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In rscent sonths, thore has been recurront dids
ot withiin the Dureen orgasigetion end iviguicies frop ciabside
ogensiss, regarding the perifs of ihe Glausan-Pisrce weiz rulp — =
28 g device Tor mesgurine Tiowing weier, Ii suopesrs apfropriphs
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to raview the development of this device end the syperience witon————~———~~
ite use. AUTHE}R

The ides of erploying some sort of 2 device to include
the nesd dus to *'E“*r:r:*':,r of zpprovch to tha cbserved heed on 2 wair
ig oot znew. Pricr to 1020, M. W. €. Steward 8id considersble work
on such & devies whils 'Hﬁlrm..‘lb with the Dureau of Beclasnetfion on
the Boise Project. On-thed project = considereble mumber of weirs
wers included in the sysien a5 measuring devices. A8 fregquently
hapoens, the welr nools becanps more or lese Tilisd with sand,
gil%, woss, and yeeds, thus causing the yater to run through a
nerrow shallow channed ';;:_ the point wiers ii passed over the weir.
In thig ocese, instsed of Le:.m; gtillad, the wober aperonches the
wair crest with considershls veloecity, and walsss & corzsction
is introduesd Ty this wveloeity of asprosch. erroosous Inoasure-
ments will Tesult fPom o readins of the gage commomly pleced
upstreen From the wair or Ifsstensd to the welir cuyoil structurs,
Turing the period from aporoximetely 1010 to 1519, considershie
thought wes given to this problem by Hr. Steward. He conducted
smuperisents duing the ssascn of 1519 to find cp easy mebhod Uy
wiich &teh riders eould detsrnine clasely the Tlow aover such weivs.
The regults of these sxperisents show that, by use of the crdinary
eanmalad it gesla, thig ponld be dome 1T g definibe procedurs
wvags Tnllowed. The procedurs oublined Ty Mr. Stewerd was to pluce
the stals held in o reorpendipuidr gosition, o =nd pear the esnter
of the weir cresh with the thin sdge cubting tie water; then sud-
deniy turning the Uroad side sgelost the flow of wuter and aobing
file halcht o wadsh the water rose on the scelp. The discharps
Zivan by the weir table for this ftotal hesd wus Jownd to be ver
miearly scourate.

in 1921, Mr. Steverd mede snebber sezdss of tests copeur-

rently with wveber reesurements on tie projecti During these
stur_.-.,ea thers was designed a eet of five secales mounted on riders
dnd _;-;.Ez interchangesble go that they covdd be operaied o a common
stand. the lower turt of which wus also 2 gesle. Tese scales had
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diffarent eross sectioms, narely: gtreight line, V-shoared, = champesl-
iron shepe, & segment of & lsrge circle, =nd o ssgment of & smadl
girele. These sceles were used to determine tle veloeity head of

the moving water. The method used wus o set the bottomt of the shafh
on the weir crest with the flat side in ilne with the waber flow.

The height ob shich the w2ter cut the scele wes noted. The rider

wes then moved down watil fhe end was well under waber. The posi-
tion at widch the weter rose on tis bags of the sezle wes poked as
before. The sobtusl Hesd o the weir plus the veloceiby head wes thus
determined, wnd Yy use of Hiiis bead, the ordinsry tables for the weir
dischares could be used with & f2ir degree of zcouraoy.

soparently, e, Shewsrd took no stens towerd putenting
the process, his only wish being to mele svailuble Lo the users
sor2 simpls method of messuring the woter through weldrs that
had been conbomineted in the pool cortion by weeds, ete. r. Btewerd
did eonclude 3het the stenfowrd enamel weir seals 2-1/2 inmches wide
=nd 18 inches long would be most useful for this murpose. The
shape of the other ecross sections was such that they conld not be
used without a staff, and with the staff they wers toc complicated
for gonersl ues by the ditel riders. It was found thet velocities
between 1.5 snd 5.5 foet por gecund could be messured with g fair
dagrae of scearacy by this method. Iawer wvelceliies did not give
znough change in 2levetion of water surfuce for scouraile Yeadings,
and greater velocities gove oo grest & variation in the sgeosle read-
ings eaused by the slight but ropld changes in the welpeity of
the water BoversnG.

