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A ~ STUDY .QE m GRIT CHAMBERS JJl. 

m MINNEAPOLIS-ST t PAUL SANITARY DISTgr:CT ~ 

INTRODUCTION 

This report describes the results of model studies of the grit 
chambers at the Minneapolis-St. Paul sewage treatment plant. The approaoh 
sewer conduoting the sewage to the grit chambers is a double barrel seotion 
and is ourved in plan as shown in the model sketoh, Fig. 1. The sewer serVes 
eight grit chambers bW suooessive bifuroation of the original twin barrels 
as shown in the figure. Although the total flow is divided approximately 
equally among the eight grit ohambers (when all are in operation), the two 
outside pairs of grit chambers (Nos~ 1 and 2 or 7 and 8, Fig. 1) reoeive a 
muoh greater share of grit than the others. The overload in these chambers 
is a oontributing cause to high cost of maintenance and lower efficiency. 
Similar problems arise when less than eight ohambers are operating. 

The diversion problem in this oase is complicated because the approaoh 
sewer is curved in plan. This ourvature introducesseoondary oiroulation 
which imparts a non~uniform distribution to the grit which is carried mainly 
as bed load. The maximum concentration occurs near the inside of the curve 
and minimum or almost ~ero concentration ooours at the outside of the curve. 
The situation beoomes even more complioated when there are compound curves as 
in the present problem. Suspended material is less affected b,y the curvat~e 
but probably forms only a small part of the load eventually retained in the 
grit chamber.s. The non-uniform distrib~tion aoross the bed produoes the mal .. 
distribution of grit among the ohambers. A further point to be noted is 
that these sewers are combined sewers, and this tends to inorease the quan~ 
tities of grit following storms when the liqUid discharge is falling. 

A review of the literature on the hydraulics of sewers and grit oham-
* bers indicated little prior investigation of this problem [1,2.3). A stlllilar 

problem of unbalanoed grit distribution at the Pittsburgh sewage treatment 
plant was investigated b,y model study, but the results were not oonc1usive [,J 

* Numbers in brackets refer to the list of referenoes on page 25. 
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The p~esent model study was undertaken to investigate methods of im
proVing the grit distribution among thegritohambers as they exist. A 
sebdnda~ purpose was to investigate the form of diversion required to serve 
f.oUf additional grit ohambers in a possible future expansion of the plant • 

. \ 

~he report is divided into two parts; Part I deals with the grit distribution 
problem in the existing plant, and Part II deals with the additional grit 
chambers for future expansion, 

PART I - EXISTING GRIT CHAMBERS 

A. Design and Description of Model 

The model was built to a scale ratio of 1:12 inoorporating a section 
of approach sewer from a point approximately 250 it upstream of the grit 
chambers as well as the grit chambers. Tbe approaoh sewer was inoluded to 
provide the proper entrance conditions. The model was oonstructed largely of 
transparent plastic to faoilitate observation of flow patterns and bed load 
movement. As the plant contains two similar sets of four grit chambers, only 
four grit ohambers were modeled. Initially, these were installed on the end 
of the west barrel of the seWer. Later, the four grit chamber unit was shifted 
to the end of the east barrel. On the barrel without grit chambers, a dummy 
outlet was provided with a tail gate arrangement to oontrol the depth and dis

oharge. Figure 1 is a plan view of the model; photographs of the model in 
operation are shown in Photos 1 and 2. 

The water supply came direotly b,y gravity from the Laboratory supply 
tlume~ The total disoharge Was measured by a calibrated orifioe in the supply 
line. A V~notchweir Was installed to mea~ure the disobarge ooming from tbe 
dummy outlet. B,y means of tailgates and soreens; the wate~ su~taoe elevation 
and the quantity of flow diverted from one ba~~el to the other could be con
trolled to represent any flow situation. 

The model waS designed to be operated in aocordance with the Froude law 
of simi1a~ity since gravitational and inertia foroes were oonsidered to be 

paramount. Viscous forces are probably unimportant as long as turbulent flow 
is assured in the model (exoept as regards drag on grit particles). The length 
scale was arbitrarily chosen as 1:12, and since water was used as the flUid 
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medium in both model and prototype, the similarity ratios a~e as follows: 

Property !full Ratio 

Length it L = L = 1:12 r r 

Area ft2 A =L 2 =1:144 
l' l' 

Velocity tt/sec V = L liz = 1;).~6 
l' l' 

Disoharge ft)/sec Q = L ,/2 = 1:,00 
r r 

,. As the transport .of material in the model is dependent upon the char .. 

acteristios of the prototype material and as the laws of similarity for sedi
ment,transport involve other forces in addition to gravity, the similarity 
relationships for grit movement are oonsiderably more oomplicated~ Typical 
prototype grit size distributions obtained from material deposited in the 
grit chambers are shown in Fig. 2. Th~ material consists of a variety of sub
stances, but much of it can be classified as sand or cinder with a speoific 
gravity of about 2.65~ 

The analysis for model grit size is detail~d in the appendiX. It was 
necessary to seleot a material that would move principally as bed load since 
this is the manner of transport in the prototype. The criteria for modeling 
bed load movement are not very well established. Even those oriteria that 
were selected could not be satisfied by a single material. As a compromise, 
a very uniform sand of 0.18 mm mean diameter was seleoted as the principal 
grit material in the model as this size was readily available and met, 
approximately, the oriteria established for fall velocity and critical tra~
tive force. A faw observations were also made using 1/8 in. diameter plastio 
spheres. 

Actually, there is a wide range in partiole sizes (as m~ be seen in 
Fig. 2) and specific gravities in the prototype grit just as there are a 
variety of flow conditions including both steady and unsteady flow. ~ select. 
ing two materials for test in the model, it was eXpeoted that the true con
ditions would be braoketed., However, the results must be considered as 
largely qualitative. 
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It was essential to verify the model, both to check its hydraulic per

formance and to check the distribution of grit. The consulting engineers 

supplied water depths as measured in the existing structure for a few repre

sentative discharges. These are given in Table I. Qualitative statements 

made by the plant operators as regards grit distribution under existing oon

ditions were also supplied. 

