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INTRODUCTION

Irrigation turnout structurss with & 3-foot (0.914
meter) wide suppressed rectangular weir for measuring
discharges up 10 shout 5 cubic feet per second {cfs)
[about 140 liters per second {l/s8e)) have been In use
fora number of years on the Columbia Basin Project in
Washington, Thess turnouts have proven to be
economical to build, essy to operate, sccurate and
reliable as flow measuring devices, and generally less
troublezome than some other measdring structures.

The geametry of these weir boxes {and accessories) was
developed during. full scale hydraulle mode| testing In
the Bureau's Engineering Laboratories in Denver.! The
general weir box concept, however, had evolved from
older structures in use on the Yakima Project,
Washington, which utifized Cippoletti Weirs for fiow
measurement. Although the ogeometry and
flow-measuring charagteristics of the two tvpes hear
little resemblance, the nswer structures on  the
Columbia Basin are still commonfy [if inappropriately |
referred to by operators as " alkima weir boxes,""

Weir box turnmout structures having a grealer capacity
than thos2 in use on the Columbia Basin were requirad
for turnouts from new laterals of the Wahluke Branch
Cansl on Bloek 25, Columbia Basin Project, near
Mattawa, Washington, A preliminary  desian  was
prepared far a 10-efs (about 280-l/sec] capacity weir
box. The dimensions were scaled up from the existing
S.cfs weir box so that the velocities in the approach
flow 1o the measuring weir would be appraoximately
the same. The width of the weir and box was 4 feer
and the geametries of the baffles, weir gage stilling
ke, and wein were similar to those of the 5-cfs turnout
structure, A Zd-inch-diameter inlat pipe wis proposed,

The Bureau desion employs vertical bafiles close to the
inlet pipe and d stilling box across the total width of
the structure. The stilling box is immersed i the flow
shightly Below the minimum water surface (the weir
crest alevation), The upstream face of the stilling hox
acts as @ support for the upper end of the baffles,
Thiese sppurtanances permit @ considerable shortening
af the weir box by helping to distribute the inflow
fram the pipe and smooth the water sorface. The
desired design emploving the ahove features would be
the shortest box that would provide stable flow over

the weir and yiekd & unigue head-versus-discharge
relationship, However, since the approach flow to the
wair would still bg rather rough, the nead/dischargs
relationship  would  likely be different from the
standard for suppressed  rectangular weirs, and
therefore it cannot be predicted  sccurately by
znalytical meaans.

Considerable information 15 available in enginesring
literature an the performance and discharge rating of
suppressed. rectangular weirs.” ¥ The discharge rating
gouations can be applied to a large range of weir sizes
and operating heads if the weir is installed according to
standard conditions, Two important requirsments must
be satisfied. First, the zpproach channel to the weir
must be long enough to insure. normal velocity
distribution for all discharges, second, the head must
be measured at a point whera the warter surface has not
been influenced by drawdown or obstructions in the
approach channel, Since these conditions are not met
in the Bureau-designed weir hox turnouts, the standard
discharge rating equations do not apply

Laboratory studies of a Tull scale turmout structure
were undertaken to improve the hydraulic desion and
calibrate the weir box for & capacity of 10 ofs:

LABORATORY TEST SUMMARY

A satisfactory baffle arrengement to distribute ann
smooth the flow spproaching the measuring weir was
developed throwah trizl-and-error testing. The baffle
opening area was 1,40 times the inler pipe area. A
stilling box across the entire width of the weir box
proved 1o he a satisfactory measns of measuring &
characteristic head for discharoge rating purposes.

calibration for the final
recomimended geometry was  obtained for  flows
betwesn about 2 and 12-1/2 cofs. The measurad
disgcharge was always higher than that computsd by
mwo well-known equations for stendard suppressed
rectangular weirs, the Franecis and Kindsvater-Cartes
formulas. The difference may be attributed largely to
disturbances cr2ated n the approach flow by the
haffles and weir gage stilling box, and the mannar of
measuring the hezd.

& discharge rating

'w. p, Simmens, “Hydraulic Model Studies of Small Weir Box Turnout Stroctures for General [rrigation Use,”
Report Mo, HY D396, USBR, Derver, Colorado, 1954
Fptater Measurement Manual,” USBR, Second Edition, Chapter |1, Deaver, Colorado, 1967

*H. W, King, and E. F. Brater, "Handbook of Hydrauligs,'"” Fifth Edition, Section 5, McGraw-Hill, Mew York,
1963.




