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The problem., ZEarly in 1945 the design department submitted to the

laboratory a drawing of & lateral turnout which was to pass flows up to
and including 5 second-feet. The flow throush this turnout was to be
controlled by an orifice gaute, The laboratory was asked to build a model
of the structure end investizate the use of various measuring devices
for determining the flow through the loteral,

Most practical methods of measuring the {'low had been tried and
found to be unsuccessful in one way or snother when attention wns called
to the Clausen-Plerce Universnl Welr Garge, It wns resuected that the
laborztory obtain one of these grges and investigate the pnssibilities
of ueings it to meesure flow through the orifice turnouts, Should the
zape perform as indicated by the company, it would be ideal for the
lrteral turnout measurements,

Sumnary. A H-foot welr gnze wes obtained from a field nroject fer
tecting in the laborstory, The test program consisted of only & few
runs on ench of several types of weirs under both free-flow and submerged
coniitions. Several fully suprressed weirs 44,75 inches wide =nd of
various heipghts were tested. The crests of these weirs were 2 inches
wide, Luter, the weirs were shortaned to 2 feet. This chanee caused
ené contrr:ctions which were eliminated by placing 2- by 2-inch pieces
or inhe upstream faces of the weirs parnllel to the sides of the notches
and back 1.5 inches as shown in Sketch 1%, Page 6. Elimination of the

ent contructions w s necersiry cince the weir gupe was calibroted for




fully suppressed weirs. Next a test was made on a 2-foot fully suppressed
welr with a crest consisting of & plece of 12-gape palvanized iron set
4 feet above the cheannel floor.

In every test the discharges recorded by the weir gage were higher
than those recorded by the laboratory venturi meters. The maximum dev-
iation was 18.7 percent. There was no definite pattern of error in the
series of tests. Some tests consisted of resading the gage several times
for the same discharge. It was shown that one man reading the same dis-
charge over the same weir attained an accurac} of only 2 percent in
repeated observations. The brief data indicates that greater accuracy
is obteinable with a free-f{lowing welr or with a very definite drop in
water surface across the crest of a submerged weir.

The welr cage wasg baely worn end batitered, a condition which might
poesibly cause the large error in readings. Therefore it was returned
to the projesct and testing delayed until a new 4-foot gage was obtained
from the Clausen-Pierce Company.

Tests with the new pege were made in a channel 5 feet wide, The
seme types of weirs were tested as with the other page except that no
tests were made on the weir of 1l2-page metal mentioned above. In
eddition, two weirs & feet wide with crest widths of 3-5/8 inches were
tested. In almost every run the discharge recorded by the page was less
than that recorded by the laboratory venturi meters. The maximum dev-

iation was 10.8 percent. Generally speaking, the readings which were

most accurate and those which were high were ol tained on free-f{lowing
weirs, or con weirs having a definite drop in water surface ecross the
crest.,

The data obtained by the laboratory is not romplete and should not
te teken as conclusive. However, the erratic readings and magritude of
error indicated by this data was sufficlent to warrant the recommendation
that these gages not te lessed for water measurement on this project
without further study. It was alsc recommended that & more complete and
i exhausgtive test program with these gages be carried out by thie ladbor-

atory at some future date.



By the meneral nature of the calibration of the Clausen~Plerce
Welr Grge it is sren to be imnrrcticnl for accurate use on such a wide
varlety of weirs as may be expected on irrisntion-water distribution
syatems., It is reasonable to exnect that a weir goge of this tyme cel-
ibrated on a particular tyve or style of welir, submerged or free-flowing,
would be amccurnte for any weir of that style, shape =nd settine., However,
tre deesree of submersence, water-surfrce drop, contractions, avnrrach
crucitions, including wvelocity, ete., nffect the calidratinn: therefore
the rrre is not as widely apolicable as is sometimes believed,