The first verification test was undertaken with the four model grit 

chambers on the west barrel. At a flow rate of 239 MOD, the flow division 

and depth in the moael behind the bar screens (A, Fig. 1) were in close agree. 

ment with the prototype conditions within experimental limits. Measurements 

obtained in the model at this and other discharge rates are given in Table II 

and may be compared with Table I. Sand was fed into the model near the head 

tank a,nd the resulting grit distribution is also tabulated in Table II; it 

is shown in Photo No. 3 and is sketohed in Fig. 3 for the 239 MGD rate. (The 

darker shading in Fig. 3 and the following figures indicates relatively 

heavier sediment conoentration.) At this rate, most of the grit found its 

way into chambers Nos. 1 and 2 (Fig. 1), and this reproduoed observations in 

the prototype. 

Vllien the four model grit chambers were placed on the eastern barrel 

and the 239 MGD flow rate was used, almost all the grit entered chambers Nos~ 

7 and 8. Again, this is in conformance with observatioris in the prototype. 

Model data with the grit chambers on the east are shown in Table III, and the 

grit distribution is sketch~d in Fig. 1+ and shown in Photo No.4. 

The verification described above was co?sidered adequate to permit 

proceed:tng with the model studies to improve the grit distribution. 

B. Flow Modification 

The non-uniform distribution of grit observed in the verification 

tests can be attributed to a combination of two factors. These are the fact 

that most of the grit moves as bed load and the tendency of a curved stream 

to have a secondary flow on the bed directed toward the inside of the bend. 

The centrifugal force exerted on each particle tends to partially overcome 

the effect of the secondary flow and also acts to distribute particles of 

different specific gravities differentially across the bed. The net force 
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is inward~ however, and this causes the grit to concentrate on the inside of 

the bends, especially the bends in the main approach sewer and at the first 

bifu~bation, as sketched in Figs. ) and 4. 

Many devices are used in.trapping, diverting, and proportioning sedi~ 

ment load in irrigation canals; these include guide vanes, splitters, sills 

~nd others [4J. However, their use presupposes uniform distribution of bed 

load across the width of the channel. The non-uniform distribution upstream 

of the first bifurcation in the present problem (B, Fig. 1) makes these 

devices of little use. What is required is a device which can be installed, 

probably, near the first bifurcation, to produce a more uniform grit distri

bution acrOss the width of the sewer as the flow leaves the first bifuroation. 

This device should produce a secondary flow on the bed to counteract the 

secondary flow due to the bend [4J. 

At first, it was thought that the required secondary flow could be 

produced by bubbling air up one wall of the channel or even by shooting a jet 

of air across the bottom. Furthermore, compressed air is readily available 

in a sewage treatment plant and would be a relatively inexpensive curative 

device if it could be used. The air device proved unsuccessful, however, 

even though air was injected at high rates and high velocities at several lo

cations near the first bifurcation. B,y observing the motion of the sand 

particles on the bed, it could be seen that the particles were slightly dis

turbed in the in~ediate vicinity of the air input, but otherwise, they follow

ed the same path as without air. The air bubbled to the surface without much . 

effect on the secondary flow. 

A problem similar to the present one arises in training meandering 

rivers. One of the devices used for creating secondary flows in that case 

is a spur dike. Such di.kes are also effective in controlling scout' at bridge 

piers by altering the secondary flow. Hence, spurs projecting from the 

channel wall were tried in the present problem, and they proved very effec

tive. All of the corrective work on the model was finally based on the use 

of spurs. The positioning and size of the spurs as determined in the model 

are described in the following paragraphs. 



1. Eight Grit Chambers in Operation 

The first modifioation experiments were performed with the four model 

grit chambers on the west barrel and with equal disoharge and grit load 

passing through the dummy outlet of the east barrel. It was found that the 

best location for a spur to improve the distribution in the west chambers 

was on the west wall of the west barrel opposite the end of the dividing 

wall betl.J'een the barrels. Many oombinations of watel' flow and grit flow 
were tried, and although the optimwm location of the spur was readily deter

mined f its required size was variable with flow conditions. Figure 5 shows 

the spur and a sketch of the grit distributions for the 239 MGD flow rate; 

the grit distribution may also be seen in Photo No.5. Table IV shows the 

model results for all flow rates tested giving spur size and grit distribu

tion. The improvement obtained oan be seen by oomparing Figs. :3 and 5, 

Photos :3 and 5, and Tables II and IV. The flow pattern around the spur is 

shown in detail in Photo No.6. 

When the four grit chambers were placed on the end of the east barrel 

and a dummy outlet was used for the west barrel, it was found that a spur 

located on the west wall of the east barrel would improve the distribution 

to the east chambers. (The spur in the west barrel, as well as a low sill 

at the opening between barrels, was in place during these tests.) The 

optimwm location for the spur in the east barrel was about 17 ft upstream 

of the end of the dividing wall between barrels; this location prevented 

interference with the flO1.J' in the west barrel due to the wake of the spur 

(the wake's length is of the order of 10 to 12 times the spur projection). 

Again, the projection of the spur for best performance depended on flow 

rate. Table V shows the spur projeotion used and the sand distribution 

among chambers for the east side. Figure 6 shows the spur location and con

tains a sketoh of sand distribution for the 239 MGD rate. The improvement 

may be seen by comparing Tables III and V, Figs. 4 and 6, and Photos 4 and 7. 

2. Six Grit Chambers in Operation 

Several combinations oan be obtained by closing down two grit cham

bers at a time; most of them had much more complicated flow patterns than 

when all eight ohambers were operating. A discharge of 204 MGD was selected 
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as typical for all of these tests with 136 MGD going to the side with all 

four chambers in operation and 68 MGD to the side with two chambers. 

The first tests again were performed with the model chambers on the 

west and dummy chambers on the east. Results of a test of existing condi

tions with chambers 3 and 4 on the west closed were shown on the last line 

of Table II and are sketched in Fig. 7. The diversion of flow from the west 

barrel to the east barrel carried with it most of the sediment because the 

secondary flow at the bed was in the direction from the west to the east 

barrel through the opening in the dividing wall between barrels. It was 

found that a low sill placed across the opening in the wall would retain a 

fair share of the sediment on the west side as shown by the sketch in Fig. 8. 

