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I. INTRODUCTION



«IRTRODUCTION -~

One of the most interesting and at the same time comparatively un~-
developed studies along engineering lines is that which has to do with
the general subject - "Street Cleaning"., 4t the present time there is
no partioular detsil of mundcipal government receiving more scientific
consideration than that of cleaning paved streets in a sanitary manuer.
Because of the very nature of the work it has, in the past, been assumed
%o have no technical difficulties that could not be swmounted by the un-
skilled labor doing the work. Nevertheless, it has been found by expe-
rience that the prooesses of street cleaning, like most similar work,
however simple it may appear on the aurtaoa, can be properly studied and
5.'& problems solved only by careful and complete observation involving
engineering methods.

With the demand for higher efficiemcy in municipal affaeirs and the
resulting anslysis of the several sctivities of municipal service, the
street cleaning branch was found to be one of the most fruitful fields
for improvement in method and reduction in coste Although scores of
investigations have been made by competent engineers, the results obtained
and the conclusions drawn by them have, up to the present time, not been
suffioiently exhaustive to establish definite standavds for this work,

The subject of street elaaning includes a multitude of detail, in-
volving many processes of doing the worke. Some of these are supplemental
to other processes and are intended to perform only & certain parf;zan of
all of the work to be dones, For this reason the thesis has been confined
%o 2 limited but  thorough study and comparison of the two methods in use
in Los Angeles for the removal of street dust, which is, from the health

standpoint, the most dangerous element of street dirt.



These two methods involve three types of equipment, and are as
followss

(1) Flushing by the use of Motor-Driven Flushers:

(2) TFlushing by the use of Horse-Drawn Flushers; and

{3) Cleaning by the Vacuum Method, using s motor-driven vehicle.

The time required for the study end smalysis of this phase of street
cleaning did not permit of any similar study of hand-sweeping. This 1s
the means employed for the removal of hesvy street dirt, or litter, and
is supplemental t0 the flushing and vacuum-cleaning deseribed herein.

The flushing teste wore madée in the olty of Los ingeles and the
vacuum-gcleaning tests were made in Pasadena, Califormia. The latter
tost may be termed "iuncomplete" due to the faset that the mmber of tests
were limited and thaf only one vacuum cleaner was available at the time
the investigation was made. However, the tests obtained from the one ma-
chine clearly indicate the efficiency of the method.

Many striking conclusions may be drawn from the results obtained
from the tests. 'The more important of these are as follows:

2« 'The cost of flushing by the use of a two-wagon battery is 33
per cent less than the cost of flushing by the nse of one
motor flusher.

be The horse-drawn flushers remove 57 per cent of the dirt as
compared with 24.5 per cent removed by the motor flushers.

¢« The aggregate daily performence of a two-wagon battery is 22
per cent greater than that of one motor flusher.

The City of Los ingeles pays epproximately fifteen dollars ($15,00)

per 8~hour day for one motor-driven flusher, and only ten dollars (§1C.00)
per 8-hour day for a battery of two horse-draown flushers.



The ordinary Senior College thesis contains material vhich general-
ly is not taken any too seriously and therefore ususlly proves itself of
doubtful material value. An attempt has bosn made in this study to pro-
cure data which, beceuse of 1%s reliable utility, might be avallable for

& definitely useful purpose.

The investigation has proven to be an idesl study in its relation
%o the course "Englmeering end Economics" offered at Throop College, and
only Sarther proves that "Engineering without EBgonomics” does not furnish
an accurate basis for sclentific determinations. The two are mutually
dependent and any attempt to separate them mmet of necsssity work towards
an unsubstantial and consequently & weak foundation.

Se He Sesyls

Kote - All tests were made in conjunction with the Efficiency Depart-

ment of the City of Los ingeles.