Princinle of the Clausen-Pierce Weir Gage., Messrs. Clausen and

Plerce first developed 2 rule for measurinz wnter over n frre-flowing
weir,1/ The inventors werked on the theory thnt the velocity hend misht
be transformed into stntic head by intrnducine an obstruction into the
stream at the crest and observing the heisht to which the water w~1d
climd the frce. They fimured that this thould =ive the theoretical hnead
in the basic fres-weir formala, 3=CLEV/2gH , which would only need
modification by introduction of the value for the coefficient of dis-
charge C, to rive the correct flow. FKnowing the value of Q, and H, they
were uble to d~termine the value of C, which applied. The upstream face
of the rule was graduated tc read the diacharge corresvonding to the
particular heads for 1 inch of length of weir crest, This simplicity
made it possible for a ditch rider to determine accurstely the deliv-
erles of water over free-flowing weirs by holding the rule vertically
on the crest and ren’ing the highest wetted sraduantion on its free. This
number, multiplied Ty the width of the weir is the Jdischarze in the unit
gridunsted on the rnd, The rule was calibriated to glve most accurate
results with Civpoletti or fully suppressed weirs,

In the Salt River Valley the submersed weir is far more common then

the free-flowing weir. This led Clnausen and Pierce to develop what is

"Hydraulie ¥eseurines Stick," Hestern Const ve-
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known as the "double weir gnge" to be used on either type of weir,
They workrd on the basie thrt the discharge over a submersed weir is
comnosed of two parts, the ncrtion ebove the level of the downstream

surface of the water being regnrded as a free~-flowing weir and the por-

tion below that level as a submerged orifice. To arrive at the discharge

of o submerged weir, both the upstremm and the downstream heads must be
determined. The method of obtaining the upstream head had already been
solved in the "single gage." The remaining rroblem involved discov-
ing a methed of determinins the dovmstream head and a way of holding the
rod on the crest with the zero grrduation at the level of the lower head.
The final solution consisted of a plain rlrss manometer tudbe attached to
the back of the rod, Fisure 1, It had a hole slightly less than 1/15 inch
in diameter in the bottom closed by & needle valve with ite stem extend-
ing up throush the tube and projecting throuvgh the top to form a conven-
ient handle. A second member was added to the "single rule" to form an
extension rod similar to a Fhiladelphia leveling rod. The manometer is
attached to the metal elidec which form a vart of the front section and
hold it to ihe back section, This permits the manometer to be lowered
or rrired while the back section is held stationary on the crest, A
aliding vernier sctle is attrched to the manometer for setting the water
level in the tube., On the back eectiicn of the rod, adjacent to the
vernier scale, ic tre "C" ccrle on which is read the downstream heed of
n submermed weir., The zero nof the "C" scnle {s the foot of the rod as
is al=so the zern nf the "A" and "B" scoles, On the front section of the
rod, a?jacent to the "I" rerle, is 2 vernier for setting the zero of the
front section =t the level of the downstream head,

The ‘renreticol feorrmlo, 2 ° CA /?FH-, with a suitable coefficient
Sy #ives the dischar~e ~f the nrifice ccrresronding to the same head
determined srovhically by the welr snge, A sntisfactory coefficlent was
determined by experiment, and a second scale graodunted on the upstream
Tree rf o the rnd by the side of the free-flowing weir scnle, or "A"™ scale.

The egrpacn? gerle, or "BY serle sives the dlecharee for each square inch




of submerged orifice. The back head or "C" acale reading sives the
heirht of the orifice. Thie 1is multiplied by the number read at the
highest wash on the orifice scale to obtain the discharge of the sub-
merged orifice for each 1lineal inch of weir crest., This discharge
added to the discharge per lineal inch of the free-flowing weir and the
sum multinlied ty the length of the welr gives the total discharge.

Operntion of the gage.on free=flowing weirs, There are a few

simple precautions to be observed to obtain accuracy on a8 free-flowing
welr, according to the instructions:

1. The discharse must be free. That is, there must be a
clear drop from the crest to the surface of the water
below.

Z, Air must have free access under the fnlling sheet of

water,

3, The weir erest should be practically level and the face
substantially vertical.