A discharge eguation was derived by combining the
Kindsvater-Carter muathod with a "variable effective
head” concept which takes into  account the
disturbancss in the approach flow.

APPLICATIONS

The weir box was specificaily developed for use at
turnauts from laterals of the Wahluke Branch Canal an
Block 25, Columbia Basin Project. The same geometry
used in the laboratory has been included in
Specifications Mo, DC-6624, Supplemental Maotice No,
2, Drawing Mo, 222.D-22481 (see Figure B). The
discharge calibration obiained in the laboratory has
been used in preparing the "Discharge Table™ included
in the ahove spegifications drawing,

The weir box can be used where flows up to about
12-1/2 efs from a pipe outlet are to be messured.
Either the discharge table in Figure 6 or Equations 11
and 12 can be used for prediction of flow quantities. If
the baffle arrangement s altered, however, the
calibration is also likely to change,

LABORATORY INSTALLATION

Deseription of the Model

The full scale meodel of the preliminary design was
surface-tréaied
dppurt2nances

constructed
approprigte

plywood: with
where  reguired

EING
metzl

(Figures 1 and 2). Impartant dimensions are shown on
the drawing in Figure 3.

The stilling bokx had two triangular holes at the bottom
of the downstream face to allow passage of water into
the well. Inside the well, & weir gage was set with
“zero” at the same elevation as the top of the weir
blade, The head indicated by this gags was used for the
welr dischargo rating. The water surface was also
measured by means of & pigzometer tap located in the
floor of the weir box, 3.5 fest downstream from the
entrance, and about 3 inches from the right wall, The
piezameter was connected by flexible twbing to a
d-inch [10:16-centimeter {cm)) diameter stilling well in
which the water surface slevation was measured with a
graduated hook gage.

The inlet pipe diameter of 24 mches (0,610 meer) was
attained by two $tep increases from 12-inch-diameter
pipe. A& 1Z2-inch gate wvalve, located about 28 fest
upstream from the box inlet was used to control water
flow into the modsl, Thres right-angle bends and the
gate {normally throttled] through which the flow had
to pass before it entersd the inlet pip2 could have
caused unsymmetrical and spiraling flow at  the
entrance to the weir box over at least & portion of the
total flow range, Entrance conditions in @ typical fiald
installation could alsa be far from ideal, and could
produce extremely irregular, If not similar, velocity
distribution in the flow as it enters the weir box. The
medel inlet flow conditions, while not modeled after a
specific structure, could represent & Typical fiela
installation,

Figure 1

Laeboratary installation, Photo PX-0-71971
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Weir hox detalls with preliminary balfles: Photos PX-0-7 1972 and PX.0-71973
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A wide tallbox was vonneciad arcund the downstream
end of the weir box, The tailbox had a movable taligate
to allow for adjustment and control of the tailwater
elevation below the weir,

Water Supply and Measurement

Water was supplied to the maodel through the
laboratory’s permanent recirculating system., The flow
was measured with permanently installed
valumetrically  calibrated  Wenturi  meters.  Three
different meters wére used to calibrate the wair,
Differential head across the Venturi meters was
measured with pot-type mercury manometers, This
system s generally considered to be capable of
measuring. the discharge with an error of less than 1
PEF et

THE INVESTIGATION
Preliminary Design

The flow through the weir box, with the praliminary
baffle arrangement shown in Figure 2, was rough and
turbuwleant for discharges greater than § cofs, and
extramely rough and unsteady at a 10-cfs discharge
{Figure 4}, One to two feet upstream of the weir the
axial velocity of the water was much less in the center
of the box than near the sides. At times the center
velocity had a component upstream. A large boll
resulted in the water surface near the weir, stightly to
the left of the centerline (looking downstream). The
location of the beil shifted, causing fluctuations of the
water surfacs in the weir gage stilling well,

