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Introducﬁisn‘

Abtontlon was gilvon to tho aattor oi‘ neasuring thoe azount
of divorsion froa the Arkonosas Rivor al Mueblo, Celorado, ab
a tmnﬁ.ci;ml wator pupply for the South 3ide Wabor Vioris ox
Public Vator Vorks, Dlatricht lo. 2. Tho problen of nmeasuring

~the £low had beon ono of long standing, poriwps ovor tho past
70 yoows, thad tho walor company has boen using xmi. @ fron
tho rivor undor a docrood appropriabion whoro tho noasurenond
of tho rato of {low was unsabisfacltory. Tho channol loading
»om tho dlverslion daa in the rivor ia of concrete, five foeol
wide, oight foob vertical walls and of flat grade. Tho vauo"
13 doliverod into tho firel or primary soltling basin which
i3 ono of sovoral that constitubtes tho storage that gunplioen
the punps wahlch dolivors tho treatod walor into the eibvy
malns. 7Tho problon was coxplicatod becauss of the varlation
of otagoe in the rosorvoirs, changling stagoe of tho flow In tho
rivor zmd tho £1lling and scouring of the sand and mad dei;osiﬁ
in tho supply chammol, Ono of tho opgonbial oritorions bolng

a ninlzes loog of hoad In woasurling tho flow.
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Sevoral pra al measuring devicos woro considered as
means of solving the problemn. The variation in flow from the
priver ¢ nay ronge {roa about 10 sccond~-f'est a3 a'ﬂlnigu* to a
maxicmg of epprozinmditoly 50 seccnd~fect. Tho veriatlon of
. tho stago of the sehtling basin is about 2 feot., The venbturi
roter, typos of wolrs, ori?i~33; the meaguring flume and O‘ﬁcr
schenea of measurcasnt wore Investigated but because of the
irmposod limitatlions and variatlion of flow conditions 1t was
finnlly doclided t“au a radial gate of substantinl radius
would best suit tho situation.

Tho following pagea describe ths theory, design and
building of ths spparatus, installation, cullb‘ﬂ+:on and

operablion of tho oquivmonty.

Thoory
Tho principlo of measuresont is basod on an adjusiableo

orifico where a consbant difference in head of €,10 foobt ia
_maintained subomatically by moans of a floab control. Since

Q = AV then Q = CaA\/ZgH = CA £.02\/0.I0 = CA 8.02x0.,315 = 2.53CA,

For dosigﬁ purposcs tho coaffiéiont of diacharge, C, was

taken to be 0.565 glving tho law of discharge to be 4 = 1.65A.

Thig relation showa the flow to be dirsctly preportional to

tho gato oponing. For the gate abt 1 foobt, channel width

5 feokt, tho aroa, A, will bo § squaroe feetb aﬁd for a difference

in hoad of 0,10 foot the discharge will be 8.25 sccond-Tookb,

As was laboer found by actual flold tests the value of the
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coofficleont ranged from a niniza of .7h5 for a discharga of
8.6 socond foob Lo a maximwa of L0881 at L2 seeond-root.
Thias varlation of the coaf”'c*ont was adjusted through

liscussed

o

the design of the proper rocording chart as wlll be

later.

Doslign ond Dullding of the Apparatus

A prolliminery dosgign was prepared for a light wolght
radisl goto to operate In a chunnel 5 foel wido with vertlical
sido walls. This dassign was subaitbod to the Thomnson Pipo &
Sticel Co. of Degnvor, for deotall plans and constructicna, fho
gate has a radius of 7 foeb, curvod gheot face and light
welght angle iron radlds bars and b“acgug and is of gubst aALial
construciion. The tobtal wolght is about 279 1bs, To provens
floabling debrls from wedglng betwoen edges of gate and face of
‘walls a thin plladble rubbor sheot, 1/3 inch thick, was abtached
to the gate to form a sorl, Sinco the pressure hoed is only
0«10 foolt tho rosistanco to movemsnt ¢f the gate i negligablo,
The gabto is mounbed on a li-inch sboel ghalt, ball bearing
golf aligning pillow bWOcna attached to walls sorve as su3oorts.'
The gate is ralscd or lowered by mesns of two hizh tensiloe
strength 3/l§§1nch salvanizod steel cablos wound on QPUOV“d
drusns turnod by an clectrle mobor. The lowor onds of ou blos
are atbached to the botton edpgo of tho gate abouds 10 inchod 1in
from tho facs of the channel walls. The vute cloaranco i3

