09 .428
6 .18 .18 270 .27 1.08 .16 .000 o Iy w10 .10 .06 .407
7 .05 .05 . 188 .19 T .07 .000 .19 .06 .05 .03 .308

£6
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TABLE A-20 w2/1.00/C-0.186/1:1
e e T R e e Y R s e T T L s i e e PR S ]
No. H H A v H ¥ Y F C
Qy Qp M p p p v o Hp Ty C d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 9.22 9.22 1.144 1.14 6.44 1.43 .036 1.18 .54 «72 +32 538
2 5.42 5.42 .974 .97 5.00 1.08 .020 .99 .42 .55 «26 .485
3 3.39 3.39 .814 . B1 3.80 .89 .014 «83 .34 .43 «23 .479
4 2.24 2.24 . 707 w71 3.09 oy i } .009 + 72 .28 3D .19 . 455
5 1.19 1.19 .552 55 2.18 .55 .005 .56 .21 .26 .16 . 451
6 .45 .45 .376 .38 1.31 «35 .002 .38 .13 .16 .12 .454
7 .39 .39 . 360 36 1.24 .31 .002 .36 .12 .15 11 .434
8 .18 .18 .265 .27 .86 - 21 .001 .27 .09 .10 .08 .432
9 .06 .06 . 180 .18 .57 .10 .000 .18 .05 .06 .05 .373

LR R R R R R S e R R R e s R R S R L

TABLE A-21 wW2/1.50/C-0.186/1:1
‘t"t'.‘I‘**..#*Q‘C**l**‘#‘t..*.**‘t*l***‘.ﬂ‘***il'*“*;*‘t.--t***.'ttlt‘tt*“*ltt"**t*"‘#t*"‘-'tt!##ﬂt-‘t.t“t‘
. H A v H Y Y F C
e Qu Qp Hyy P P P v Hy N C 3
(cfs) (cfs)  (ft) (ft)  (ft2) (ft/sec) (ft) (ft) (fr)  (ft)
1 8.73 B8.73 1.090 1.09 5.54 1.58 .043 1.13 .48' .70 .36 .563
2 7.49 7.49 .990 .99 4.73 1.58 .043 1.03 .44 .65 .38 .608
3 4.14 4.14 .822 .82 3.52 1.18 .024 .85 .34 .48 «31 .554
4 2,10 2.10 .676 .68 2.59 .81 011 .69 .25 .34 .23 .473
5 1.86 1.86 .640 .64 2.39 .78 011 .65 .23 .32 .23 .481
6 .83 .83 .464 .46 1.48 .56 .005 .47 .16 21 .18 .482
7 .35 .35 .350 .35 1.00 .35 .002 «35 .11 .14 PP i .416
8 .09 .09 +175 .18 .40 .22 .001 .18 .06 .07 11 .602
9 .06 .06 . 134 .13 .29 .19 .001 +13° .05 .06 11 .742

v6
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TABLE A-22

R e T

No.

“~OWONOUDLWKN =

[

Tk ok o o ok R R Rk R R R R R R R kR K R K R K KRR R R R Rk kRN R R KRR AR R AR R R R R e kR AR AR

TABLE A-23

LA AR 2 S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

No.

~0OWONOUGHBWN =

- -

QM

(cfs)

7.99
7.40
5.69
3.
2.

QM
(cfs)

NN D
[{e]
N

QP
(cfs)

7.99
7.40
5.69
3.43
2.07
1.15
+55
.36
.23
.10
.06
»*

%
(cfs)

8.80
7215
5.37
2.92
2.16
2.15
1.01
«49
.38
.19
.06

fy

(ft)

1.132
1.099

.996
.816
.682
.534
.398
.354
.297
.193
.143

HM

(ft)

1.174
1.086
.972
+773
.699
.692
.521
377
.358
. 267
. 161

Hp

(ft)

1.13
1.10
1.00
.82
.68
.53
.40
.35
.30
.19
.14

Hp

(£f1)

1.17
1.09
.97
77
.70
.69
«52
.38
.36
.27
.16

W2/0.00/C-0.676/1:1

Ap Vp
(ft2) (ft/sec)
12.64 .63
12.23 .61
11.00 ]
9.00 .38
7.64 <27
6.26 .18
5.11 w1
4.77 .08
4.33 .05
3.59 .03
3.26 .02

Hv
(ft)

.007
. 006
.005
.003
.001
.001
.000
.000
.000
.000
.000

W2/0.50/C-0.676/1:1

A

P P
(ft2) (ft/sec)
12.54 .70
11.47 .62
10.15 .53
8.05 .36
7.32 .29
7.26 .30
5.72 .18
4,56 .11
4.41 .09
3.76 .05
3.05 .02

v

HV
(ft)

.009
.007
.005
.002
.002
.002
.001
000
.000
.000
.000

Hp

(ft)

1.14
1.11
1.00
.82
.68
.53
.40
+35
.30
.19
.14

&y

(ft)

1.18
1.09
.98
.78
.70
.69
.52
.38
.36
.27
.16

N

(ft)

INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.
INF.

YN
(£t)

.62
.56
.49
«+37
.32
.32
.23
.16
.14
.10
.06

Yc

(ft)

.66
.64
.56
.43
.34
.25
.17
.14
11
.07
.06

b

(ft)

.70
.63
.54
.40
.34
.34
.24
.16
.14
«10
.08

F

.12
11
.10
.08
.08
.04
.02
.02
-01
.01
.00

F

.13
=12
-10
.08
.06
.08
.04
.03
.02
.01
.01

Ca

.510
.505
.502
.487
.463
.473
.455
.496
.432
.463
.494

S6
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TABLE A-24 w2/1.00/C-0.676/1:1
t*tt‘****'.“ts--tt*ti***tttt.t**t*‘**t*t*ttx:attt*t*tt;tttl#vt*t‘ttttttt*tttt‘*ttttltittii*ttt#.#ttt*t*ttt‘lltttt‘

No. H H A v H Y Y F C

Q Qp M p p p Hy T N RE d
(cfs) (cfs)  (ft) (ft)  (ft2) (ft/sec) (ft) (ft) (ft)  (ft)

o 1 9.18 9.18 1.191 1.19 . 213 .76 .010 1.20 .54 7T .14 .H12
2 7.35 7.35 1.092 1.09 10.95 .67 .008 1.10 .48 .64 .13 511
3 5.45 5.45 . 975 .98 9.64 .57 .006 .98 .42 .55 + 153 .504
4 3:73 3.73 . 853 .85 8.35 .45 .003 .B6 .35 .45 .09 .484
5 2.64 2.64 <727 .73 T7.11 .37 .002 <73 +30 .38 .08 .511
6 2.23 2.23 .702 .70 6.88 «32 .002 .70 .28 «35 .07 .473
7 1.03 1.03 .513 .51 5.24 .20 .001 .51 .19 .24 .05 .480
8 .39 .39 . 350 .35 _3-99 .10 .000 .35 .12 .15 .02 .472
9 .39 .39 .366 - 37 4.10 .09 .000 .37 .12 «15 .02 420
10 .19 .19 .254 .25 3.33 .06 .000 .25 .09 .10 .02 .526
11 +13 « 11 .207 21 3.03 .04 .000 .21 .07 .08 .01 .479
12 .05 .05 .136 .14 2.59 .02 .000 .14 .05 .05 .01 .627