An 8 in~ high sill (prototype scale) was used in the model but it is very 

difficult to predict the optimum prototype height from these model tests be

cause of the qualitative nature of the similarity between model and prototype 

grit transport. 

With the sill in place and a spur on the west wall of the west barrel 

as indicated in Fig. 8, operation with chambers 3 and 4 closed waS materially 

improved as can be seen by comparing Fig. 8 with Fig. 7. On the other hand, 

with chambers 1 and 2 closed, although the sill forced a fair proportion of 

the sand to the west side, all of the sand accumulated in chamber I.j. and none 

in 3. Nothing could be done to improve this situation. The existing dis~ 

tribution pattern is sketched in Fig. 9 and this is quite similar to the im

proved conditions except that somewhat more sand is carried to the west side. 

When two chambers on the east were closed so that the larger part of 

the liqtlid flow was diverted to the four chambers on the west, a proportional 

share of grit could not be diverted from the east barrel to the west barrel. 

The presence or absence of the sill made no difference. The grit which did 

reach the four western chambers was mostly carried into chambers 3 and 4, 

however, as shown in Fig~ 10. This distribution could be improved by in

stalling another spur on the east wall of the west barrel about 11 ft 

(prototype) downstream of the first bifurcation as shown in Fig. 11. The 

spur upstream of the bifurcation Was not required with this arrangement. 

After completing the tests on the west side, the four grit chambers 

were moved to the east side 'vi th the dummy outlet placed at the end of the 
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western barrel. With four grit chambers operating on the east and only two 

on the west, more than a fair share of the grit was diverted from the west 

to the east barrel under existing conditions as already noted and shown in 

Fig. 7. This heavier grit load on the east went mainly to chamber 5, with 

a lesser quantity to 6, and considerably less to 7 and 8, as sketched in 

Fig. 12. A secondary flow generated by the cross flow through the opening 
in the dividing wall between barrels was responsible for this distribution. 

The grit distribution oould be materially improved by introducing another 

spur projecting from the west wall of the east barrel about 11 ft downstream 

of the first bifurcation. This, together with the sill in the opening be

tween barrels, produced the rather good distribution of the heavy grit load 

sketohed in Fig. 13. The upstream spur in the east barrel waS not used with 

this arrangement as it counteracted the effect of the downstream spur. 

As already noted in conneotion with Fig. 10, when only two chambers 

operated on the east and four on the west, it was impossible to force a 

proportional share of the grit from the east to the west barrel. Therefore, 

the two operating chambers on the east had to take more than their share of 

the load. When chambers 7 and 8 were closed, almost all of the grit went 

to chamber 5 under existing conditions as sketched in Fig. 14, and no method 

of curing this situation could be found. This appears to be a very undesir

able method of operating the grit chambers. vfuen ohambers 5 and 6 were 

closed, the major grit load went to chamber 8 under existing conditions as 

shown in Fig. 15 and Photo No.8. With the spur upstream of the first bi

furcation and the sill in,place, the distribution was materially improved 

as shown in Fig. 16 and Photo No.9. 

3. Four Grit Chamberp in Operation 

Three combinations are possible using only four grit chambers; these 

are all four on the west, all four on the east, or two on the east and two 

on the west. The model tests were oonduoted with discharges of 120 and 150 

MGD. When all four chambers on the west were operating, chambers 3 and 4 
received most of the grit under existing conditions much as sketohed in Fig. 

10. The spur about 11 ft downstream of the first bifurcation can correct 

this distribution the same as shown in Fig. 11. 
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With two ohamberson eaoh side operating, oonditions were very similar 
tpthe oorresponding situation with six chambers, except that the total grit 
load was relatively evenly divided between the two sides.. On the west, with 
ohambers :3 and 4 closed, the distribu.tion between 1. and :2 was satisfactory 
wnen the spur on the west wall of' the west barrel was used, muoh as sketched 
in Fig. 8. With chambers 1 and 2 closed, however, most of the grit on the 
west side went to chamber 4 and nothing could be done to correot this. With· 
ohambers 5 and 6 olosed on the east, equitable distribution could be obtained 
between ? and 8 b,Y uSe of the spur on the west wall of the east barrel. up
stream of the bifuroation~ much as seen in Fig. 16. With? and 8 closed, 
most of the grit went to ohamber 5 as before and no oorrective measure was 

found. 

With four operating chambers on the east and none on the west, all of 
the sediment went to the east side, This could be fairly evenly distributed 
by using the spur 11 f't downstream of the first bifuroation on the west wall 
of the east barrel, much as sketohed in Fig. 1:3. 

4. Summar:i 

In summary, it was found that spurs were very effective in improving 
the grit distribution for several flow conditions. For some oonditions, 
however, no improvement could be obtained~ The model study findings are 
summarized in Table VI and the devioes used are shown in Fig. 17 in proto
type dimensions. The worst operating oondition oocurs with chambers 7 and 
8 on the east olosed; then chamber 5 will usually be overloaded and no 
oorrectivemeasures seem available. 

Although the prototype positions for the spurs can be taken from the 
model results, this is not so for their projections. It was found that the 
required projections varied with flow rate as well as with the oombinations 
of ohambers that were operating and the proportion of grit in eaoh barrel 
of the trunk sewer. Beoause of the qualitative nature of the modeling of 
the grit transportation, this variable size of projection in the model in .. 
dicates that the variation may be different in the prototype. Hence, the 
prototype projections have to be determined by trial in the prototype. 
This can be readily done, for example, qy using spurs hinged at the wall so 
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that when they are at right angles they have maximum projeotion and when 

against the wall, minimum projection. 

There are also other factors entering the modeling that should be 
mentioned. The gate slots at the bed shown in Fig. 1 act to introduce vor~ 
tax tubes and were actually part of the mechanism in the modeling, aiding 
in redistributing the grit load across tne bed. It is not known how well 
the vortex tube aotion in the model corresponds to that in the prototype, 
and this increases the qualitative nature of the modeling. The bar screens, 
of which there are four, may clog at a non-uniform rate during operation and 
this possibility was ignored in the model. Prototype and model will conform 
better if the bar screens are all cleaned frequently and at the same time 
during plant operation. 