Note = While all of the data accompanying this report could not have
been obtained by any one person in mmch less than five months' tiume, 1
think I may safely cleim credit for having materially assisted in the pro-
curement of all of the details herein presented, and beg leave to call
attention to this phase of the situation to the letter signed by Jesse D.
Burks, Lfficiency Director of the City of Los Angeles, and prosented here-

with.



Hovember 4, 1916.

TO WHON IT MAY COWOMRN:w

dr. Sldney Re Soorl wes assoclated with the Effisiency
Depretment 9F the City of Jos sngolew frem July 2E8h to Sguw
tenber Ilst, 1%l6. During that time Jv. Sesrl spent the full
working hours of every working day assisting in the Departe
mont ‘s compacative test of horseedravn Slushing, motor-driven
fMushipg . and yoouam cleaning of strests. Mdr. Searl's work
sonsisted of meking cbhservetions and time studies of each of
thz fypes of street clesnsrs, of drowing chsrte, making dnle
guistiong, and offering genersl assistance and pdvide in the
condnat of the teste Ure Soarl wues closgely in toucgh with nll
dotalils of the test snd rendeved very vaiuevle aszisstongss

Very teualy yours,

J Birector.
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MOTOR=-DRIVEN AND HORSH-DRAWH STREET FLUSHERS IN 10S ANGELES

Witk Some Dats Concerning Vacuum Cleaning of Streets

I. GENERAL SUMHARY

This thesis presents the results of a study of three different methods used
in eleaning the paved streets of Loes Angeles, namely:

le By motor-driven flusher.
Ze By a battery of two horse~drawn flushers.
3+« By a "vacuum” street cleaning machine.

The thesis includes all details necessary for & complete check upon the
methods used and the conclusions reached in the siudy. 7o serve the purposes of
the general reader who mey not care to go fully into matters of technical detaily
and to afford a general background for those readers who mey hsve a technical in-
terest in the mass of detailed date presented, the present gencral sumary is
given ag & preface to the report proper.

To the reader who is interested in ascertaining most directly the results
of the study, four guestions will at once present themselves. These are:

l. ¥%hat weas done in conducting the test?

2¢ Which type of street cleaning is the cheapest?

3¢ Vhich type of cleaning is most effective?

4+ What changes in equipment and methods were supggoested by the test?

These four questions will be briefly answered in turn.

1. Vhat was Done%

8 Four widely separated flushing routes were cleaned first by motor-driven
flusher and one week later by horse-drawn flushers. The work of sach
flusher was closely observed and a record kept of all pertinent data, in-
eluding the time consumed in the various detalls of the work, the arecas
flushed, and the pressure at the hydrants.

be The routes were closely inspected vefore and after each flushing. Before
and after flushing, samples of dust were obitsined from equal srecas on the
stroet’s surface. This dust was weighed and screened.

Ge A fow inspections and dust tests were made in Pasadena, where the vacuum
street clesner was operating; no vecuum machine at present being in opoeraw
tion in Los Angeless

de From the dats of time, area, water consumption, and expense for labor and
services, the three types of cleaning were then compared as to their cost
to the city per 1000 squars yards cleaned.

es From the amounts of dust obtained on equal street areas before and after
cleaning, a sinmilar comparison was made concerning the sifectiveness of
each type in removing duste



fs From the inspections made before and after cleaning, the three types of
cleaners were compared ss to their effectiveness in removing manure and
other coarse material.

ge Observations made during the %test and deta collected indicated the de=

sirebility of meking certain changes in equipment and methods in handling
this kind of street cleaning work.

Z2e¢ Which Type of Cleaning is the Cheapest?®

Under substantially identical conditions, with the men asare of the observa-
tions, the thres methods rank as follows in cost:

8e Vaounm machine = approximately 80% of horse-drawn flusher coste
be Horse-drawn flusher = 100% of horse~drawn flusher cost.
Ge lotor-driven flusher = 1409 of horse-dravm flusher cost.