LA R R R S R R R R R R R S R R R R R R R R R R R R R R A PR S S P RS R R S S

TABLE A-25 W2/1.50/C-0.676/1:1
EE T T e L S T T T TN TS 2 2 ]
4 F
No..  Qy Q% By Hp Ap Vpo By Hp o Yy Y C
(cfs)  (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 9.39 9.39 1.204 1.20 11.04 .80 g1 .22 .49 12 .15 .509
2 B.73 8.73 1.172 1:12 11.30 . T7 .010 1.18 .48 +70 «15 .506
3 7.74 7.74 1.122 1.12 10.72 v T2 .009 1.13 .45 .66 .14 .501
4 5.55 5.45 .972 .97 9.07 .60 .006 .98 .38 .55 «12 .507
5 2.42 2.42 .710 .71 6.50 + 37 .002 » 71 .26 .37 .08 .499
6 2.26 2.26 707 .71 6.47 + 35 .002 » 71 .25 .35 .08 471
7 1.13 1.13 .534 .53 5.00 .23 .001 .53 .18 .25 .05 477
B8 .43 .43 351 «35 3.65° .12 .000 .35 .12 .15 .03 .521
9 .39 .39 .352. .35 3.65 .11 .000 .35 .11 15 .03 471
10 15 .15 .234 .23 2.88 .05 .000 .23 .07 .09 .01 .510
11 11 .11 210 .21 2.74 .04 .000 .21 .06 .08 .01 .462

96
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TABLE A-26 W2/0.00/C-0.00:PROTO/1:1

L T e S e e I T e e P S e R S L

. F c

Ne Q p Hy Hp Ap Vp Hy Hp Yy e d
(cfs) (cfs)  (Ft) (ft)  (£t2) (ft/sec) (fr) (ft) (ft)  (ft)

1 2.04 ) 2.04 .703 .70 4.55 .45 . 0U3 T INF. .24 .12 .429

2 .88 .88 .507 .51 2.79 «31 .002 .51 INF. .16 «T0 .420

3 37 .37 .374 .37 VoulT .21 .001 .37 INF. .10 .08 . 381

4 « 12 « 12 .252 .25 .98 .13 .000 .25 INF. .06 .06 . 340

L R I Tl e T i T e R R N TS S R A S s S L
TABLE A-27 W2/0.50/C-0.00: PROTO/1:1

‘*.t!**#tﬁ‘t‘t*t‘i*t*t**"‘tlt*t*t‘**itttlittt*i*t**t*..i*‘*’tt-i#*iltllitt*t*.ttt*i‘lttt..i#..--t'tt#ﬁlttt.**-*.‘.

No. Oy W Hy Hp Ap Vp Hy Hp Yy Y F Ca
(cfs) (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 2.20 2.20 LT17 .72 4,21 .52 .005 .72 .24 .25 «15 .438

2 1.15 1..15 .558 .56 2.80 .41 .003 .56 .18 .18 .13 .432

3 .38 .38 .375 .38 1.44 .27 .001 .38 11 <11 11 .390

4 .09 .09 vl .21 .50 .18 .001 .21 .06 .05 -10 . 386

L6

T R L L T L T L R e
TABLE A-28 W2/1.00/C-0.00:PROTO/1:1

L e T r e e O e s e T e R R

' F C
No. Qy Qp Hy Hp Ap Vo Hy fy N Yo d
(cfs)  (cfs) (ft)  (ft) (£t2) (ft/sec) (ft) (ft) (ft) (ft)
1 2.25 2.25 .713 | 3. 71 .60 .0086 .72 .21 .26 .18 .451
2 .93 .93 .520 + 52 2.11 .44 .003 + 52 .14 « 17 .16 .413
3 .39 .39 .374 « 37 1.11 .35 .002 .38 .09 « 11 « 35 . 395
4 .14 .14 .248 .25 .44 «32 .002 .25 .06 .06 .19 . 399
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TABLE A-29

W2/1.50/C-0.00:PROTO/1:1

Mk ok o K ok oK k% ok W o ok ok ok o o ok ok o ok ok ok ok ok ok ok o ok ol ok ok ol ok o ok ok o ok ok oK ok o ok ok ok ok ok o o oK oK ok o ok o ok e ok ok ok o ok ok ok e ok ok ok ok o ok K 3K ook e ok o o ok ok ok ok ok o ok ok o N o e ok ok e o ke ok ok ok ok ok ok ok ok

No.

[AR S

(cfs)

Q

2.02

.39
.06

QW
(cfs)

2.02
.39
.06

8

(ft)

.642
. 361
. 192

Hp

(£t)

.64
.36
.19

A

p Vp
(ft2) (ft/sec)
2.67 « 16
.75 .51
.07 .90

HV

(ft)

.010
.005
014

B

(ft)

.65
.37
.21

N

(fr)

.18
.08
.04

e

(ft)

.24
.11
.04

F Cq
.25 .520
.26 .420

1.01 .276
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TABLE A-30

W1/0.0//T-0.00(5:1)/5:1

R e L T e T T T T

-

No.

COUDNOUTE HWN =

- N U1 ®

QM

(cfs)

17,
12

74
.28
.82
.52
.74
.32
.79
.38
.18
.09

Qp
(cfs)

991.4

686.3
493.02
308.58
152.93
73.54
44.24
21.16
10.15
4.95

HM

(ft)

1.127
.982
.B64
.726
.555
.422
.347
.263
.189
.144

HP
(ft)
5.64
a.91
4.32
3.63
2.78
2.11
1.74
1.32

.94

72

Ap Vp
(ft2) (ft/sec)
186.94 5.30
145.09 4.73
114.91 4.29
84.03 3.67
52.38 2.92
32.81 2.24
23.73 1.86
15.22 1.39

9.19 1230

6.19 .80

fy

(ft)

.488
. 388
319
.234
.148
.087
. 060
.034
.021
011

fr

(ft)

6.12
5.30
4.64
3.86
2.92
2.20
1.80
1.35

.97

.73

N

(ft)

INF.
INF.
INF.
INF.
INF.
INF.

INF.

INF.
INF.
INF.

X

C
(ft)

4.40
3.74
3.22
2.60
1.87
1.30
1.01

.68

.45

.29

F qi
.57 .628
.54 .624
.52 .625
.48 .618
.43 .615
.37 .604
.34 .602
.28 .589
.26 . 650
.21 .637

86



ok ok ok ok o Kk o o ok o KK K o ok ok ok ok K ok R ok sk o ok R KKK K KK K o o o K KK R sk kK R K o oK K K K o ok o K o oK ok ok R R K K R R R Rk Rk
TABLE A-31 W1/0.50/7T-0.00(5:1)/5:1

L T T R O T R R R T T Y

H A v H H Y Y F C

No.  Qy Qp fy p p p v T N C d
(cfs)  (cfs) (Ft)  (ft) (£t2) (ft/sec) (ft) (ft) (ft) (£1)

1 10.00 558.86 .888 4.44 118.31 4,72 .387 4.83 2.75 3.41 .57 .642
2 3.97 221.99 .635 3.18 64.45 3.44 .206 3.38 1.83 2.23 .48 . 621
3 2.22 124.17 .523 2.62 45.72 273 .128 2.74 1.40 1.69 .42 586
4 1.15 64.56 .399 2.00 28.64 2.25 .088 2.08 1.03 1.22 .39 .608
5 .55 30.48 . 295 1.48 17.28 1.76 .054 1.53 P & | .83 s Lo .620
6 .22 12.26 .201 1.01 9.34 1.31 .030 1.03 .44 50 =31 . 661
7 e | 6.00 . 139 .69 5,31 1.13 +022 Tl .30 .33 .31 .809