L, The weir should be at richt angles to the flow of the
water,

5., 1In the choice of = weir site, vhether free-flowing

or submerged, the location should be on a straisht-

away and sufficiently for from gates, checks, or

other structures creating wave action, to assure a

reasonably smooth apnroach at the weir,

The company stntes,in their sales literazture, that an eladborate

weir structure is not required for using this gage. The 1lip on the crest

of the weir need be nnly slightly abnve the bottom of the channel, and
the length of the crest should be practically easual to the bottom width
of the channel, A wide latitude is =llowable in the choice of & weir

crest, which may be either l-, 2-, or ?-inch material, whichever is most
convenient. This 1s irue of elther a frae-flowing or & submerged weir,
Provided the rod is held orn the center of the crest of ~ither a free-

fiowinz or a subnmereged weir, a little variation from level 4in the crest

or plumbnesg on the £ e of the welr is neslisible, It isimportant to




apprecinte this, as it removes any uncertaminty which might be felt as
%0 the accuracy of measurements made in a crude structure or by means
of rough flash boards set in an existing structure,

According to J. B. Lippincott;l/an immediate temporary decrease in
the rate of flow results from introducing the rule into the stream and,
especially in a long channel, some time will be required for the back-
water curve to become stahilized and for the original rate of flow io be

re-established. This is true for either type of weir. In practice, how-

ever, it was found that whatever inzcauracy may exist due to this condi-

tion, the selection of the coef<icient C. in the formula made it possible
to get measuremsnts 8o close to the indications of the control used, that
the difference was not measureable, When the width of the weir was
reduced, the readings would naturally be somwhat high, but even et a
wvidth ¢ 2 feet or under, the error was less than 5 percent. t wans dig-
covered that a contracted weir covld be easily converted to a suppressed
velr by nailing 2- by 2-inch stripe on the upstream face of the weir,
parellel to the sides of the notch and set back about 2 inches. Then

the vein of water will be made to start ite contraction before reaching
the edge of the weir notch and the edge of the stream will then pass
through the notch normel to 1t and without any decreese in section, as
shown on Sketch 1, Page §.

A ~ Cantracted Jet B « Suppressed Jet

1/ Ibvie, Page 3.




A definite determination of the height of splash against the rod
may be obtained by wetting the face of the rod and throwing dry dust
againset it. When held verticelly on the weir crest, free-flowing or
submerged, the gage will be washed clean to a sharp line indicating the
highest surge of water. The reading should be taken precisely at this
line to obtain the correct result, This entirely eliminates the per-
sonal equation. The rending on the "A" scale is the discharge per lineal
inch of free-flowing weir in the units graduated on the gage. Front and
side views of the gage are shown in Figure 1. An illustration of the
use of the gage on a free-{lowing weir is shown in Figure 2.

Operation of the sare on submerped weirge All dut the first two

precautions mentioned under free-flowing weire apply to the submerged
welr, In determining the flow over a submerged weir, the first oneration
is to obtain the submergence nr dback head, The glass tube on the back of the
rod is filled with water by holding it under the surface with tre needle
valve open, The valve le then closed and the rod held on the welr crest,
facing unstream, as shown in Figure 3, with the front section of the rod
raieed until the Pottom of the tube 4s Just below the surface on the down-
stream slde of the welr. The needle valvr is onened and after the water
has attained a constant level in the manometer tube, the valve is again
closeds The water will then stand in the tube at the height of the downe
stream head, glving the amount cf submergence of the weilr. The zero of
the sliding vernier is then ret at the level of the water in the tube and
a reading made on the "C" sceles In the setting shown in Figure 2, the
reanding ie 6.76, which is the back head in inches.

For the secondé oneration, the front section of the rod is raised
and clamped with the foot at the reading on the "C" gecale obtained in
operation one, Figure 4, The rod ie¢ apgein held on the welr crest and
the readinge of the "A" and "B" scales recorded. The scales are read
the garz as was described above for the free=flowiny weir., The "A" scale
reading in thie example ie 7,50 nand is the discharge ver lineal inch of
crect for the free-flowing nortion of the welr. The rending on the "o
scale 1 C0.87 and is the cosfficient of the submerped orifice nart of the

#rivs  Thie resding ie multi=lied by the "C" cenle vendin: of £.,76 to

v




obtain 5.22 which is the discharge per lineal inch of the submerged
orifice part of the weir, This plug 2,50 gives 7.72 for the total die~
charge per lineal inch of weir crest, For a 50-inch crest, the total
discharge of the weir would bs 384 Arizona Miner's Inches for this gage.
An Arizona Miner's Inch is equal to one-fortieth of a second-foot,

The Clausen~-Pierce literanture stotes thet an advantege of the sub-
merged weir as used with the Clausen-Pierce Gage is the ease with which
it may be adapted to chaneing conditions. In large canale, in seasons.
of low flow and conrequent low hend, refinement of measurements may be

obteined 2t negligidle cost by raising the head on the weir through intro-

duction of temmorary bonrds at the sides to narrow thé weir opening,

Loss of hexd due to accumulation of silt or weeds may be quickly compen-
sated for by ranising the welr crest enouszh to give the scant inch differ-
ence which s sufficient for the accurate operation of the gage.