This does not mean that vacuun cleaning and horse-drawn flushing will alwaye
be less expensive than motoredriven flushing irrespective of the methods used in
nandling the vehicles. It means that with the vehicles now used in Los Angeles,
at the prices paid for their service, and with the methods observed, the horse-
drawn flushers were actually more economical than the motor~driven flushers, and
that the vacuum cleaner was more economical than either type of flusher. ’

3e Ehich Type of Cleaning is ilost tffective?
as Removal of Dust from Street Surfece (exclusive of gutters)

1} Xone of the three gleaning methods removes all dust.

2} The motor-driven flusher removes from 15% to 40%; averaging sbout
25 of the dust.

3) f%he horse-drewn flushers remove from 45% to 75%; aversging about
B55% of the dmste

4) Three tests of the vacuum machine in Pasadens showed 36%, 527,
and 64% of dust removed; averaging about 50%. Becsuse of the
small number of these vacuum cleaning tests, and becauss they
were made in Pssadena and not in Los Angeles, their results are
not necessarily conclusive for vacuum cleaning in lLos Angelss.

be (Composition of Street Dust Before snd After Cloaning

1) Considering the likelihood of its being driven into the air by traffie,
the dust remsining on the street after cleaning is of practically the
same composition as the dust found before eleaning, under any of the
three cleaning methods. '

2) ore sccurately compared with its original composition, the dust re-
meining after cleaning by any of the three methods contains a slightly
lower pergentage of material retained on screens from #10 to #50 in-
clusive, snd & slightly larger percentage of sall finer material.

3) For esch type of cleaner the perceniage of very fine dust removed
(is@s dust passing a 200-mesh screen) is slightly less than the per-
sentage of all dust removed.

4) In short, each of the cleaning methods seems to have & little more
effect upon the larger perticles of dust than upon the smaller par-
ticles.



¢s Manure Hemoval

1) UNome oif the three cleaning methods completely removes manure from
the surifsce of the sztroeet.

2) Vecuum cleaning is much more eoffective in this respect than either
type of flushing. The horse-~drawn flushers have more effect upon
manure piles than hss the motor-driven flusher. (Conclusions con-
gerning manure removel are based upon careful inspection by obser~
vationy not upon definite measurement, )

4s Yhat Changes in Sguipment and Methods were Sugpested by the Test?

se Filling Zoulpment

1} fhe fittings and check vslves used in the hose of the horse-drawn
flushers greatly reduce the flow of wabter through the hose. 3y
increasing the size of these fittings and cdhocks, the time for
£illing the tenks can be reduced.

2} Vhether or not the time saved would compensate for the expense of
re~fitting the hose is & gquestion which should be determined by
& special test.

be Careful Routing

Both typee of flushers can be more effectively routed, BHriefly stated,
this would iavolve a close sbudy of each route to learn just what is
the ressonable time iu which 1t should be donee Un the basis of such

~ vbeservations, steps might then be taken to see that the route was
flushed in the established time.

¢e QCareful Determination of Clesuing Period

1) It was found during the test that various streets flushed &t the same
intervals of time contained greatly different cquentities of dust.
Apparently either some were being flushed too often or others were
not being flushed often encughe

2) A detorminstion of the proper time interval between cleanings, based
on the actual amount of dust found on the street, would correct eitheyr
& too frequent or an inadeguate service. This of course applies to
all types of cleanings

8o ZHestrigtion of Cleaning %o Those Farts of a Street Which Become Busty

1} On many streets heavily traveled by motor vehieles, the center of the
street ls kept entirely free from dust by the acgtion of the air cur-
rents set up by traffic. On such streets, all of the dust lies
within eight or ten feet of the curb. Ividently, on such streets,
cleaning for the purpose of removing dust should be confined to the
parts of the street on which dust is found.

2] At present the horse~drawn flushers flush the entire street and the
motor=driven flushers flush all of the street except the aprons and,
in some instances, the car tracks.

