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I. IJffllODIJCTIOR 

Grit ohaaber•• or ao• other type ot grit oolleetion 

are n••••••ry tn eoabined sewer ot 
the large ot grit laden runott that ta usually 
aaaoeiated with Al••• appreotable ot grit 
•7 be touad in aewera. grit oo• 
•ny aouro••• aoa ot whieh area water bath-

and whioh entera •••••• through open-
1aga and Joint•• waahinga and 
and tr• unutaotur1ng proee••••• 

ot grit in advanoe ot and tNat•nt unite 
prevent• wear ot the uohln•py ua•d in theae •nit• and the 
unwanted aoounlat1on ot i11110vabl• grit depo11ta tn ••t-
t11ng tanka and Thia removal alao 

the handling ot aludge produeed 1n th• varloua 

treat•nt ,roe•••••• 
Channel type grit tor the reaoval ot grit 

••wage ar• to eaptaure partiol•• 
,o•••••1ng a apeettied aettl1ng oharaotertat1o and to paaa 

tho•• partiol•• •re ••••• .. tabl• to aoour. The grit ea .. -
tured by grit la •••ally in eolleotton 

tor wh1eh little intormatton ta available regarding 

d•atgn Ideally. th••• would po••••• 



-6-

hydraulio aeour charaoter1et1ee a1m11ar to the prevailing 
oond1t1ona in the ohannel ao that grit would 'be eolleoted 
eeleotivel7 without by lighter traetiona. 
Th• obJeet or thia thea1a ta the 1nveat1pt1on ot the 
etteet ot geoaetry on the pertoraano• 
or grit colleotion troughs that aerv• to oolleet and atore 
grit captured by grit 

Data tor this 1nveat1gat1on ••• obtained by uaing a 
grit or •rine plywood and interehanp-

able pleziglaaa Enough plaatie trougha ••r• 
ao that oompariaon etudiea oould be or each or the 
tollowing raotoras upstream alope, and 
depth to width ratio or the trough. '!'he ••• 
deatgned to aettle a 0.1 •· partiole. An adJuatable 
weir••• prcw1ded at the diaeharge end ot tbl grit 
to euble independent 1nveat1gat1on ot depth and velocity. 
A pertorated plate waa alao plaoed in the portion 
ot thl channel to atab111se wave etteota. 

The r••••reh prooeduN oona1ated ot the addition ot a 
known quantity ot aand ot apee1t1ed a1se to the approaoh 
obannel ot the grit and the quantity ot aand 
reoovered waa aubeequently atter eaeh ezpert•nt. 

'1'be aand ••• by aiphon1ng 1• ta 1ta aubaqueoue 
etate the water tilled tro\lgh into a graduated 0711nder. 
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A• earlier the grit HN interehangeable 
ao that their could be eompared. In addition. 
the trougbll were traneparent ao that the tlow pattern ot 
tbe parttolea oould be observed and deaer1bed. Water was 
aupp11ed by oonneeting a tire hoae trom a water •1n to 
the grit The tlow 1n the grit was 
oalibrated by a aeries ot between a aeale 
ahow1ng depth 1n the and the quant1t7 ot water 
flowing througb the 1n a eerta1n period ot 
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II. REVIEW 01' LITERATURE 

Literatwe reviewed tor thia the•t• gave intol'llation 
whioh tundaMntally tell into three olaaeeas aedi•ntation 
theo'PJ', grit deaign, aftd etrio1enoy or grit 

ti-ougha. 
The atudied 1n thia thea1a aee•d to be 

oloaely related to aedt•nt tnnaport and the aett11ng or 
part1elee along the or a or aed1Mntatton 
theopy. Noni• ( 4) deacrilaea the ditttoulty ot aolvtng 
thia He aaid that non-unitonatt7 and unatead1neaa 

ot tlow, ordinary turbulenee and aaeroturbulenoe, and wave• 

eomplioated the in addition to the oonatantly 
ebangtng ehanael oharaoteriatioa, and the tlow ot 
ot water and aolid part1•1••• There baa been a lot ot 
atudy on thia matter or aed1•nt transport, but little ot 
a rational natve. 

SediMnt1 are uaually divided into two type1s 
that 1• along the bed, ealled bed load, and aedt•nt 
that 1• in auapenaloa 1n the turbulently water, 
oalled the auapended load. Aooording to llwrte ( 4 ), 
"perhapa the widely uaed ap,.oaeh in aed1Mnt atudie1 
la that baaed on a aeparate analyaia ot the bed load, in 

ot the traetive toroe at the bed, and ot the auapended 
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load, in te'Mls ot turbulent transfer meehani••• with 
th••• two inerementa added then to give the total load." 

With reapeet to the bed load several formula• have 

been dev1aed. The moat important contributors ot bed load 

studies are DuB07a, Straub, JCalinake, Shields, and Einstein. 

The main paramentera DuBo,-s take• into aocount are the grain 

aize and shape, the bed slope, the la79r tbielm••• ot the 

sediment on the bed, the grain denait7, and the f'1'1ot1on 

and shear torces. He aaaumea that the bed load in a 

kind ot laminar tlow with eaoh layer sliding over the other 

and with the veloeit7 deereaaing linearl7 with depth. 

However, the ph7atoal in hta aed1 .. ntat1on 

oharaoter1atte tormula ta not what actually take• place in 

the but it 1a believed adequate. DuBO'J'8' 

are ordinarily reatr1oted to alluvial r1vera, tor whioh the 

typioal channel eroaa aeot1on ia wide and relatlvel7 ahallow. 

Straub DuBoys• toraulaa, but atill tbey nre 
to two d1Mnaional tlow. Shield•' tol'll\llaa are 

baaed on the velocity diatribut1on equation• and 
the ot drag torcea on the graina. Re alao take• 

into aoeount the veloo1ty ot the tlow. Shield•' tormulas 

give good eorrelation although there ta a eonatderable 

aoatter ot data. Thua, his tormulaa wre dee .. d unreliable 
tor grit ehaabera. A. A. ICaltnake baaed hi• analyaia on 
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turbulent tluetuat1ona tn velocity at the bed, drag tor••• 
dia•t•r and weight ot the partielea, and the angle or 

repose ot the partielee. He slao took into aoeount the 

tluotuations ot the shear fOPee and bed veloe1ty. 

tound his fol'IIIUlaa to oorrelate well with man7 ezpertmental 

data it a oertain teP111 1n hia -•d load tormula eoReaponded 

with a turbulenoe inteneity of one-tom-th. Hen••• too 

great a restriction waa plaeed on the turbulence 1ntena1t7 

in the grit oha•er to enable ut111zatten of hia to1911Ulaa. 

Einstein analysed aediMnt transport ua1ng atattattoa a 

great deal; taking into aeoount fall veloeit7. partiole 

aise and apecific weight. and the hydraullo ynaoperttea ot 

tlow. In hi• anal78la, the ti• to aove a parttele along 

tbl bed becCMNe • function of the d1a•ter ot the parttele 

and the aettltng velootty. Hta settling veloetty la a 
' 

tunetion ot gravity, particle diaMter and weight. and a 

oOllplteated that aoeounta tor v1a-
ooa1ty. By eo11bining various derived tor1111la• he art-tved 
at a bed load toP11Ula where one or the ter11a auat be found 

'l'hua. it wa• believed that this toranala would not be 

auooeeatul in the appltoation to grit 

Von dr11ln, Ippen. and Rouse contributed to the analyeta 

or eupended load toNUla• initiated by the won ot Bouaatneaq 

and Vanoni. These analyae• theorise that the amount ot 
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sediment tending to tall through a unit hortsontal area 

1• a tunotion ot the aettling velooit7 and the aedi•nt 
oonoentration. and alao that reauapenaion or the aed1aent 

is a tunetion ot the gradient or coneentration and a 

d1ttua1on ooett1o1ent. 'l'he dittuaion ooettioient 1• not 

oonatant nor d1Mna1onl•••• but ehanpa with looal tv-
bulenoe intensities and other tranater ••bani••• The 
equation• tor sediment tranaport require the knowledge 

ot the aediMnt concentration at a partieular point. 

Alao. a partieular type or turbulene• 1111at be •••u•d in 
order to ezpreaa a veloo1t7 diatr1but1on whioh. in turn. 
pena1ta the d1ttua1on ooettietent to be ezpreaaed. The 

equation• uaed in load atudiea alao require 

oonditiona. Due to the preoeding reatrietion•• 

thl•• toraulaa oould not be uaed. 

Aa Norri• writ•• (4). "'l'hua tar. it baa been 1apoa-

a1ble to develop any tully rational equation tor total 

aediMnt load ot a •••• equationa have been developed 
tw both the bed load and the auapended load of 
the total load. but even theae an tar aat1ataotor11y 
aettled." It 1• not an eaay utter to add aed1Mnt and 

bed load. ainoe there ta no actual deuroation between the 

two. 
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It reasonable to •••u• that the total load 
eonoentration ot ahould be a tunotion 

or the depth and velooity ot tlo•• the ohanMl elope. 
the denaity. epeoitic weight and viaooaity ot the fluid, 
and the aise and apeoitio weight ot the graina. Ben•tr, 

derived a d1Mna1onal analyata atandpeint 

have been 1nveat1gated, but there ta still a oonaiderable 

scatter or data -ppo)ably ariatng the highly unoertain 

oharaoter ot the bed roughne•• erteot. One ot the 

•••• bed roughneaa obangea tor eon-
dittona ot the atream. In addition, even it thia rough-
neae were aol•ed, the solution would apply only 

to ateady, two-d1Mnaional tlow, ao that tvther 

atudy would be Nqutred to it praotieal. 

There aN two employed in the deatgn 
ot grit in eurrent engineering (1) the 

Mthod ot the deaigning or with napeet to a 
oonatant velootty in the whieh would permit 
aettling ot the p-it ot a oertain and apeo1t1o weight 
and prevent aettling ot the lighter rraotiona, and (2) the 
Mthod advoeated by Camp ( 1 ) • Both Mthoda wi 11 be die -

euaaed in the following 

In the deaiga ortterta advocated by he 

full ad•antage or two prooe•••• at work in grit 
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One ot the proo••••• 1a the aettling ot grit and organic• 
whieh 1a selective in the raet that grit will settle raster. 

Thia pro•••• la the one used aolely in many deatgna and 

will be dlacussed more tully later. The other pro•••• 1• 
the scouring ot bed load movement pro•••• ot aettled aolida 

wh1oh Camp to be ette•ttve in aeparatton ot putrea-

eible aolida denae inorganic eolida than 

t1on. 