C. Reoommendations 

On the basis of this investigation, the following recommendations are 

made for improving the grit distribution among the grit chambers. 

1. Figure 17 shows the location where spurs could be install
ed profitably. These spurs may be longer than required 
(say 2 ft) and hinged along a vertical axis to the wall 
from which they project. This type of arrangement could 
be used for increasing and decreasing the projeoted 
length of the spur at different flow and operation con
ditions. 

2. After the spure are installed, the plant operators should 
determine their own regulation and operation methods to 
get the maximum advantage of these devices. The spur 
lengths indicated in Tables IV and V and in Figures 5, 6, 
11, 13, and 16 may be used as guides. 

3. As far as possible, all eight grit ohambers should be used 
at all times beoause this gives better grit distribution. 

When a lesser number of grit chambers are active, the 
combinations of numbers 3 and 4 and 5 and 6 as operating 

chambers should be avoided either with others or with 
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themselves. It was subsequently found in Part II of this 

report that if the opening at the dividing wall at the 
first bifurcation is olosed and replaced by an opening at 
the end of the straight sewer upstre~ (at the trifurcation 

site shown on Fig. 18), the limitation expressed in this 
recommendation oan be avoided. Furthermore, the sill 
recommended below would not be required. 

~. A sill about 7.25 in. high at prototype scale was required 
at the first bifurcation as shown in Fig, 17 when two 
ohambers were used on the west side with the four chambers 
on the east, The presence of the sill did not affect other 

flow oonditions, The optimum sill height required in the 
prototype may be greater or less than this; but the model 
figure should probably be used initially. 

,. Even if the above recommendations are all adopted, there 

will be uneven distribution of grit if the bar soreens in 
the channels upstream of the grit ch~bers are allowed to 
become blocked unevenly_ !t is recommended that all Screens 

be cleaned simultaneously whenever one of them shows e~cess 

head loss. 

PART II ... FUTURE GRIT CHAMBERS 

This part of the report concerns an investigation to determine an 
acceptable method of diverting an equitable proportion of grit from the 
twin~barrelled main sewer to four additional grit chambers which may be added 
at some future time. It was specified that the four additional ch~bers 
would be similar in overall dimensions and contiguous to the west side of the 
original ch~bers (although they need not have the same construction fea

tures). Also, the connection between the main approach sewer and the new 
grit chambers would probably have to be made no further upstream than at the 

first point of tangency upstream of the present chambers. 

To conduct the investigation, a plan for the connecting sewer between 
the main sewer and the four new grit ohambers meeting the above conditions 
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was proposed; this was oonstructed as an addition to the model used in the 
earlier studies, and the four grit ohamber unit used on the earlier studies 
was placed at the end of the new sewer in the model, The model was then 
operated muoh in the same manner as described for the earlier work using 
dummy outlets for the other chambers. Changes were made in the model as re

quired to produce equitable grit distribution4 The model in its final form 
at the end of this study is shown in Photos 10 to 13 and construQtion details 
are shown in Figs. 18 to 20. 

A. Design and Description of Hodel 

Several configurations were oonsidered for the sewer barrel serving 
the four neW grit chambers. In addition to the scheme which was adopted and 
which is shown on Fig. 18, a plan was proposed whereby a distribution header 

would be built to replace the first bifurcation in the existing grit oham

bers (downstream of B in Fig. 1) and which would distribute the flow to three 
groups of four ohambers each; there would be no separate approaoh sewer for 

the four new chambers. Also, a plan similar to that shown in Fig. 18 but 
with the'new sewer barrel carrying further west and then curving back by an 
S curve to the oenter of the new four chamber unit was considered. All of 
the schemes, including the adopted one, promised to lead to problems due to 
secondary currents similar to the problems already encountered on the exist~ 

ing sewer. The distribution header would be the worst in this respect and 
was discarded. The S~curve plan had merit in that the reverse curve might 
have been used to overcome the effect of the first curve. However, even if 
the proper turn angles could be found by adjusting the model, it was uncertain 
whether the angles so found would applY to the prototype~ It was oonsidered 
better to use the simple plan shown in Fig. 18 with the expectation that 

spurs oould be plaoed to overcome the adverse effects of secondary currents 
as was done in the earlier part of the study. (It turned out that spurs, 

alone, were not sufficient as Will be seen below.) It was felt that errors 
in getting the exact spur size or location from the model could always be 
corrected in the prototype at much less cost than changing the sewer align
ment. Furthermore, the plan in Fig. 18 would probably be easier to build. 
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In the proposed plan, the twin barrelled main sewer has been trifur

cated at its first point of tangenoy upstream of the grit chambers. As 

shov.T!l on Fig. 18, the existing dividing wall between barrels in the main 

sewer has been removed for 125 ft and has been replaced bw two new walls for 

all but the upstream 44 ft. Here, the sewer has been left open to its full 

width to provide for some mixing of the contents of both approach barrels and 

for distribution to the three sewers leading to the grit chambers. (This 

scherne was approved as being structurally feasible by the consulting 

engineers.) The three new barrels leave the point of tangency in a direction 

practioally parallel to the direction of the straight approach sewer. Since 

the streamlines should be straight in this region, no secondary currents are 

expected and the grit load should be divided in the same proportion as the 

flow. This is the reason for placing the trifurcation at the point of tan

gency rather than at any other point. Two views of the trifurcation are shown 

in Photos 11 and 12. 

There is a curve in the main sewer terminating about 300 ft upstream 

of the trifurcation. This curve may cause the grit load distribution to be 

somewhat non-uniform across the sewer floor approaching the trifurcation. It 

is believed that the 300 ft of straight sewer (about 30 hydraulic diameters 

in each barrel) should be sufficient to redistribute the worst non-uniformiUes 

resulting from the upstream curve. The upstream ourve was not reproduced in 

the model so that its effect could not be studied. A field check of bed loa~ 

distribution somewhere along the downstream part of this straight section 

should be made. 