L e s e T TR P R

TABLE A-32 Wi/1.0 /T-0.00(5:1)/5:1

L o S T e T T T TR i st st T T T T s T2

He. My WP Hy Hp Ap Vp iy Hp Yy Ye B Ca
(cfs)  (cfs) (ft)  (fv) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 17.27 965.33 .947 4.74 130.59 7.39 .948 5.68 2.99 4.36 .87 - 737
2 9.19 513.76 .704 352 75.58 6.80 801 4.32 2.28 3.29 .92 .778
3 5.30 296.15 .594 2.97 55.53 5.33 .493 3.46 1.78 2.56 .78 .780
4 3.14 175.80 .500 2.50 40.80 4.31 322 2.82 1.40 2.00 .68 772
5 1.63 90.95 .410 2.05 28.76 3.16 «173 2.22 1502 1.45 .55 . 725
6 .98 54.59 .354 1.77 22.29 2.45 .104 1.87 .80 112 .45 .667
7 .29 16.25 .222 1.11 10.15 1.60 .044 1415 .42 .59 .37 .667
8 .16 9.08 170 .B5 6.56 1.38 .033 .88 « 31 .42 .36 .728
9 .09 4.95 135 .68 4.53 1.09 021 .70 .22 .29 «32 721

66
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TABLE A-33

ok o ok ok 3 ok ok o ok ok R 0K K sk ok ok ok ok ok % ok ok oK ok ok s ok ok O ok ok ok ok ok ok ok ok ok o o ok ke ok koo s o ok R O 3 ok ok ok ok o o sk ok ol o 3 s ok e ok ok ok e ko ok ok o ok ok ok ok ok ok ek ok ok ok ko ok ok ke ol OOk e ok ok ol ok ok e ok ok ke ok ok R K K

Qp

No.

CUONOAUVBWN =

-

(cfs)

1237

.95
934.
517.
326.
202.
126.

11
00
98
31
39

66.71
43.60
15.42

9.13

HM

(ft)

.874
.774
.600
.473
.404
375
. 279
. 259
.189
. 153

Hp

(ft)

4.37
3.87
3.00
2.37
2.02
1.88
1.40
1.30

.94

77

W1/1.50/T-0.00(5:1)/5:1

Ap Vp
(ft2) (ft/sec)
110.14 11.24
87.79 10.64
54.86 9.42
35.61 9.18
26.83 7.54
23.50 5.38
13.98 4.77
12.28 3.55
T.14 2.16
4,97 1.84

ty

(ft)

(ft)

2.191
1.963
1.540
1.463
.986
.502
©+395
.219
.081
.059

—-——_——_mNwwbhbuo

.56
.83
.54

N

(ft)

3.05
2.70
2.08
1.70
1.36
1.09
.80
.64
.37
.28

‘e

(ft)

4.86
4.30
3.30
2.68
2.14
1.71
1.25
1.00

.57

.42

F

1.38
1.38
1.38
1.50
1«33
.98
1.00
277
.55
.52

G

.660
.668
.692
.670
. 759
.853
.914
.909
.850
.B871

00T
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TABLE A-34 W1/0.50/T(5:1)-0.500/5:1
L T R s s e R s R e R PR R R R Rt
H A Vv H Y Y F G
Na. — Q Qp Hy P P Py T N c d
(cfs) (cfs)  (£t) (ft)  (ft?) (ft/sec) (ft) (fr) (ft)  (ft)
1 9.09 508.04 .916 4.58 151.65 3.35 .195 4.77 2.64 3.27 .38 .599
2 5.87 328.25 L7777 3.89 115.64 2.84 .140 4.02 2.18 2.68 .34 .594
3 3.14 175.80 .615 3.08 79.75 2.20 .084 3.16 1.65 2.00 .29 .582
4 1.42 79.42 .459 2.30 51.40 1.55 .041 2.34 1.13 1.36 .23 .559
5 .51 28.53 .305 1.53 29.38 .97 .016 1.54 .68 .80 17 .568
6 .26 14.38 .239 1.20 21.76 .66 .008 1.20 .48 .55 .12 .533
7 .14 7.88 . 185 .93 16.33 .48 .004 .93 -35 .39 .10 .557
8 .07 3.84 .134 .67 11.87 .32 .002 .67 .23 .25 .07 .609
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TABLE A-35 W1/0-50/T(5!1)-1.000/5:1
'.*t'.i*“*‘l.t***‘i*“*‘.***...*‘***!lﬂl‘l***t*tt****"***t"**t‘****-***'*‘t‘ﬂ““‘.“‘*'i*‘tﬂ**'***‘ht*t.**"'*.

No. H H H Y Y F C

Qy Qp M p Ap Vp v Hp N c - d
(cfs)  (cfs)  (ft) (ft)  (ft2) (ft/sec) (ft) (ft) (fr)  (ft)

1 7.46 416.82 .858 4.29 136.03 3.086 .163 4.45 2.57 3.20 .34 . 585
2 3.66 204.36 .654 3.27 92.33 2:21 .085 3.35 1.86 2.29 .27 .583
3 2.37 132.44 . 549 2.75 73.09 1.8 .057 2.80 1.52 1.85 «23 .592
4 1:17 65.43 .431 2.16 54.09 1.2 .025 2.18 1.08 1.30 AT .548
i .43 24.16 . 296 1.48 35.77 .68 .008 1.49 .65 .78 .10 . 526
. «13 6.00 .159 .80 20.91 -« 29 .001 .80 .30 .34 .05 .622

AR AR R A R R R R R R R i e R P RS S R S

TABLE A-36 W2/0.00/T=0.00(4:1)/5:1

L R S T L et T i T T T T e T T R Y
No. H A \') Y, Y F C

QM QP H'M P P P HV HT N G d
(cfs) (cfs)  (ft) (ft)  (ft?) (ft/sec) (ft) (ft) (ft) (£t

1 8.71 487.05 1.088 5.44 145.57 3.35 .194 5.63 INF. 3.44 .36 .570
2 6.20 346.81 .959 4.80 115.94 2.99 . 155 4.95 INF. 2.94 .34 .561
3 4.65 260.11 .854 4.27 94.28 2.76 + 132 4.40 INF. 2.56 .33 .564
4 2.64 147.37 .694 3.47 65.51 2.25 .088 3.56 INF. 1.95 -30 .544
5 2.16 120.76 .653 3.27 58.97 2.05 .073 3.34 INF. 1.77 .28 .523
6 1.54 86.20 .576 2.88 47.58 1.81 . 057 2.94 INF. 1.49 .26 .514
7 .64 35.67 .411 2.06 2717 1:31 .030 2.08 INF. .94 .22 .501
8 .37 20.91 .342 1.71 20.25 1.03 .018 1.73 INF. .70 .18 .469
9 .09 5.19 .199 1.00 8.94 .58 .006 1.00 INF, «31 .13 .457
10