Camp state• that a grit chamber ma7 be designed to 

settle an7 particle whoae aettling velocity 1a greater than 

a eerta1n amount. In other words, the •1 be 

deaigned with respect to a eonetant velocity in the 

tbat would the settling ot a particle ot one •1•• 
all! weight, but prevent settling ot a suller and/or 

heavier particle. However, aaya that in this type or 
deaign, it muat be asa'Qlled that the velocity ot the aewage 

1• the••• in all parts ot the chamber and that there aN 
no eddies. But 1n actual grit the velocity 1a 
not the same at all points and there aN edd1ea whtoh 

retard settling. Experiments ahow that the error due to 

velocity 1ncone1atene1ea and eddies 1a ot no praot1oal 

aignit1oanoe provided the grit remain• on the bottom when 

it reaehea there. atatea that, when the chamber ia 



designed in this way. other thing• being equal. a change 

in the mean velocity in the channel would require a 

proportional change in the length to obtain the same 

performance. Furthermore. he aaya that a oons1derable 

change in ohamber length and chamber velocity could be 

made with little etfect on the pertonaance providing 

particles that reached tbe bottom would stay there. He 

then atates that an increaae in velocity would alao 

increase the aoour or the particle• and that thia acourtng 

eftect determines the beat chamber veloo1ty and not the 

settling proceaa. The writer agreea with Camp in the taet 

that both ditterential aettling and aoour velooitiea ahould 

be uaed in the deaign ot grit But. aa ahown 

above. the settling proce•• alone ia inadequate in 

deatgn and. it will be pointed out later. that Caap'a 

deaign on the baaia ot aoour haa aome 

eominga alao. 

employed Shield•' relation tor the "or1t1oal 

tractive tore•" required to start scour ot material ot a 

given size and density and expreaaed it•• tollo••i 

V0 s~ g(a-l)d • In the above equation: 

v0 = the teloo1ty required to atart the acour 

ot the particle• whoae dia•ter ia d and 

apeoitic gravity 1• •• 
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g :  the aocelfl'latton due to gravity, 

t • the Darcy-Weisbaeh "htietion taetor" whioh 

1s suggested to be a constant equaling 0.03 

tor g191t chambers, and 

B :  an experimental constant whose value was 

round by Shields to be about 0.(M. tor uni­

granular material, but tor nonun1t0l"II sticky 

material like grit a value ot about o.06 was 

considered safe tor deatgn. 

Camp telt that the mean tractive toree or shear on the 

walls and floors or a channel ta related to tha Man velo­

e1ty or the an-esm. It t■ noted that depth does not 

1ntluenoe aeour, although it does atteet ■ettling. Prom 

the above equation, the optimum velooity ia round. Camp 

then suggeate a •thod ot designing• grit chamber that 

maintains this velocity regardless ot tlow rate. This 

method ot design emr:,loye either the shaping ot the oroaa 

section or tha chamber in such a wa7 that the velocity re­

mains constant at all depths together with a downatrea■ 

reotangular depth control section, en- the emplo'J'118nt ot a 

Sutro (proportional) weir at the ertluent etJd ot the dul■ber. 

Since CallP bases his design ot grit eha■bera on the 

- -- ·velocity required to atai-t acour ot pai-ticlea ot a eei-tain

at•• and apee1t1o grav1t7, it 1• appi-opriate to Nview the 
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validity of this acour velocity equation. The equation 

itself 1s derived from the "critical traetive f'or-ce" 

equation by Shields. Shields' equation ls one that deals 

with the bed load movement in a st-ream where 

aupposedly, completely covers its bottom. Even Shields' 

equation comes t't-om Hikuradse's velocity distribution 

equation which deals with v~locity in a pipe coated with 

densely paeked, uniform sand gr-aina. Shields converts 

Rikuradae•s equation to ~ne or a two type. 

Thus we go from an equation dealing with roughness elements 

on the inside surface of a pipe, to one with roughness 

elements on the bottom of' a channel only. Thia partially 

explains the scatter or data in Shields' equation and also 

seems to imply e discrepancy in Camp's formula. In addition, 

Camp's equation does not take into account the auspended 

load in the stream, yet he does concede the tact that 

changes in velocities will reauspend or scour certain size 

particles, and these particles would be considered part ot 
the suspended load. However, he assumes that the particles 

scoured will be either putreac1ble particles or particles 

smaller than those intended to be tr-apped. Thie aeema to 

be a reasonable assumption it there ta no bottom turbulences 

tending to increase reauapenaion or larger particles, but 
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.. ., .. 
tr011 the writer•• review or aed1Mnt tranaport thta ••••• 
to be not quite the case. The discrepancy here is more 

clarified when one considers the changes 1ncroas-sect1onal 

area and shape, the aherp changes in direction ot the 

inside surfaces ot the chamber, and the transitions from 

one cross-section to another. The trict1on factor term 

in Camp's equation also appears to warrant some discuasioo. 

Thia is the Darcy-Weiabach tr1ct1on factor which is a 

function ot Reynolds Number and relative roughness. 

Therefore, it the Darcy-Weiabach friction factor were a 

constant, as suggested by Camp, then the relative rough-

ness and the Reynolds' Number would either uoth have to 

be constants or they would have to combine with each 

other in auch a way that the relation between the two would 

be constant. In the case ot grit chambers, Reynolds Number 

is ordinarily a function or the mean velocity and the 

hydraulic radius of the channel, and the kinematic vis-

cosity ot the water. Theretore, it can be seen that changes 
in either depth, or mean v1acoa1ty, or temperature (v1acoa-

1ty), or any combination thereot would change the Reynolds 

Number. The relative roughneaa ia normally taken to be the 

ratio or the effective sand grain a1ze to the equivalent 

pipe diameter ot the channel. It the chamber 1a designed 

to settle a certain aand grain, the ettective size ia seen 

to be a constant. The equivalent pipe dia•ter will alao 
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remain oonatant 1t the depth 1n the channel re•ina con-
stant, however, the depth doean•t re•ln constant in 

practice. Theretore, it•••• to that 
the tr1et1on tactor would not NH1n conatant in a grit 

in praot1oe. Another art••• when one 
oonatdera the tact that the Daro7-We1abaoh friction 
taetor waa arrived at b7 eoating pipea with varnish and 
then attaching sand to ita wet aurtaoe, but, in grit 

onl7 the aurtace oontaina aand or 
grit and thia grit be in not atat1onary. 

lletoalt and Edd7 ( 2) that grit hoppers, or 
are uaually designed with reapect to cleaning 

ettioiency and oapaotty,and that deaign prooedurea, in 
praotioe, are baaed upon paet experience. Their 
onl7 auggeation, with respect to colleotion trough dea1gn 
criterion, ia that the trough aides ahould be at leaat a 
,,0 elope ao that grit would alide down towa'Pd the bottom 
or the trough. Therefore, there 1• little rational 1ntorma-
t1on available to 1nd1oate the etteot ot trough geoMtry 
on eollection etttoienoy. 

In the literature reviewed on the ettioieney or grit 
collection troughs, Van Hatta'• ( 7) work dealt with the 

much more explioitl7. Bia atudiea dealt with aand 

with average a1sea or 0.72, 0.36, 0.20 and 0.10 •·• but 
or hia inveatigation waa 14th the 0.20 and 0.10 •· 

aand aiaea. 
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Three abapea or g11it oolleotion troughs wre atudied 

in Van Matta•• 1nveatigat1on uatng a model grit chamber 

to detel'lline the aoat ett1o1ent ahape tor the aeleetlve 

oaptun or grit. Bia aodel was •de ot plywood with 

tnterohangeable plaatic troughs. The troughs uaed oon-
atated ot a 2:1 aide elope and dtttered only in respect to 

length ot th~ bottoaa. 

Water waa run through the apparatua at varying 

veloettiea and depths. Velocittea and depth• ot flow in 

the obaaber were controlled by an adjustable, calibrated 
weir at the downatream end ot the ehamber and a depth 

•••ving ruler at the end or the collection 
trough. Grit waa introduced into the chamber through a 

tunnel•• the tlow entered through the approach ohannel. 
Arter the grit had been added, the tlow waa atopped and 

the grit removed and Maaured. The was 
oompared with the amount or grit added to the chamber 

enabling oaloulatton ot a value ot per eent pa•aing the 

trough tor eaeh run. Hia ot are divided 
into aeotiona according to particle •1•• uaed. 

As mentioned earlier, ot Van Matta•• investigation 

••• with the 0.20 and 0.10 -· aand traet1ona. The aand 
uaed waa prooeaaed into th••• aisea uatng aievea, however, 

the and parttole dta•t•r• varied the 
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average particle else b7 u II\IOh •• 0.05 -• tor the 
0.20 •· aa~d traetton uaed, and 0.025 •• tor the 0.01 
-• aand traction used. B7 uaing oloaer aievea, the 
experl•nter would have had a IIOl'e aeourate knowledge 
ot the eand added to and oolleeted troa the model grit 

Van Hatta plotted varioua grapha or h1a data in order 
to eatabl1eh a trend and/or correlation that would indieate 
the moat etttotent trough. One Hr1•• ot Olll'vea ahowed 
the relation between the veloo1t7 ot the and 
the percent or grit paaaing the trough tor eaeh trough and 
weir aett1ng. Be also presented bar graphs showing the 
pereent grit paaatng tor each ot the trough• with eond1t1en• 
ot 1dent1oal veloo1t7 condition• and weir aettinga. In 
th••• velooit7 olD'vea and bar grapha, Van Hatta waa aearoh• 
tng tor an 1ndioat1on that one trough would tJtap more grit 
than the other• within a range or veloe1t1ea ot tlow in 
the chamber. The author'• veloe1t7 ourvea abond little 
d1tterent1at1on between trough• eapeeiall7 1n tbe 0.10 •• 

and thia laek ot ditterenttatton between 
trougha was alao ahown 1n ht• ,ar graph 

Van Hatta uaed grapba to ahow the relation between 
the peroent grit paaatng and aeveral r1ow eharaoteriattea, 

••171 Reynold• lroude Humber, and depth ezpreaaed 



•• a ratio with width. In the•• grapha ot percent paa1ing 
verau1 aelected tlow characteriatioa, the author sought to 
o•pan the variable• believed to atteot grit acour through 
the chamber tor weir setting• or 0.05, 0.10, and 0.15 teet 
reapeet1vely. He also wanted to indicate the order or 
importance or theae variablea. Thia aerie• or graph• ahow 
auttieient demarcation between trougha in all inatancea except 
tor 0.10 •• traetiona at 0.05 and 0.10 teet weir aet-
tinga, and tor 0.20 •• sand tractions at the 0.10 teet weir 
settings. The order ot variation ot the three variable• ehown 
in these the parameter ahowing the 110st variation 
to the one ehowing the least was Reynold• Proude 
Humber, and the depth parameter. The author later uaed thia 
analysis to decide which variables to investigate when 
atteaq,ting to develop a tormula deacribing the phenomena in 
the chamber. 

Van Hatta also c011paNd the troughs under identical aoour 
eond1t1ona in order to ahow which trough exhibited the beat 
aeleottve aettling oharaoter1at1ca. 