A water surface drop of aboutr 06 foot (18 om)
resulted in the flow through the baffles: The baffie
openings apparently acted as orifices. Their area was
2.83 square feet {sg ft) (0,263 m2) compared o an
area of 3,14 sg fe (0.292 m?2) far the inlet pipe. The
Hlow contracted as it passed through the baffle slots,
producing jets with velacities higher than the inlet pipe
veloeity, These jets interzcted and dissipated in a
manner  which caused extreme eddying  actian,
producing a rouah and irregular water surface,

The flow through the wer box was judged to be
unsatisfactory, Modification of the baffles was
considered az the first step in improving flow
conditians, Other possible changes, such as lengthening
and/or widening of the bex, were to be made anly if
baffle modification did not produce satisfactary flow
conditions,

Q= 1Defs
Figure. 4. Flow through weir bos with grgliminary Gailles
Phoros PX.D-71975 and PX-0-71974

Criteria for evaluaton of medifications: were
established. For any modification, the flow conditions
at V-cfs discharoe were to be evalusted firsw | the Tiow
appeared satistactory, T0-cfs discharge would then b
checked. Rough (But steady) flow condizions would be
acceptable at the latter discharge. The satisfactory
arrangement would then be tested at higher flows to
find the upper limit of steady flow conditions.

For the preliminary design and all subisequant
maodifications, the flow conditions were evaluated
qualizatively. Relative water surface roughness was
judged by ohservation and from photographs, Valocity
distribution and direction was sensed at various points
in the sporoach flow. For the final design, velocity
raverses were performed at several cross sections using
2 pyomy current meter,




Modifications with Praliminary Baffles

A different arrangement of the same six corrugated
metal bafflas was tried. The side slots wers reduced 1o
1 inch in width, and more of the open areg was
congentrated toward the quarter points of the box
wictth, while the centsr slot remained about 1.8 inches
wide. The valogity disribution did not change
appreciably from the preliminary design. The velocity
was high along the sides, low (and sometimes in the
upstrzam  dirgction) in the center, and & boil was
produced.

Another baflle arrangement was tried wsing only Tive of
the 5-1/3-inch-wide baffles. The side slots were 1 inch
wide, while the other four openings wers shout 4-3/4
inches wide, The ratio of bafflz opening area to pipe
area was 1.24, The flow conditions were improved,
Velooities were much  more  evenly  distributed
downstream of the stilling box. A center boil started
forming intermittently at about 7.cfs dischargs, and ar
10 efs the Lol was smaller than in previous
grrangements. An int@rmittent vortex formed near the
center af the wair,

The above arranggment did not prodiocs completely
satisfaciory fiow conditions;, The testing up to this
puint suggested that narrower batfles, with an OEENIng
area areater than the inlet pipe 2rea, would distribute
the flaw more uniformly.

Mo Bafflas

Before installing any new hbaffle arrangement, flow
through the weir box without baffles was observed,
The highest velocity was in the center through the total
length of the hax, At higher flows, boils formed on the
Water surface at both walls. At the weir, the waler
surface was much higher &t the walls than in the gonter,
At 10-cfs discharge the flow was extremely rough,

Three-inch-wide Baffles

Six different arrangements using 3- by 3/8-inch [(7.62-
Ly 0.95-cm) plywood baffles were ried. The nomber
of baffles used in different schemes wera 9, B and 7,
with corresponding ratios: of baffls opsning area to
intet pipe area of 1.22, 1.40, and 1.58. With all
arrangements the flow distribution downstream of the
baffles. was more uniform than had been with the
preliminary design baffies.

The scheme which produced the most satisfactory Tlow
had 8 baifles, There was no space batwesn the walls
and adjacent baffles, The center opening was 4 inches

wids, while the remaining openings were about F1/3
inches wide, At 7-cfs discharge, small boils formed
intermittently near the centar at the weir. With 10 afs
discharging through the biox, the flow was scceptable,
The velocity distribution was refatively uniform and
symmetrical, praducing only small random boils which
eccasionally combined to farm one larger boil, The
larger bail eventually broke up, and at times the entire
Wwater surface was quite smooth,

A5 4 result of the reduction in width of ach bafilz the
flew distribution characteristics of the total haffie
screen were improved. This suggested thal a further
reduction in baifle size might produce even smigothur
flow conditions,

Two-inch-wide Baffles

Six arrangements with 2 by 3/8inch (5.08- by
0.95-cm) plywood baffles were pualuated. In all CH5ES,
12 batfles were used, with a baffle opening ared to inlet
pipe arza of 1,40, 10 all schemes, the outermost baffiss
wera adjacent o the wall, while the middle baffies
wzre: shifted to evaluate small variations in their
spacing an the welocity distribution at the weir, All
arrangements produced good velocity distributions and
acceptable water surface characteristics with anly
irregular and intermittent bail farmation at the weir.