Laboratory tests with a A-foot Clausen-Pierce Weir Gage., The first

test wes on & fully suppressed weir concisting of a 2- by 6-inch timber,
LL~3/b inches long placed on edge in the hottom of a rectansular channel,
All datn sccumulated in tests made with the weir gage 4s shown in tables
which follow.

TEST 1-1

Type of ;Run:Q by laboratory:Q by Cleusen-PiercesDifference:Percent
weir @ : venturl meter : Weir Gage ¢ difference

Submerged: 1 : 2,82 ef L,06 sf 0.2k 8f : + 6,0
Submerged 2 : 2,56 af 4,02 sf O b af : +t11.4
Submerged : %, 5k gf : 3.90 sf 0,3 ef ¢+ + B,7
Submerged : 3,56 sf : 4,32 sf 0.76 sf ¢ +17,4

The smn1? drop in water surface seemed to be responsible for the wide
diverzence in readings,
The gsecond weir tested was the same as the firet except that it con-
sisted of twec 2- by H-inch planks placed one on the other in the same

channel. Seven runs were made on this weir.




TEST 1-2

2
.
.
-

Type ofgﬂuniQ by laboratoryiQ by Clousen-Pierce Differencei?ercent
weir . . venturi meter ; Weir Oage © 4 difference

Submerged : 3.55 sf 3.88 sf : 0.33 sft + 8,5
Submerged 3.55 : 3.81 sf 0.26 8f: + 5,8
Submerged 3.55 : L L2 sf 0.87 sf: +19,7
Submerged 2.75 2,83 st : 0,08 sft + 2.8
Submerged : 3.82 b,02 of 0.27 sf: + 5.0
Free-flow ! 6 : 3.55 : 3,69 &f : 0.14 sf: + 2
Free-flow 3.55 3.78 sf 0.23 8f: + A

.8
o1

The third weir tested was the same As the second only with a third
2- by 6-inch timber placed on top of the first two. Six runs were made
on this weir,
TEST 1-3

Type of :RuntQ by laboratory:Q by Clausen-Pierce:Difference:Percent
welr  venturi moter: Weir Gage : ¢ difference

Submerged:

: 3,84 : 0 b,39 sf : 0.55 sft +
Submerged: '

$ 3.84 : 4,08 ef 0.2 st
3.8L 4,15 ef 0.31 af:
3.36 3.57 sf : 0,21 ef:
.84 L, 05 0.22 af:
3.8bL L,02 sf 0.18 sf:

Submerged:
Submerged:
Free-flow:

Vv oo

Free-flow:

The fourth weir was the same as number three except thzt the crest
length wasg shortened to two feet. The resulting weir had end contractions
which were eliminnted by placing two 2- by 2-inch pieces parallel tc the
edges of the notch and back 1-1/2 inches. Nine runs were made on this

welir,




TEST 1-4

Type of :Run:Q by lnhoretory:Q by Clausen-Pierce;Difference:Percent
welr : venturl meter : Weir Grge : 1 difference

Submerged: 1 3,71 sf : L. o7 af 0.36 sf ¢ + 9.7
Submerged: 2 : 1,71 sf : 2.52 af ¢ (.09 sf ¢+ 2.1

Submermsd: 3 : 3.71 2,82 sf 0,12 8f ¢ + 13,2
Submerged: 4 2.09 sf 2.10 sf N,N1 sf + 0,5

Submerzed: 5 :  1.41 &f 1.73 of : 0,12 8f : +6.9
Free-flow: 4 2,71 ef 1,82 gf 0.11 sf ¢ + 2,9
Frooaflow: 7 : 2,71 sf 2.78 sf 0.07 sf + 1.9
Free-flow: 8 3.71 sf .75 st ¢ 0,04 sf +1.1
Free-flow: 9 : 1,61 ef : 1.9 sf P 0,08 sf : + 4,9

The fifth weir wer 2 feet wide and consisted of two 2- by 6-inch
timbers placed on edge, one on the othrr, The end contractions were elim-
inated as in the case of Weir Yo, L, Two runs were made on this weir sub-
merged for A discharpe of 1.71 s=cond-feet. In doth crses the discharres
recorded by the weir srpe were high by 7 percent.