.05 2.86 .154 .77 6.22 .46 .004 77 INF. .21 A1 .479

10T
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TABLE A-37 w2/0.50/T-0.00(4:1)/5:1
ok sk ok ko ok ok e ak ok ok ok ok 4 dk sk ok ok e ok ok ok ak ok ok ok ok o ol o ol ok ok ok ok o ok ok ok ok o ol ok ok ok ok ok sk sk ok oF ok e o ol ok ok ok ke ol e ok ol ok ol ok ol ok ok ok ol ok ol o ok ok ok o ok ok e ok ol i ol ok ok ke ok ok ok o o R R R ok o & ok ok Kk ke K R R R e ok ok o o ok
0. H A v H Y Y F C
N QM QP HM p P P v HT N C d
(cfs) (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 22.27 1244.98 1.543 T.72 _273.33 4.55 .360 8.07 4.13 5.25 2 .592
2 13.20 737.90 1.266 6.33 189.15 3.90 .264 6.59 3.30 4.16 .39 .583
3 8.97 501.42 1.086 5.43 142.68 3.51 .214 5.64 2.79 3.49 «38 .584
4 4.39 245.23 .826 4.13 86.99 2.82 .138 4.27 2.03 2.50 - 35 .574
5 2.22 123.94 .648 3.24 56.65 2.19 .083 3.32 1.47 1.79 .30 .543
6 1.01 56.63 .478 2.39 33.60 1.69 .049 2.44 1.00 1.20 .26 .537
7 .49 27.50 .354 177 20.43 1.35 .031 1.80 .69 .81 .24 557
8 .10 5.65 . 199 1.00 B.30 .68 .008 1.00 .29 .32 .16 .494
9 .25 13.89 . 290 1.45 14.84 .94 .015 1.47 .48 «55 .18 .471
10 .05 2.56 .134 .67 4.64 .55 .005 .68 - 18 .20 +15 .601

LR R R e R A R R e e P R R R R S R R A R RS R R R R R R

TABLE A-38B » W2/1.00/T-0.00(4:1)/5:1
kR Rk Rk kR F ok ok ok kP kR R kR kR e Rk kR Rk ko kR kb ok ko kR kR kR A kA Nk kA xRk ko ko ko kR kR Rk kxR Ak ek xa kxR R Rk
i H H A Vv Y Y F C
No.  Qy Qp M p p p i, Hp Yy C d
(cfs) (cfs) (ft) (ft) (ftz) (ft/sec) (ft) (ft) (ft) (ft)
1 18.36 1026.40 1.336 6.68 206.09 4.98 .430 7.11 3.28 4,82 .49 .671
2 11.87 663.57 1.085 5.43 140.05 4.74 .389 5.81 2.7 3.97 .52 .718
3 5.17 289.01 .826 4.13 B5. 11 3.40 .200 4.33 1.86- 2.70 .42 .653
4 2.69 150.17 .B55 3.28 56.20 2.67 .124  3.40 1.37 1.97 <37 .622
5 1.07 59.55 .477 2.39 32.31 1.84 .059  2.44 .86 1.24 .29 .562
6 .45 25.32 .356 1.78 19.69 1.29 .029 1.81 .55 .78 +23 .507
7 .99 12.23 .267 1.34 12.28 1.00 .017 1.35 .37 .51 224 .507
8 .10 5.86 .199 1.00 7.68 .76 .010 1.01 .24 .33 .18 .510
9 .06 3.26 .154 T 5.15 .63 .007 .78 « 37 «23 + 57 .540

A
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TABLE A-39 W2/1.50/T-0.00(4:1)/5:1
L R e T e T T T T T T T T T R R R S RS S L
No. H H A V' H Y, Y F G
QM QP M P P P HV T N C d
(cfs)  (cfs) (ft)  (ft) (£t2) (ft/sec) (ft) - (ft) (ft) (ft)
1 20.58 1150.38 1.240 6.20 176.66 6.51 . 735 6.94 3.186 5.08 .67 . 801
2 14.34 801.45 1.010 5.05 120.54 6.65 767 5.82 2.69 4.32 .76 .B66
3 9.29 519.42 .804 4.02 79.26 6.55 .745 4.76 2,22 3.55 .83 .924
4 4.29 240.07 «570 2.85 42.66 5.63 .549 3.40 1.55 2.48 .83 .993
5 1.63 90.95 .432 2.16 26.21 3.47 .209 2.37 .97 1.54 .58 .928
6 « 71 39.48 . 337 1.69 17.10 2.31 082 1.78 .63 .99 .44 .B826
7 .56 31.40 .314 1.57 15.17 2.07 - .074 1.64 .56 .88 .40 .798
8 .29 16.42 . 263 1.32 11.25 1.46 .037 1.35 «39 .61 .31 . 681
9 .13 7.06 . 195 .97 6.85 1.03 .018 .99 .24 .37 .25 .633
10 .06 3.26 .149 .74 4,39 .74 .010 «75 <15 .23 .21 . 581

L R e P R R

TABLE A-40 w2/0.50/T(4:1)-0.500/5:1
‘."**‘.“‘t**t***t-*““***-.“.*‘.*tt*‘*--I*t-‘t*““**“**-*t*““***“"*‘.“..‘.“t*t..“.*."‘t"““*.‘t‘*‘*

No. H H A v Y Y F C

Q Q M p p p H,  Hp N C d

(cfs) (cfs)  (ft) (Ft)  (£t2) (ft/sec) (ft) (ft) (fr)  (f1)

1 8.70 486.19 1.095 5.48 170.05 2.86 +142 5.62 2.75 3.44 .30 .573
2 5.30 296.15 .907 4.54 124.33 2.38 .098 4.63 2.21 2.73 .27 .565
3 3.19 178.16 .746 3.73 90.79 1.96 .067 3.80 1.75 2.14 .24 .559
4 1.50 83.89 «567 2.84 59.59 1.41 .034 2.87 1.22 1.47 .19 «530
5 .92 51.38 .472 2.36 45.63 1.13 .022 2.38 .96 1.14 « A8 .517
6 .53 29.52 377 1.89 33.48 .88 .013 1.90 .72 .85 .14 .524
T .16 8.72 .244 1529 19.51 .45 .003 1.22 .37 .42 .08 .464
B8 .30 16.62 .313 1.57 26.32 .63 .007 157 .53 .81 P it | .473
9 .10 5.79 .205 1.03 16.08 .36 .002 1.03 .30 «33 <07 L4477
10 .05 2.56 . 145 .72 11.40 .22 .001 +73 .18 .20 .05 .502

£01
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TABLE A-41 w2/0.50/T(4:1)=1.000/5:1
**i**-..*i‘..ﬂn'nt*tttiitii*ilt**il*tltttﬁ‘tt**iti#t*****tit*ti*-‘.ti*.iittttﬂ**ttt.ittt*it-.--‘.iai-itiit*'**‘*‘**
No. H H A v Y Y F C
Q Qp M P P P Hy Hy N o d
(cfs)  (cfs) (ft)  (ft) (£t2) (ft/sec) (ft) = (ft) (ft) (ft)
1 6.58 367.85 1.000 5.00 171.36 2.15 .080 5.08 2.43 3.02 .22 .558
2 4.10 229.40 . B35 4.18 130.69 1.76 +053 4,23 1.96 2.42 .19 .550
3 2.37 132.44 879 3,40 87,24 1.36 .032 3.43 1.562 1.85 16 .B637%
= .B6 47.95 .473 2.37 60.53 .79 011 2.38 .92 1.10 11 .486
5 .24 13.59 .300 1.50 36.26 .37 .002 1.50 .47 .55 .06 .433
6 .10 5.72 .216 1.08 26.63 .21 .001 1.08 .29 .33 .04 .415
7 .04 2.39 . 157 .79 20.72 .12 .000 .79 .18 .19 02 .386