The writer teela that Van Ratta•a accuracy in hie 
aelective sedimentation study depended largely upon hia velo-
city and correeponding percent grit capture data. It was 
prevtoualy stated that thia data showed little demarcation 

between trough& tor the 0.10 •• aand traction. 
the velocity and percent grit trapped data in the 0.10 •• 
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sand traction ahowed little ditterentiation between weir 
settings uaing the trough. Thia lack ot ditterentiation 

between weir aettinga occurred tor- two ot the three troughs 

Van Hatta studied. It ia the writer•• bel1et that a better 
range ot data and more accurate data might have been 

obtained it a more retined model grit chamber bad been em-

ployed. Prom the writer'• study or Van Matta •s grit chamber 

and data, it appears that the 0.20 •• traetion would, 
•1theoretioally, be settled at all depth• and velocities used 
in Van Hatta•• investigation, ezcept the highest velocity 

at the 0.15 teet weir aetttng tor the largest trough. How-

ever, tor the 0.10 •• sand traotion, Van Hatta•• chamber 

length did not adequate in the tollowing experimentaa 

(1) the experiment• with the aulleat trough investigated 

at the h1gheat velooity used tore the ••tr ae,ting ot 0.10 

feet, and at the htgheat two velocities uaed tor the weir 

aetting ot 0.15 teetJ (2) the experiment• with the trough 

with a tour inch length at the htgheat two veloc1t1ea 
used tor the weir aetting or 0.10 teet, and at the highest 
three veloctttea uaed tor the weir setting ot 0.15 teet; and 
(3) the ezperimenta with the largeat trough inveat1gated at 
all velocities uaed tor the 0.15 teet weir aetting, and tor 
111 but the loweat velocity uaed tor the 0.10 teet weir set-

ting. Van Hatta also had trouble reading depth ot tlow at high 

velocities because or "rippling". 'l'heretore, it appears that 
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the laok ot length tor capture ot the 0.10 •• sand 
traetton and the "r1pp11ng ettect" may have intluenced the 
accuracy ot Van Hatta•• data. 

It waa alao ezpreaaed 1n Van Natt•'• atud7 that "the 
chamber and trough aect1ona were considered•• a unit 1n 
developing ett1e1enc1ea and all grit settling 1n both were 
included in the •a•ur••nt.• Howver. tt to the 
Wl"1ter that prolonged running ot the chall,er atter all the 
aantf-l had tlowed through the tunnel uaed to introduce the 
sand would result in leaa aand being trapped than when the 
channel tlow waa ahut ott 'l'he author'• WFttten 
work did not atate that he took thia cona1derat1on into 
account. 

Finally, Van Hatta attempted to develop a prediction 
equation wh1oh would deacr1be the phenoaena oecurr1ng in the 

However, the author waa unauceeaatul 1n this 
attempt. 



III. METHODS ARD IIA'l'ERIALS 

The utn pteoe ot apparatus used in this investigation 

••• a model gi-it chamber which waa built according to the 

d!aensions shown in Ptgure 1. Thia grit challber provided a 

means ot obtaining data 1n the torm ot purely empirical 

values. The •terials used to build thia model were ply-

wood. outdoor p-ade• and tranaparent plastic. 

The grit ••• designed to settle a 0.10 am. 
particle atse over the approximate maximum depth and velo-
city range that the ohaaber would be run. The grit chamber 

••• tabrtcated ot plywood. except tor the grit collection 
trough•• and wood screw• were used to tasten joint• together. 
The plywood aurtacea were painted with marine varniah to pro-
vide waterprooting and to prevent warping. Vaterproot 
contact cement and waterpump grease waa uaed as a sealer 
at joints; the being utilized with the aorewa. The 

greaae waa round to be aattataetory tor all sealing 
9f •1nor leaka although tt did harden and crack 
atter a tew days ot exposure. 

Six troughs were uaed in this studyJ th••• troughs are 
ahown tn Plgure 3. The troughs were ude or plexlglaaa 
acl')"lic plastic. Thia plastic was transparent ao that the 

ot the particles in the trough could be obeerved. 
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Particle observation was alao aided by pasting a dark piece 
ot paper behind each trough. 'l'hua an observer could view 
the white particle• ot aand through the tranaparent trough 
againat a dark background. Wing nuts and bolt• were used 
to attach the troughs to the grit chamber ao that they could 
be readily interchanged with one another. 

The deaign ot the troughs were auch that each ot the 
three trough shape variableaJ alope. downatream 
elope. and length to width ratioJ could be atudied inde-
pendently. Theae trough shape variables are ahown in 
!figure 2. 

In moat oaaea, a aediMntation tank or a Parshall tlume 
would tollow a grit ohamber in order to control the depth 
ot tlow. However, in thia case, the tlow had to be 1amed1ate-
ly channeled away, theretore, a kniteblade weir••• used 
to control the depth ot tlow in the grit chamber. Thia weir 
alao provided a means ot the quantity ot tlow 
going through the ot the 
weir waa a abort stabilization eect1one. The stabilization 
section waa needed to help trap particle• that paaaed over 
the trough, thus, helping to prevent an exceaaive ot 
grit waahing away. 

The chamber croaa aectton, the weir, and the ot 
water used in thia atudy waa the same aa uaed by Van Batta (T). 



-26-

The water teaperature did not vary a1gn1t1cantly trom that 

employed by Van Hatta. 'l'heretore, it waa not deemed neceaaary 

to reealibrate the weir. 

The tollowing 1• a deacr1pt1on or the weir and the 

calibration 'Pl"OCedure •• Jteported by Ven Hatta (7). The weir 
was rectangular in ahape and had a piece ot aheet metal 

taatened to the bottom edge to provide a aharp creat. 'l'he 

elevation or the crest ot the weir waa adJuatable. The weir 
waa calibrated by paaa1ng a conatant flow ot water through 

I 

the chamber, and into a weigh tank tor a •••ured interval 
or time. The weight ot the water collected waa eonverted to 

tlow rate. lleaauring tha temperature ot the water, thereby 

t1x1ng ite density, the volume ot the water waa eubaequently 

tound. The voluae divided by the ti• thus gave the quantity 
of water which paaaed through the chamber in cubic teet per 

second. 

In the calibration of the weir, two thin metal rulera 

were employed. One ot the rulers was located on the inaide 
race ot the weir; it measured the distance the bottom ot 
the channel to the crest ot the weir. The other ruler••• 
placed directly behind the trough section on the 1na1de wall 

on the channel. Thia ruler measured the depth or the water 

in the chamber. 'l'he dirterenoe between the reading• on the 

two rulers was plotted against the known quantity or water 
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tlowing through the chamber on log graph paper. Van 

Matta•• calibration points are listed 1n Table 1 and are 

plotted in Figure,. The graph thua plotted was then used 

to tind the tlow •uantit1ea used during the experiments 

by merely taking the ditterence in the above ruler measure-
menta and then reading the tlow tr011 the graph. 

Van Matta'• (7) overall model grit chamber design was 

improved by 1noreaa1ng the length ot the approach channel 

and installing an energy diaaipator. 

An approach channel waa ude and jointed to the upper 

end of the grit chamber tor two reasona1 to direct the 

tlow into the ohamber properly and to aaaiat in atab111z1ng 

wave erteota ot the flow. The writer telt that the leas the 

quanlity and the else ot the surface waves, the eaaier it 
would be to measure the tlow. Aa shown in Pigure 1, the 

approach channel waa •de narrower than the grit chamber in 

order to prevent grit trom settling 1n th1a channel before 

it reached the grit chamber. At first, the approach channel 
was only about three teet long, but an excesa1ve amount or 

surface were present in the chamber over a large tlow 

range. Therefore, it waa lengthened by eight feet, and the 

diaturbancea were reduced by a very a1gn1t1cant 

a110unt. 
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Another device used to stabilize the aurtace waves 
was a pertorated plate placed ea shown 1n Figure 1. Thia 

plate was Mde or three quarter inch yellow pine with holes 

drilled in it in such a raahion that the total area or the 

holes approximated halt the total area ot the plate. Accord-

ing to Stoker (6) such a plate would significantly smooth 

the prot1le. It was found that thia energy disa1pator 

reduced sm-raoe disturbances by aa much aa 50)C. Thus, the 

long approach channel together with the energy diaaipator 

reduced wave disturbances to such an extent that the depth 

in the channel was relatively easy to measure even at high 

tlows. 

Water entered the grit chamber trom the upper end ot 
the approach channel. The water was directed vertically 

downward through a tire hose which was connected to a town 

water main. The water flowed through the gi-it chamber, over 

the wetr, and was immediately drained into a connected 

tunnel to the sewer system. 
A second funnel was used to introduce the grit to the 

tlow. 'l'hia particular tunnel is shown 1n Pigure 1. It was 

placed about three teet trom the end ot that part or the 

approach channel which was attached to the grit chamber 

itself. The runnel had a rubber hose and a clamp attached 

to its bottom. With the clamp a measured quantity ot 
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saturated sand could be released into the tunnel and then 

auapended above the tlow in the approach channel until the 

experimenter was ready to release the aand. It••• round 

that a water aand mixture paaaed through the runnel at a 

nearly constant rate except tor a rew 1natancea. In theae 

1natancea the aand poured through the tunnel ao taat that 

it was eaaentially dumped on the channel bottom. Thia 

preaented a problem•• to whether to ahut the tlow ott and 

regard all the aand settled on the bottom of the channel 

and chamber as being trapped, or only regard the aand 

trapped in the chamber. or permit the flow to remain in 

the channel until the sand had apread out along the bottom. 

It became obvious that none ot the above procedures would 
produce worthwhile reaulta and ao a1tuat1ona where a very 

rapid teed existed were disregarded and repeated. The 

extremely rapid reeds were largely eliminated by permitting 

the sand to completely aettle in the tbnnel before releaaing 

1t to the flow. 
Atter each experiment the grit or sand waa collected in 

the tollow1ng manner. A large battle plate waa placed 

immediately behind the trough atter the tlow waa terminated. 

The battle plate prevented aand trom eacap1ng paat the trough 

during the sand collection operation. A small paint ~ruah 

was then uaed to sweep the aand the chamber into 

the trough. It was believed that all sand trapped 1n the 



trough and settled in the chamber proper could be considered 

as the amount trapped by the trough. Arter allot the 

in the chamber was swept into the trough. it••• siphoned 

into e large graduated cylinder. A plaat1c tube with a 
twelve inch glass tube attached to one end round to be 

excellent tor this operation, aince the mouth or the glaaa 

tube could be controlled easily and could also be directed 

closely over the bottom and sides of the trough. 

The sand used in this study averaged out to be 0.10 mm. 

1n diameter. The vender or the sand used was the Ottawa 

Silica Company. Ottawa. Illinois. and their #90 SHELL MOLD-

ING Sand was used in this investigation. Thia particular 

sand .was found.to have a high percentage ot the a1se ot 
particles needed. Grains of uniform aize were obtained by 

passing the raw sand through a aeries of sieves. The moat 

important sieve a1zea used were the 1140 and #170 u. s. 
Standard Sieves. These two sieves had a mesh size ot 0.105 

mm. and o.o88 mm. respectively. Thus. all particle• passing 

through the #140 aieve and retained on the #170 sieve were 

used in the experiments. In other word•• the aand trapped 

between theae two aievea was considered to have autt1c1ent 

unitormity and to have maximum and diameter values 

sufticiently close to the average particle aize ot 0.10 •• 

The spec1t1c gravity of the sand waa 2.6- from ASTN 
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deatgnationa Cl2842. Since the variance tr011 the average 
particle size waa ao small, it••• not dee•d neceaaal'J to 
uae hydraulically separated sand•• "make-up" aand in the 
esperi•nts. 