sbout % inch at oach side.
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3
Two floab wolls aro locusfzé adjacont to the channol
whara tL.a Tia woll hag an 1) .=inch inle t pipe reaching to a

polnt up sirean froa tho radial goto and tho I woll with a

Bintilar inlet to a point dowmasiromn fyon the gate. The two
floats aro ow gallon pobtory whilsloy Juss go selocted to

provent corrozicn of copper o bLirass floata. Sultadbly mounted
on the top of o cabinot covering tho two wolls 1 tho elocirle
cal floab eontrol that govera the nmovonent of the radlul gabo.
This instrueacnt consisis of two 3/C-inch brass tubes thab
gorve &z shafts, ball bearing mountod, and each caryrios @
apmcheu whicel that engagoes tho brass laddor chaln abtachoed

to tho float, JSulbtabls countor welyits balance the position
oi'. rotation. AL the innzr ends of the two shalbs is provided
tho oloctrlecal conboct meochanina. Attached to the D shalé ig
a S-inch maliogany dislk having a l-inch fece and gt the ond of
the o ghalt i an ara that carrios bwe sllver conlact polints
pacoed 0.075 foob apart. Whon in noutral positlon theso bwo
gontact points are 0,005 foob romoved from the sialnless siool
onds of tho inoulated glyrlps mounted on the faco of the S-inch
»diszz which are 0.10 foot apurt. Yhoe two sllver COT’ttlf’CLB BOVO
ovar a ploes of glags curvod to the radlus of the diglk, Proa
tho conbtact ara is aen inaulaboed o, 22 copper wire, A,
throadod through ths Ha bellow shalt to tho oubor ond a.nd
wires B and € ero thresded tixough the b shaft end abtached
to tho two independent astaeinless stecl atrlps on tho disk.

mmn tho dlf{f'ozence in hand betwoon the wateor surlaces

SREAN



P
uwpsbroan and downstremm from the gate. ig 0,10 fool, the
roaspective floata turn the syabon to a noubral positicn for
That pertlicular rale of digscharge. On oach sprocket shafi
is nounded a S~Lacﬁ disk, l-inch faco, that carriesz a brass
ribbon, onanoled whibo, and graduated in blagk in fect, tonths
and mndrodths of foet., A fixod indox peint I1s mounted on a
post along slde the disk. Those scales tndilcate tho deptha
of wator above ‘h 5111l of tho gate on ocach side of the gate.
when in noutral position the roadings differ by 0.10 foob.
Tho bage of the insbrument is of mahogany sbout 3/h-inch in
thicknoss and 7x30 inches in plan.. A sponge rubber seal is
provided around the base upon vhich rosbs the cover that hus
a pane of glasa ab tho Yop Vo poralt full view of the 1nsb~unont.;
The float conbrol olocirical elrcull i Eh volis, AC, provided
by a tra?afonaar located Iin the maln conbrel panel,

The source of powor for thls Installation 1s a 220 volt,
3 phase clircult inlo tho conbrol panol &3 showa in the acécn—
panying ring diagraa. Plgurse 7 shows tho control panel with
doox of c¢aso opon. Tho tiner is tho inal waont at the right
side, GE bype with glasa seal cover. The float control circuits
terminaste in this timer which contnots every 10 nimies for a
duration poriod of 15 soconds. Should the Ma flogt bo 0;01
foot high oy the Hb 0.0 fool low thé sllvor contact will bo
on the appropriate stalnlass sbeel strip to comploto the
cireuit. Should the Ha conlaet occur, say h.minuaos aftor the