The three sewer barrels leaving the trifurcation are of 6 ft width 

each. The sewers are reexpanded to the original width of 9-1/2 ft over a dis~ 

tance of 70 to 100 it as shown on Fig. 19. Other than changes required by 

this reexpansion, no changes were planned in the e~isting sewer downstream 

of the region of the trifurcation. In particular, all of the spurs recommen

ded in Part I were retained. The sill in the opening at the first bifurca

tion was also retained initiallYt but as will be seen, it became necessary to 

close this opening completely &s a result of the model investigation. The 

new sewer barrel was also made 9~1/2 ft in width so that its frictional loss 

would be approximately the same as that of the older sewers for the same flow 
rate. 
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B. The Model Investigation 

The model study was conducted with two objeotives in mind_ The first 

was to determine whether the proposed trifurcation would, in fact, distribute 

the grit in proportion to the flow with different combinations of grit cham

bers in operation. The second was to make such modifications to the proposed 

new sewer as would cause the grit to be distributed equally ~ong the four 

new c~bers (or between two, if only two were operating). 

1. The Trifurcation 

In the experiments to test the effectiveness of the trifurcation, it 

Was found that with all 12 grit chambers in operation and with sewage dis .. 

charges from 165 to over 600 MGD, the flow and grit were divided fairly 

equally ~ong the three sewer barrels. Some data are shown in Table VIr for 

four flow rates, As noted in the table, these data were obtained without 

bar screens And, therefore, are only valid if all the bar screens are 

equally clogged at any time; differential clogging would result in unequal 

distribution of the flow and probably in disproportionate grit distribution. 

Also, in the experiments the grit was distributed uniformly across the twin. 

barrelled approach sewer assuming that the straight sewer approaching the 

trifurcation is adequately long to produce such a distribution, as discussed 

earlier; if the distribution were to be non-uniform, some redistribution 

would take place in the open mixing region at the trifurcation, but there 

would be more or less disproportionate grit distribution in the three sewer 

barrels approaching the grit ch~bers. 

At first, 1I1hen two grit chambers were closed in the existing set of 

chambers, the flow and grit were unevenly divided among the ten remaining 

operating chambers_ This occurred because the water level was equalized at 

the opening in the dividing wall at the first bifurcation of the original 

grit chambers (near B in Fig. 1)" Thus; the water levels in all three 

barrels were approximately equal at the trifurcation and the flow and grit 

were divided into approximately equal thirds at this point. Then, the barrel 

with only two operating chambers was overloaded with grit even though the 

flow mora or less equalized itself At the opening at the first bifurcation. 



This situation was corrected by completely closing the opening at B 

in Fig. 1. Then the shutting down of any pair of grit chambers would be 

felt direotly by an increased water level in the sewer baTrel leading to tho$e 

ohambers; a decrease in both flow and grit carried into that sewer at the 

trifurcation would follow. That this was the case was shown b,y. several 

trials in the model. Two of these are illustrated in Table VII. 

With the closure of the dividing wall near B in Fig. 1, the question 

arises as to whether the findings of Part I of this report are still valid 

when only the original eight grit ohambers are in operation. The answer is 

probably yes; conditions may even be improved. The original opening was 

necessary in order to redistribute the flow when different numbers of cham~ 

bers were operating on the two sides of the bifurcation near B in Fig, 1. 

This redistribution now occurs equally well at the new trifurcation. Fur

thermore, there should be no problem in preventing orossing over of grit at 

the original bifurcation when two ohambers on the west are closed for which 

a sill was recommended in Part I. Also, the previously insurmountable prob

lem of foroing grit from the east barrel to the west barrel when two cham

bers on the east are closed will disappear since the diversion will take 

place fairly equitably at the trifurcation as already seen with 10 ohambers 

in operation. 

2. Grit Distribut~on in the Four New Chambers 

As indicated earlier, it was expected that grit carried in the new 

sewer barrel could be distributed equitably among the four new chambers (or 

two of them if only two were operating) by providing spurs as was done in 

Part I. However, it proved to be impossible to accomplish equitable distri

bution by spur alone and another means was sought. 

The scheme finally adopted introduces a gravity force to help overcome 

the effects of secondary flows which tend to carry the grit particles on the 

bed to the inside of the curve. Part of the seoondary flow drag on the par~ 

ticles is already overcome by oentrifugal force which tends to throw the 

particles outward as they go around the bend. and onlY'a little Additional 

force should be necessary to keep them from concentrating on the inside of 

the bend. This force could be provided b,y sloping the floor of the sewer so 
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that the high side is on the inside of the bend. Instead of a slope, a one

ft high step waS built into the floor of 'the model as shown in Fig. 20. 
"Ifuen the bed is covered with grit, this will still provide for the required 

cross.ohannel slope. The one-ft dimension was chosen rather arbitrarily con

sidering the fact that the secondary flows are confined to a small fraction 

of the flow depth at the bottom and noting that the average depth of sewage 

flow in the sewer is 5 ft. 

With this step in the sewer floor, it was possible to distribute the 

grit equitably among the four chambers by the use of two spurs, also shown 
in Fig~ 20. With the step and spurs, both bed load and suspended load 

should be distributed fairly well. 

Typical data obtained for grit distribution in the new chamber when 
all 12 chambers were in operation are shown in Table VIII. Photol; shows a 

typical result. The table shows that a oonstant projeotion of the upstream 

spur will be suitable over a wide range of flow rates, but the downstream 

spur will need to be hinged in order to oontrol its projection for different 

flow rates. Spur locations and dimensions are shown in Fig. 20 at prototype 

scale. Again, as in Part I, the model determines the spur si~es only qual

itatively and somewhat different projections may actually be required. 

When two of the neW chambers were closed, it was not so easy to get 

good grit distribution among the remaining two. With only the two most 

westerly chambers operating, the downstream spur was effective in providing 

someWhat equitable distribution. But when only the two easterly chambers 

were operating, most of the grit went to the most easterly of these and 

nothing could be done to improve the situation. This problem is the same one 

as oc¢urred in Part I, of course, when only the two easterly ohambers of 

each set of four were operating. 