The sixth weir was mnde by placing two 2- Dy S-inch timbers in the
bottom of a 2-font rectansular channel. This formed a 2-foot fully sup-

pressed welr on which six runs were made.

TEST 1-4

Tyve of :+ Run:d by libor.tory:Q by Clausen-Pierce :Difference:Percent
weir : venturl meter : Weir Gage : . difference

Submerged: 2 sf L,og ef 2L gf 115,92
Submerged: 2 : 5 sf ?,98 gf 0 DAL
Submerged: 3 : 2,25 of : b,15 af ~ : 1478
Submerged: : 2 &, 20 8¢ : 3 9,1
Free-flow: : : 3,97 of T 07 +N, 8

Free-flow: 4 : . 2,98 sf 3 R

The seventh weir wrs 2 feet wide set in n 2-foot rectonsular channel,
The creast wrr nmode of 10=-q e iron and wng set U feet ohove the hottom of
the chrnnnel flonr, There were 13 rune mide on this weir Tar free-Tlow

conditlons only. The discharges resarded w{th the veir .7 in these runs




were consistently hi~h but were not eratic. They show that a person
cannct rend closer than 2 percent in ohserving the same discharge over
the same weir.,

TEST 1-7

Type of

welr :

Pun:3 by labornteory:Q by Clausen-Pierce:DifferencetPercent
¢ venturl meter : VWelir Gage : : difference

5.8
4.1
h,9
Il
5.9
5.9
3
Ao D

Free-flow @ 5.26 sf : 5,52 sf 0.73%
Free-flow 5.26 =f : 5.58 0,22
Free-flow 5.26 ef 5.52 C. 24
Free-flow L,7L of L,35 ¢ C.19 ¢
Free~flow L,7h ¢ S0l g .30
Free-flow ! | b, 7L .0k £,3
Froa=‘low : u .56 ¢ 6.3
Free-Tlow : 2 L, 50 0,27
Free-flow ! , : 2,72 0.17
Free-flow > ! o : .72 & 0.17
Free-flow :1) IS I 2.58 G.15 ¢
Fre=-flow : st e .57 ¢ 0.10
Free-flow :13 : 1.29 C.lk

4 o+ 4+ + + 4+ 4 or o+ + o+ 4+

Leboratory teets with a 'wfnnt Clesusen~Fierce Weir Gage, The first

welr tosted with this gese wie made by plecins o =5/8- by 3-5/8-inch
timber across the bhottom of n 5-foct chrnnel ¢c form 2 fully sunvressed
weir, Ten runs were made with thie weir,

THST 2-1

Tyve of :Fun:Q by leborit~ry:d by Clausen-Plerce:Difference:Percent
welr : venturl meter : Weir Gnge : ¢ diTferance

Submerced : 12,20 9,84 : 0.56 st - 5.5
Submermad : 2 11.50 = 9.71 1.19 -10.9
Submers~ed ' LB 12,05 0.59 sf: +« L,9
Submersed - 17,54 0,40 + 7.0
Sutmerced oo 27 s : 12,77 0,38 + 2,0
Sutmer;sed 14,99 ¢ nN.79 s 5.6
Submer ~ed 2,772 =T g8 0.8%

Suhmersed ¢ 0 3 > 2.12 6.50

Suhnersed 22 ¢ 2.727 &f 0,72 =
Submersed . 12,72 ¢ 9.30 s: .32




In Runs 3 throuesh 6 the discharges recorded by the weir gnse ware
higher than those indiecnted by the laboratory venturl meter. There was

a standing wave downstream from the weir in these runs, meaning that

there was a very definite dropn in wnter surface across the weir, There

wag l;ttle droy in water surface for the low discharges.