timor passed tho zere btirw, end remalng in this positlon to th

N
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ond of the 10 minuto poriod, the eircult i1s thon complotod to
cause the % IIP motor to rotate for 16 soconds to 11f% tha gabo
Plrough & serles of s;:c'ecl vreducors by eboub 0,0l foob. Siﬁco_
the differenco in hoad ol tho timo of conioct was 0411 fosb .
this incroaso (in tho gate oponing will fend to lowor the uppor
hoad. If this chanze is sufflelent in emeund the Ha floab
will dro.p and opan the consact Lo neutral po'sit.ion. If this
adjustaont Ls not enough end tho float conback is stlill
touching tho stalnless atesl sirip then whon the timer a:;ﬁain
‘complatons the 10 mimuibo intorval the gave will be ralsed
anothor incromont of oponing. Should thess t-s.-'o. upward novo-
mﬁts ef the gate prove to bo too much thon the difforaonce in
hoad may sotile down to 0.09 food and the opposite floak
condact will be comlobed to caouse the motor Lo vobate in tho
oppoaite dilroctlon and the gato will be lowerod. é’&wn tho
appabatua ig undor avtonatic conirol a change of tho rato of
flow from the river may ocecur op the wabtor surface In the
primary setitling basin nay ‘c}mngo'dzlo to tho puming demand
for ollty distridution or posslbly increasing Ib hoad causzed by
nore wvator enbering the basin than is withdrawn, These change
ing eondltlong are autonatically adjusted as roqulraed by the
float conbrols. Figure 0 shows tho control pansl with the
_door £ tho case closcd., Hore at tho contor 1a a handlo .
poinbing dowmward to signify the anparatus is in automatle
oporation. If In the eveni 1t is requirsd to dininish tho

flow from the rivor by, say as ruch as 5 socond-fact, the

N



7
oporator will close the hoad gats to thie oxtent ho estimabes
to be nocossary to roluce the flow by § socond-feob. He then
movos thie handle on the pancl caso to the left or manual oper-
aticn and in doing so tho iimsr i3 cub out of clrcult and the
moter will oporate to lower tho gabe to the roquired opening
for the reducod flow. To bo doscrlbsd lafor is an inaiiéztbizzg
| dlsk wvhich poins oub the actual flow bolforo the change cf th
head gabeo occurred, asswis this to bo 30 second-foob., The
namial oporatlon of tho motor rotntes this disk until the
Indication i3 25 socond-foab. Tho operabor then Hurns th
handle o autonstic and finally tho {loat conbrol will adjust
the gate. to the propor poaltion wvhich nay be nore or less
than the discharge sought bocause tho operabor only cstiaated
the amount shut ouit by tho hoad gate adjustment. Tho mamial
operation 1s a matber of conventonce. The nubonatic control
would In a course of several adjustments ab 10 mimbe
intervals catch up with the change in discharge whoress vwhen

noprabod the aprroximato gate soiting can be accon-

-

manally o
plished in & nmoatber of a fow mimbes. Should 16 be required

3,

to adalt more wator fron the rivor than for mamual cpsration
the handlo on the door is turned to tho right.

The moler thab opsrabes the radial gate can bo reverssd
in rotaltion by relay conicets in t‘aze.cont’;rol panel., The
mobor 1a {»;oa?oé down by a serles of reduction gears to tho
12-inch steol shaft that carrlos the cablo drmuss. The wolight

of the gato is sulficient to keop the cables undeor tensicn ab.

q'N



6
all positions thus the gate wmovenent is vory poaitive.

