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RULE FOR MEASURING WEIR DISCHARGE
Application filed July 16, 1926, Serial No. 122,994

This invention relates tothe art of obtain- however, the knowledge of a trained engineer
ing accurately measured quantities of water and cannot be made by ordinary laborers of
flowing over a weir, whether of the submerged grade scheol education. Furthermore, when
or free-flowing type, and is an improvement a specified measured quantity of water is de-

5 on our application Serial No. 658,105, filed sired to be delivered into a lateral, repeated 35
Ang. 18,1923, measurements have to be made and the height

Heretofore aunthorities have regarded sub- of the water in the main channel varied until
merged weirs as impractical for use in loca- the desired quantity is found to be delivered
tions where it was desired to obtain accu- to the lateral. ) : :

10 rately measured quantities of water flowing  In the case of a submerged weir, the factors 60
over the weir, and such authorities have va- entering into a determination of the amount
ried widely in regard to the best methods to of water delivered over the weir are (1) the
pursue in obtaining measurements that would head of the water upstream from the weir,.
even be approximately correct. Inirrigation (2) the head of the water downstream from

15 projects, where water is taken from a main the weir, and (3) the velocity of approach. 65
or supply channel and diverted into lateral The velocity of approach is determined in
channels for the purpose of irrigating land, the same manner as in connection with the.
the demand is for the supply of an accurately free-flowing weir and is subject, therefore,
measured quantity of water as required by to the same variations and inaccuracies be--

2 the land owner. In free-flowing weirs, the fore indicated, unless a measurement and cal- 70
method followed in practical operations has culation of the velocity of approach for each
been to ascertain by repeated measurements delivery of water into the lateral are made.’
for each welr used, the value of the twoneces- The head of the water upstream from the

_sary factors in determining the amount of weir is measured some considerable distance

%5 water passing over the weir, to wit, the veloc-  from the weir, and likewise the head of the 75
ity of the approach of the water in the channel * water downstream from the weir is taken at
above the weir and the “head” above the crest a-considerable distance from the weir. The
of the weir. Ordinarily, an engineer takes proper distance downstream at which to take.

~ measurements some distance upstream from the head is a matter of controversy between

20 the weir to ascertain the velocity of the ap- various authorities and with widely differ- 80"
proach of the water, and this, once estab- ing results. Furthermore, as in the case of a.
lished, is used for some considerable period free-flowing weir, the height of the submerged:
of time. But the velocity of approach in a weir or of the water flowing over the weir

. channel varies materially- at different pe-' hags to be varied until experimental measure-

5 riods because of changing conditions in the ments determine that the amount of water 85

channél due to the growth of vegetation along delivered is the measured quantity desired,.

the banks thereof, the deposit of silt, ﬁﬁd and this latter determination, it is umiver-
other causes, so that the velocity of approach ¢,11y aoreed by the best authorities, is so in-

18 constaptly changing. Em‘urtherIn‘or‘e, H’él & accurate that submerged weirs have hereto-.

‘f‘iea;—g’(’)w}ljn%ﬂwteﬁr, Cl n (;rc()ifeltﬁg gvzgil I?tnig tﬁ: fore been regarded by such authorities as im-
eat” apove the cres ’ practical in actual commercial operations.

gsrg;lcet 1ii;§d§§2ﬁ;red§%§n{iv§ &pgfrg; V}%g?; One of the objects of the present invention

the weir. With the data secured by the meas- 15 10 provide means whereby a single meas-

% urements indicated, giving the velocity of urement taken immediately at the weir will g5
approach and the head of the water above afford data whereby an accurate calculation
the weir, o trained engineer can caleulate of the amount of water flowing over a weir

_with a fair degree of accuracy the amount of any given dimensions may. be made, thus
of water delivered over a free-flowing weir -eliminating the necessity of taking measure-:
56 in a given time, such calculations requiring, ments to determine the velocity of approach 100
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2
or the head of the water either up or down-
stream from the weir.

Another object is to provide means where-
by such measurements may be taken and ac-
curate calculations made to determine the
amount of water passing over a weir, whether
of the free-flowing or submerged tyne, by an
ordinarily well- informed school boy and
without the necessity for technical training
along engineering lines or a knowledge of
hwher mathematics.