During a atandard run the weir waa aet at the desired 
elevation and a mixture or aand and water waa poured into a 
250 ml. graduated cylinder. Thia aand waa allowed to settle 
and about two inches ot water wa, maintained above the top 
ot the aettled A constant rotation ot the cylinder on 
a table top quickly compacted the aand to auoh a degree that 
there waa no 110re than a two additional aettle•nt in 
2, hour• atter the initial compaction. However, this 
aettleaent was neglected, ainoe the aand was introduced into 
the chamber only a tew minutes atter it was •aaured, and the 
error in aettle•nt ditterencea between quantities added to 
the chamber experiment to experiment waa ina1gn1t1cant. 
Thua after the initial compaction ot the sand, atter "tation 
ot the cylinder, the amount ot aand ••• •a•ured volumetri-
cally 1n millimeters. The sand was then placed into the teed 
tunnel with the help ot a waah bottle. A valve on the water 
main was turned on and the deatred tlow in the chamber waa 
eatablished. The clamp on the bottom or· the tunnel was then 
released, and the m1zture ot sand and water permitted to 
drop into the tlow paaa1ng through the approach channel. 
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Only a tew minutes were required tor the tunnel to empty 
and the ~ate ot teed ot sand waa eaaentially constant trom 
erper1ment to exper1mentJ the only exceptions being the very 
rapid teed rate caeea ae mentioned earlier. Por these 

that particular experiment waa repeated. When all the 
grit had been introduced into the tlow the valve on the 
water main waa ahut ott, thus the operation ot the chamber 
waa teninated. The grit waa collected in a large cylinder 
aa erplained earlier. Atter the grit settled to the bottom 
ot the large cylinder, the exceaa water waa siphoned trom 
the above aand aurtaoe. The sand waa then poured into a 
250 ml. cylinder with the help ot a waah bottle. The grit 
collected••• •aaured volWNtrioally in the same graduated 
cylinder aa waa uaed to measure the grit that was added to 
the tunnel tn the beginning ot the 
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p H 
tt. tt. 

0.10 0.225 
0.10 0.215 
0.10 0.225 
0.10 0.225 
0.10 0.225 
0.10 0.225 
0.10 0.225 
0.10 0.225 
0.10 0.225 
0.10 0.208 
0.10 0.208 
0.10 OM208 
0.10 0.208 
0.10 0.208 
0.10 0.245 
0.10 0.245 
0.10 0.245 
0.10 0.245 
0.20 0.365 
0.20 o.~5 
0.20 o.~5 
0.20 o.~5 
0.20 o.~5 
0.20 0.365 
0.20 0.,05 
0.20 o.405 
0.20 o.405 
0.20 o.405 
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TABLE I 
Weir Calibration Data 

Trial 

1 
2 
1 g 
6 
9 
1 
2 
( 
5 
l 
2 

' 1 
2 

' i 
1 
2 
( 

Weight 
lbs. 

500 
500 
500 
500 
500 
500 
500 
500 
500 
\00 
\00 
lloo 
\00 
400 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

Temperature ot water - 23°c 
Dena1ty ot water at 23°0-

62 .28 lba .7tt3 

V 
Volume T 11ow Rate 

.t./62.28 7/T average 
cu.tt. aecond• isu .tt ./aeo. 

8.028 157.5• 
8.028 137.gtt 
8.028 131.9* 
8.028 129.6• 
8.028 128.,• 
8.028 121. • 
8.028 129.0 
8.028 128.6 
8.028 129.\• 0.0623 
6.,23 133.5 
6.,23 135.0 
6.\23 135.9 
6.\23 136.2 
6.423 137.3 o.OIJ7-
8.028 l°'·a· 8.028 102. • 
8.028 100.2 . 
8.028 100.9 0.0799 
8.028 99.6• 
8.028 n·-· 8.028 .6• 
8.028 83.8• 
8.028 82.1 
8.028 82.5 0.0912 
8.028 6'.0* 
8.028 58.7• 
8.028 58.2 
8.028 57.4 0.1389 

l'-, 

(coft1nued) 



p B 
tt. tt. 

) 

0.20 0.350 
0.20 0.350 
0.20 0.350 
0.20 0.350 
0.20 0.350 
0.20 0.319 
0.20 0.319 
0.20 0.319 
0.20 0.319 
0.20 0.319 
0.20 0.281 
0.20 0.281 
0.20 0.281 
0.20 0.281 
0.20 0.281 
0.20 0.281 
0.20 0.11 
0.20 o. 1 
0.20 o.3$0 
0.20 0.3$0 
0.20 0.300 
0.20 o.3f)o 
0.20 0.31)0 
0.20 o.!E}o 
0.20 0.380 

TABLE I (Continued) 
Veir Calibration Data 

V 
Voluae 

'frial Weight wt./62.28 
lba. ou.tt. 

1 500 8.028 
2 500 8.028 

l 500 8.028 
500 8.028 

5 500 8.028 

l 500 8.028 
2 500 8.028 

l 500 8.028 
500 8.028 

5 500 8.028 

1 200 3.211 
2 200 3.211 

i 200 3.211 
200 3.211 

i 200 3.211 
200 3.211 

I 200 3.211 
200 3.211 

1 500 8.028 
2 500 8.028 
l 500 8.028 

500 8.028 

i 500 8.028 
500 8.028 

1 500 8.028 

T 
Tille 

eeeonda 

92.1• 
9'.3 
95-a 
~:1 

119·i 1 o. 
1,2.5 
162.1• 
1,0.2 

118.5• g:i· 1 .6 
1 9.8• 
102., 

91.9 
103.6 
81.6• 
78.~ 
16.~ 
15-r. 73. • 
73.0 
73.0 

*Valuea not used in ooaputlng T. average 

(Atter Van Hatta) 

110• Rate V/t average 
cu .tt ./aec. 

0-°"' 

0.0571 

0.0319 

0.110 
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VI. RESULTS 

'1'be reaulta ot th1a atud7 will be divided into two 
aegmenta. The tirat aegaent ot the Nault• will be the 
evaluation ot the ettio1enc7 ot the collection trough• uaed, 
and the second aepent ot the reaulta will be the evaluation 
ot Camp•• aoour relation. 

In the 1nveatigation ot collection troughs, the obJect 
ot the experiment• waa to find which ot the collection trough• 
used would collect the grit relative to the other trougha, 
and to to tind the reaaon tor this grit collection 
auperiorlty with reapect to ita acour charaoteriatioa and 
ahape. The were divided 11,0 a1x aertea, the 
ditteNnce between each aeries being that a ditterent trough 
was used in each caae. The experimental procedure• were 
carried out according to the method• deacribed in Section III ••• 
llethoda and Materials, and the unit deacribed in thia aeot1on 
was employed to determine the etteottveneaa ot the dltterent 
trougha. 

Prom each experiment, data waa obtained 1n the ot 
weir height, depth ot flow, the amount ot grit added, and the 
amount ot grit collected. The weir aettinga uaed were 0.05, 
0.10, and 0.15 teet. The depth or flow and weir height 
enabled the erperimenter to read the tlow in the chamber 



from Pigure •, and the percent grit trapped waa calculated trom 
the amount ot grit added to and collected trom the trough. 
The values ot velocity, Reynold• Humber, ua1ng depth ot 
tlow,. fteynolda Humber, uaing hydraulic radius, Proude Humber, 
friction factor, and critical velocity were then calculated 
because these parameters were thought to either directly 
or iddtrectly attect grit settling and trapping. The results 
or the six aeries ot experiments are presented in Tables II 
through VII. 

Data was obtained tor the widest range ot velocities 
which was physically practical tor each experiment. At the 
highest velocity tor each series ot experiments and tor eaoh 

weir setting, there••• almost no grit settling to the bottom 
ot the chamber. As the velocities from experiment 
to experiment more and more grit would settle in the chamber 
betore reaching the trough. 

Surface waves were insignificant except at the highest 
velocities, but even at these veloc1t1ea the waves were 
relatively small compared to the experiencea reported tor 
Van Hatta•• (7) chamber. 

Except tor a tew instances where the sand tlowed through 
the teed tunnel at a rate that piled it on the channel 
bottom, which made it necessary to repeat the experiment, the 

teed rate waa practically constant tor each experiment and 



amounted to about one drop ot the water-aand mixture per 

aecond. 
The pattern• or particle flow observed in the troughs 

are shown in Pigure 3. The troughs used are numbered one 

through six. a notation used throughout this study. A double 

vortex••• formed in Trough l during the experiments. The 

smaller vortex appeared to rotate taster than the larger one. 

but it did not seem to produce any scouring ertect upon the 

collected sand under it. In Trough 2, grit collected in the 

corners and there was only one vortex observed. The vortex 

1n '!'rough 2 produced some scour, aa shown in Figure 3, but 

not as much ae the other troughs mentioned later. This 

vortex pushed moat or the grit scoured toward the upstream 

corner ot the trough. Troughs 3. -• 5, and 6 one vortex 
waa round that scoured the particles toward the upstream 

corner or the trough. aa shown in Figure 3, and the scour 

in these troughs were s1gn1t1cantly more than the aoour in 

'l't-ough 2. 

It was observed that the grit waa trapped in the troughs 
in three ways. Piratly. moat or the grit trapped tell into 
the trough by being washed along the bottom or the chamber 

until finally sliding down the upstream slope ot the trough. 

Only a amall percentage of grit would be picked up at the 

edge ot the trough and carried into the vortex. Secondly, 



the vortex in the trough would throw a certain portion ot 
the grit against the downstream slope ot the trough and the 

grit would slide down to the bottom. Thirdly, the vortex 

in the trough would tranaport grit within the boundaries ot 
the trough, and the heaviest part1olea would be pushed along 

the bottom of the troughs which exhibited scour, where••• the 

lightest particles would travel around within the vortex 

until they eventuall7 entered the main flow in the chamber, 

thereby waahing through. Some particles. tranaported within 

the boundaries ot the vortex. were just heavy enough to 
settle in the trough. These ''border-line" particles would 

be carried b7 the vortex to the bottom or the trough, but 
would turn to the outside or the vortex and fall back as the 
vortex made ita upward sweep. 

In order to ahow the moat etficient trough with respect 

to performance and velocity. the curve• in Figures 5. 6. and 

7 were plotted tor each trough for weir aettinga ot 0.05, 

0.10, and 0.15 teet, respectively. Troughs land 3 ahowed 
only average performance with respect to veloc1t7. Troughs 
2 and 5 indicated the woret performance with reepeet to 
velocity aa ahown by Figures 5, 6 and 7, however, the per-

formance ot Trough 5 waa decidedly better at the 0.05 teet 

weir setting. Troughs, and 6 appeared to exhibit the beat 

overall performance with reepect to velocity with Trough 6 



being the better or the two. Pigurea 5. 6. and 7 did not 
give any clear indication about the etticlency ot the 

troughs studied due to the scatter ot data. but they did 

indicate general trends. 

A graph showing the relation between the ReJnolds Hum-

ber. using depth ot tlow. and the percent grit trapped was 

plotted tor each trough from the data in Tables II through 

VII. These graph• were meant to ahow the relative eftioiency 
between the troughs with respect to Reynolds Humber. The 

plotted values indicated a straight line in each case. 
therefore. using the theory or least squared (5) a straight 

line •••cealculated tor each aeries ot Using 

a teat ot the elope ot the curves (5), and with a confidence 

ot 99.C. theae straight line ~urves were the curves ot 
beat tit tor the data. The curves were used to eliminate 

the data that tell furthest trom the representative curvea, 

in order to compare average values or the troughs on an equal 

basis. Thia type or compariaon will be diacuaaed later. Bach 
atat1at1oally derived curve of percent grit trapped veraua 

ReJnolda Humber waa copied on a a1ngle sheet or paper. The 

result or copying the graphs on a single aheet or paper 

enabled a quick oompariaon between trougha to be mde. 'l'h1a 

aeries ot curves 1s shown in Figure 8. Pigure 8 1nd1catea 

that Trough 1 and 5 have only average performance etf1o1enc1ea 



with respect to Reynolds Humber. uatng depth ot tlow. Theae 
curves also ahow that the performance ot Troughs 2 and 3 were 
the worst. and Troughs• and 6 were the beat, with reapect 
to Reynold• Number, using depth ot tlow. 