Four Yong 5/0-inch threaded bolts anchored in the frase
of the motor asscubly sipports a platform over the mechanisa
upanAwhich is placad the recording insbrument. The chard
eylinder is Gurned by means of a 2-inch round loathor bolt
dérivon by a groovad pulloy on tho drum shafb, Any movenent
of tho gabo casuses tho chart eylinder to rotaite throuzh a
sories of small goars to such positlons of dischergs ag
indicated by the gate opening. The penbleck is moved to
the right by a horizontal threaded 3/0-inch sbeol rod whoro
the block has two split nuts, 20 threads per inech, thatAtidea
on the top of the threailed rod. A small 220-vollt telecghron,
ratio 1 to 10, is gesred to this rod at one end. The rod is
provided with ball bearinga. The chart is designed to cover
8 full days in time horizonbally end for discharge ranglng
frona zero to sboud 50 second-foobt vorilecally. 7The nominal
oporation is confined within 10 to 10 second-feet, © The chard
eylinder 1a mountsd on a bross tubo and ab tho right end 1u &
nurled thumd mub that when tightoned lociza tho eylindor to
tho goar that 1s turned by tho small leathor belt. Vhon the
nﬁt is roleased the chart cylinder may be rotated freely o
any position, 7o change tho chart the pen block 1s lifted
off the threaded rod and sed aside, tho lomurlod mat is
loocsoned ‘ard the eylinlor rotated to have the long spring
clip that holds the chart at a convenlent setting for hand-

e

ling. topy bhe new chart is in placo tho cyllinder is

;N
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robated %o approzlmstely the corrsct posiltlon and thon the
pen bloek is sel on the threaded rod abt ths correct tinme and
then tho cylinder turnsd to show the pon abt the correct flow
as lndicabed by the discharge disk. This accomplished , the
lmarled b nut is tighbtened to stari ancther wookly record.
Sinéa»tho pen block is wmoved by ths telechron the $imo of
travel for the woek 1is probabiy within an orror of a couple
of ninutes and falluro of %6 opesrator to remomber to wind a
clock drlive is eliminated. Since tho mc%enant of tho c¢yline
dor and pen d&rive are poaltive, the Instruaent is capadble of
turning oﬁt a perfect wookly record. Tho rocord}is scribod
in rod ink., 3808 gensral drawing for instrwiont debails.
FPiguro 6 ghows the upsirean face of tho gate. AL tho right
is shown a short piece of 3x3xi-inch anzgls bar wolded to
VOrtical roof suppert ab one end and to ths 7T-~inch channol
that supporis thé cablo drums at the olthor end. The top
edge ol the bar is level. The bar is sel such as to have
the éato cloar within about 1/3 inch. The.top polnt of tho
gats may be elthor gbove or bolow the edge of the bar. This
élstance 1is obsorved by a scale in Iundredth of feot as a
dlrect measuroco of the gate oponlng and since tho rate of
discharge 1s directly proportional to the arsa unior the goale
thon tho scale reading 1s likewlso prcpcrtion;1 to the
discharge., On the door of tho chart cabinot 1s & plotted
curvo. Tho base 1line on this chard is horlzontal midway on

the verbical axls and the dlscharge In sscond-foct aa ths

N
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abscilzsa. The plotted calibration curve aswsops wyward to the
right across the diagram at a liboral scale. The use of thls
alagran is quite s'lec The scalo veading, Lip of gate above
or below the index bar, whon appliod elthor above or below Lh
baso line of the dlasrem, shows dirvectly the discharge through
he gate. This simplo schowe peralts checking easlly the rate
of flow as shown on the indleabing disk and then to observe
that the instﬂu“anv record is in agroemont. This doterain-
aticn of the flow will bo corroct when the ﬂa and Hb dcpth
taaes en the float conbrol instrument diffor by 0.10 ;OQL.
ho pic ure of {the ubduﬂetﬂ face of the gate alszo gshowy
g vertical oxtonded accessory thabt sorves as a trip for tho
init swlich Vo prevoent tho gate {ron Lelng lowered to
~completo closure and possible slack in thoe 1ifting rb}
likewlso a 1limit switeh conbtrols the movonent of thoe gate ab
a safo linlt of oponing to W“QV0nt the possibility of unduo

Venslon of the cablog. Ianual oporabtion of mobor peraliy the

e

o

gats to be ralised well abcvo tho wator gurface o neced ico
conditlons during the winter months when tho gabe 1s nog used
for flow moasuremants.