The second weir tested with the L-foot gape consisted of another
3-5/8- by 3-5/B-inch timber nlaced on top of the weir used in the pre-
ceding test and six runs made,

TEST 2-2

Tvpe of :Run: by laboratory:q by Clausen-Pierce:DifferenceiPercent
weir venturl meter : Weir Gage H : difference

Submerged : 2,0U gf Q.58 sf 0.hL of A7
Sudbmersed @ 2 : 7.22 sf ! 7.2 sf 2.20 2.7
Submergsd : 2 10,38 sf : 11,00 sf 0,52 sf 5,4
Submerged @ 10.73° sf 10,81 sf ‘ 0.L3 ef L0
Submerged : 5 @ 10,78 sf 10.75 sf 0.37 sf : + 3,b
Free-flow : : 11.8L gf : 11.70 sf ¢t 0.1 ef @ - 1,1

The third weir, 56 inches wide and fully supnressed, consisted of a
5-5/16- by 1-9/16-inch timber placed on edge in the hottom of a rectang-
ular chenrel., 3Six runs were made on this weir, two of them with the weir

submerged.

Tyne of:iun:Q by luboratory:Q by Clausen-Plerce:Difference:Percent
weir : venturi meter : Weir Gage : difference

Submerged: : 10,2 sf : 13.L5 0.03 sf: + 0,2
Subrmermed: 2 : .71 sf : G.20 0.51 - 5.3
Free-flow: 2 : 12,97 sf 12,32 s 0.57 5.0
Free-<low: 13,49 sf : 172,15 0.58 ef: - b.1
Free-flow: : 12,99 sf 11,52 = 0,47 2,8
Free_flow: : 11,30 sf 11,20 s 0.10 : 0.9

The frurth weir wig the same 238 the third evcent that it wns
19=5/7 inches at~v- the chinnel floor. Seven runs wnre made on this weir,

four ~f chich were frr subrrreed conditions,




TEST 2-4

Type of tRun:Q by laboratory:Q by Clausen-Plerce:Difference:Percent
weir ¢ venturi meter : Welr Gage : t difference
1 9.h5 8f 9.45 &f t 0.00 sf
Submerged: 2 : 10, 3L sf 9.88 gf 0.L6 Bf @
Submerged: 3 : 11,22 sf 10.736 ef 0.86 sf
Submerged: UL 11.99 sf 11.20 sf 0.79 sf :
5
6

Submerged:

Free-flow: R,94 gf B.lg sf 0.5L &f :
Free-flow: 9.47 sf : B,.40 af N.B5 af :
Free-flow: 7 13,92 gf 13,60 sf i N.22 s ¢

The fifth weir wes the same as the fourth except that it was
21~-1/4 inches above the channel floor. All four runs were made with a
free-flowing weir,

TEST 2-5

Type of:Run:Q by lsaborntory:Q by Clausen-Plerce:Zifference:Percent
welr ¢ venturi meter : Welir Gage : : difference

Free-flow: 1 : 9.03 sf : 8,12 sf ! 0,91 sf :

Frae~flow: 2 ! 9.72 sf B.82 sf : 0.90 sf
Free~-flow: 3 : 10.19 sf : 5.38 sf 0,31 sf
Free-flow: U : 11.20 af : 10.50 sf T 0,70 sf ¢

The sixth welr wrs 29-7/8 inches wide, set in a 5-foot channel.
The crest was 21-1/L inches high and 1-9/15 inches wide. The end con-
traoctions on this weir were eliminated by nailing two 2- by 2-inch strips
parsllel to the notch and back 1-1/2 inches. Three runs were made on
this weir.
TEST 2-5

Tyme of :RBun:} by laboratory:Q by Clausen-Plerce:Difference:Fercent
welir ¢ H venturi meter : Welr Gagre : : difference

Submerged: 1 : L,37 sf : b 14 sf T .21 ef 0 - L9
Free-flow: © i 5.90 sf £,63 eof PN,37 ef 1 - .7
Free-flow: 3 : AR af : £,12 of t 0,51 sf ¢ - 7.7




The seventh weir was the same as the sixth excent that it was
only 15-15/16 inches sbove the channel floor. There were six rune made

on this weir, two of them for submersed conditions.