A similar aeries ot curves shown•• Pigure 9 was made 
tor the Reynold• Humber, using the hydraulic radius or the 
channel cross-section. The data indicated a straight line 
configuration, ao curves which approximated the data were 
plotted without the aid ot etatiatica. The same relat1Ye 
pertormanoe was indicated in th1a aeries ot curves•• the 
aeries ot curves showing the relation between Reynolds Hum-

ber, using depth ot tlow, and the percent grit trapped. 
It was desired to show the relative ett1o1enoy ot the 

troughs with respect to J'roude Humber. 'l'heretore, a aerie• 
ot cm-ves was •de showing the relation between Proude Humber 
and percent grit trapped tor weir settings ot 0.05, 0.10, 
and 0.15 teet, respectively. Straight lines were plotted 
to the data. The lines ot percent grit trapped verau• the 
JProude Humber are shown in JPigure 10. The curves ot Figure 
10 are divided into three d1at1not groupa according to the 
weir setting. 'l'h1s grouping ot curves ta not unuaual, a1nce 
the weir height governs the range ot the depths ot floWJ and 

alnce !Proude Number 1a inversely proportional to depth. 

Pigure 10 ahowa that Troughs 2 and 3 exhibit the worst 
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performance with respect to Proude Number. Troughs 1 and 5 
exhibit average performance, and Troughs, and 6 exhibit the 

beat pertormance with reapect to the IProude Number. 

It waa decided to compare trough• uaing average values 

ot velocity, Reynolds Humber, Proude Humber, and percent 

grit trappedJ but every aeries of did not con-

tain the same number ot observations. Theretore, in order to 

compare average values on the aame basis, the writer felt 

that the same number ot observations should be used tor each 

aeries ot experiments. This meant the el1m1nat1on ot the 

extra data by some method. The method employed waa that ot 
plotting curves statistically and eliminating those data 

points which tell turtheat trom the representative curve. 

The aeries ot curves used, as mentioned earlier, are those 

showing the relation between Reynolds Humber and percent grit 

trapped, as shown in P1gure 8. 

The procedure tor eliminating data waa tor every high 

value discarded a low value was also discarded. For the 

aeries of experiments where Troughs 1 and 2 were uaed, there 

was an odd ot values obtained, therefore, a high and 
a low value was discarded. but the average ot the total num-

ber ot values was added. Thia procedure tended to shift the 

average values toward the median values, thereby making the 

average values more representative ot the relative trough 
performance. 



The values of Reynold• Number, JProude Number, velocity, 

and percent grit trapped, that were not eliminated, were 

averaged and are shown in Table VIII. Bar graphs could now 

be made ot the adjusted average values ot Reynolds Humber, 
Proude Number, percent grit trapped, and velocity. Theae 

bar graphs were made in auch a way that comparison• could 

be made between the troughaJ they are round in Figure 12 and 

13. Troughs, and 6 have the highest adjusted average Rey-

nold• Number, Froude Humber, and velocity. Trough 3 had 

the htgbeat adjusted average percent grit trapped, aatde 

from Trough 1. 

Also in J'1gure 12 waa a bar graph showing compari-

sons between troughs uaing median values ot percent grit 

trapped ror all performed. Thia••• done to 
obtain another measure or their relative pertormanoe. Table 

IX shows the array and median values ot percent grit trapped, 

and trough grades tor medians. The trough grades are meant 

to ahow the relative pertol'lllance of each trough, the lowest 
grade indicating the beat trough. Table IX showa that Troughs 
1 and 5 have the beat median values ot percent grit trapped, 

whereaa, Troughs 2, 3, and 6 have intermediate values, and 

Trough - haa the worst value with respect to median values 

ot percent grit trapped. The bar graph showing median values 

or percmt grit trapped ot all the experiment• indicated 

Troughs 1 and 5 •• the beat, 2 and 3 the worst, 
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and Troughs, and 6 as intermediate with respect to pertorm-

ance. In comparing Table VIII with Table IX, it la aeen 

that the adjusted median and adjusted average values ot 
percent grit trapped very closely match, and tor this reaaon 
it was decided not to show adjusted median values ot velo-

city, Reynolds Number, and Froude Number in these particular 

experiments. 

Figure 11 presents curves representing the percent grit 

trapped versus the calculated scour velocity for all trougha 

investigated. Camp (1) defines scour velocity aa that 

velocity required to start the scour or particles. The 
calculated scour velocity came from Camp's scour relation 

and will be discua1ed later. The series of curveain Figure 

11 show Troughs 4 and 6 to exhibit the highest calculated 

aoour velocities, and Trough 2 to exhibit the lowest cal-

culated scour velocities. Data necessary to plot the 

curves in Figure 11 can be found in Tables II through VII. 
In order to determine the overall relative performance 

or the troughs studied, a rating chart was made to rank the 
troughs using all the variables or parameters mentioned thus 

tar. This rating chart 1s shown in Table XIII. The troughs 

were graded tor each parameter or variable, the smallest 

grade indicating the beat trough. It will be noticed that 

there are grades tor the troughs tor scour velocity and 



Reynolds Number, uaing hydraulic radiuaJ the baala tor 
these grades are tound in the notes on Tables XI and nI 
reapectlvel7. As shown in Plgure 13, the rankings ot the 
troughs show that Trough 6 la tlrat, Trough, la second, 

Trough 5 la third, Trough 1 ta fourth, Trough 3 la titth, 

and Trough 2 1a alxth 1n ol'der ot their pertol'llance trom 

the beat to the worst. 
The second segment ot thla section will be the evalua-

tion ot Camp•• scour relation (1). Camp baaed hia design 

or grit chambers upon the scour velocity in the chamberJ a 

dlacuaalon ot hla design procedures and scour relation can 

be round in Section II •••• Revtew ot Literature. Camp•• 
scour velocity la that velocity required to induce scour ot 
particle• ot a certain atze and density. Bia tor11Ula ahowa 

the relation between the scour velocity, apec1t1c weight 
and diameter or the particle, and the Darcy-Weiabaoh 
"trlction ractorn. 'l'he "trictton tactor" 1a a tunctton or 

Reynolds Number, uatng hydraulic radius, and the relative 
roughneaa, ualng the ratio ot particle diameter to tour times 

the hydraulic radius or the equivalent pipe diameter. 

The data obtained in the writer•• atud7 enabled "tr1ctlon 
tactora" and critical veloclttea to be round in each experi-

ment. And 1t waa noted that the reaulta obtained ma7 have 

application tor the evaluation ot the Camp relation, there-

tore, the data waa analyzed to ascertain the degree ot agree-
ment. 
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Camp employed Shield's relation tor the "critical 
tractive rorce" required to start the scour or material or 
a given size and density, and expressed it•• tollowa, 
V0 -J¥- g(a-l)d. The terma 1n the equation are dertned 
in Section II •••• Review or Literature. Camp implies that 
all the term• under the radical are constant when the grit 
aise, weight, and cohea1veneas are known. He suggested 
that the Darcy-Weiabach "rr1ction ractor" be considered aa 
a constant ror grit chambers and that the term "B 11 also be 
considered a constant. Camp implied that "B" depends upon 
the coheaiveneaa and uniformity ot the material. 

Prom the data obtained trom the experiment• the writer 
was able to calculate the Reynolds Number and the relative 
roughness for each experiment. The Reynold• Humber used in 
this particular caae was the velocity or tlow in the channel 
multiplied lJ' tour times the hydraulic radius or the channel 
croaa-aection divided by the kinematic v1acoa1ty ot the 
water. The relative roughness used was the actual sand 
size divided by tour times the hydraulic radius or the 
channel croaa-aection. The Reynold• Humber and the relative 
roughneaa made 1t poaa1ble to t1nd the "tr1ct1on factor'' 

from Moody'• curves for each experiment (3). Using the 
corresponding "friction factor" derived tor each experiment, 
the scour velocity was subsequently calculated. Tables II 
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through VII ehow the "tr1ct1on tactors" and veloc1tiee 

thus calculated. Prom the calculated acour velocities, a 

aeries or curves were plotted showing the relation between 

the calculated acour velocities tor each exper1Mnt and the 

percent grit trapped. This aeries ot curves ie ahown in 

J'igure 11. It ahould be noted that the range ot scour 
velocities ia relatively small which givea an indication ot 
the selective sedimentation properties or the troughs because 

velocities below or above the scour velocities would either 

trap the particle• used in the experiment• or reJect them 

reepectively. Theretore, the range ot scour velocities 

1ndicat•d that the Camp expression waa satistactory. 
It was subsequently decided to tind out what the 

nrriction taetora" would be it they were derived tr011 a 

scour velocity that was actually picked troa the velocities 

in the experiments. The acour velocity decided upon••• 

one that trapped 8~ ot the particlee. Prom the percent 

grit trapped vereua velocity curves ot P1gures 5, 6, and 7, 
a velocity was read tor each trough and weir setting used, 

and the correaponding "friction tactor" calculated in 
each case. The data obtained was tabulated in Table x. 

the curves or 11gure 11 and the data in Tables II 

through VII, and Table x, the writer waa now able to determine 

whether there was any agreement with Camp's scour relation. 
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The "friction tactora" shown in Tablea II through VII vary 
rrom 0.02~0 to 0.0350. Thia variation in the values ot 
the "triotion tactora" is due to the method employed to 
obtain it. The method employed to find the "tr1ct1on 
tactOl'" waa to calculate the Reynolds Number and relative 
roughness and the "friction tactor" corresponding to 
these two parameters 1a obtained trom the Moody diagram (3). 
Therefore, ae shown in Table• II through VII, it the relative 
roughness and the Reynolds Humber changes, then the "triction 
tactor" would change alao, and, 1n turn, the aoour velocity 
would change. In other words, as the depth and velocity-
ohangea in a grit chamber, the scour velocity will also 
change. And this change in scour velocity will make a 

change in the percent grit captured in the grit chamber. 
As shown in Pigure 11, small change in scour velocity will 
brlng large changes in the amount ot grit trapped. In con-
olusion, 1t does not seem appropriate to aaaume a constant 
"tr1ct1on factor" ot 0.03 when uaing Camp's scour relation 
when designing a grit chamber. 

Table X shows the "tr1ot1on tactora" obtained trom the 
experiments uaing a scour velocity corresponding to 8o,C or 
the grit trapped. It is noted that the friction factor in 

the chamber may not agree with that calculated. In other 
worda, when comparing the calculated scour velocittea 
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corresponding to the experiments with the actual velocities 

obtained in the experiments, shown in Tables II through VII, 
one can see, in Table X, that the "friction tactora" 

corresponding to actual ecour velocities do not match with 

the "triot1on tactors" eorreaponding with the calculated 

scour velocitiea. Therefore, we aee that the Darcy-Veiabach 

"tr1ction tactor" 1a not representative ot what is actually 

happening in the grit chamber. However, it we accept Camp's 

scour velocity expression, and it we use the Darcy-Ve1abach 

"friction factor" ot 0.03 in Camp's e'Xl)reaaion, knowing 

that it may not be representative or the phenomena in the 

chamber; then the term ''B" must be a constant that not only 

accounts tor the un1tormity and cohesiveness ot the particles, 

but also accounts tor the discrepancy between the Dar,y-We1a-

bach "tr1ct1on rector" and the actual friction 1n the chamber. 