The oquipment is housed In a substantlal conerete block
shelber, gravel-tar roof, concrote floor and motal sash
windows of maple size for lighting. Klectrle light inside
and undoy the canopy over gate for night operation. FPronises
enclosed with 6-foot cyclona wire fonca, nnd padlocked gate.

Sco Plguro 1 and general deawing for doballs.

=N
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Analysis of Calibration Data
The only pracilcal mothod of callbration avallable was
throu«jx the a;:splicatioz{ of current msbtor gagings, made in the

-

the river talzen both upsbroam and dowmne

stroan from the radial gate imsm lation. Tho u;m"** an

supply chamnel {rom

neasuring statlon waas at a point whoero the width of the

e

sochbion was 2.5 foob wiliile and gbous b foos deaop, concrstie
vortical walls and amooth level floor. Tho dowasiroon stabicn
wags in tho concrai:o chamoel, S feot w;i.do, 8 feot doon, fir
rud and sand bottoa, The 0.4, 0,2 and 0.8 dopths of velocity
nmeasurcnonts werc uscd as the mothods of gaging.

Apponded i 15 table 1 showing the expe wmtal data., AL
tho time each gaging was nade, carsaful notes woro talen
ghowing the roadings of the Ha and I depth tapes on the
float contrel Instrunent, nositicn of gate, time of obszsrva~

four obgorva-

(g

tion and othor pertinent Informabtion. The firs
tions, A-~D wero btwwen as Urlal tosts to fool oubt the apparabus
and no grsat depondence can bo placed on thoso observatlons
becanse tho acheno of detarﬁminﬁ the gate oponing vias
devoloped labor x;nci for this reason considerable adjustuoni
in ga‘cé arca was made to accomodate the flow doteralned by
the current mobor gaglngs. For roascns not apparont obsorva-
blong 19 and 20 show gross irregularities in agreomont vitn
the plottod poinbs of the data as a whole, For thozo tests
tho gaginga wore mado in the narrow u’pstroat; channol sogtlon

for depths of about 4.9 foot. Tho flow as detormined by the

N



12
curront mober, 0.2 and 0.8 mathod, was Lh.2 second-foobt pgiving
a mean voloelty of aboub I feeb per second, JT% is sugpoctod
that gagings nade in aiéhanncl whoro the dopth isa twice tho
width tho indicatod dischurge 1s considcrably aore than the
actual flow. Tho offoect of the losaoned voloelity aléng the
walls of tho channel 1s proportionally proater than for a
convonsional sochion where the width is twico tho dopth. To
corroct for this reducod velocity requires aboub 15 por cond
correchbion in the observed discharge. Docause of the uncor-
fainty these two tests hve been digreogarded in the final
eanalyoais. Ib will be noted in the table that for btosts 19
and 20 the Ib depth 1z o ninimum. Careful analysls of the
oentire gsobt of data does not indlcate thabt beecauss of tho
minimun depth downstrean fros the gate is tho roason for the
wide d13C?egancy'botwaoﬁ the current metor moasuronsnts and
the compubed dlscharge.

Two egusticns were talen us'tha law of flow thrcoush the
radial measuring gate, namely ¢ = CA\/ZIl and @ = 1.50 ALel2,
thoe latbtor Jevelonsd as the apprexinabe moan ecurvaed through
the plottod dale points. The valus of € boing dorived from
the combination of those Hwo equabiona. The coeflficiont O,
showa in toble 1, varics from 0.7h5 for the least measured .

discharge to 0.881 for tho maxirmm flow. Plgure 13 shows tho

" varlation of C for gabo openings from 1 to 25 square foob,

The gato arvea A was debormined by arplying the gato scalo

obaorvation 4+ or -, that ia, whore the tep point of the gate

N



13
is above or below the top edge of the index angle bor and
applied to the diagram, Figure 1. This distance is measurod
by mouns of a porteblo scale, M a means of cheeking th
dischiarpgo ot ain;-,r tims 1% 13 only requiroed to neasure the
voritical distanco, with the portadble scale, botween the %op
point of the gate and tho btop cdge of the index bar and apply

=

this chacrvabtion to thoe diag;*a;:;, Pigare 15. A copy of this
dlagran 1s posked on the door of the charb esbinab shown 1n
Piguro § for roady rofe *'éncs cf ﬁisc&szgd.