Finzl Baffle Arrangament

The most practical 12-bzffle scheme with good flow
conditions had a center opening 3-1/2 inches (8.89-cm)
wide, with remaining openings 2 inches (5.08-cm) wids
(Figure B}. The side baffles were placed 1/4 inch from
the wall to facilitate: installation. This scheme was
recommended for the final weir box design.

Fiure. 5§ FRAecommended baffle Photo

PE-0-71976

Urrangemen




After the recommended baifle schame was developed,
no other changes in the length or width of the wair box
ware deemed necessary, The dimensions of the
recammended weir box can be ssen in Figure §, which
is & specifications drawing of a typical installation of
e weir box on Block 25 of the Columbiz Basin
Project.

The flow through the weir box appeared satisfactory
up 1@ about 13 cfs (370 I/se¢), Flow conditions at
several discharges can be seen in Figures 7. 8, 9, and
10.-At 13-cfs discharge the water surface became rather
rough and could be seen to surge, although no
persistent boils were pressnt. The surging was also
reflected in the weir gage stilling box by fluctuation of
the water surface of about 0,02 foot (0.6 em) at 2
constant discharge, Whean calibration of the weir was
performed, srregularities in the head-versus-discharge
relationship could be noted slightly above 12-ofs
discharge,

Velocity measurements were performed using a pygmy
current meter at several cross  segtions for Fecfs
discharge, and near the weir crest for about 13-cfs
discharge. The measurements indicated that the flow
was Tairly well distributed as it flowad over the weir,

Velocities were not messured in the inlet pige, but the
distribution probably was not symmatrical due to the
approgch pipe and control wvalvé geometry, It is
believed that the velocity distribution through the box
was usually influenced by some inlet flow assymmetry
and irregularity. The velocity distribution at the waeir in
a typical Tield Wnstallation ecould be differant, but
prabably no maore severe than existed {0 the model

The water surface drop betwesn the infet and the
stilling well was mezsured a8t the center, walls, and
guarter points, Figure 11, The otal energy head loss
across the pipe inlet, baffles, and weir box stilling well
was computed as the water surface drop plus the
difference of the velocity heads of average inlet pipe
velocity and the average velocity downstream of the
baffles. The resulting ensrgy head loss curve s
consarvative, since the true downstraam velocity head
is higher than that computed from average velocity,

The discharge rating calibration was performed for
flow between about 2 and 13 cfs. At slightly abova
12-cfs discharge the flow became unsteady. Discharge
calibration data taken above this value were not used in
determining the calibration curve. The data points were
pletted, and a'smooth curve (fit by evel was drawn
through them. Discharae valugs for heads between .10
foot (0.030 meter) and 0.B8 foot [0.288 meter) at
0.02-foot increments were read from the curve and

regorded in g table, which has bean includsd In the

design drawing, Figure 6,

After the design specifications issued,
mathematical methods were used to fit equations to
the data. The best eguation was then used ta defipe the
calibration curve, which yields discharge values slightly
different from these reported in the tabie, Within the
calibrgtion data range, the differences are less than 2
percant,

WEr2

A dismussion of the mathematical procedurss and
results is presented in the next section, “Equation Fit
ta Discharge Calibration Data. ™ s

The two formulas sugoested in the USBR Water
Messurement  Manual®  for standsrd  suppressed
rectangular weirs are the Francis and  the
Kindswatar-Carter Formudas. The Francis formuls is;

Q=3.33L [(H +n,)32 32 (1)
wherg
a = discharge in cubic feet per
s
L = length of weir crest in feet
H = head on weir cres: in feet

h, = headin faet due to average
approach velocity

The Kindsvater-Carter formula is:
0 = ColgtHg) 2 2

where, Tor a suppressed weir

Ca = 3.22 +0.40KH/pP
L. = L-0003
H = H+ 0,002

(34

In the above, P is the height of the weir in feet about
the floor of the approsch channel, while the definition
of the other terms iz the same as for the Francis
formula,