TEST 2-7

Type of :Run:2 by laborutory:Q by Clnueen—Pierce:Difference:?ercent
weir : ¢ venturi meter : Welr Gage H - difference

Submerged: 1 : L,65 af L,29 sf n.36 sf 7.8
Submerged: 2 5.86 sf 5.72 sf 0.1k 2.k
Free=flow: 3 : 9.19 sf £,96 st 0.23 2,5
Free-flow: L 10,07 sf %,5u gf i 0,57 .
5 .
5

Free-flow: 11.172 sf 10.53 sf D.50 .

Free-flow: 11.27 &f 10.40 sf - 0,47 »

The eighth weir was the same as the sixth and seventh weirs excent
the crest wes only 10-5/8 inches above the bottom of the channel.

rung were made, two of them on a submerred weir,

TEST 2-8

Type of tFun:Q hy labor:tory:3 by Cleausen~Fierce:Difference:FPercent
weir ¢ venturi meter ! Welr Gnre : ¢ d4fference

Submerged: : 9.06 sf 8.7 gf 32 8f ¢ - 3.4
Submergzed: 2 10,264 sf 10.30 sf : & sf .5
Frae-flow: 2 12.05 sf 12,17 sf gf ¢ of
Fraa-flow: : 12,49 of 12,22 aof : sf - 3,

The ninth weir wrs the same ns the eirhth except that the crest
wes only 5-5/14 inches :bove the chinnel floor., Sixieen runs were mrde
on this weir, nine of them on » free-flowineg weir, I: Runs % and 7, on
o submerged weir, there were 1C-1/2 inches Aifference in the water

surfsce elevations above nnd below the welr,




TEST 2-9

Type of :Run: 3§ by loboratory:Q by Clausen-Pierce:Differ emce:Percent
welr ¢ venturi meter : Welr Gagse : : difference

: 5.A3 ef ¢ 9.65 sf : 0.028f @ + 0.2
b.bk3 ef L.30 sf .13 of - 2.9
9.85 gf 10.03 = 0.18 sf 1.8
11,35 sf 11.22 gf 0.12 sf 1.1
13,05 sf 12.75 sf 0.30 sf
15,00 sf 16.15 0.15 sf :
16.60 sf 16,22 sf 0N.22
Pree-flow: L, 35 sf : 3.8 sf t 0.L7 sf
Free-flow! G.R8 gf : 5.56 sf : 0,32 sf
Free-flow:10 ! 10.23 sf G.70 af 0.23 sf
Free-flow:ll 11.25 sf 10,72 sf 0.L3 sf

Free-flow:l? ! 11.25 sf : 10,97 sf 0,28 sf
Frer~flow:l"? 12.31 sf 12.52 sf 0,29 saf

Free-flow:ll : 17,45 =f : 13,70 sf .35 sf
Free-flow:15 : 15,AL gf 15.50 sf 0.1l sf

Free-flow:l% 15,5 af 15.50 &f : 0.1k sf

Submerged:
Submerged:

VU AV

Submerged:
Submerged:
Submerged:
Submerged:
Submerged:
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It will be noticed thst &ll but one of the discharges reacorded

vith the “~foot zn~e obtnined from the field rroject were higher than

those indicrted by the laborat~ry venturi meter, Of the 42 rezdings

mede with the new U-foot guse, only 14 were hirh and none of them extremely
go. At vpresent this leborntory has no explanction as to why one gage
would resd high and the other one low, unless the two grees were cali-
breted under entirely different circumstences, The most accuraste read-
ings obtained with the 6-foot gasme were on free-flowing weirs or on weirs
heving a very definite drop in wrter surface across the cres'. The
highest accurscy of readings obtained with the new L-font rage was about
eoually divided betwern the two tynes of weirs,

The curve chown in Fipure 5 1s 2 calibrstion of the Clausen-Fierce
Meter made by Cornell University. The weir from which the datr was
tolcen for »lotbving thie curve was gharn—crested #nd locnted in an ideal

gituntion. One seriss of 17 runs mode by this laborstary on a 2-foot




sharp-crested welr showed only one reading within an accursacy of

4 percent. The Clausen-Pierce 1iterature indicates that accurate read-
ings may be obtained by placing any type of board across the bottom of