A further ob]ect is to provide means where-
by the amount of water flowing over a sib-
merged weir may pe determined s veadily
and as accurately as such determinations have
heretofore been made in connection with free-
flowing weirs.

A still further object of the invention is to
provide a simple, portable, measuring device,
readily handled by the attendant in mwkmo
the measurements and in moving from weir
to weir,

Other objects of the invention will appear
as the descrlptlon of the invention proceeds.

With these objects in view, the invention
consists, generally stated, of a compound
measuring rule for measurlng water passing
over a weir, said rule embracing two elements
in the form of narrow bars of Wood or other
suitable material of uniform width and ad-
justably secured together, so as to slide. the

one longitudinally with relation to the other.

These bars may be of any suitable width and,
for the purpose of describing the invention
and in practice, we employ bars an inch and
three-eighths in width and approximately
three-fourths of an inch thick. These two
bars are clamped together by a suitable clamp-
ing device which enables them to be adjusted
to any desired longitudinal position with
relation to each other and then secured in
that position. One of these bars has any or-
dinary linear scale, such for example as an
inch seale, though manifestly it might be any
other scale, such as the metric scale. onch

-scale is preferably placed on both sides of the

bar, the zero of the scale being at the foot or
lower end of the bar and the Sf‘sz‘e reading

‘upward.

The second bar is prov1de'{ with a logarith-
mic scale reading from zero nupward to any
desired extent, the zero end of the seale being
at the lower end of said second bar. The con-
struction of this logarithmic scale is based en
certain discoveries which we have made. We
have discovered that, if this stick or measur-
ing rule be placed on the crest of the weir, the
maxithum runup or “surge” of the water on
the upstream side of the bar will go somewhat
above the head of the water in the channel
above the weir. We have further discovered
that the distance from the crest of the weir
to the top of the maximum surge may be sub-
stituted for the head and velocity of ap-
proach in formule for ealculating the amou‘lt
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of water discharged over the weir. If a
measuring rule be placed in the channel im-
mediat ely over a sthmerged weir, and resting
on the crest of the weir, _water will surge or
run up against said measuring rule to an ap-
preciable height.  On the downstream side
of the rule and close to the same, there is
formed a comparatively stilled level surface
of water readily distinguishable from the flow
of the water around the rule on either side
thereof, and we employ the distance between
the maximum or uppermost point of the surge
and the level of this still surface in determin-
ing the amount of water flowing over a sul-
merged weir. This is done in the following
manner. We have discovered by repeated
experiment that the level of the above-men-
tioned still surface may be treated as the level
of the water downstream below the weir from
which the downstream “head” may be calcu-
lated, and that all of that portion of the water
flowing over the weir below said level may
therefore be tr emtacl as flowing through a rec-
tangular orifice whose dimensions ave the
width of the weir fmd the distance Detween
seid still surfece and the creaﬁ of the weir;
and that all of that portion of the water flow-
ing over the weir above said still surface may
be treated as water passing over a-fres-floww-
ing weir. We have also discovered that the
distance between the maximum surge and the
level of said still surface in m‘tkmr the eal-
culations as to the water that would flov:
through the orifice may be emnloyed in the
formule in making the calcvlutmn as a sub-
stitute for the head and velocity of approzch
and furthermore that in caleniating that p
tion of the Water which is to be treat
Passing over a free-flowing weir, said d R
may be substituted in the formula for t‘ﬂe
head and velocity of approach.

The inventive idea may be variously er-
ployed and various forms of measuring
vices may be employed in carrying out th
ventive idea, withoub depfu‘tu‘o from
spirit of the inventien. Tn the accon
ing drawings, cne-form which the '\nm

of the invention may assnme is iJustrated for
the purpose ‘of descriptior, but it is to he ex-
pressly understosd that snch d““‘.\?ings are
not designed to define the limits of the inve
tion, reference being had te the appendad
claims for this purpose. In said drawings—

Fig. 1 is a perspec tive. of our improved
measuring rule;

Fig. 2 is a ike view illustrating v the nan-
ner of using the same over a Well‘;

Fig. 8 is a broken perspective showin
back or downstrezm side of the rule or
with a linear scale thereon;

Fig.4isa¢
on a weir; ,

Figs. & and 6 are details of o special con-
struction we employ to détermine the }U,@I (&

©

side view of the rule in posaition
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the still surface on the downstre%m side of
the rule; and

Fig. 7is a perspectlve detall of the smlhn&

well with parts broken away.