LA AR RS A2 RS S S R e e e S T R )

TABLE A-42 w5/0.00/7T-0.00(5:1)/10:1
Il T T T T T T T T I T I OO T T T T T T O T I I T IO NI O T OTUTTTOUTOTTOTTUTU e e T X |
A H A v H Y Y F C
No.  Qy Qp H, P p p v Hy N C d
(cfs) (cfs)  (ft) - (ft)  (£t2) (ft/sec) (ft) (fr) (ft) (£t
1 4.8B5 1533.67 015 5.15 184.11 8.33 1.203 6.35 INF. 4.90 .90 +531
2 3-5&, *108.84 .463 4.63 153.48 7.22 . 905 5.54 INF. 4,21 .81 .542
3 2.6*3 833.64 .419 4.19 129.68 6.43 «T17 4.91 INF., 3.67 + 76 +» 551
4 2.14 677.86 .397 3.97 118.50 5.72 .567 4.54 INF. 3.32 .69 .545
5 1.56 493.13 .354 3.54 98 .06 5.03 .439 3.98 INF. 2.84 .E4 .551
6 .92 290.63 .300 3.00 75.00 3.88 . 260 3.26 INF. 217 «53 .534
T .43 135.65 .230 2.30 49.45 2.76 . 132 2.43 INF. 1.46 .42 «522
B8 . .38 120.46 el L 3 3 2.23 47 .16 2.55 .113 2.34 INF. 1.38 .39 .505
9 .16 50.62 170 1.70 31.45 1.61 . 045 1.74 INF. .B3 .28 .444

voT
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TABLE A-43 WS/O.SD/T’0.00(5:1)/10:1
R ey mrm I I, mMm mMmTmmImmMmMm I TN T mMm T T T T MMM T I T T TN mrT T nr T M M IMTM I T mMmm M T I T T T T T T T T T T T MMM M T M T T T OO TNt
5 H H A v H H Y Y E C
N Q Qp M P P P v T N C d
(cfs) . (cfs)  (ft) (ft)  (£t2) (ft/sec) (ft) (ft) (fr)  (ft)

1 9.10 2878:53 .562 5.62 _210.32 13.65 3.233 8.85 5.02 6.54 1.42 .435
2 5.20 1643.05 .491 4,91 166.70 9.86 1.685 6.59 3.92 5.06 1.09 .519
3 3.01 953.30 .404 4.04 119.50 7.98 1.104 5.14 3.06 3.92 .96 .560
4 2.14 676.55 © .360 3.60 98.51 6.87 .818 4.42 2.61 3.32 .87 .581
5 1.% 561.13 .349 3.49 93.57 6.00 .624 IO I 2.39 3.03 R 51 4 .576
6 13 426.69 .318 3.18 g0.28 5.31 .4390 3.67 2.09 2.64 <73 .583
7 o 210.68 » 252 2.52 55.20 3.82 .253 2.77 1.48 1.84 .56 .580
B8 .37 115.93 210 2.10 41.51 2.79 «135 2.24 1.08 1.33 .45 .547
9 @32 102.27 .202 2.02 39.10 2.62 .119 2.14 1.02 1.24 .43 .539
10 .23 74.10 !r; 1.81 33.09 2.24 .087 1.90 .85 1.04 .38 .527
1 10 % 31%‘0 :194 1.34 21.22 1.47 .037 1.38 +53 .62 .28 .493

LR e R R R A Rl e e R Rl A R R R R R

TABLE A-44 wW5/1.00/T-0.00(5:1)/10:1
L e T Ll s e S R T R S e R A S A R R R ]
1 v H Y Y F C
No. — Q Qp Hy Hp Ap P v Hp N c i
(cfs)  (cfs) (ft) (fr) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 9.31 2942.82 .495 4,95 166.11 17.72 5.443 10.39 4.35. 6.61 1.97 .298
2 5.14 1626.70 . 385 3.85 107.81 15.09 3.948 7.80 3.34 5.04 1.87 .338
3 2.88 910.27 « 311 3519 75.40 12.07 2.528 5.64 2.55 3.84 1.65 .425%
4 1.65 523.13 .302 3.02 71.83 7.28 .920 3.94 1.95 2.93 1.01 .599
5 1.62 512.75 .300 3.00 71.05 7.22 .903 3.90 1.93 2.90 1.00 .601
6 .90 284.31 .201 2.01 37.34 7.61 1.005 3.02 1.44 2.:15 1.26 .635
q .83 260.97 . 199 1.99 36.76 7.10 .874 2.86 1.38 2.06 1.18 .663
B8 .58 182.74 .201 2.01 37.34 4,89 .415 2.43 1.15 1471 .81 .703
g .47 149.54 .187. 1.87 33.36 4.48 .348 2.22 1.03 1.53 « 76 . 719
10 .29 90.90 167 1.67 28.02 3.24 .182 1.85 .79 1:17 .58 . 686
11 .16 50.36 +137 1.37 20.76 2.43 .102 1.47 «57 .83 .47 .675

So1
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TABLE A-45 W5/1.50/7T-0.00(5:1)/10:1
W ok ok kN ok ok ok R K ok ok ok ok ok ok ok ok 3k % ok ok sk o ok 3K o ok ok ok ok o ol ok ok ok K o ok o ok o o kR o ok ok o ok o ok ol ok i ol ok ol ok o e o ok ok o o ok oF ok ok ok oK i ok o ok o O ok ok o ok ok o ok ok ok o T K o ok ok o ok ok ok koo ok ol ok ok ok o K

No. H H A Vv H Y Y F C

‘ Q W M p P P v B Yy C d

(cfs)  (cfs) (ft)  (fv) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

I 9.48 2996.82 . 466 4.66 146.80 20.41 7.228 11.89 4,01 6.68 2.35 .217
2 5.40 1706.88 .362 3.62 94.90 17.99 5.610 9.23 3511 5.16 2.32 .233
3 2.83 895.47 <277 2.77 60.52 14.80 3.797 6.57 2.30 3.81 2.15 . 286
4 2.20 694.74 .247 2.47 50.11 13.86 3.333 5.80 2.03 3.37 2.12 . 302
5 1.67 528.25 . 222 2.22 42.12 12.54 2.727 4.95 1.78 2.95 2.01 . 342
6 .92 290.63 .189 1.89 32.54 8.93 1.384 3.27 1.31 2.18 1.54 .528
7 .97 305.85 .186 1.E86 1.72 9.64 1.612 3.47 1.35 2.24 1.67 .480
8 .65 206.29 . 187 1.87 31.99 6.45 721 2.59 1.10 1.82 1.12 «+673
9 .29 90.18 . 151 1.51 22.85 3.95 .270 1.78 .71 1.16 #75 . 752
10 w27 86.86 . 144 1.44 21.22 4.09 <291 1.73 .69 1.14 .80 777
1 .11 33.92 L1 1. 14.21 2.39 .099 1.21 .41 .66 .53 .744
12 .10 31.10 L1111 T !1 14.21 2.19 .083 1.19 .39 .63 .48 . 705