Reforeaces to M. Steword's work moy be found in Dulletin

Eo. 127, dated Jopuery 1922, of the University of Idsho Agriculiural
Exmarimont Stetion. The psmpilet is titled "The Messurement of
Wister, A Hendbook Tor Diteh Riders and Weter tisars” by W. G. Stewszd.
Angiher referorce may be found in Reclamation Record; June 1921, page

76, title "Busy Mothod for Determining Dischurge over Velrs Having
Valceity of Agprozeh” by W, B. Stewsrd epd E, H. Coffin, The most
complete record of Stewsrd's work is contained in "Report an the

Use of Verious Forms of Scales for Messwring Velocity of Approsch cver
Weirs ond for Meldng Stream Veasurererts" by W. G. Stewsrd, Asslistant
Engineer, Boise Project, Idaho, 1922. (This report is In the Burean of
Reclametion Fecords in lenver; Jommmnications and Records. File J1O.
Boise. ) -

incther surly development of ¢ similer bype devices is
vaported in Olvil Baginsering, November 104k, pege 475, under the title




"Veloeity-Eezad Rod Calibrated for Messuring Streanflow” by H. G. Wilm
and 0. €. Storey. In this ertiele the muthors state that a depend-
zble, wyet chesp and rusged pessuring stick, had besn developed

several years Dreviously, af the Son Tiees Epperivental Forest in
Southern Celifornis, fo Tacilitsie the caleulution of discharges from
moambodin gireams, A desoription of the device and some tables indiess-
ing its sgcourascy ere ingluded in the srticle. According to the suthors,
the instrument used by that organdzsiicn has an secursey within sbout
Plus or mipps 2 percent. If 1s not kbnown whether or not this devies
wes aobuslly developed prior to the work done by Clousern end Piores.
apoperently no patents wers soplied for on the velocity-hesd rod, mnd it
wag reported for use by the gepersl puhlic.,

In regerd to the Clausen~Pleres weiyr rule, the subject
of this memorandum. the messuring device is the invention of
I. H. Cluusen and R. A. Pierce, both of the Salt River Vellesy Water
Users Assoeisticn. A vrisf deseription of the ruls, as developed,
appeered in Engineering Wews-Reoord, Volume 95, Ho. 21, Hay 27, 1985,
sege 850, This description wes of the single stick which required =
Pree-flowing welr and wes gradueted o give moet asccurate resulis
with Cipolletii or weirs without end contractions. Western Constructiom
Yews of Avgust 25, 1928, omge L2L, eorries o rother complete deseripbion
off the weir rule as developed by #r. Clansen and Mr. Pierse, This
erticle also gives some of the baclkgrownd of the developmEnt.

Tt ezn be nobed from the laobther srileles thet the wir
ritle w=s developed for defindte types of dnstelletions. &5 stuted
in the erticle., most of the struckures for delivery of waisr on the
project haed o stendard widkh of L feet. The discheress ranged frow
1/2 secemd-foot to 15 sccond-feet. The firsi devics evolved was s rod
5 feat long, 1-1/2 inches wide, and 3/4 inch thick, predusted on the
usatrews foce,

t was ghated that this rod gove vory good resulbe when the
Lfootb-wide struotme was used. When the widih of the welr wes
reduced, resdings vere a litile hish, bub ever ot o widih of 2 feet
o under, the error wos less than 5 percent. On lengths of welr
evests grester dhan 4 foet, the errcr became almost negligibla, as
ghzbed in the arbleln.