In calculating the scour velocities., the constant "B" 

was taken, as Camp suggested, as O.M tor uniform cohesion-

leas particles. 
It waa now dectded to re-evaluate the term "B 11 in the 

Camp relation 1n order to attempt to make the Camp scour 
velocity match the actual or calculated scour veloc1t1ea in 

the chamber. Table XIV shows the values or "B" that would 

have to be used in the Camp relation. Aa shown 1n ~ables 

XIV the "B" term is averaged and has the value of about 

0.05 tor this particular group ot experi•nta. 



TABLE II 
RESULTS OP EXPERDIEN'l'S - TROUGH HO. 1 

(Rote: v • kinematic v1acoa1t7 in and RH= by-
draulic radius 1n rt.) 

eir pth, e7Dolda OU e 
1ght· H, V Humber x:,l;i P, rt. rt.faec. Ha• VH D:gll' 
rt. v -:r-

0.120 0.280 0.671 1.223X10-' 2.305x1g; 0.0501 
0.120 0.250 0.;36 o.ei5x1g; 1.1,5n, o.~58 
0.100 0.300 o. 93 1.7 3Xl 3.11ono o. 28 
0.100 0.275 0.785 1.,05x1g; 2.675x1g; o.0698 
0.100 0.250 0.680 1.106n 2.215x10, o.~16 
0.100 0.225 0.i60 o.819x1g; 1.725x1~ o. 3, 
0.100 0.200 o. ,, o.~l - 1.2arx1' 0.0308 
0.100 0.175 0.320 O. Xl~- 0.85 Xl~ 0.0182 
0.050 0.265 l.~ 1. 86no, 3.66ox1, 0.1•01 
0.050 0.250 1.072 1.1-3X1g, 3.,95n~ 0.1,31 
0.050 0.225 o.~0 1. 05Xl' 2.~9Xl~ 0.127i 
0.050 0.200 o. 50 1.1<>6x10, 2.i 5Xl - 0.112 
0.050 0.170 o.69' 0.767XlO 1. ano 0.0882 
0.050 0.150 o.i93 o.57gx1g; 1., x10: o.g.30 
0.050 0.120 o. 17 o.325x1 o.88ono 0. 50 
0.150 0.335 0.1°" 1.535nol 2.622ng; o.<>'61 
0.150 0.310 o.606 1.2;rx10, 2.183Xl, 0.0369 
0.150 0.285 0.505 0.9 x10, 1.753X10, 0.0279 
0.150 0.2,s 0.331 0.527Xl0 l.063XlO 0.0139 
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TABLE II (Continued) 
RESULTS OP EXPERIMENTS~ TROUGH NO. 1 

ortt Grit Percent Darcy-we1sbaoh 1ca1cu1atec1 
Ldded, Trapped Or1t Priction Pact- Scor.e/Velo-

ml. Trapped or, et~~ Ve, t tt. aec. 

152.0 51.0 33.55 0.0269 o.,i5 92.0 69.0 75.00 0.028( o.,~ 90.0 20.0 22.21 0.025 I o., 
69.0 26.0 11-10 0.0263 0.,60 
78.0 ~-0 .15 0.0210 0.'i' 98.0 .o 65.30 0.02 5 o., 2 
58.0 52.0 89.70 0.0300 o.a.31 
6JJ.o 5A.o 92.25 0.031 o.,oa 
76.0 .o 10.52 0.02 0.,1, 
52.0 11.0 21.15 0.02,8 0.,1, 
71.0 18.0 !.37 0.0256 o.'66 
79.0 30.0 .00 0.0265 o.,ia 56.0 l'·o 0.75 0.0281 o., i 
1·0 5.0 69.25 0.0295 0.,3 

.o 65.0 95.60 o.03i7 o.,<>6 
86.o 26.0 30.22 0.02 0 o., 63.0 3,.0 5,.00 0.0210 o., 
,9.0 ra·o 6,.§o 0.02 2 o., -58.0 a.o 82. O 0.0315 0.,20 
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TABLE III 
IBSULTS OP EXPKRIMEM'l'S - TROUGH NO. 2 

Weir e oc1ty, eyno • OU e 
eight v. Number Mulber Rumb!r 

P, tt./aec. lfR=!! Ha: RHV NP-V --· rt. "'I gH 

I 0.150 0.3,5 0.1,2 1.665x10: 2.800X1~ o.<>'97 
0.150 0.320 o.6•- 1.~ono, 2.a5on o.<>'03 
0.150 0.290 0.,2• o.988X10- 1.~2x10: o.02~ 
0.150 0.275 o. 58 o.819XlO- 1. 0Xl0- 0.02 
0.150 0.2,0 O.il3 o.'88Xl~ o.996x10 0.012A 
0.100 0.300 o. 9i l.7-3Xl 3.166x10? 0.082 
0.100 0.280 0.$0 1.,83110: 2.76'x10• 0.0718 

f 0.100 0.260 0.723 1.2~10- 2.•oono• 0.0626 I 0.100 0.235 0.613 0.9 Xl0- 1.932x1~ 0.0-97 
0.100 0.210 0.,90 0.6~Xl0- 1.597X1 - 0.0357 

'0.100 0.190 0.395 o., x10, 1.111x10_, 0.0255 
0.050 0.255 1.098 1.a21x1~ 3.61ox1~ 0.1,12 
0.050 0.235 1.00-. 1.5i5x1 3.11ox1~ 0.1336 
0.050 0.215 0.916 1.2 1x1g; 2.75An, 0.121, 
0.050 0.200 o.sio 1.182Xl 2.-5 x10_, 0.112 
0.050 0.180 0.11 o.a11x1g; 2.022x10_, 0.0958 
0.050 0.160 o.6, o.wx1°' 1.632%10 o.0806 
0.050 0.1,0 o.~ O. Xl 1.252x10: 0.0638 
0.050 0.115 o. 7 o.2s9x10' o.72Jt.x10 o.0-.05 
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TABLE III (Continued) 
RESULTS OP EXPERDIElfl'S - 'l'KOUGB HO. 2 

Grit t ercent Circulated 
Added• Trapped Grit Priction !Pact- Score/Velo-

ml. Trapped or, city v0 , 
t rt. aec. 

s,.o 12.0 22.21 0.0256 o • .\66 
68.o 2,.0 35.30 0.0268 o.,g6 
1t7.o 26.0 55.!5 0.0280 o., 6 
.9.0 28.0 71. 0 0.0291 0.,37 

9.0 38.0 I2·i5 0.0316 0.,20 
2a.o 12.0 2. 5 0.0253 0.,69 
fi·o 12.0 32.90 0.0260 0.463 
1.0 21.0 .-.41 0.0278 0.447 

40.0 16.0 o.oo 0.0279 0.447 
58.0 40.0 69.00 0.0291 0.437 
,a.o .\o.o 83.30 0.031; o.JJ.20 
40.0 8.o 20.00 0.02, o.JJ.74 
40.0 9.0 22.50 0.0255 o.~1 
.\2.0 12.0 28.57 0.0260 0.463 
.\2.0 16.0 ~-10 0.0266 o.,ij 
JJ2.0 18.0 2.85 0.0277 o., 
(6.o 26.0 12.25 0.0293 o.Ji.36 
2.0 t~-0 0.95 0.0310 0.,2, 

48.o 1.0 98.00 0.0350 0.399 



TABLE IV 
RESULTS OF EXPERDID'l'S - TROUGH HO. 3 

Weir Depth, Velocity, Reynold• Reynolds Proude 
Height H, V Humber lf"ber Hu~"r P, tt. tt./.ec. HR~ HR RHV u. 

rt. -:;r i1f 

0.050 0.250 1.072 1,.7,3X104 3.,90x104 0.1431 
0.050 0.235 1.ooJI. 1.535x10: 3.17ox10: o.13ff6 0.050 0.210 0.895 1.2~10, 2.662Xl~ 0.11 8 
0.050 0.200 o.a,o 1.1 Xl0 2.,59x1o!t 0.112, 
0.050 0.180 0.7 0 o.s11x10: 2.025n 4 0.0958 
0.050 0.160 o.6-.4 0.670Xl04 1.6331:10,. o.0806 
0.050 0.1.lf.o 0.536 o.'88x104 1.252x104 0.0638 
0.100 0.320 0.§75 2.029x104 3.561x104 0.092; 0.100 0.300 o. §3 1.7-3X104 3.165x104 0.082 
0.100 0.275 0.7 5 1.,05x104 2.68ox104 o.0698 
0.100 0.250 0.160 1.236x104 2.4751104 0.0719 
0.100 0.230 o.i83 o.a11x104 1.81711~ o.oJJ~ 0.100 0.200 o. Jt5 o.51:x104 l.288Xl 4 0.03 
0.100 0.175 0.320 O.~ XlO o.858no4 0.0182 
0.150 o.3i5 o.1si 1. 21x10: 3.01ono o.o?45 0.150 0.3 0 0.72 1.600x104 2.111x10: o.o 79 
0.150 0.320 o.6JJ4 1.340x1~ 2.35ox1g, o.OJJ03 
0.150 0.300 o.i67 1.106n, 2.012Xl .. 0.0333 
0.150 0.280 o. 79 o.a11n~ 1.6'3X10, 0.02; 0.150 0.260 0.396 o.6Aon .. 1.315x104 0.01 
0.150 0.240 0.313 o.4 sx104 o.996ng_ 0.0127 
0.150 0.220 0.227 o.325no 0.692Xl 0.0073 
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TABLE IV (Continued) 
RESULTS OF EXPERIMENTS - TROUGH NO. 3 

ercent Darcy- a cu ated 
Added. , Trapped Grit Prictton Pact- Score/Velo-
ml. i 111. Trapped or. oit7. Ve, 

t rt. aec. 

45.0 ,.o 6.67 0.02,.9 o.473 
32.0 .o 12.50 0.0255 o.,67 
46.o 12.0 26.10 0.0265 0.-.58 
66.o 17.0 25.77 0.0266 o.,i7 4ll-.o 17.0 38.65 0.0278 o.4 7 
"·o 25.0 56.80 0.0290 o.•38 
,3.0 11-1.0 11.40 0.0310 o.42.\ 
o.o s.o 20.00 0.02,a 0.47Ji. 