In said drawings, like numerals mdlcate
like parts throuvhout the several views. We
prefer to emplov a bar 1, preferably, though
not necessarily, about. one and three-eighths
inches in width and about three-fourths. of an
inch thick, and on each of the opposite faces
of said bar (only one of which is shown
in the drawings) we place a linear scale 2
which scale is here shown as an. inch sca
though a metric or any other desired llnear
scale could be employed. A second bar 3,
of like dimensions with said bar 1, is se-
cured to the bar 1 by means of suitable guides

4 and 5, the guide 4 being preferably se-
cured to the bar 3 and the guide 5 to the
bar 1, so as to embrace and hold said bars
closely face to face, but to permit them to
slide longitudinally with relation to each
other. In one of these guides, here shown
as the guide 5, a clamping screw 6 is mount-
ed, by means of which the parts may be
leadlly secured in any desired adjustment.

On the outer face of the bar 3 is a logarith-
mic scale 7 with the zero of the scale at the
bottom or foot of the bar. This logarith-
mic scale 7 is a matter of importance and its
construction - will depend upon or be based
upon the unit of measurement’ employed,
whether second feet, miners’ inches, or gal-
lons per minute. In the present instance
we have chosen to illustrate the invention
by employing the second foot as the unit. Let
it be assumed that the formula for calculat-
ing the flow of water over a weir known as

the P rancis formula is to be employed. This

490

formula is as follows:
Q=2/3CL~2GH"
in which Q is the quantity of water dis-

* charged over the weir; C is the empirical

58

55

coe’ﬁmevt L the lencrth of the weir; G the
acceleration due -to 0*1'aV1ty, H the head;
from which it follows that—

a= (201:1/2&*) )

- We have determined by a -series of ex-
periments that in such a formula, the value
of the empirical coefficient: C (when the

formula is calibrated. on g rule which is’

adapted to be placed in ‘the channel above
the weir, thereby obstructing somewh at the
flow of water)
as the width of the rule is to the width of
the weir. While a rule of any suitable width

may be employed, we prefer to adopt 2 width

of ‘one and three- eighths inches, for which .
“width the value of C we have c‘etelmmed

* by experiment to be .607.

6

T

Now, assuming thls value of C, and as-
suming Li to be 1 1, successivély increasing

is - a Varlab]e whick wavies

3

values of Q may be substituted in the above
“formula and a series of corresponding values

of H obtained. If these values of H are
marked successively cn the face of the bar
3, beginning at the bottom of the bar and
extendmtr upward, and the corresponding
value of Q, be placed opposite each marh,

there will be provided a logarvithmic scale

indicating the ‘second feet of water passi
over the 3 weir, per unit of weir length, for
each value of II. This is the loaal‘ithmic
scale 7. When the bar, with the scale thus
constructed, is placed in the channel on the
crest .of the free-flowing weir, the surge or
runup can be read on this logarithinic scale,
and we have discovered, and verified by re-
peated experiment, that the reading on the
scale 7 at the point of maximum surge or
runup gives the actual amount of water dis-
charged over the weir per unit of width there-
of, and by multiplying this amount by the
width of the weir expressed in the same
units, the actual amount of water flowing
over the weir may be determined without the
necessity of any correction for velocity of
approach,

Associated with the logarithmic scale 7 is-

a second logarithmic scale 8 which, for con-
Vemence, is here shown as placed on the edge
of bar 3, that is, the same bar upen Wlncn
the logamthmlc seale 7 is placed, the divi-
sions of each of the scales extending to the
angle of the bar between the two seales 5o
that the two can be read in conjunction
one with the other for a purpose which will
hereinafter appear. This logarithmic scale
8 has its zero point at the foot or hottom
of the bar 3 and therefore coincides with
the zero point of the scale 7. While we prefer
to place scale 8 as shown, it will be rsadily
appreciated that any other arrangement
whereby the two scales can be placed side
by side with & common zero pom‘L WOdl\
serve the same purpose.