For the range of heads tested in the |aboratory studies,
the measured discharge was always higher than that
computed by either of the above equations, For the
maximurm rated head, H = 0.88 foot, the measured
discharge was 12.4 ofs, the Francis formula predicts
1117 cfs, and the Kindsvater-Carter formula, 11.13
cfs. The measured dischargs was thus about 11 pereent
higher than the average of the two computed valuas, A
smaller difference existed for lower heads.
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Figure ¥, S-cfs flow through wiir bax with recommendec Figura 8 7-cfs flow through weir box with re:nmmeﬁaeu
baffles, Photo PX-0. 71977 bafiles. Photo PX-0. 71972

Figure 10.

13cfs flave through weir bok with recomminded baffles, Phatos PX-0.77979 and PX.0.71980
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The discharge coefficient apparentiy is not constant
over the range of heads tested. It is abways higher than
the discharge coeificient for standard suppressed weirs,
A major reason for the cosfiicient being higher is the
manner of measuring the head,

The weir gage siilling box, having been placed below
he water surisce in the approach flow, forms an
obstruction to the Tlow. The water level measured in
the well is the water surface immadiately downstream
of the box. The water surface level some distance
downstream, however, was siiohtly higher [Figurs 10],
A staff gage placed along the wall, locatsd 2 feet
upstream of the weir, would also have indicated a
higher head, and hence a lower discharge coefficient,

It is interesting to note that the lzvel in the hook gage
stilling well, which was connected 1o the pigzometsr in
the floer of the box, was indeed higher than the weir

*C. E. Kindsvater arid B, W. Carzer, "Discharge Characteristics of Rectangular ThinFiate Weirs”' Transacrions,
ASCE, Vaol. 124, 1889, p 772.

gage stilling bux level. Had |t been used as tha hesd
messuring device, the resulting discharge coefficients
would have been jowsr, Tie discharge computed from
the standard equations would, however, sell be as
much as B percent higher ss the messured discharge.
The haok gage stilling well Jevel was used as 3 chack
enly, and no discharge rating has besn attemnpied with
its head measuramants,

Other factors which could have produced higher
discharge coefficients were the genarally high and
ireqular  approach velocities, and the amount of
seration of the weir overflow nappe. The cross section
velocity measurements Indicate that a disproportionate
amount of the flow was concentrated nesr theswater
surface, The velotity wis also higher under tho weir
gage stiiling box than would exist in the spproach flaw
of a standard instablation. Thus the head due 1o the
valecity of approach could have been considerably
higher than the head based on the average velocity as
uzad in the Francis equation,

Although the T-inch pipe aerated the nappe, the flow
of air might have been insufficient, resulting in 2 lower
than atmospheric pressure under the nappe. This would
increase the discharge above that predicted by the
standard equations, which assume fully asrated nappes,
Mo attempt was made to measure the rate of air
antering below the nappe, or to check the sdequacy of
the F-inch pipe size by installing larger aeration pipes

The discharge rating was parformed with the tailbox
water surface level 0.1 to 0.2 foot |ower than the weir
crest. Impact of the Falling water caussd the water
surface immadiately below the erest to be much lower
than the average tailwater leval {Figure 5,

Lowering the tallwater further did not affecr the
rating. Raising the mailweter 1o the crest elevation
increased the discharge by sbout 1 percan:. Rating the
weir for submerpence above the crest was  [ot
attemptacd,

Eguation Fit to Dischargs
Calibration Data

The lsck of agresment benween the  discharge
coefficients computed from the laboratory data and
those used in generally accepted standard Tormulas
suggested that & procedure similar to that usad by
Kindsvater and Carter’®  could be employed o
compensate not only for fluid-property effects, but
also for the effects of irregular approach flow.