<

Apponded 1s the drawing showing the arrangomont of the

inatallstion snd dotalls of the float control instrumont,

rocordlng Instruzont and othor foatures. Also the wiring
diagraa of the cloctrieal conirol pansl and copy of tho

rocoxd charb,

(q
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Tho Puoblo Vator Diastriel, Ic. 2, provided tho funis
csvgz?ing the major itomm of tho tnatallaticn such as tho
iné-’f,z%mm asholber, radial gato, wobor equlpmont and conbrol,
labor, and olthor ib%oma of axpansa, through the 103t copdinl
cooparabion off Suporindenlent Pred Dunlap.

Tho necessary filald opglnsering, desipgn of sholbor, ard
othoyr rogulred asslisbancs rolabing o the inatallablon of tho
dquigmn& wag provided by 3. Fe Tlliod, Congulbing Inglinoor
and hds odalf, with officoes sl Pusblo. '

i 11" 18 raa by v 72l v 1% 3 2 3
.., bR curront weber gepinga made £or callbrating th
Y % - e N ea e w b2 PO S T . T &4 P R A SO A

nonsuring gabs ‘wivs wade by Ly 2. Durfoss, Chiss Mydroprapher
of {he 3%ato Imgineerta Cflice, Denvery; Colorada.
Tho export gsalstance glvon by the woechanics and othora,

eaployod by tho Valer Company, wad groally appreclaled,

#
>
<@
> *, . - . ¥ vl £ @
2. Ficzt ewm sabs Lo grathiniod wiils
& SR Y S T T 1 : St
i 2 On '+_iE’:r (72 8 * 5 M Qp | % WA 17,
o 1Y 2 3 . i } i
8RuYyd (83 gLil il } v .
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Pige 1 Instrument shelter house showing adjacent concrete
~lined suoply channel. At the left corner of building
note the Index bar attached to roof support.

Py S g P S e e e T

?ig. 2 Float control instrument. The gradueted white
tapos on disks indicate the water depths, Ila and ID,
above the sill of the radial gate.

TN
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Fig. 3 Float control instrument, with cover in place,
- mounted on cabiqu.

Fig. L Recordiﬁé"instrﬁment mounted on platform above motor
assembly. Discharge indicating disk at right.

C
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Fig. 6 Upstream face of measuring gate. The projection at top
of gate serves as the trip for the limit switch. The other
trip is on face of gate submerged beneath water surface.
Index angle bar at right of gate.
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Fig. 7 Electric control panel, door open, that regulates the
movement of the radial gate. Wiring diagram appended to report.

N I
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Fig. 8 Control panel with door closed to show handle for automatig
and manual operation of motor. Chart cabinet at left. Index bar
scale~-flow diagram posted on door of cabinet for ready reference

to discharge.
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Fig. 9 Shop assemblY to show motor drive and recording
instrument, also l;-inch steel shaft with cable drum for
gate 1ift, 3/16-inch high tensile steel cable.
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Fig. 10 Shop assembly to show motor drive, recording
instrument and discharge indicating disk at right, also
%4-inch round leather belt drive that operates chart
cylinder. One-gallon whisky pottery jug float at
lower right.

N
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Fig. 11 View of float control instrument showing lead
wires into hollow shafts, depth indicating disks, index
pointers and sprockets for No. 2 brass ladder float
chains. Center disk is the contact mechanism.



xs

R o R i e S M2 5 v 20 oo Wi

Fig. 12 View showing lead wires to contact plates on
disk and the movable block at top, silver contact
points, operated by the Ha float.
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