Esrly in 1945, the Design Division of the Bureau of
Heclepmtion requested the Hydraulic Laboratory to investigete the
uses of verious messuring devices for Getermining the flow through
2 lagteryl having o twrnout capscity of 5 second-faet, fmong the
means investigated for measuring the dischsrge in this Swmout wus
& Clausan-Pierce wmiversal weir gage. The resulis of these studiss
are reported in Hydrauwlie Leboretory Feport FHo. 200 of the Buresu of
Reclemstion. The conclusion of this veport stutes that "on the hagis
9f the dsiz cutained by this lsborebory the Clausen-Pieree weir game
cannot e rzeommsnded Tor witer subdivdsion opn Burean orojecss with-
ous palivrablon in individusl structures. It appeers that the gege
is not as widely epolicedle as the compeny represencs it for acewrste
mmosuremsnt of weter. The gapge wndoubtedly has a nuriber of dishinet
advanteges, and iF calibrated =nd used in indiwiduml structures, should
glve resulis equal in ccouwrsoy to other more cunbsreome bub betier
mcognized methods of measurarent.

fnother reference 1o use of this device by the Buzesu
of Reclamation may be foumd in Buresu of Reclammtion Region 3
Chino Velley Project, Arigoms, Project Plarming Repor: Ho. 3-88.5-0,
Appendices, April 19LE. Page 55 of this repors gives soms comperative
figures cbtelned in the Chino Valley Irrigation District with = rented
Clausen-Pisrce weir shick. The tsble on this pare shows thet there is
o wide renge of variationg in the figmures. Whether the diserepancies
wers brought cbout by errors in the messuring device itself o by
improper nse i3 nol easlly determdned,

In regaxd o the pse of the Clausen-Pleres w=ir rule on
Buresy projects, in S thkere w=s correspondence between RBegionm 3
znd the Jenver office rogording rental of a linited number of the weir
mas Tor use on the Glle Project. 6 is not kmown whethor these
rulag were sotuclly purchased or lessed et that time or not, The
subject wes ogadn opened in fprid 1648, und s letter wss seat to the
Regiopzl Director; Boulder City, Nevada, stating thet this offics w=s
not In & position to endorse the uss of the rule. However, the nro-
Ject muy have purchased some of these rulss st that time.

It hns zlso Geen reported that there sy be b least ons
Clavsen-Pierce weir rule in use on the Anpesturs Project in South
Deleoba, Other fhan these btwo possibllitiss, ¥= heve no record of
toe welr sticks being used on Bursen projects.
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fhen Paul Xeufmuny of Isrssl wes in the United Stetes es
=n FOA gbserver, he bLecare interesied in this measuring device.
Upen completion of his field trip, he retwrned to thiis office and
inguired regerding the sddress of the company monufeciuring these
instruments. Appeyently, the gddress given him was incorrsch, and
be later wroke secldng corrscied information. This wea suppiied
4% & luter date. IL is pot known whether he has medes arrongemsnis
To porchase bhilg type of instroment or nob.

In ¢ letter of Merch 22, 1956, the Kings River Water
issopicbion st Fresno, Californis, regquested thet they he supplisd
with & discussion of the meriis ond faults of the Clausen-Pisrpe
weir rmile fory mpesswring weber with the degree of acowrzcy com-
perzble o that obtained by & Fershizll flame, Vepburi tube, o
current mier. The renly, dated April 6, 1855, was signed by the
Asgimgtant Jommissloner and Chief Engineer,

Gther verial inguirles bzve been reesived in this office
from time to Lime.

Whern fam Tavssn returped from & foreipn assignment to
4 posltion io the Division of Irrigetlon Operabtions, he iInserted
& note in the propossd prograa, coptained in = memorandum Irom that
division and the Cansls Brench that the Clazusen-Fiereoe weir Tuls be
nede a gubject of study in the proposed sy peasureroni nrogram

It msy be noted from the advertising medie furnisied by
tha compeny that the earlier brochurss sere fillsd with conslderzhble
rropagends eoncerning the uge of the rule. The plebuwres and
parrative indicate that it mey be uvsed umiversally in streams snd
mey obher types of structures wikh a hish degree of sceouracy.
However, the new brochures furnished this office as & Tesult of the
inguiries made by Panl Heufmanm emphesisze the use of the rule only
on shanderd weir structioe=s of limited width., The new broschurs
states that the weir rule may be used foy accurate measurszents in
free-Towine wirs, in submerged welrs; and sunressed snd con-
tracted weirs, providing the weir stzuctures are more or less standard
deglgn snd of limited widhbh. It is quite probsble that, with this
lirmited use, or, rather, thst the use of the ipstrument limited to
thase pore or less shanderd structures, =y glve much betfer results
than those cotained greviously.