The Kindsvater-Carter method empioys the concsot of
"effective valuss" of head and width 1o liminate the
combinad effects of several phenomens attributed ta
viscosity and surface tension, These are expressed in
Equation 2:

Q= ColylH,)¥2 (2}
He=H+ K
LL: =[ + K'\

A coefficient of discharge that is independent of the
size of the wair or the magnitude of the head g used,
and appears in Equation 2 jn the form of straight
lire:

Cu= A + B(H/P} {3)

In the case of a fully suppressed weir, Cgp s
independent of the weir width, and is a function of
H/P alane. The twrm BIH/P) alsa accounts for the
absence of & separate “velocity of approach™ tarm such
as-required in the Francis formula [Equation 1),

The guantities Ky and Ky were svaluated from
experimantal data by s tnal computation procedurs.
The valugs of Ky and Ky are determined by successive
approximations as the quantities which will couse
values of Oy versus H/P to plot as a straight line, and
consequently define the values of A and B. Kindsvater
and Carter determined the values:

Ky, =+ 0.003
Kq = —0.003
A=322
B=0.40

from their own data taken with ideal approach channel
conditions and ecarefully controlled geometry, Data
from ather classical wair gxperiments wers subjected to
the same procedure. The resulting constants Kn, K, A,
and B were anly slightly different from the Kindsvater
and Carter constants. In most cases the differences
could be attributed te approsch flow conditions and
sharpness or rounding of the weir blade,

The Kindsvater-Carter method was applied 1o the weir
box turnout suppressed weir data, For various values of
Ky and Ky the values of A and B in Equation 3 were
determined by the Ieast sguares method, using 3 digital
computer. Small values of Ky, and Kg (< .010) resulted
in poor corrglation coefficients, revealing considerable
curvature remaining in the G, versus H/P plot. For a
wide suppressed weir the value of Ky should in this
case, be the same as the Kindsvater-Carter valug of
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—0.003:
Ke the ct 0o & small Ky would e neglipibls Ky
could therafore be assurmed to equal zero (le, Ly = L)
For this réason, only values of I{h ware substituted in
subsgguent irials o determine the straight  line
equation Tor C,. After additional wrials it became
apparent iat the bast'sirmight line fit would coour at
large values of Ky (> .100).

saumed that for larger values of

Equations other than straight lines were also applied to
define C,. For lower values of Ky a hyperbaola
provided the best fit. The best hyperbalic gquation fit
was obtained for Ky, = 0.042, a rather high valus.

The zpplicatlen of the Kindsvatsr-Carter methods did
not yield accepiable results. Therefore, some  other
method of fitting an equation to the discharge rating
seemed desirablo

It was pointed out sarlier that the velocity at the
section where the head was messured was higher than
would exist in the approsch flow 1o the weir under
ideal free surface flow conditions, The existerice of the
higher water surface downstream also suguested that
the true velocity head at the head measuring section
was considerably. higher than the velocity head based
on the average velocity at the ssme section, The true
velocity head probably iz only slightly lower than that
existing in the constant-area section just wupstream at
the haffles, where the vebocity head is approximarely
proporticnal to the sguare of the discharge. When
applying the Kindsvater-Carter method to define the
discharge equations, the portion of the actual veloeity
head that is in excess of the “ideal” must be included
in Kp. The value of K used in the equation, however,
remaing constant for all discharges, while it has been
shown above that the welocity head varies
approximately. as the sguare of the discharge. A
constant value of Ky, cannot, then, be used if a siraight
line equation for Gy is desired. | a convanient methaod
of defining the excess velocity head in terms of some
known quantity could be found, then & varizhle
“sitective head” could be used in combination with
the Kindsvater-Carter method to define the discharge
equation,

Derivation of an equation employing both & variahls
effective head and the Kindsvater-Carter method s
presanied below,

The head that would be measured with ideal approach
conditions will be designated by HT. The
Kindsvater-Carter formuls will be considéred to be
representative of idesl conditions, and, therefore, Tor a
given Q the value of Hy will be obtained from
Equation 2. The efiective hesd, Hy would than be
defined as

Hg = HT+ Ky = Hy+ 0,003



If the weir box wrnout model, the measured Haad s
ghways less than the ideal head. Lét the differsnce be
designated by Ah,

oar

Hh= H-|- el x 14
where H is the measured head, It will be assumed that
head loss between the measuring section and weir is the
same as'in the ideal case and that Ah can be accounted
far entirely by the excess velocity head,

In order o relate the excess velocity head to the
measured head, H, it will be assumed that the excess
velocity head is proportional to the velocity head
threwgh the baffies, or

Bh =K H, {5)

where H,, = velocity head through the baffies

and K, = proportion of H, remaining in the form of
velocity head at the messuring section