90T
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TABLE A-46 W5/0.00/T(5:1)-0.500/10:1

L T e R A e R e e R e R A R A e e R R R R R e R R e A B

\

H

b ¢

Y

F

c

No.  Q Qp Hy2  Hp Ap p v Hy N C d
(cfs)  (cfs)  (Ft) (ft)  (ft2) (ft/sec) (£8) (£t) (ft)  (ft)
1 8.91 2817.53 .668 6.68 329.56 8.55 1.268 7.95 INF. 6.47 .79 .558
2 5.04 1593.50 .554 5.54 242 .81 6.56 .747 6.29 INF. 4.98 .66 .567
3 3. 10 980.94 .463 4.63 182.88 5.36 .499 5.13 INF. 3.97 .58 .581
4 1.62 512.75 .373 F T3 131.76 3.89 .263 3.99 INF. 2.89 .46 .568
5 .87 274.56 .297 2.97 94 .90 2.89 . 145 3.12 INF. 2. 11 .37 .565
6 .41 129.71 .226 2.26 65.69 1.97 .068 2.33 INF. 1.42 28 .553
7 .28 87.08 .200 2.00 56.25 1.55 .042 2.04 INF. 1.13 23 .516
8 .16 50.36 « 187 1.67 45.24 1a 19 .021 1.69 INF. .B3 17 477
9 .09 28.01 o B 1g 1.3 34.48 .81 011 132 INF. .58 .14 . 492
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TABLE A-47 W5/0.50/T(5:1)=-0.500/10:1
FERER KR F Rk kR Rk k Rk kR ko Rk kR Rk kR R kR Rk R Rk Rk ko kR kA F kR Rk Rk ko ke kR kR Rkt ko kR ok kR R Rk R F R Rk ok kok ok kR R d kK ok ok ko ok ok kR Rk
No. H H A v H H F c
QM QP M P P P Vv T YN YC d
(cfs)  (cfs) (ft)  (ft) (Ft2) (ft/sec) (ft) (ft) (ft)  (ft)
1 7.09 2241.66 .569 5.69 249.90 8.97 1.396 7.09 4.50 5.84 .90 .591
2 3.83 1212.47 .475 4.75 187.20 6.48 .728 5.48 3.42 4.39 .70 .609
3 2.69 849.52 .425 4.25 157.45 5.40 .505 4,75 2.90 3471 .61 .608
4 1.67 526.55 . 368 3.68 126.58 4.16 +300 3.98 2.32 2.94 .49 .587
5 1.04 328.70 .309 3.09 98.06 3.35 .195 3.28 1.84 2.32 .43 .593
6 .3@ 201.81 .272 272 B1.94 2.46 .105 2.83 1.44 1.80 «33 .530
7 " 121.44 .223 2.23 62.71 1.94 .065 2.30 1.11 1.37 .28 537
8 .23 71.77 . 186 1.86 49.78 1.44 .036 1.90 .84 1.02 .22 .511
9 Z15 47.97 . 160 1.60 41.51 1.16 .023 1.62 .67 .B1 .18 .504

'.tl*“"t“**tttttt#*ttt‘ttl**#*t#**t*#t*.tittttt**tltt#ti#*#*t‘l#i*ttiltt##ﬁ‘tttt‘#tt*‘ttttli‘ﬁhttt"*t##*t#tt*'*

TABLE A-48B W5/1.00/T(5:1)-0.500/10!1
‘.*.‘*‘*'.*‘*“*t.l*t***.#“*“'*"‘***'**t***‘ﬁ**‘**t“‘*‘.**.’."‘*t."*t’*‘.*‘t...**“.*t-."“t""ttE**..“‘.‘
v Y Y F
Na.  Q Q By Hp Ap p H,  Hp Yy c d
(cfs) (cfs)  (ft) (£t)  (ft2) (ft/sec) (ft) (fr) (fr) (£t
1 9.28 2933.72 .515 5.15 209.51 14.00 3.401 8.55 4.35 6.61 1.47 .484
2 5.14 1626.70 .460 4.60 175.00 9.30 1.499 6.10 3.34 5.04 1.02 .624
3 2.78 B880.42 . 327 327 104.04 8.46 1.242 4.51 2.51 3.78 1.06 .718
4 1.62 512.75 277 2.77 81.94 6.26 .679 3.45 1.93 2.90 .84 .B18
5 1.01 320.32 .259 2.59 74.60 4,29 .320 2.91 1.53 2.29 .59 .782
6 .61 192.52 .233 2.33 64.56 2.98 .154 2.48 1.18 1.76 .42 .698
T .28 89.16 . 186 1.86 48.14 1.85 .059 1.92 .78 1.15 .29 .B16
8 17 52.40 . 157 1.57 39.10 1«34 .031 1.60 .58 .85 .22 .570
9 .09 27.06 . 126 1.26 30.38 .89 .014 1.27 .40 .57 .16 .521

LOT
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TABLE A-49 W5/1.50/7T(5:1)=-0.500/10:1
*“l““t“‘**!t***ttg*tlt*‘j**t*tttttt-:-!tlit‘tt#*t*.**,**t'*l**‘**tt#'t#*l‘*!#t‘i*tiﬁltt**‘!t‘*tn-ltt*.ttllll*“
No. H A Vv H Y Y F 6
Q % Fy P p p My T N C d
(cfs) (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (£t) (ft) (ft)
1 9.41 2974.44 . 466 4,66 175.60 16.94 4.976 9.64 4.00 6.65 1.86 . 364
2 6.80 2150.37 .402 4.02 "139.18 15.45 4.140 8.16 3.45 5.74 1.80 .399
3 3.80 1201.40 »339 3.39 107.34 11.19 2.173 5.56 2.64 4.38 1.40 . 580
4 1.58 500.36 .244 2.44 66.82 7.49 «972 3.41 1.73 2.87 1.06 .820
5 .87 274.56 .214 2.14 55.90 4.91 -418 2.56 1.28 2.12 .73 .925
6 .36 114.55 . 164 1.64 39.70 2.89 .144 1.78 .80 1.33 .47 . 950
7 .29 90.47 . 161 1.61 38.81 2.33 .094 1.70 e | 1.16 .38 . 841
8 .16 51.90 .137 1:37 31.99 1.62 .046 1.42 .52 .85 .28 . 767

LA R R R R R e e R R R e s e L S S T R s S

TABLE A-50 w5/0.00/C-0.00/10:1
-‘t“.lﬁ“'l'*ﬁ****“t**t“l’ﬂ*‘****‘#*‘****‘ ks kR x kRN kR Rk Rk kbR kb ke ko kR kR Rk Rk R e R R R R R ok ko ke kR Rk k%
) H A v Y Y F C
Ny Q Q Hy p p p Hy, Hp N C d
(cfs)  (cfs) (Ft)  (ft) (£Ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 8.56 2706.24 .633 6.33 259.51 10.43 1.886 8.22 INF. 6.91 1.03 .493
2 4.54 1434.62 STT 5.77 220.26 6.51 . 736 6.51 INF. 5.02 .67 .469
3 2:53 800.93 .418 4.18 125.92 6.36 .702 4.88 INF.. 3.75 .76 .536
4 1.49 472.68 .351 3.51 93.74 5.04 .441 3.95 INF. 2.88 .65 « 537
5 .91 287.49 .297 2.97 71.06 4.05 .284 3.25 INF. 2.24 .56 .531
6 <51 161.39 «.236 2.36 48 .96 3.30 .188 2.55 INF. 1.68 .51 .549
T R 4 85.72 .200 2.00 37.66 2.28 .090 2.09 INF. 1.22 .38 .479
8 .15 46.87 . 161 1.61 26 .89 1.74 .053 1.66 INF. .90 .32 . 464
9 .09 29.37 .134 1.34 20.31 1.45 .036 1.38 INF. .72 .29 . 466