In summarlzing the informsticn avellable on the Clausen-
Piares w=ir rule, the following comments are pertinent:

1, As g result of the brie? fests mede by the Hydreulic




Leboratory of tie Bureau of Beclamation early in 1545, the
g8evigs was not rseomendsd for uss in Burean prajects becouss
of the discrspencies found in the tests., One series of tests
was made in & rectangular channel -3k inches wids., The

weir sill consisted of & 2- by 6-inch timber turned oa edge

so thet 1% formed o Dully suppressed weir., Four rmng were
made with this weir subperged. The cheervetions by the weir
rde ranged from 6 percent to 17.5 percent grester than the
discherge indicated by the lshorstory Venturi meter (for ao
disehargs of 3.50 efe). It was found to be iupossible to
narrow the divergence of cbhserved values, prineipally beosuss
of the small drop in waier surface and the srratie purgings of
the waber surizce. With s weir counsisting of two 2- by 6-
ingh $imbers placed oc edge, one oo the obther in the gare
chamnel , the observed discharss with the ruls wes from 2.8 3o
19.7T percent grester then thet indleated by the lsborztory
Ventwri meter for & discharze of 3.5 ofs. Over = weir consist-
ing of three 2- by &-inch timbers placed on odge in simiisr
faghion in the same churmmel, the cbseryed discharee wilh ths
rile wos from 4.5 to 13 percent greater than thet indiceted by
the lsborastory Venmturi meter at a discherge of 3.854 sescond-fest.
The rule was also nssd on e Zl-ineh suppressed 12 gage metal
ywaiy diseherzing wder Tree 21l condlticns. The chserved flow
varied from 4.1 to 12.2 percent greater then ihe Venturi mster
indicated for flows over o rengs of from 1.15 to 5.25 efs.
There was no Gefinite pattern of error with the veristion of
digeneresss. Thege tests indicated thet gresiesr soourzey migbt
be obtzinshle with o free overfall orest or with a very definite
and appracishle drop in weier surfoce scross the welr then with
the submeresd condition.

2, The field use of the instrument in the CGhino Valley
investigetiong Iindicates thet the xrule mey be of duestionable
valye ng an securste messurivg deviee.

3. Judging from the informution in the brochures, it 1=
sossible that the manufasturer now concedes that the yule cannot
e nsed miversally but is limited to certein types of structures.
Tris 12 in sccordence with our findingg; anamsly, thai, by the
gensr=l paturs of the calibrastion of the Clausen-Plerce welr rule,
it 15 szern %o be impractiesl for eccurste use Tor such g wide
variesy of weirs as moy be expected on irrigstion weter distzi-
tubion works. Tt is ressonehle fo exmect that 2 weir gems of the
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Clausen-Plerce type cxlibrated on & pordleular type or style of
weir, submergzed or iree ilowing, would e ascurase for any weir
of that periicul=y type and setitlng. Howewver, the degree of
submergence, wetsr surface drop, Eppronch conditions, inelnding
velopity, contraction, eie., affect toe eslivraticon. Thersiore,
Ghe rule moy not have a hign desree of sccourscy for widely
divergent spplications.

L, From the zveilsple informetion and without benefit
of axhanstire studies, it can only be assumed thet the rTule
should not be cecepled os an scourste messuring devics. In
view of the Pact thot there appears to be a peed For sdditionud
work on this type of deviecs, it would seem that Larsen's
suggestion that it be ineludad in the water mecsurement program
is in ordar.

5. I believe that considersbly more work sust bs done
ot thig rule Lo determine ite acenracy. Tn plaeces, 1t might be
gpmlicatle to = considershle pertion of cur msasuring problems.
If the rule copld be used to determine velseity of spproach to
& welr and this spproach velocity hesd added to the hezd as
moasured ot the weir and included in the discharge as determinsd
from the tables, then our measurements could possivly be made
more aceurste. This, of course, should be verified by further
work on the instrument.