& natural channel to give a drop in water surface, and that only one
readings need be made on such an arrangement. Mogt of the data compiled
by this leboratory points to the fact that any one rsading may be inac-
curete by several percent., King's Handbook of Hydraulics recommende
thet, wherc accuracy is important, the head over a weir should rapresent
the mean of 10 to 20 rendings tnken at intervals of approximately 30
seconds. These ra:-dings are to be made on gages set in stilling-wells,

The accuracy of the Clausen-Pierce Gage is supnosedly represented
by datn obteined under ideal conditions on a sharp-crested weir, Thie
tyne of welrsis not recommended for field use, neither have any results
nf fiald teste heen nresented by the company.

This laboratory conducted its tests in rectensular channels having
smorth wnlls and floors, [The welirswere set vertical to the channel floor
ant at right angles to the direction of flow, The timbers used for weir
crasts were souared and planed, which the company does not susgrest as

beins necessary., The tests were made under much more idesl conditions

than would exigt in the field or would be necessary accordihg to the

informstion isesued by the company.

In the August 25, 1929, iseue of Western Construction News an inde-

nendent author describes the development and use of the Clausen-Pierce
Weir Gare, Therein are three tests listed as conducted by Engineers

F. J. C'Hara and T. A. Hayden of the Salt River Valley Water Users'
Association, 1In these tests rendines vere observed on the free-flow
control weir and on weirgc of various crest widths and lengths under both
free-flow an? submereed conditions, These observations were avereged
aud, fortunntely for the grge company, the results obtained were almost

jdenticsl vith the contrnl dicchareses,




This laborntory does not understand why readingn obtained under

such variablé conditions should be averaged, unless there were seversal

weirs of different tymes in the canal on which readings could be taken
ss n check. In the event that more than ons reading was talken, it would
seam more reasonahle to observe several readings on one weir and average
them for the final result., It would appear that a better vprocedure would
be to averase the submerged weir readings and the free-flow weir read-
ings separately. In this way one would know the general characteristics
of the gage for the two tyves of weirs, and could correct the readings

if necessary.

Water has become so valuable in recent years that is must be divided
with the highest depgree of accuracy. On the basis of the dets obtained
by this laboratory, the Clausen-Pierce Weir Gage cannct be recommended
for »ater subdivision orn Bureau projects without calibration in indivi-
duel structures. It appears that the gase is not as widely aprlicable
as the company represents it for accurate measurement of weater, The
gege undoubtedly has o number of distinct ndvantases and if calibrated
and used in individunl structures should give results enqual in accuracy

to other more cumbersome but better recognized methods of measurement,




FIGURE 1

Nusettings are required and
only one seibe iy read in mak-
ing measurements uver o free
flowing weir.  Thy gage is
held vertically on the erest of
the weir and Scale " A™ on the
fuce af the rod (See picture al
lef1: is Tead at the point of
highest  run-up  or splash
agninst the fae This read-
ing gives the discharge in
sec-FL Miner's inches, gal-
fons per minnte or whatever
unit is graduated on the rod,
[or onve inedt o denzth
crest,
mnttiplied by the beugth of
the crest in inches, Is the total
tdischarge.

CLAUSTYN-PIERCE UNIVFRSAL VEIR GAGE




FIGURE 2

On a free flow-
ing weir the gage
is used closed, as
shown.

The rear sec-
tion and attach-
ments are used
only on submerg-
ed weirs.

gtest _Surge or spisss
Rewd Scsle A° Hrera

Using universal gage on free-flowing weir.
The weir-crest in sketch is a 2-inch plank.

CLAUSEN-PIERCE ONIVERSAL WEIR GAGE




FIGURE 3
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Meezsuring the discharge over the free-flov portion of

2 submerged welr.

This shows the
front section of
the rod raised un-
til its foot is op-
posite the reading
on the C scale ob-
tained in opera-
tion one.

For this par-
ticular setting it
is 6.36,

This setting
may he made ac-
ccurately by
means of the ver-
nier on the bot-
tom of the front
section,

CLAUSFN-PIFRCEF UNIVFRSAL VEIR GAGF

FIGURE 4
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