Mow
Z
b (O AR
2g
whera
o = measured discharge
AL = opening area through baffles = constant
21 = constant
Then
2
o= i
Ah =K B
sh =1, 251.'-"-'”;.2 !
Substituting 0 = CELEHEE“Z,
(Coloi2H,
Oh =1, 7 (71
v PLTYE

In the discharge range of the weir box turnout, Ah s
small compared to HE' and therefare an appraximation
could be wsed for &h.

|f we note that
K, = constant,

C -

= = constant, and
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Equation 7 can be spproximatec by

Ah=KH3 (8
The value of K can be computed by substituting into
Eguatian 8 the value of Ah determined from Equation
4. If it can be shown that K remains nearly constant
for the total range of the laboratory calibration data,
then the stated objective of relating Ah 1o some known
quantity will have been met. The average value of K
could then be wsed in determining Hr=H+ ¥H3 for
use in the modified Kindsvater-Carter equation

Q=C.l. [Ht + K;] ¥2 (9

where
C,=3.22+040 I'I-1-|-.f'F‘] [10)
Talsle 1 lists the loboratory data for H and @, the

values of Hy computed from Equations 8 and 10 {with
Ky = 0,003}, and computed values of K.

Table 1

Laboratory data Computed

8] H He 4
cfs f1 f1 Tire:
2.134 0.29 0,295 0,248
3.395 385 403 130
4,361 ABS 476 J10a
4373 A7 A7 087
44185 47 A0 088
b.245 525 537 083
5.344 .53 Gdd 044
B.482 54 552 076
6.795 G2 637 071
7.133 636 558 0850
T.146 G35 653 080
7.862 BET rind 077
T.91E .68 404 078
B.971 T35 6 73
9,492 95 7493 088
0,482 755 83 088
10,123 .187 837 082
11.036 23 i) 875 06
11.02 217 875 106
11.278 .833 .588 085
12.215 .87 836 08g
12.44 BT BdE 02
12,42 877 945 101




The avarage value for K |discarding the firgt value) iz
g g

[ =.04]

The value of K (5 guite sensitive ta small changes in the
mezsurad value of H, The recorded data far H cannat
be considered to be more accurate than plus aor minus
0.07 foor. With the exeception of the first two values at
low heads, the computed velues of 1€ therefors appear
to meel the condition that I must be rearly constant
if Equation 8 is to be valid. Rounding the average value
of K = 0.09 would intraduce very small changs in the
total effective head, H. and therefore Equations 9 and
10 can be expressed as

0=Cyl, [H+0.09H + 0003132 |9
whera

Cy=3.22 + 0.40 [(H + 0.09H3)/P] (12

Laboratory measurements of Q and the values of O
computed from Equations 11 and 12 compare
reasorably well. The data and results, have been
tabulated in Table 2. The difference in all cases s less
than 2 percent, and in about two-thirds of the Cases,
less than 1 percent, Equations 11 and 12 can therefore
be considerad ta be a satisfactory reprasentation of the
discharge rating,
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Teble 2
Laboratery data Computed
| G, - Q
'Drr. H II-|- QL_ 'DI“,
s il it cis percent
2134 0.29 0,202 2.083 1.9
3.305 305 A0 3.364d 1.0
4,361 Ags 474 4,337 0.5
4373 A7 A7g &4 0.9
4415 A7 4739 d.411 G.1
5.045 525 538 | 5.254 -0.2
5.344 53 543 5.334 0.2
5,452 .54 Raian! 5495 —0.3
6,795 G2 BTN 6.864 —1.0
7.133 G35 658 7136 0.0
7.146 625 B58 7.136 0.1
7.862 677 705 7.926 0.8
7.015 it 708 7.884 —0.9
8917 738 T 9.084 —-1.2
0,482 ool T4 9.502 —0.1
9.482 7ah 794 9.502 —0.2
10.123 787 B3 | 10192 —0.7
11.036 817 868 | 10,862 1.6
11039 817 BEG | 10.862 1.5
11.289 .833 825 | 11.229 0.4
12.215 .87 823 [12.103 0.9
12.44 877 A38 | 12.272 1.4
12.42 B77 A38 (12272 1.2
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UONVERSION FACTORS-BRITISH TO METRIC UNITS OF MEASURFMENT