Since the value of the maximum ﬂsuv'oe in

either-a submerged or free-flowing weir }PW’

be subsututed for the value of the hea d and
velocity of approach, it follows that oli thet

‘part of the water falling over the crest of the
welr between the crest and the lovel of the

still surface on the downstream side of the
bar may beregarded as water flowing through
a submerged rectangular orifice under g head
equal to the distancebetween the level of the
still surface and the top of ths maximum
surge; and it further i'o’lows that tha’r por-
tion of the water above the level of the still
surface may be regarded as water passing
over a
By ascertaining these two amounts and add-
ing the same tooether, the total amount of

water passing over a submerged weir may
therefore be accurvately ‘determined. . Tt is

for the purpose of determining the amount.

of water that would pass through the rec-

free-flowing weir under the same head :
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tangular orifice that the scale 8 is employed.
The construction of this scale is based upon
the fact which we have discovered and veri-
fied by a large number of tests and experi-
ments, that in the standard formula for cal-
culating the amount of water passing through
a rectangular submerged orifice, the empiri-
cal coefficient C has a value of .589, which,
however, is subject to slight correction, de-
pendent upon the relation of the width of
the measuring rule to the width of the weir.
We have further determined that, with weirs
of the widths ovdinarily employed and a
measuring rule of a width of one and three-
eighths inches, this empirical coefficient
should be corvected to .58.  Theoretically, a
correction would have to be made for differ-
ent weirs of different widths, but in actual
practice this correction would be so small
that, for variations which exist in weirs as
ordinarily employed, this is negligible, and
we have found that .58 as the empirical
coeflicient will give results within 2% and
even as low as one-fourth of 1% of the actual
water flowing over the submerged weir.

The standard formula for calculating the
second Teet of water flowing throwgh-a sub-
merged rectangular orifice is

Q=04+2GH

wherein A is the area of the theoretical ori-
fice, from which it follows that—

(e y5)

Assuming C has a value of .58, and that A
is equal to 1, successive values of @, may be
substituted in the above formula and a series
ot corresponding values of H obtained, which
may be laid off successively on the bar 3 as
described above in connection with the scale
7, and which will constitute the lsgarithmic
scale’ 8.

By placing the rule in its proper position
on the crest of the weir as described here-
inafter, and reading the maximum surge on
the scale 7, and then by determining the
reading of scale 8 which corresponds to said
reading on scale 7, a value Is obtained which
indicates, in the terms of the unit of measure-

ment chosen, the amount of water discharged

per-square inch of orifice opening. Now, if
the orifice deschaige per square inch is multi-
plied by the depth of the orifice in inches,
the orifice discharge per linear unit of the
weir is obtained. The amount of water dis-

charged over the free-flowing weir, per unit-

of width, having been determined as ex-
plained above my means of the surge read-
ing, these two factors added together give
the total discharge over the submerged weir

per unit of width, which, when multiplied by

the width of the weir, gives the total amount
of water flowing thereover. R
Any suitable means may be employed to

1,735,892

cause the zero line of each of the scales 7 and
8 to exactly coincide with the bottem or feotof
the linear scale bar 1. :As here shown, a strip

of metal 9 is bolted or otherwise secured to-

the side-of the scale bar 1 and bent at right
angles across the foot thereof and mortised
therein so that the lower surface of the bent
strip of metal exactly coincides with the lower
end of the bar 1. This strip of metal extends
across the bar 1 and across the whole or a
portion of the bar 3, in which latter bar it is
also Inset so that the lower ends of the two
bars 1 and 3 and the lower face of the mstal
strip 9 are all in the same plane. The end
of the bent strip is then bent vertically down-
ward, as at 10, to provide a shoulder for ad-
justing the same against the face of the weir
crest 11, so that it serves as a means to resist
the force of the current.