C. Recommendations 

If four new grit chambers are to be added to the existing treatment 

plant and placed in line with the existing chambers, this can be done effec~ 

tively if the new sewer barrel is joined to the existing sewer at its first 

point of tangency upstream of the grit chambers. Details of the construction 



us~d in the model a~e shown in Figs~ 18 to 20 and the same plan is recommended 

for actual construction. 

In the 44 ft space shown on Fig. 18 where the existing dividing wall 
is to be removed and not replaced by any other walls, probably two roof 
support ~olumns (at 15 ft spacing) and arches could be left. A column length 
of 2 ft ih the flow direction with rounded upstream and downstream ends to 
provide streamlining is suggested, 

Also, in the region in the model where the dividing wall was removed, 

the inverted arch floor was flattened to invert level by ohipping out the 
concrete near the walls. In actual construction, flattening will also be 
required in this region to prevent the raised ridges from guiding the grit 

motion along the bed; however, the flattening can probably be done by fill

ing to wall level rather than bW chipping. 

Even if the new sewer barrel is never constructed, it would be useful 
to oonsider closing the dividing wall between the existing two barrels near 
the grit ohambers and making a new opening in the region of the proposed 

trifurcation as already indioated in Part I. 
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TABLE I 

PROTOTYPE DATA 

De~th Downstream of Bar Screens 
No. 1 No. 2 No. 3 No. i+ 

Flow, East Flow, West Total Flow (West) (West) (East) (East) 
Run No. Time Date MGD MGD MGD i't i't i't f't 

1 8:45 A.M. April 18, '66 120 0 120 3.15 3.15 

2 12:00 A.M. April 18, • 66 136 68 204 3.05 2.75 3.25 3.a5 

3 2:30 P.M. April 18, '66 115 124- 239 2.85 2.85 2.75 2.75 f 
I-' 
CD 
J 

4- 7:05 A.M. April 19, '66 0 137 137 3·.35 3.20 

~~\ 

'\, 

'-, 
'. 

-', 
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Total 
Flow 

MGD 

239 

300 

204 

Total 
Flow 
...MillL 

239 

239 

Depth 
Behind 

Bar 
Screen 
it 

2.85 

3.4 

2.9 

Depth 
Behind 

Bar 
Screen 

ft 

2.9 

2.8 

Velocity 
in Grit 
Chambers 
ft/sec 

0.8 

1 

Veloci'ty 
in Grit 
Chambers 
ft/sec 

0.7.5 

0.78 

TABLE II 

GRIT DEPOSITED IN WEST CHAMBERS, EXISTING CONDITIONS 

Per Cent Material De~osited in Grit Chambers 
No. 1 No. 2 No. '3 No.4 

37 29 16.5 17.5 

47.5 47.5 2 • .5 2.5 

Very little o Closed 

TABLE III 

Remarks 

Q t = 115 MGD, Q t = 124 MGD eas wes 
Eight grit chambers in operation 

Eight grit chambers in operation 

Q t = 136 MGD, Q t = 68 MGD eas wes 
Four chambers east side 
Two chambers west side 

GRIT DEPOSITED IN EAST CHAMBERS, EXISTING CONDITIONS 

Per Cent Material De~osited in Grit Chambers 
No~ s- No. h No. 7 No.8 

3 . .2 5~8 .51 40 

4 . .5 4.5 41 .50 

Romarks 

Q t = 11.5 MGD, Q t = 124 MGD eas . vms 
Eight grit chambers in operation 
(Spur in west barrel) 

1 
t-' 
'-D 
I 



TABLE IV 

GRIT DEPOSITED IN WEST CHAMBERS~ IMPROVED CONDITIONS 

Depth 
behind Velocity Spur 

Total Bar in Grit Projection Per Cent 
Flow Screen Chambers cm Material Deposited in Grit Chambers 

MGD ft ft!s~~ (PrototyPe Scale) No.1 No. 2 Now- 3 No.4 Remarks 

150 2 0.7 24.0 13 40 37 10 Q t~ Q t eas wes 

175 2.25 0.77 22 .. 8 19.3 27.7 34.5 18.3 Eight grit chambers in opera-
tion 

200 2.50 0.72 20.4 19.4 29.15 33 18.45 J 

Spur projecting from west ~ 
239 2.85 0.82 18.0 2421.7 29 25.3 wall of ~st barrel at 1 

first bifurcation 
300 3.4 1.0 12.0 20 3.5.3 20.7 24.0 

370 4 1.0 8~40 25.95 18.5 21 34~55 
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Total 
Flow 
.l1illL 

150 

175 

200 

239 

300 

370 

Depth 
behind 

Bar 
Screen" 

ft 

2.0 

2.:) 

2.5 

2.8 

" 

Velocity 
in Grit 
Chambers 
ft/sec 

0.7 

0.75 

0.78 

0.8 

3.2 
\\ 

1 

4 \ 1 

; 

I 
\ 
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\ 
\ 

", 

" 

"': ..... 
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TABLE V 

GRIT DEPOSITED IN EAST CHAMBERS, IMPROVED CONDITIONS 

Spur 
Projection 

cm 
(Prototype Scale) 

37.2 

33 

28.2 

26.4 

20.4 

15.6 

Per Cent 
Material Deposited in Grit Chambers 

No. 5 No. 6 No. 7 No.8 

21 23 35 21 

30 15 20 35 

28 23 23 26 

24 24 18 34 

27 24 27 22 

22 11 22 45 

Remarks 

Q . ~ Q 
east west 

Eight grit chambers in 
operation 

Spur projecting from west 
wall of east barrel 17 in. 
(model) upstream from the end 
point of central wall 

Spur on west wall of west 
barrel and sill extension of . 
dividing wall also in place 

r 
N r 



-22-

TABLE VI 

SUMMARY OF·CORRECTlVE MEASURES 

Chgmbers Operating 

8 cQf!.mbers 

6 chambers 

a. 4 chambers on east and No's. 
1 and 2 on west 

4 chambers on east and No's. 
3 and 4 on west 

c. No's. Sand 6 on east and 
4 chambers on west 

d. No's 7 and 8 on east and 4 
chambers on west 

4 chambers 

a, 4 chambers on west 

b. 4 chambers on east 

Of 2 ohambers on east 
(1) with 1 and 2 on west 
(2) 'With 3 and 4 on west 

d. 2 ohambers on west 
(1) with Sand 6 on east 

(2) with 7 and 8 on east 

Spur on west wall of each barrel up~ 
stream of bifurcation worked well. 