1 Ly the Bureau of Azclamation are thos published uy the-Amesi
als [ASTM Mazri tice. Guide, £ 2B0-68] except that sdditionz| factars ()
commanly used in the Bureau have beer sdded, Furthor dissustinn of delinitions of quantities and gnits
the ASTM Metric Practice Guide,

wemaan

T fotrie unizs and conyverclon lectors adopted by the ASTM are baed an the "Intetnational System of Linits”
(dusignated 51 far Systeme Internatiocsl dlnitesh, ficed by the Inirastional Cormmitted for ghts anc
Mezsures; this system i3 alse kagwn 25 the Giorgi or MIKSA {m2terkilogram (mass|-socond-ampere| n'!‘én'. This
sysiamn has beon adopted by the Internasionsl Droanization for Standardization in 150 Becommendation R-21

.
Il'

The mutric teehnical unit of Farce (3 thee Kilograms-farcs: this is the forcs which, whan apphied o @ bedy hiving =
migs of 1 kg, gives it an sceeleration of O BOGEE m/secfeec, the srandard. seoslerition of fre= fall voward e aarth’s
centar for 328 level a1 45 deg latitude, The metrie amt of force in 51 units i tho nawon (M), which |s daflned as
that force which, when epplied to & body having a mass of 1 ko, gives 1T an acceleration of 1 misecisoc. These units
mast ba distinguished fram the {inconstant) locad waraht of s body heving 0 mass of 1 kg, that is, the weight o6 u
body i3 thal forco with which a tody s attrocted 1o warth and is squal to the mass of a Bady mo et by the
suceleration due 10 grevity, However, because It i gunarzl practize to usa “pound” rather than the technizally
correct term “pound-force,” the 12rm “kilogram" lor desived mass wnit] Bas been wsed in shis ulds inatend of
‘kilogrem-force™ in gaprasseng the conversinn factors for faroes, Thi newton unit of force will find incresing us
ancf v essontial bn S unite

are approximate or naminal English uniss are used 1o express a valoe o range of vialyes, th conves 1sd meiric
Lnits in parentheses a6 also aporoamots or noming. Whete precion English units ere used, 18 convaries motne
units 3 expresiad - m eqoally signits 1 vghies.

Tabika |

QUANTITIES AND UNITS OF SPALE

Pultigly By T chigin

M. 26,5 Jaxsctyl g Eas SO
Inches 3 25,4 Jansety . Millmesers
Imehes ; 254 [mantly] B Canlimeters
Fasr | J0,48 [exauthy| Lt Cantimeters
Fest i3 CL30NE [exact . Meters
Feat . 0003048 Jusactlhy) ™ Filmmetars
Yards = 08144 {pxactlyl Matars
Iiiles femarure) i ! Maters

Riomeiers

Square inches 6518 [aactiv)

Suar fest "g2an wre centimotors
5q fust .. 0002305 H ; = . Bnuars metars
Sguase yards |, , ., Q.A3G1ZY = Souate metars
ATl *0.904E8

Aores 40489 . . . Snpuare nAtly
Acres "O.00004e2 ‘ = Squere kilarm bers
Sequars o 268688 . . Fauate kilormaters

YOLLME

Cubit inches
Cubic fest
Cubre yords

Fluid cunces {LLE] o Pl 7 Cuhic contimeiers
Flgid gunces (LL5.] 285778 o . e s
Liguld pinm (U5 tH I e Cubedecrmarsrs
Liguid-pirs [U.5,] 0.4731ER 1= Cas Liters
Ounsre (US| "gaE.asE be g Cufe cantmmeiees
Ozarrs (U155 | "0.246311 y = g= Liters
Gallgas(US) . . *3.785.42

Gallans (L5 g 278543

Gallore (LS | i 3,78553 cdN s

Gallons (U5} *QLGDATRSAZ . iC MrETers
Galiors (LK) 454600 . . Gulic gecimaters
Galions (UK I 4,54588 - N . L iters
Cublc fesz . .. 14 28.2160 ; Liters
Cubhe yasds " TE4ES atdd . Liters
Acrefagt *1,233.5 i Cubig maters

Biratiay L, o 3233505 £ % e Lirars
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