•o.o 9.0 22.50 0.0255 o.11-67 
38.5 12.0 ,1.18 0.0260 o.11-6~ ,s.o 23.0 1.80 0.0265 o.,, o.o 27.0 67.50 0.0280 0.4 6 
.\5.0 36.0 80.00 0.0302 0.429 i1.o 31.0 8(.75 0.0280 o."6 
1.0 10.0 2 .Jt.o 0.0251 o.JJ71 (1.0 10.0 32.25 0.0259 o.~i 2.0 lll,.o ig•35 0.0267 O .Jt.5 

,1.0 lf.O .35 o.02Ai o.,io .\o.o 2 .o 60.00 0.02 o., 0 
,0.0 ro·o 80.00 0.0300 0.,31 
,6.0 o.o 87.00 0.0321 0.,16 
11-0.0 4b.o 100.00 0.0350 0.399 
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TABLE V 
RESULTS o-, BXPERDIBNTS - TROUGH NO. _, 

r eyno • u • 
Height B., V R1111ber N,b•r •~~r P., tt. tt./.ec. NR':f HR RsV . u • 

tt. ...,- ii 
'0.150 0.3-.5 . o. 1-.a 1.61ang; 2.a2ox10: o.~05 0.150 0.335 0.10-. 1.535x1 _, 2.625x1g, o. 1 
0.150 0.315 0.622 l.~Xl~- 2.251Xl-. 0.0383 
0.150 0.290 o.i2' O. XlO 1.831x1~, 0.0295 
0.150 0.210 o. 37 . 0.16mg; 1.,15no 0.0220 
0.150 0.250 o.m 0.579n, I 1.16ox10: 0.0158 
0.100 0.290 o. 8 1.6oox10, I 2.962x1g, O.OT_T2 
0.100 0.210 0.163 1.~ox1g, . 2.518n 0.0611 
0.100 0.250 0.680 1.1o6x1 2.213Xlo: o.~16 0.100 0.230 o.i83 o.a11x1g; 1.s21ng, o. 59 
0.100 0.210 o. 90 o.mn' 1.'6ox1 o.~51 0.100 0.310 0.935 1. ng, 3.31ox1g; o. 19 
0.050 0.270 1.156 2.029n~ 3.mn _, 0.1,39 0.050 0.250 1.ir 1.1,3n-. 3. 90Xl~ 0.1 31 
0.050 , 0.230 o. 3 1.,10x10, 3.~no, 0.13; 0.050 0.210 o. 95 1.;Fno, 2.662n, 0.11 
0.050 0.190 0.800 O. XlO 2.25ox10_, 0.10-.e 
0.050 0.170 o.69' o.161x10• 1.825x10 o.oae2 
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TAB.LB V (Continued) 
RESULTS OJI BXPERIIID'IS.:. TROUGH RO._, 

t t eroent 
Added, Trapped Grit l'riotion Pact- SeoN /Velo-

Trapped or, cltJ Vo, 
t tt ••c 

~.o 10.0 11.22 0.1256 o.,66 
28.0 12.0 2.90 0.0260 0.,63 
27.0 13.0 "8.15 0.0269 o.,i5 
31.0 20.0 6-..55 0.0280 o., 6 
3,.0 26.0 76.50 0.0292 0.,36 20.0 20.0 100.00 0.0319 0.,1 
26.0 8.0 .0.11 0.0255 0.,67 
19.0 8.o 2.10 0.0265 0.,58 26.o 13.0 50.00 o.~l o.,,i 18.0 12.0 66.67 0.02 0 o., 
36.0 28.0 ~-80 0.0295 0.,3, 
2!.o 6.o 2 .08 0.02,2 0.,10 
2 .o ,.o 1•.~o 0.02 2 0.,69 28.0 5.0 17. 5 0.02,1 o., 0 
20.0 1.0 3;.00 0.02,9 0.,13 
26.o 10.0 3 .,5 0.0261 0.,62 
30.0 18.0 50.00 o.o~o o.'i' 23.0 1 .o 78.30 0.02 1 o., 5 
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TABLI VI 
RESULTS 01 UPERDlllffS - TROUGH HO. 5 

Weir Depth, Velocity, Reynold• leynoida ' Proude 
Height H, V •Uf)t•r lf~ber Nu~~r 
. P, tt. tt./aec. HR=-:y Hftc RsV D: -tt. -v- gB 

0.150 0.355 o.m 1.s21x10: 3.01ox1ot o.~•s 
0.150 0.320 o. 1.t~ono, 2.,iox10, o. 03 
0.150 0.325 0.665 1. 05x10, 2. 2Xl0 o.<>'23 
0.150 0.300 o.i67 1.1o6no, 2.012nO: 0.0333 
0.150 0.280 o. 79 o.a11x10, 1.6'5x10, 0.02;; 
0.150 0.260 0.396 o.mno, 1.315no, 0.01 
0.150 0.2,0 0.313 o. no, 0.997Xl0 0.0127 
0.100 0.310 0.9; 1.a86no, 3.375nO: o.0879 
0.100 0.290 o.a 1.60ox10, 2.961x10, o.0'772 
0.100 0.270 0.763 1.a•ox10, 2.678x1g, o.0671 
0,100 0.225 0.560 o. 19no, 1.725n, o.°'3' 
0.100 0.250 0.680 1.106no, 2.21ox10- 0.0576 
0.100 0.200 0.,,5 o.579x1~ 1.2sano, o.oi08 
0.050 0 .. 260 1.115 1.886n, 3.706x10,. 0.1 89 
0.050 0.2,0 1.025 1.6oono, 3.268no, 0.1363 
0.050 0.220 0.936 1.3,0110, 2.85ox1~ 0.12,0 
0.050 0.200 0.850 1.106no, 2.-~Xl _, 0.112, 
0.050 0.110 o.69' 0.7~10_, 1.8 x10, 0.0882 
0.050 0.1 5 o:rra 0.9 no 2.1i2no, 0.1019 
0.050 0.150 0.593 o.579no' 1., 8Xl0 0.0730 



T.ABL'E VI (Continued) 

RESULTS 01f BXPERIIID'.l'S - TROUGH No. 5 

t t ercent 
Added, Trapped Grit friction lact- Bcore/felo-

Trapped or, ott 8~ t rt. 

,o.o 8.o 26.65 0.0251 o.•n 
o.o 1,.0 35.00 0.0267 0.,56 

,2.0 10.0 31.25 o.02~ 0.,59 
,.o 2Jt. .o 54.55 0.0215 0.,50 

27.0 17.0 62.95 0.02 9 o.Jt.39 
27.0 22.0 81.50 0.0300 0.,31 
36.0 30.0 8i.3i 0.0321 o.Jt.17 
22.0 ,.o 1 .1 0.0250 o.Jt.12 
30.0 8.o 26.65 0.0256 o.,66 
28.0 a.o 28.55 0.0262 0.,61 
36.0 22.0 61.10 0.0287 o.,,o 
2,.0 13.0 54.15 0.0270 0.,54 
30.0 25.0 aa.30 0.0305 o.427 
3q.o ~-0 .33 0.02,5 0.,16 
36.0 .o 22.21 0.0252 0.,10 
33.0 a.o 24.22 0.0260 o.,6! 23.0 10.0 43.50 0.0265 o.,i 30.0 18.0 60.00 0.0281 o., 5 
3,.0 19.0 i'•90 0.0280 o.,,6 
36.0 30.0 3.30 0.0295 0.,3, 



TABLE VII 
RESULTS o-, EXPERIMENTS - TROUGH NO. 6 

• r eloe1ty. • Reynol a • Height V Number HU111bttr Mum~r 
p• tt./.ec. R'ft-VH NR.-RHV 11Pa 
tt. '"" 

-gH 

0.050 0.270 ' 1.156 2.02,x10: 3.~1x10: 0.1,39 0.050 0.250 I 1.072 1.1•3x10JJ 3. 90x104 0.1 31 
0.050 0.230 o.~3 1.•1ox10JJ 3.061no, 0.1301 0.050 0.210 o. 95 1.22ano, 2.661110, 0.118 
0.050 0.190 ' 0.800 o.98 x10, 2.2,5110_, O.l<K8 
0.050 0.170 0.69• 0.767110.-, 1.e2mo-. 0.0882 
0.050 0.150 0.593 0.579110 1.•• no_, 0.0730 
0.100 0.330 1.015 2.w11C: ! 3.762x1~ · o.~2 0.100 0.310 g:iii 1. 110, 3.37511 • o. 79 
0.100 0.290 1.6oono, I 2.962110, 0.0772 
0.100 0.270 0.763 1.3Ja.ono, 2.579110, 0.0611 
0.100 0.250 0.680 1.106no.., 2.210n0 0.~76 0.100 0.230 0.583 0.871110.., 1.818110: o. i9 0.150 0.355 o.78J 1.821110,. 3.005n01J o.~5 0.150 0.335 0.7 1.535n04 2.622n0, o. 1 
0.1so 0.315 0.622 1.~x104 2.257Xl0 0.0383 
0.150 0.290 0.i24 o. n~ 1.a3ong: 0.0295 
0.150 0.270 o. 37 0.16m 1.Ja.75n 0.0220 



TABLE VII (Continued) 
RESULTS 01' EXPERIMENTS - TROlJGH HO. 6 

Grit Grit Percent Darcy-Weiabach Calculated 
Added Trapped Grit Pl-iction ••ct- Score/Velo• 

ml. '.frapped or, ett~ v0 ., r rt. aec. 

30.0 Jt. .o 13.33 0.0243 o.Jt.78 
25.0 5.0 20.00 0.0249 o.JJl& 2a.o a.o 28.55 0.0256 o., 
27.0 10.0 37.00 0.0265 o.Jt.58 
31.0 16.0 51.60 0.0261 o.Jt.62 
2a.o 19.0 67.90 0.0285 0.,,2 
34.o 30.0 88.25 0.0200 o.Jt.§1 I 31.0 6.o 19.35 0.0240 0 .-. 1 (o.o 1.0 i 23.35 0.0248 o.474 o.o 12.0 30.00 0.0257 o.JJ65 
28.0 14.o 50.00 0.0262 O .Jt.61 is.o 20.0 57.10 0.0275 o.,io o.o 29.0 72.55 0.0283 o.Jt. 3 
20.0 i·o 2i.oo 0.0251 0 .Jt.71 
2~.o l .o 4 .25 0.0260 o.Jt.62 i .o 20.0 58.80 0.0259 o.Jt.6g 6.o 32.0 69.55 0.0280 o.,, 
20.0 16.0 80.00 0.0293 0.,36 
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TABLB VIII 

ADJUSTEI)tt AVERAGE VALUES FOR TROUGHS INv.lIOATBD 

Troug dJ. Ave. j, vi~ Number Grit '1'1-apped Ha NJ 
9-··• ,__ 

l s,.1a .663 l.<M8 .06-., 
2 51.5,2 .656 1.022 .06-9 
3 52.51 .627 1.01, .0581 
4 ,9.,a .738 1.251 .0730 

5 Ja.9.65 .686 1.116 .0665 
6 Ja.6.70 .783 1.345 .0798 

*Adjusted average= average ot central values with extreme 
values eliminated. 



1 

95.60 
92.25 
89.70 
82.80 
75.00 
69.25 
65.30 
6)1,.30 
60.75 
i~:rs 
37.70 
33.55 
30.22 
25.37 
22.21 
21.15 
10. 2 
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'l'ABLB IX 

ARRAY OP 'l'HE VALUES OP PERCENT GRIT TRAPPED 
AFTER ELIMINATION OF CERTAIN DATA 

2 

98.oo 
83.30 
80.95 
72.55 
72.25 
71.80 
69.00 
55.35 
50.68 JJo.oo 
38.10 
35.30 
3,.41 
32.90 
28.57 
22.50 
22.21 
20 00 

3 

I 100.00 
87.00 
83.75 
80.00 
80.00 
77.Jt.o 
67.50 
60.00 
56.00 
,6.35 I 
i.1.80 
33.35 II 32 .25 
31.18 
26.10 
22.50 
12.50 
6.6 

100.00 
78.30 
11.80 
16.50 
66.66 
6-\.55 
50.00 
50.00 
,a.15 
,2.90 
,2.10 
38.JJ5 
35.00 
31.22 
30.77 
26.oa 
17.85 
.ti. 0 

1 

5 

83.35 
83.30 
88.30 
81.50 

I. 62 .95 
61.10 

160.00 
55.~6 

I 54.55 
t' 54 .15 

43.50 
35000 
31.25 
28.55 
26.65 
22.21 
18.18 
8. 