As a convenient means of taking the still
vater level referred to above, we preferably
attach a stilling well to the downstream side

of our rule. This well may be of any suit- -

able construction and attached to the rule in
any suitable manner. Preferably, however,
we provide a removable stilling well illus-
trated in Figs. b and 6, and shown as ap-
plied to the linear rule bar 1 in Fig. 2. A
plate or board 12, preferably beveled on the
upstream face thereof, is applied to the up-
stream face of the bar 1. This board may
vary in width to suit the varying conditions
due to the varying quantities of water that
would flow over the different weirs, but for
all ordinary purposes in irrigating systems it
may be aproximately four inches in width.
On the downstream side of the bar 1 we ap-
ply a bucket 138, preferably made of sheet
metal and having outwardly flaring ears 14
as shown in Fig. 5. The bucket 1s placed
on the downstream side of bar 1, which it
straddles and fits closely, and the ears 14,
14 take under two rails 15, 15 which are slight-
ly spaced from the surface of the board 12.
Said bucket 13 has a transversely extending
bar 16 connecting the sides thereof and so

positicned as to snugly fit the downstream-
1. This bucket is provided

tace of the bar
with a bottom opening 17 (Fig. 6), and pref-
erably spring clamps 18 are provided on the
board 12 above the bucket to snugly grasp
the edges of the bar 1. .

When the parts are assembled as shown
in Fig. 2, the bucket 13 is entirely closed ex-
cept at the top and the opening 17 in the
bottom thereof; and when the current of wa-

ter flows past the rule, as indicated in Fig.

2, the water will rise within the well and
afford a still surface, the level of which may
be easily read on the downstieam face of the
bar 1, and, as before described, the level of
the water in this stilling well we have found
by repeated experiments
constituting the upper edge of that portion
of the water flowing over a submerged weir

t0 be on the. line
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that may be treated as flowing through an
orifice opening. ’
The practical use of our improved weir
measuring rule would be as ‘follows :—
Free-flowing weir—For use on a free-flow-
ing weir, the two members 1 and 8 would be
adjusted with their lower ends at the zero
elevation, that is, with their lower ends ex-
actly coineiding, and the foot of the rule
would be placed upon the crest of the weir
with the logarithmic- scale 7 .on the face of
the rule turned upstream, and the maximum
height of the uprun or surge on said scale
noted. L.et it be assumed that such maximum
surge is at .20 and that the width of the
weir is 30 inches. Since the maximum up-
surge 1mndicates the number of second feet per
inch of the:weir, it is only necessary to mul-

~tiply .20 by 30 to obtain the total discharge

over the weir per second.

Submerged weir—For use in connection
with a submerged weir, the parts are assem-
bled with -the stilling well on the rule as
shown in Fig. 2, the stilling: well being ad-
justed upward on the bar 1 to the approxi-
mate still water height when the foot of the
rule is resting on the crest of the weir. 'The
level of the still water in the stilling well
is then read on member 1 through the open
top of the well, and the still well is then
removed from the rule and the foot of the
bar 3 is adjusted to that level. When so ad-
justed and with the foot of the linear scale

1 resting on the crest of the submerged weir, -

all that portion of the water, as above de-
scribed, below the foot of the bar 3 may
be treated as water flowing through a rectan-
gular orifice whose dimensions are the width
of the weir and the height of the bar 8 above
the crest of the weir; and by observing the
maximum uprun ot the logarithmic scale 7
on the face of the bar 3, and checking the
corresponding value of the legarithmic scale
8 on the edge of the bar, and multiplying
this latter value by the area of the orifice,
the discharge through the orifice portion of
the weir is obtained. - As before mentioned,
the foot of the:bar 3 when adjusted as last
described may be regarded as resting upon

- the crest of a free-flowing weir and: the

amount of the water passing over the weir
above said foot can be calculated by observ-
ing the maximum uprun or surge on the scale
7 on the face of the bar 3,-and multiplying
this value by the width of the weir. These
two amounts thus secured, when added to-
gether, will give, with great accuracy, the
total amount of water passing over the weir
per second. : ‘ . -

It will be readily appreciated by those
skilled in the art that the invention may-be
embodied in various forms and that vari
ous modifications may be made in the details

of construction as hereinbefore described
without departing from the spirit of ourin-:

5

vention, and it is to be expressly understood
that such variations and modifications as
come within the spirit of our invention are
intended to-be included in the terms of the
accompanying claims.