3) By eliminating the clean arcas from the flushing work, better results
could be obtained for the same money or the same results for less
monay. Thie conclusion applies to all types of cleaning.



iore Advantageous Storage Yoints for Horse-drawn Flushers

1} At presemt horse~drawn flushers are kept at only two corrals -= &t
15¢h and San Pedro, ond at Yale near Alpine. The drivers work
eight~andeone~hali hours, including all time sway from the corral
{except for lunchl.

2) Evidently, for outlying routes, & lsrge part of the daily time is

spent in going to and from the route,

4 few properly located

storage points in outlying districts would largely eliminate thie
unproductive traveling time.

fo Use 0f & Single Horseedrawn Flusher in Certain Localities

1) On 23rd street, a battery of two horse-drawn flushers operating in
the usual way removed spproximately 66% of the dust on the surfsce
of the street, exclusive of the gutiers,

2] On the same street at the same place two weeks later, a single horse-
drewn flusher removed approximately 59% of the dust. Al the point
of test, 20rd street is paved with very smuoth asphalt and is 36 feet

wide.

8) The results of this test suggest that, in favorable localities, one

flusher might be practically as eifective as two.

for further experimental consideration.

S5« Gstimated Cost of Machine-Clesning All Btreets

This is & matter

The total ares t0 be cleaned being approximately 496,712,200 square yards

per year for the entire city.

Saving per Year over

Cost Cost
Cleaning Method per per Vac, "Horse- "Horse- "iotor=
1000 Tear Clnr. Drawn" Drawn” Driven”
8geydsa Ixeluding  Including
Time to and Time %o and
from Corral from Corral
Vaovum Cleaning 11.685¢ & B7,900 == £10,300 £17 ,600 £$43,600
Horse~drawn Flushing
including time to 13.71¢ & 68,200 - e & 7,300 £334300
and from corral
Horge-drawn Flushing A
ineluding time to 15,207 8 75,500 == - — $26 ,000
and from corrsl
Yotor-driven Flushing 204447 £101,B00 == - - -

These {igures do not include the cost of heuling material afier iV is collected on
the street or 0f hand-patrol sweeping by day men. '

€3
e
L3
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Because the men wsre awsre of close observaition throughout the test, the
costs obtained were probably as low as could be hoped for under the pressnt
methodss The table bslow gives an estimate of the total cost por yemr  of
cleaning all streets by the various methods hased on the costs as determined
in this test.

Hetimating 496,712,200 sguare yards t0 be clesned per ysar, we get the

following:
Cost Cost Saving per Year over
per 1000 per Vacs "Horso- YHorse~ riotor-
Cleaning iethod BQayGse Year Clnors Drawn® Drewm" Driven”
Excluding Including
Time to and Time %o and
from corral  from corral
Vacuum Cleaning 11.65¢ $B7,900 - £10,300 217,600 43,600
Horse~drawn Flushing
Including time to 13.72¢ £68 4200 - — & 74300 £33,300
and from corral
Horse=drawn Flushing ,
Including time to 15.20¢ £76,500 - —— e £26,000
and from corral .
¥otor-driven Flushing 20 044 ¢ £101,500 e o - -

Details of sbove table

Costs per 1000 square yards - see Table 8, page 65.
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CONCLUSIONS

le The city can operate a battery of two horse-drawn flushers per
1000 square yavds flushed for less than the cost of using the rented
mobtor-driven flushers in the same work.

Basis of Conciusion

Cost per 1000 Square Yards Flushed

Route Route Route Route All
p 11 111 v Houtes

Motor~driven flusher 18.30¢ 30.,40¢% 19.70¢ 18.60¢ 20.44¢
Battery of Two Horse~

drawn Flushors (elimie

nating cost of time o

and from corral) 12,10 14.20¢ 15.20¢ 13.72¢ 13671¢
Battery of Two Horse-

drawm Flushers (include~

ing cost of time to

and from corral) 14.18¢ 16,40¢ 16.25¢ 16.15¢ 15+30¢

(For details of the above tasble, see Tables 9, 10, and 11, on pages 65-66.)