6 

88.25 
80.00 
72.55 
69.55 
67.90 I 58.80 
57.10 
51.60 

I 50.00 •a.25 
37.00 
30.00 
28.55 
25.00 
23.35 
20.00 
19.35 

Trough No. 

Grade 

RO'l'BS1 1. Adjuated Mdian • Mdian ot data not 
2. Total Mdian: ot all data 
3. Adjuated Md1an grade = ranking ot ad-

Mdian 
•• Median p-ade • ranking ot total .. d1an 
5. Total median grade = sum ot the adjusted median 

grade and median grade 
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TABLE X 
AC'l'UAL SCOUR VELOCITDS, V0 , CORRBSPORDINO CALCULATED 

SCOUR VBLOCITIBS, V0 , ARD THEIR CORRBSPORDDO 
"PRIC'l'IOR PACTORS", t, POR BACH DIR SET'l'IHO 

AND TROUGH DIVISTIOA'l'ID 

'l'i-ough Weir Vo to Ve tc 
RUllber Setting 

1 .15 .365 .<>'0950 .,11 .02,6 
2 .15 .320 ·,Uo .,1175 .02,55 
i .15 -~5 .o 1 .,6575 .02i20 .15 • ,5 .02760 .,1615 .02 05 g .15 ·ij0 .03;0 .,7575 .02,10 

.15 • 0 .02 22 .,1,, .02,20 
' 

1 .10 .,95 .02230 .,11 .02'6 
2 .10 .,,o .02950 ·•1175 .02,55 
i .10 ., 5 .0~60 ., ;1i -~20 .10 .,10 .02 T5 .,11 .02 05 g .10 .,,5 .02760 .,1515 .02,10 

.10 .510 .02100 .,75 .02,20 

1 .05 .5,50 .01839 .,11 .02'6 
2 .05 .5,50 .01839 ·'1175 .02,55 
i .05 ·2125 .02000 ., 575 -~20 .05 • 50 .01292 .,7675 .02 05 g .05 .600 .01519 .,7575 .02,10 

.05 .630 .01375 .,75, .02,20 



'l'l-ough 
Humber 

1 
2 
( 
g 

TABLE XI 
CALCULATED SCOUR VEt,OCITY ORADIS 

(Reta Pigure tluaber 10) 

Slope Perrol'llance Grade 

g - 11 
6 12 

2 5 1 
i 2 1 

3 1 
3 1 ' 

Rotes The beat ourve ahould have the aleepeat •lope 
and ahould ahow the htgb.eat percentage• or 
grit trapped. 
Grade• ranking or performance or trougha. 

TABLE XII 
RBYHOLDS RUNBBR ORADIS USIRO »=-Rs D RBYNOLDS RUNBD 

PORJIULA 

Trough Slope Pertoraane• Grade 
Rumber ~-

1 g 2 11 
2 3 12 

i 2 3 1 
i 1 1 g 2 1 
3 1 -



TABLE XIII 
TROUOB RA'l'DO CHART SHOVDO TOTAL ORADE ARD ORADBS OIVD l'OR 

VARIABLES RATED 

di-it frapped bi-it AdJ. ~dJ. AdJ. ldJ. 
••• Velocity Trapped Ave. lve. Ave. Ave. 

ugh Tl'lftu•h .10 .15 va. Rey- Grit Velo- RR .,. -- -----Shane lfullber nolda Ro. TramMtd ~1ty -

--v- 1 I - - 3 3 1 5 - -. ---I 
2 5 6 6 - 3 - 6 3 

3 3 2 - 5 2 6 5 5 
-- 1 3 2 2 5 2 2 2 

f 3 5 5 3 4 3 3 3 ~- ---·· 
7-J 6 2 1 1 1 6 1 1 1 

Rote, a8 = hydraulic ra•tua; Ra = Reynolds Humber; N:, = Froude Number 

Median J 
Trapped 

3 -
9 

8 

10 

,. 
-

8 



I ... 
t;-

TABLB XIII (Continued) 
TROUGH RATDO CHART SBOWIRO 'l'O'.l'AL ORADB ARD GRADES OIWR J'OR 

VARIABLES RA'l'BD 

-<Jr•lt apped Critical Grit Trapped 
Trough Trough va. l'roude No. Velocity va. •1 using 
Shape Jfumber .05 .10 • 15 Slope PerfOl'II • B ··- . ·----v- 1 5 3 i 3 5 - 2 

·-----
2 ' 5 5 6 6 3 

3 6 - - 2 5 3 
-- 1 2 2 5 2 1 

--
5 3 3 ,. - 3 2 

L-.__J 6 2 1 1 3 1 1 
-

Total 
Grade 

53 

75 

6' 

,2 

52 

31 
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TABLE XIV 
VALUBS O'fl TD CARP CONSTAR'!' "B" AND TBBilt CORRBSPORDIHG 

ACTUAL ARD CALCULATED SCOUR VBLOCITIBS 

VL Ve Bo Vo Weir 
Setting 

.-,._ ....... 
• ,11 .M88 .,26 .0293 .365 .15 
.,7175 .°'89 .,26 .02255 .320 .15 
.,6575 .M77 .,26 -~26 -~5 .15 
.,7675 -~00 .,26 • 36 • -5 .15 
.,7575 • 98 .,26 .08015 .,10 .15 .,15, .0,975 .,26 ·°''5 • 50 .15 -.,11 .<>'88 .,26 -~39 .,95 .10 
·'1175 .0489 .,26 • 07 ·Uo .10 
·- 575 .<>'77 .,26 -~ • 5 .10 
--7675 -~00 .,26 • 6 .,10 .10 
--7575 • 98 .,26 .M36 ... ,5 .10 .,15' •°'975 .,26 .0572 .510 .10 

--~-- ·-.,n .oJl.88 .,26 .0653 .5,5 .05 .,7175 .M89 .,26 .065! .,,s .05 .,6575 .M77 .,26 .057 .5125 .05 
... 7675 -~00 ... 26 .0929 .650 .05 
--7~5 .o 98 .,26 -~92 .600 .05 .,1 .0,975 .,26 • 73 .630 .05 

~Bo = .93810 XBx, : 88'85 
S't = .<>'916 !'0 = .05211 I= .0506 

VL = Calculated Scour Velocity 
Ve= Camp's Seour Velocity 
Vo• Actual seour Velocity 
~=Constant ualng Calculated Scour Velocity r = Constant uaing Actual Scour Velocity 

a Avel'8ge values or the Constant 
= Average or all value• ot the constant 
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FIGURE 5. Effect of Velocity in Channel on Capture of Grit., at Weir Setting of 0.05 ft. 
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0.10 ft. 



100 

90 

80 
'O 
(IJ 

70 0. o. 
ro 
S'-, 
8 60 
.µ 
t:: 
Q.l 
0 50 S'-, 
(IJ 

0.. 

40 

30 

20 

10 

.2 -3 .4 -5 .7 
Velocity, ft. per sec. 

o---o 
0- -- -- ---0 ~--~ 
6~--6 
ffi- - - -EB 
A------A 

Trough No. 1 
Trough No. 2 
Trough No. 43 
Trough No. 
Trough No. 5 
Trough No. 6 

-9 .o 

FIGURE 7. Effect of Velocity in Channel in Capture of Grit, at ~eir Setting of 
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V. CONCLUSIONS 

This investigation led to the following concluaiona1 
1. Additional study ehould be made or what ettect pro-

longed running ot the grit chamber would have upon percent 
grit captured. 

2. Additional data needed in order to develop tlow 

formula tor grit chamber•. 'l'he writer auggeete that aeveral 

aeries ot additional experiments be runJ one aeries using 
a constant Reynolds Humber. one aerie• using I constant 
Froude NW1ber. and one aeries uaing I constant depth para-
meter. 

3. There should be additional atudy ot Camp'• scour 
relation in order to tind a "B" constant that would more 
closely describe the tlow ot grit in the chambers. It is 
auggeated that more accurate scour velocities •7 be attained 

it "friction tactora" were uaed in Camp•• relation that 
coneaponded to the actual Reynold• Number and relative 

roughn••• in the grit chamber. 

•• The overall ettioiency or Trough 6 seemed to have 
been the beat. although there appeared to be no rational 

explanation tor this finding. 

The aign1ticance ot this thesis waa two-told. It did 
indicate the complexity ot the problem or grit chamber 



sed1Mntat1on, and it did indicate the trough shapes that 
aee•d to be the ett1o1ent. 



VI. SUMIIARY 

The object ot this work was to investigate the ettect 

or geometry on the performance eharacter1at1ca or grit 

collection trough• that serve to collect and atore grit 

oaptured by grit chambers. 

A model grit chamber made ot marine ply11ood containing 

interchangeable plastic troughs was uaed to gather data. 

Six plaattc trough abapea were constructed ao that ooapari-

son studies could be made ot the tollowtng trough shape 

taetoras downstream elope, elope, and depth to 

width ratio. Water flow ot various depths and velocitlea 

waa introduced trom a water main into the chamber atter 

whioh sand or a •••ured and apecttied atse waa 

added to the chamber. Thia procedure was used to 1nveat1-

gate 111 aix trough ahapea. 

Por each experiment, pertormance ot each trough shape 

was determined by halting the flow after all the aand had 
been added to the chamber and measuring the ot aand 

captured in the chamber and troughJ then ttndtng the percent 
grit ti-apped. 

The study showed that ,rough - exhibited the beat 

err1e1ene7 tor the capture ot grit. Trough 6 had a 2sl 
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downeweam slope, a vertical alope, and a bottoa 
that was about twioe •• long aa the depth ot the trough. 
The study also ahowed that Camp•• acour relation appeaNd 

to ahow agreement with the pheno•n• tn the chamber. 
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Investigation of lffect ot Geaaetry an Performance 

of Grit Collection Troughs 

by 

Benjamin A. Lacy 

An investigation has been made to determine tbe effect of 

geometry on the performance of aix collection troughs that served 

to collect and store grit captured by a model grit cbaaber. The 

grit employed was a 0.1I411 sand fraction obtained by sieving and the 

width of tile channel of the model grit chamber was 0.5 ft. Over a 

hundred experiments ~ere performed which spanned a range of velocities 

of from 0.31. to 1.1 ft/sec and a range of depths of from 0.1 to 0.36 

ft. The performance of the grit chamber - collection trough units was 

evaluated in tenu of percentage grit capture under comparable flow 

conditions and observation of grit travel patterns. 

The results indicated that the performance of the troughs 

was influenced by the volume, the depth to length ratio and the slope 

of the upatream and downstream walls. High performance appeared to be 

induced by large volwnes, moderate depth to length ratio, vertical up• 

str ... wall slope, and a downatr ... elope of 2 vertical to 1 horizontal. 
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