It will further be appreciated that the novel
method hereinbefore described and constitut-
ing a part of applicants’ invention may be
carried out with a variety of apparatus, one
form of which is shown in this application
and another form of which is shown in ap-
plicants’ copening application Serial No.
247,700, filed January 18; 1928, and appli-
cants elect to claim their method in the afore-
said copending application Serial No. 247,700,

What is claimed is:— .

1. An instrument for measuring quantities
of water flowing over a weir, adapted to be
positioned vertically on the weir crest and
calibrated to show, when thus positioned ver-
tically with its zero point at the still water
level atits down-stream face, the rate of water
flow above said still water level corresponding
to the height to which the water rises on its
upstream face,

2. An instrument for measuring quantities
of water flowing over a weir, adapted to be
positioned vertically on a weir crest-and cali-
brated -to show, when thus positioned verti-
cally with its zero point at the still water level
at its down-stream face, the rate of water flow
below said still water level corresponding to
the height to which the water rises on its up-
stream face. 4

3. An instrument for measuring quantities
of water flowing over a weir and adapted to

70

%

80

85

95

100

be positioned vertically on a weir crest, said -

instrument including means for determining
the still water level at its downstream face
and being calibrated to show the rate of water
flow above and below said level corresponding
to the height to which the water rises on its

upstream face when it is vertically positioned.

on the weir crest with its zero-point at said
still water level. » S

4. An instrument for measuring quantities
of water flowing over a weir, adapted to be
positioned vertically on a welr crest and cali-
brated to show, when thus positioned verti-
cally with its zero point at the still water level
at its down-stream face, the rates of water
flow respectively abiove and below said still
water level corresponding to the height to
which the water rises on its upstream face.

5. An instrument for measuring quantities
of water flowing over a ‘weir, adapted to be
positioned vertically on a weir crest and cali-
brated to show, when thus positioned verti-

~ cally with its zero point at the still water level

at its down-stream face, the rate of water flow
per unit of weir length above, and the rate
per unit of area below, said still water level
corresponding to the height to which the
water rises on its upstream face. ;

6. In apparatus for obtaining measured
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‘quantities of water flowing over a weir, a
member adapted to be disposed vertically

aboye the weir crest to act as an obstruction
to-the flowing water wherchy a surge is cre-
ated on the upstream face thereof, said mem-
ber bearing a scale calibrated tc show the
rate of water flow corresponding to the height
of said surge.

7. In apparatus for obtaining measured
quantities of water flowing over a weir, a
member adapted to be disposed vertically
above the weir crest to act as an obstruction
to the flowing water whereby a surge is cre-
ated on the upstream face thereof, said rem-
ber bearing a scale adapted to show the rate
of water flow, per unit of weir length, corre-
sponding to the height of said surge.

8. In apparatus for obtaining measured

quantities of water flowing over a weir, a
member adapted to be disposed vertically
above the weir crest to act as an obstruction
to the water flow whereby a surge Is created
on its upstream face, said member including
an adjustable scale element whose zerc point
may be positioned at the still water level on
the downstream side of 'said obstruction and
said adjustable scale element bearing scales
calibrated to show the rates of water flow
réspectively above and below said still water
level corresponding to the height of said
surge when said element is adjusted so that
its zero pointis at the down-stream still water
level. :
9. In apparatus for obtaining measuved
quantities of water flowing over a weir, a
member adapted to be disposed vertically
above the weir crest to act as an obstruction
to the water flow whereby a surge is created
on its upstream face, said member including
an ‘adjustable scale element whose zero point
may be positioned at the still water level on
the downstream side of said obstruction and
said adjustable scale element bearing scales
calibrated respectively to show the rate of
water flow, per unit of weir length above the
still water level and the rate per unit-of area
below the still water level, corresponding to
the height -of said surge when said element
is ‘adjusted so that its zero point is at the
down-stream still water level.