80T
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TABLE A-51 W5/0.50/C-0.00/10:1
BE gL L d S bbb bbb s a bbbttt bbb bbbk b b d ko k ko k ko ko bk w kk ok ko kR Rk k kR ok ok kR kR AN Rk kR R Rk KRRk k kR R s xRk Rk Rk KRR
No. H A v H
QM QP HM P P P v HT YN YC ¥ c‘d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 8.24 2605.60 .570 5.70 212.26 12.28 2.613 B8.31 5.04 6.79 1.28 .461
2 4.88  1542.36 .476 4.76 154.56 9.98 1.727 6.49 3.94 5.21 1.43 .507
3 2.64 833.64 . 396 3.96 112.41 7.42 .954 4.91 2.96 3.83 .91 .549
4 1.59 $03.93 .338 3.38 85.86 5.87 .597 3.98 2.34 2.97 «TT .563
5 .85 267.85 272 2.72 59.73 4.48 .349 3.07 175 2.17 .65 .572
6 .65 206.29 . 246 2.486 50.63 4.07 .288 2.75 1.55 1.90 .62 .581
7 .27 85.56 .189 1.89 33.06 2.59 116 2.01 1.03 1.22. .44 .529
8 «15 47.97 . 152 1.52 23.39 2.05 .073 1.59 .79 .92 .39 .528

LA R R R R L L A R e s s R e R e e L

TABLE A-52 wW5/1.00/C~0.00/10:1
L T T T e e T R T R g e R S T R R RS S R S L ]

No. H H A v, Y Y F C

Qu Qp M P p P Hy Hy N & d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 8.95 2831.73 .498 4,98 164.34 17.23 5.149 10.13 4.46 7.09 1.92 .306

2 4.93 1559.59 + 395 3.95 109.51 14.24 3.518 7.47 3.37 5.25 1.77 . 361

3 2.69 849.52 . 340 3.40 84.57 10.04 1.750 5.15 2.54 3.87 1.33 .498

4 1.48 468.86 .276 2.76 59.37 7.90 1.082 3.84 1.93 2.87 1:15 . 571

5 .83 260.97 221 2.21 40.98 6.37 «703 2.91 1.47 2.14 1.03 .635

6 51 161.39 . 191 1.91 32.22 5.01 .435 2.35 1.18 1.68 .87 .676

74 .28 B87.68 .149 1.49 21.48 4.08 .289 1.78 .89 1.24 .80 .732

8 .15 48.78 .126 1.26 16.34 2.99 «155 1.41. .68 .92 .64 « 723

60T
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TABLE A-53 W5/1.50/C-0.00/10:1
L T T e e e s T T s

No. H A Vv H

Q % Hy P P P v S SR Ye g &y

(cfs) (cfs)  (ft) (ft)  (ft2) (ft/sec) (ft) (ft) (ft)  (ft)

1 9.10 2878.53 .446 4.46 132.68 21.69 8.163 12.62 4.08 7.16 2.57 «179
2 5.32 1683.23 . 343 3.43 83.72 20.10 7.010 10.44 3.18 5.46 2.63 . 168
3 2.97 939.18 .270 2.70 55.45 16.94 4.976 7.68 2.42 4.07 2.53 . 203
4 1.59 502.15 215 2.15 37.66 13.33 3.083 5.23 1.81 2.98 2.22 . 283
5 .94 296.81 179 1.79 27.66 10.73 1.997 3.79 1.42 2.29 1.95 .375
6 .43 136.65 . 149 1.49 20.31 6.73 .785 2.27 .99 1.55 1.34 .617
7 29 92.18 . 162 1.62 23.39 3.94 . 269 1.89 .B3 1.27 .75 .662
8 .16 50.36 «127 1.27 15.50 3.25 .183 1.45 .62 .94 .71 . 698

L T T L s R R R

TABLE A-54 W5/0.00/C-0.00/2.5:1
L L R R Rl T S R S R R L

No. H H A v Y

Qy W M P P P Hy fp N Y E G

(cfs) (cfs)  (ft) (ft)  (£ft2) (ft/sec) (ft) (ft) (ft)  (ft)

1 8.35 82.54 .686 y P ) 18.72 4.41 - 337 2,05 INF. 1.71 .84 .482
2 4.04 39.90 .536 1.34 12.09 3.30 .189 153 INF. 1.18 .70 .487
3 1.91 18.88 .421 1.05 7.97 2.37 .097 1.15 INF. .81 .56 . 469
4 .87 8.58 .319 .80 5.00 1.72 .051 .85 INF. .55 .46 . 456
5 .36 3.58 .237 .59 3.08 1.16 .023 .62 INF. «35 .36 .424
6 .22 2.21 .200 +50 2.35 .94 .015 .52 INF. .28 =31 .409
7 .11 1.06 .157 .39 1.62 .66 .007 .40 INF. .19 .24 . 369

0TI
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TABLE A-55 W5/0.50/C-0.00/2.5:1
t't#ti#tl*m!#t***tt**tt‘**ttttt-t*.tnv*tttt**tt‘##*t*t*;tttt*v*tt**#*tttttt#*ttttt#tttttttt‘jn.iltttttttttttlt!cttt
No. H A v ¥
Q Qp Hy p P P H,, Hy N c F S
(cfs)  (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 9.04 89.37 .643 1.61 18.77 5.67 .557 2.16 1.47 1.78 1.13 .457
2 4,62 45.70 .529 1,32 11.05 4.13 + 297 1.62 1.07 1.27 40 .483
3 2.11 20.89 . 394 .98 6.52 3.21 .178 1.16 .74 .86 .80 . 505
4 .88 B.68 .293 .73 3.87 2.24 .087 .B2 .49 .55 .65 .503
i .31 3.03 .207 .52 2.12 1.43 .035 «55 .30 .33 .49 .470
6 529 2.23 .189 .47 1.81 1.23 .026 +50 .26 .28 .44 .447
7 .12 1.20 . 151 .38 1.23 .97 .016 .39 .20 .20 .39 .433

L T T T T T e e T s s A P ]

TABLE A-56 W5/1.00/C-0.00/2.5:1
Y T I st e e e T s e T e e S T R TS S s S ]
No. g H A \' Y
QM QP lF{M P P P HV l-IT N YC F cd
(cfs) (cfs) (£t) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)

1 18.46 182.41 .765 1.91 20.67 8.82. 1.350 3.26 1.74 2.55 1.65 .335
2 8.97 88.64 .570 1.43 11.86 7.47 .969 2.39 1.24 177 1.61 .352
3 4.57 45.12 .432 1.08 7.06 6.39 .709 1.79 .91 1.26 1.57 w372
4 1.95 19.24 .316 .79 3.94 4,88 .414  1.20 .61 .82 1.40 .427
5 .95 9.37 .249 .62 2.52 3.71 .239 .86 .44, .57 1.21 .479
6 .49 4.86 .204 .51 1.73 2.81 .137 .65 +32 .41 1.02 .509
7 .24 2.35 .168 .42 1.18 1.99 .069 .49 23 .29 .81 .498
8 .23 2.28 .168 .42 1.18 1.92 .064 .48 «23 .28 .78 .492
9 .10 1.04 .143 .36 .85 1.21 .025 .38 .16 .19 .55 .402
10 .06 .55 <127 .32 .66 .83 .012 .33 12 .14 .41 .313