Sill at first bifuroation plus spur on 
west wall of west barrel upstream of 
bifurcation and on west wall of east 
barrel downstream of bifuroation worked 
well. 

Same as a, above, but No. 4 will be 
overloaded. 

Spur on west wall of east barrel upstrean 
of bifUrcation and spur on east wall of 
west barrel downstream of bifurcation 
were used. The sill was in place. No. 
5 will still be overloaded. 

Same as c, above, worked fairly we11 t 

but 7 and 8 will carry a more than aver~ 
age load. 

Sill and spur on east wall of west barrel 
downstream of bifurcation worked well. 

Sill and spur on west wall of east barrel 
downstream of bifurcation worked well. . 

Same as for 8 ohambers. worked well. 
Same as for 8 ohambers. but No. 4 is 
overloa4ed. 

Same as for 8 chambers, but No. 5 is 
overloaded. 
Same as for 8 chambers, worked well. 

The sill may be left in plaoe for all operating oondi tions. 



TABLE VII 

SOME OBSERVATIONS ON FI..OW DIVISION FOLLOWING TRIFURCATION 

Total Discharge Discharge Discharge 
Run Chambers in Discharge East West New Sewer 
No. Ooeration MGP MGD ~_li~ MGD Remarks 

1 All 12 386 116 133 137 Grit diversion appeared to" be-equal to 
three sewers under all flow conditions. 

2 All 12 290 90 110 110 

3 All 12 216 66 73 77 

4 All 12 165 55 55 56 

5, 2 on East 226 45 86 95 Grit diversion appeared to be proportional 
4 on West to flow when the dividing wall at the :first 
4 new bifurcation was closed. 

6 ;, 4 on East 226 86 45 95 
\. 2 on West 

4 new 

Note: All data are for approximately equal water levels at the discharge ends of the chambers. There are 
no bar screens. 

--

1 
1\) 

\.t.) 
I 



Depth at 
Run Discharge Bar Scroen 
~ MGD f't 

1 480 3 

2 300 2 .. 5 

3 600 3.5 

TABLE VIII 

GRIT DEPOSITION IN NEW GRIT CHAMBERS 

(All 12 chambers are in operation) 

Velocity in S~urs Projection 

~ 

Grit Chambers Upstream Downstream Per Cent De~osition in Grit Chambers 
_~_~hs ft. prototype _L_ ii iii iv 

1.0 1 .. 0 0.9 23.5 23.5 29 .. 5 23,..5 

0.7 1.0 1.2 30 22.5 25 22.5 

1.11 1~0 0.68 27.3 25 .. 7 24 23 

Note: Chamber iv is closest to the eXisting chambers. 

• r 
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LIST OF PHOTOS 

PHOTO 1 (Serial No. 164-3) General view of the model (the grit chambers 
are on the west barrel). 

PHOTO 2 (Serial No. 164-20) A closer view of the model in the vicinity of 
the first bifurcation (the grit chambers are on the east barrel). 

PHOTO 3 (Serial No. 164~15) Sand deposition in west grit chambers under 
ewisting conditions at 239 MGD discharge. 

PHOTO 4 (Serial No. 164-24) Sand deposition in east grit chambers under 
existing conditions at 239 MGD discharge. 

PHOTO 5 (Serial No. 164-12) Sand deposition in west grit chambers at a 
discharge of 239 MGD with spur at first bifurcation. 

PHOTO 6 (Serial No. 164-9) Flow pattern around a spur. 

PHOTO 7 (Serial No. 164-25) Sand deposition in east grit chambers at dis
charge of 239 MGD with spur installed near first bifurcation. 

PHOTO 8 (Serial No. 164-26) Sand deposition at 204 MGD under existing con
ditions when chambers 7 and 8 only are in operation on east side. 

PHOTO 9 (Serial No. 164-27) Sand deposition at a discharge of 204 MGD 
when chambers 7 and 8 only are operating on east side, with spur 
upstream of first bifurcation. 

PHOTO 10 (Serial No .• 164-30) Proposed new sewer barrel and grit ohambers. 

PHOTO 11 (Serial No. 164-31) Proposed trifUrcation. 

PHOTO ']2 

PHOTO 13 

(Serial No. 164-32) Detail of trifurcation. 

(Serial No. 164-28) Grit distribution among four new chambers 
with 520 MGD total flow (all 12 chambers are in operation). 
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PHOTO 1 (Serial No. 164-3) General view of the model (the 
grit chambers are on the west barrel). 

PHOTO 2 (Serial No. 164-20) A closer view of the model in the 
vicinity of the first bifurcation (the grit chambers are 
on the east barrel). 
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PHOTO 3 (Serial No. 164-15) Sand deposition in west grit 
chambers under existing conditions at 239 MGD dis
charge. 

PHaro 4 (Serial No. 164-24) Sand deposition in east grit 
chambers under existing conditions at 239 MGD dis
charge. 
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PHOTO 5 (Serial No. 164-12) Sand deposition in west grit 
chambers at a discharge of 239 MGD with spur at first 
bifurcation. 
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PHOTO 6 (Serial No. 164-9) Flow pattern around a spur. 
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PHOTO 7 (Serial No. 164-25) Sand deposition in east grit 
chambers at discharge of 239 MGD with spur installed 
near first bifurcation. 
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PHOTO 8 (Serial No. 164-26) Sand deposition at 204 MGD under 
existing conditions when chambers 7 and 8 only are 
in operation on east side. 

PHOTO 9 (Serial No. 164-27) Sand deposition at a discharge 
of 204 MGD when chambers 7 and 8 only are operating on 
east side, with spur upstream of first bifurcation. 
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PHOTO 10 (Serial No. 164-30) Proposed new sewer barrel and 
grit chambers. 

PHOTO 11 (Serial No. 164-31) Proposed trifurcation. 