10. In apparatus for obtaining measured
quantities of water flowing over a weir, a
member adapted to be disposed vertically
above the weir crest to act as an obstruction
to the water flow whereby a surge is created
on 'the upstream face of said obstruction, said
member including an adjustable scale ele-
ment adapted to be positioned with its zero
point ‘at the still water lével on the down-
stream face of said element, said member
bearing a scale to determine the height of
shid -still “water level above the crest of ‘the
weir and said adjustable scale element being
calibrated to show the rate of water flow,

- per unit ‘of ‘wrea below its-zero point, corre-
)
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sponding to the height of said surge when
said element is adjusted so that its zero poiut
is at the down-stream still water level.

11. In apparatus for obtaining measured
quantities of water flowing over a weir, a
member adapted to be ‘disposed vertically
above the weir crest to act as an obstruction
to the water flow whereby a surge is ¢reated on
the upstream face of said obstruction, said
member including an adjustable scale ele-
ment adapted te be positioned with its zero
point at the still water level on the down-
stream face of said element, said member
bearing a scale to determine the height of said

still water level above the crest of the weir :

and said adjustable scale element being cali-
brated to-show the rate of water flow, per

unit of weir length above its zero point, cor- -

responding to the height of said surge when
sald element is adjusted so that its zero point
is at the ‘down-stream still water. level.

12. In.apparatus for ebtaining measured
quantities of water flowing over a weir, a
member adapted to be disposed vertically
above the weir crest to act as an obstruction
to the water flow whereby a surge is created
on. the upstream face of said member, and
means for determining the still water level on
the downstream face of said member, said
member including an adjustable scale element
adapted to be positioned with its zero point
at the determined still water level and cali-
brated to show the rates of water flow, respec-
tively ‘above and below said still water level,
corresponding to the height of said surge
when gaid eleniint is adjusted so that its zero
point isat the ‘down-stream still water level.

18. In apparatus for ebtaining measured
quantitiesof water flowing over ¢ither asub-
merged ‘or ‘a free-flowing weir, & Tmember
adapted to be disposed vertically above the
weir -crest to act as ‘an obstruction to the
flowing water ‘whereby a surge is created on
its upstream fuce, said member including an
adjustable scale element adapted to-be so po-

sitioned that ts zero point is either at the

weir crest or @t ‘the «still water level on the
downstream face of said member ‘and eali-
brated to show the rates of ‘water flow, re-
spectively ‘above -and ‘below its zero ‘point,
corresponding to ‘the height of said :surge
when said element is adjusted so'that its zero
point is-at the:down-stream still water level:

14. In -apparatus for obtaining measured
quantities of water flowing over either-a 'sub-
metrged or ‘a free-flowing weir, a member
adapted ‘to be disposed vertically -above the
weir crest'to-act asan obstruction to the flow-
ing water whereby a surge is created on-its
upstream face, said membér including an
adjustable scale element:adaptedto be so posi-
tioned that its zero point is-either-at the weir
crest or at‘the still water level on 'the down-
stream face 'of said member and calibrated
to show the rates of witer flow, Tespectively
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above and below its zéfo point, correspond-
ing to the height of said surge when said ele-
ment is adjusted so that its zero point is at
the down-stream still water level, said mem-
ber bearing a further scale for measuring the
height above the weir crest of the zero point

-of said first-named scale.

15, In apparatus for obtaining measured
quantities of water flowing over either a sub-
merged weir or a free flowing weir, a mem-
ber adapted to be disposed vertically above
the weir crest to act as an obstruction to the
flowing water whereby a surge is created on
its upstream face, said member including an
adjustable scale element adapted to be posi-
tioned with its zero point either at the crest
of the weir or at the still water level on the
downstream face of said member and cali-
brated to show the rates of water flow, per
unit of weir length above its zero point and

per unit of arca below its zero point, corre-

sponding to.the height of said surge when
said element is adjusted so that its zero point
is at the down-stream still water level.