T
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TABLE A-57 W5/1.50/C-0.00/2.5:1
*‘,"ttﬁviitttlab.t-.tttﬁittttlnttni‘ttit#‘tt*-¢t#‘B*t.‘l‘*#***t*#‘*‘*’t.“.*.l‘*tt*t*'t*.l**t*“‘*‘Pvt#‘*’l*“"tiﬁ"‘
No. H A \' Y ¥ F C
Q % iy p P py  Hpo Yy c a
(cfs) (cfs) (ft) (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 20.38 201.36 -TT2 1.93 20.01 10.06 1.756 3.69 1.66 2.69 1.90 .272
2 10.55 - 104.25 .601 1.50 12.29 8.48 1.2a47 2.75 1.22 1.93 1.81 .293
3 5.17 51.09 .449 1.12 6.96 7.34 .933 2.06 .87 1.35 1.82 .297
L 1.89 1B8.65 .313 .78 3.42 5.45 .515 1.30 .55 .B1 1.63 . 343
5 1.61 15.91 .245 .61 2.08 7.64 1.012 1.62 .51 .75 2.63 . 167
6 17 1.68 167 .42 .90 1.86 .060 .48 .18 .24 .83 . 377
7 31 1.10 .154 .39 .75 1.47 - .037 .42 .15 .20 .70 .333
8 .05 .51 . 140 .35 .59 .86 .013 .36 .10 .13 .44 .225

LA R R R e e s R R e R T  E r E e R s 2

TABLE A-58 W5/0.00/C-0.500/2.5:1
**#*Ul***tl#*#tn‘tli**lt‘ti*t't'*i#***ii*t‘&*‘#t##**#i**.ttttﬁt**tt-ttittttttttﬁla e R R R R TS SR RS R R R S R

No. H H

QM QP M P AP VP HV HT YN YC J Cd

(cfs) (cfs) (ft) (ft) (ft2) (ft/sec) (ft) = (ft) (ft) (ft)

1 8.03 79.31 .740 1.85 33.15 2.39 .099 1.95 INF. 1.67 .39 .527
2 4.96 49.00 .626 1.57 26.18 1.87 . 061 1.63  INF. 134 -33 .513
3 2.64 26.05 .499 1.25 19.36 1.35 .031 1.28  INF. .96 .25 .497
4 1.44 14.23 .406 1.02 15.01 .95 .016 1.03  INF. 71 .19 . 465
5 .B8 8.68 .339 .85 12:21 71 .009 .86  INF. .55 .15 . 451
6 .47 4.67 .266 .67 9.48 .49 .004 .67  INF. .40 .11 .450
7 =27 2.66 .225 .56 8.10 .33 .002 .56  INF. .30 .08 .393
8 .15 1.52 .185 .46 6.84 .22 .001 .46  INF. .23 .05 .366
9 .09 .88 .148 .37 5.78 .15 .000 .37 INF. =17 .04 .370
10 .05 .51 .127 .32 5.21 .10 .000 .32 INF. .13 .03 .313

Z1l
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TABLE A-59 W5/0.50/C-0.500/2.5:1
..“**ttaoooat‘o‘stgﬁuaﬁﬁaotttttti.ititn-ttitnt*!ti#iti;it##*t*li#tmttti'tttli*t*t.‘*#*ttttt*t‘l*#.tt‘*#hl.t‘tt**‘*

No. H H A Vv F

Qy Qp M P P p By Hp Yy *c %

(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (£t)

1 9.03 89.23 .758 1.90 33.02 2.70 127 2.02 1.47 1.78 .45 . 541
2 4.39 43.35 .592 1.48 23.16 1.87 .061 1.54 1.05 1.24 .34 »519
3 2.21 21.83 .473 1.18 17.14 1.27 028 1.21 .76 .88 126 A7
4 .98 9.65 .351 .88 11.90 .81 .011 .89 .52 .58 .17 . 457
5 .39 3.82 . 249 .62 B8.23 .46 .004 .63 .34 .37 .11 .434
6 23 2.24 .209 .52 6.96 532 .002 .52 .26 .28 .08 . 396
7 .10 1.02 .158 .40 5.50 .19 -001 .40 .18 .19 .05 . 367
8. .05 .53 .126 « 32 4.67 .11 .000 « 32 .14 .14 .03 335

LA R RS R L R e e R e e R R S e R P S R R L

TABLE A-60 W5/1.00/C-0.500/2.5:1
EE R EERE R RN Rk kR kR Rk kRN Rk kR Ak ek e ek ko kg Rk Rk g kR R R Rk kR R R R R R Rk R R Rk R T Rk R EE A R s xRk R R R Rk R R
# H A v H Y Y F C
o Ry Qp Hy P p p v B Yy c d
(cfs)  (cfs) (ft)  (ft) (ft2) (ft/sec) (ft) (ft) (ft) (ft)
1 5.57 55.03 .577 1.44 21.29 2.58 116 1.56 .99 1.40 .48 .640
2 2.78 27.51 .488 1.22 16.91 1.63 .046 1.27 .72 .98 .32 .538
3 1.58 15.64 .414 1.04 13.64 1.15 .023 1.06 .55 .74 «24 .479
4 .90 8.88 . 339 .85 10.68 .83 .012 .86 .43 .56 .18 .457
5 .39 3.82 . 255 .64 ¥ .49 .004 .64 .29 «37 .12 .409
6 .26 2.54 .219 .55 6.67 .38 .003 .55 .24 .30 .10 » 399
T .14 1.38 177 .44 5.47 .25 .001 .44 .18 .22 .07 .372
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TABLE A-61 W5/1.50/C-0.500/2.5:1
L i R e e s T L L s i T e T T T s s s T T Iy s s sy e T T2
No. H A v Y Y F G
U % iy P P P Hy By N C d
(cfs) (cfs) (ft) (ft) (ft?) (ft/sec) (ft) (ft) (ft) (ft)
1 8.89 87.90 .527 1.32 17.80 4.94 423 1.74 1.13 1:7# .96 .776
2 5.01 49.53 .433 1.08 13.60 3.64 .230 1.31 .86 1.32 + 76 .B8B5
3 2.92 28.90 + 391 .98 11.90 2.43 102 1.08 .67 1.01 «52 .841
< 1.35 13.33 .353 .88 10.45 1.28 .028 .91 .47 .69 .28 .594
5 .56 §5.55 . 269 .67 7.58 .73 .009 .68 .31 .44 .18 .510
6 .36 3.51 . 241 .60 6.72 .52 .005 .61 .25 .35 13 .431
7 .18 1.76 .188 .47 5.23 .34 .002 .47 .18 .25 .09 .405
8 .10 .95 .153 .38 4.34 .22 .001 .38 .14 .18 .06 . 366
9 .05 .53 .127 .32 *3.73 .14 .000 .32 .11 .14 .04 .328
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