Photo 10 





., 



PHOTO 12 (Serial No. 164-32) Detail of trifurcation. 
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PHOTO 13 (Serial No. 164-28) Grit distribution among four 
new ohambers with 520 MGD total flow (all 12 ohambers 
are in operation). 
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APPENDIX 

SELECTION OF BED MATERIAL FOR THE MODEL 

The laws of similarity for sediment transport are very complioated 

because the transport of material is dependent on foroes in addition to 

gravity, especially viscous foroes. In selecting material for the model, 

it is necessary to consider the following relationships: 

1. The ratio. of flow velocity to particle fall velocity. If 

these are the same in model and prototype, the rate of 

deposition of suspended material will be approximately 

the same, provided both flows are turbulent. 

2. The ratio of particle fall velocity to shear velocity. 

If these are equal in model and prototype, there should 

be some correspondence in rate of sediment transport 

along the bed by rolling and sliding. 

34 The ratio of bed shear stress to oritioal tractive force 

required to start motion of the particles. Critical 

tractive force is a nebulous phenomenon but, conceptually, 

if this ratio is determined in model and prototype by the 

same method and is the same in both, the bed should be set 

in motion at corresponding velocities in model and proto

type. Once the bed is in motion, this ratio may not be too 

important. 

Because of the curvilinear nature of the flow in the prototype and 

the presence of secondary currents, it is not a simple matter to determine 

flow velocity and bed shear stress at any place. However, the local velo

city should have the same ratio to mean velocity at corresponding points in 

the model and prototype; similarly, local bed shear stress should be related 

to mean shear stress on the bed. The mean quantities can be calculated and 

the pertinent prototype and model data are given for the sewer barrels in 

the following table for the typioal discharge of 239 MGD: 
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Prototype ~ 
jvJean Depth, ft 4.,5 0·375 
Typical Width, ft 19.0 1.,58 
Mean Veloeity, U, ips 4.3 1,24 

Bed Slope, S 0,00045) JRS = 0.0139 
Hydraulic Mean Depth, R, ft 2.31 
l'!Tean Bed Shear Stress, ""0' pst 0.06,5 0.0121 

Shear Velocity, V = -2. ff * y' 
fps 0.183 0.079 

For the model, the bed shear stress was estimated roughly by using the 

Manning formula with n = 0.013, the model velocity and depth having been 

adjusted by trial to produce the values given in the table. (In the above 

table Y is the unit weight of water and g is the acceleration of gravity.) 

A further complication arises because the sewage inflow is never steady 

but varies with ~ime of day and with precipitation. The grit load is 

different on falling stage than on rising stage both because of varying input 

characteristics and because of storage in the sewer. The model study could 

only represent steady flow. 

Typical size distribution curves for the grit collected in the proto

type chambers were given in Fig. 2. The figure contains curves for the finest 

(A), coarsest (B), and composite samples (C) collected on one day. Particle 

diameter is seen to vary from about 0.2 rom to about 10 rom. (Presumably 

materials finer than 0.2 rom were carried through the chambers in suspension 

while materials coarser than 10 rom were removed by screening upstream of the 

chambers.) In seeking model material for the grit, it was decided to work 

with the median sizes obtained from the curves of Fig. 2. The properties of 

these sizes are given in the following table. The values in the table are 

based on the assumption of spherical particles of quartz (mean specific 

gravity, Sq = 2.65). 
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A-3 

Critical Tractive 

Median Fall Velocity Force after Shields 

Particle Diameter [5, Fig. 18.3, ?OOF] 1L [5, Fig. l8.7J 

~ V* T , psf 
d. mm W, fps ulw c 

0.43 0.22 19.5 1.2 0.0055 11.8 

O.?? 0.4 10.? 2.18 0.0085 ?65 

1.,.3 0~7 6.15 3.82 0.015 4.3 

For particles of lighter weight material than quartz, vI' a.nd T would both c 
be smaller, of course, so that U/W and T /T would be larger than indicao c 
ted in the table while W/V* would be smaller. 

Ideally, the grit selected for the model should have about the same 

ranges of the ratios U/W, W/V*~ and T /T as the prototype material. o c 
Such a material, if it could be found, would have to have a specific gravity 

less than 2.65 and a corresponding size distribution. A brief search showed 

that all criteria could not be satisfied so some kind of compromise had to 

be reached. At first, plastic beads of 1.3 specific gravity were tr~ed.The 

1/8 in. diameter beads that were available proved to be too coarse in all 

the ratios to properly represent the grit, but they were used for some obser

vations 1n the model in order to assess the importance of the model material. 

In the sands that were available (Sq = 2.65), all of the ratios could 

not be satisfied simultaneously; if one ratio proved too large, another 

would be too smalle Since it is believed that most of the material reaching 

the grit chambers is transported as bed load in the sewers, it was desirable 

that the ratios W/V* and T /T should be used. However, even both of o c 
these could not be satisfied by the same sand. Finally, a fine sand of about 

0.18 mID mean diameter Was selected as a compromise; the sand grains varied 

from about 0.1 to 0.3 mID diameter. Although this sand was the best compromise 

available, it 1<laS too fine to satisfy the W/V * criterion and it was too 

coarse to satisfy the T /T criterion for quartz grains, although for 
o c 

lighter materials such as cinder the W/V* criterion was probably nearly 

satisfied. ~he model sand did satisfy the U/W criterion which was consid- : 

ered of lesser importance.) The properties of the model grits are shown in 

the following table: 
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Critical Tractivo 

Mean Fall Velocity JL Force after Shields 

iytterial Di.ameter, d W, :.(p§ Y./JJ. V* 'T 1 psf T IT 
Q ~ 

Sand O.lS rom 0.08 15.5 1.01 0.0032 3.9 
Plastic l/S in. 0.5 2.48 6.3 0~0115 1.05 

It can be seen that the plastic grit represents too coarse partioles in the 

prototype. 

In observing the operation of the model with grit1 it was noted that 

the sand behaved very much like rolling and sliding bed load particles, 

although the particles were conoentrated in the areas of maximum velocity 

and not spread across the bed. The beads moved more by saltation, bouncing 

off the bed into the flow. However, there was not too much difference in 

the paths followed qy the sand particles and beads, and they aooumulated in 

about the same proportions in the various grit chambers for most flow con

ditions. 