16. In apparatus for obtaining measured
quantities of water flowing over either a sub-
merged weir or a free flowing weir, a member
adapted to be disposed vertically above the

weir crest to act as an obstruction to the flow-

ing water whereby a surge is created on its
upstream face, said member including an ad-
justable scale element adapted to be posi-
tioned with its zero point either at the crest of
the weir or at the still water-level on the

‘downstream face of sald member and ecali-

brated to show the rates of water flow, per
unit of weir length above its zero point and
per unit of area below its zero point, corre-
sponding to the height of said surge, when

-said element is adjusted so that its zero point

is at the down-stream still water level and

“said member bearing a further scale for meas-

uring the height of the zero point of said ad-
justable scale above the weir crest.

17. In an apparatus of the character de-
scribed, the combination of two elongated
scale members longitudinally adjustable
with relation to each other, one of said mem-
bers having a linear scale thereon and the
other having a scale calibrated to show the
rates of water flow above its zero point cor-

-responding to different surge heights when

the members are disposed vertically above
the weir crest. ’

18. In an apparatus of the character de-
seribed, the combination of two elongated
scale members longitudinally . adjustable
with relation to each other, one of said mem-
bers having a linear scale thereon and the
other having two scales thereon with a com-
mon zero point, one of said two scales being
calibrated to show the rates of water flow
above 1ts zero point corresponding to dif-
ferent surge heights and the other being cali-
brated to show the rates of water flow below

o

its mero point corresponding to said surge
heights when saild members are disposed ver-
tically above a weir crest with the zero point
ofthe two-scaled member at the down-stream
still water level.

19. In an apparatus of the character de-
scribed, the combination of a vertical bar
having a linear scale thereon, with a stilling
well vertically adjustable on one side of said
bar. ' —

-20. In apparatus for obtaining measured
quantities of water flowing over a weir, a
member adapted to be disposed vertically
above the weir crest to act as an obstruction
to the water flow whereby a surge is created

n'the upstream face of said cbstruction, said
member including an adjustable scale ele-
ment adapted to be positioned with. its zero
point at the still water level on the down-
stream face of said element, said member
bearing a scale to determine the height of
said still water level above the crest of the
weir and said adjustable scale element bear-
ing scales respectively calibrated to show the
rate of water flow, per unit of area below
its zero point and per unit of weir length
above its zero point, corresponding to the
height of said surge.

. 21. An elongated instrument for measur-
ing guantities of water flowing over a weir
and adapted to be positioned vertically on
the weir crest so as to produce a surge on
its upstream face, said instrument includ-
ing means for determining the still water
level on its downstream face and a scale ele-
ment adapted to be positioned with its zero
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point at either the weir crest or the deter-

mined still water level and calibrated to show
the rate of water flow per unit of weir length
above, and the rates per unit of area below,
its zero point corresponding to the height of
the surge rising on its upstream face when it
is positioned vertically above the weir crest
with its zero point at the down-stream still
water level, said instrument also having a
seale to measure the height of said zero point
above the weir crest.

22. An elongated instrument for measur-
ing quantities of water flowing over a weir
and adapted to be positioned vertically on
the weir crest so as to produce a surge on its
upstream face, said instrument including
means for determining the still water level
on its downstream face and a scale element
adapted to be positioned with its zero point
at the determined still water level and cali-
brated to show the rate of water flow per
unit of weir length above, and the rates per
unit of area below, its zero point correspond-
ing to the height of the surge rising on its
upstream face when it is positioned verti-
cally above the weir crest with its zero point
at the down-stream still water level.

23. Ag 2 new article of manufacture, a
weir discharge rule comprising an elongated
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member provided with a broad face, said face
having thereon a scale of graduations and in-
dicie applied thereto and adapted to indi-
cate at the point of registration of the maxi-
mum sutge of the liquid on the member, when
the rule ie placed in a vertical position in the
weir with its lower end on the weir crest, the
amount of water discharged per unit of
width of the notch.

24. The combination with means provid-
ing a weir notch, of an elongated member
vertically positioned in the notch with one
end resting on the crest of the notch, said
member being provided with a broad face,
sald face having thereon a scale of gradua-
tions and indicia applied to the graduations
and adapted to indicate at the point of reg-
istration of the maximum surge of the liquid
cn the member when the member is thus po-
sitioned the amount of water discharged per
unit of width of the notch.

In testimony whereof we have signed this
specification. :

INGARD M. CLAUSEN.
RALPH A. PIERCE.