Compared to the Yotoredriven Flusher -

The battery of horse~drswn flushers reguires less time per 1000 squere
yards flashed.

The battery of horse-drawn flushers requires less water per 1000 square
vards f{lushed,

{During the test the horse-drswn battery averaged, per 1000
sguare yards flushed, 220 seconds spent on the route as come
rared to 268 seconds spent on the route by the mobtor flushers
Approximately 360 geallons of water per 1000 sguare yards
flusbed were used by the horse~drawn battery and approximetely
450 gallons per 1000 sguere yards flushed were used by the
motor~driven flusher. )

(For details of above figures, see Table 4 on page 56
and Table 1 on page 45.)

* This high cost was obtained on Central Avenue. It is due to the
driver’s attempting to reslly remove manure by flushing. He often backed
up in order to flush some manure pile twice. The eoffect on manure was
about that obtained by the battery of two horse-drawm flushers.



The e¢ost tou the clty per 1000 sguare yards cleaned is less for the
vacuwn cleaner than for elther type of flushar.

Basis of conclugion -- Cost table ahoves

Contract price per 1000 sg. yise for vacuum cleaning - 10.50¢
Other charges -~ lelb¢

Potal - 11.65¢

{(For detuils of above figures, see Table 12 on page €6.)

met Removal {rom the Surisce of Paved Sircets

Ga

be

Neither the motoredriven flusher, the battery of horsesdrawn
flushers, nor the vacuun gleosnsr rencves all dupt from the
surface of the street.

The battery of two horse-drawn flushers does better work in
dust removal than does a single motor-Griven flusher.

Basis of Conelusicn

% (by weight) of Dust Remeining
after Flushing

Street {exclusive of gutters) One Battery of Two
Hotor-driven Horse=~drawn
Flusher ¥lushers
Western Ave. (near 3rd) 57.0% 26545
Hayden St 85.0% 51.5%
7th Strect 58.3% 49.2%
Fignerocs. - B3+4% {0 test made)
Western Ave. (noer 4th) 62.9% Wi
Sunset Blvd. 8747% moow o
23rd St. (8o test made) 33455

Ca

Qe

(For detalls of above figures, see Table 27 on page 148.)

After flushing by either type of flusher, the dust remaining
on the street [exclusive of the guttors) uas

1) 4 slightly smaller porcentage of £ll dust particles up
to and including those reteined on 850 scrsen.

2] 4 slightly larger percentage of all duat varticles pass«
ing & ##50 screen.

Basis of Conclusion - See averages of screening tests, pages 46 & 48.

¥rom a few teste made in Pasadens, the vacuum cleansr seems to be
svout on & per with the béttery of horsewdrawn flushers in duste
removing efficiency.

Bogis of Conclusion

% of Inst (by welight) Remaining

& @
Street (Pasadens) afvor Vacuum Cleaning {(in Pasadens)

Walnut (exclusive of gutters] « o ¢ « o s o « o » 36439

South side of California {exclusive of gutters) £346%
Horth side of Celifornia _ " TP 48.2%
West gide of Haymond (gutters only) ¢ s o o o o » 45.1%
zast side of Reymond " a8 8 o 6 & @ 54:4;3

(For details of above figures, see Table 27, page 148.)

8 &
dioad
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Removal of Janure

as Keither type of flusher satisfactorily removes manures The
work of the battery of horse-drswn flushers is better in
this respsct than iz the work of the moter-driven flushers

Basis of conclneion - Inspections made bafore and after
flushing by each type on the test routes.
be Judging from & few observations made in Pasadens, the vacuun
sleanor ies appreciably more effective in removing menure
then is either type of fluesher, although it by no mesns
remeves all manure. .

The coet of horse-~drawn flushing may be redused below that
ordinarily obtained.

Rasis of conclusion

B

Total cost of flushing by horse-drawn battery, based on
Board of Public Works' figures for February, 1916 = 23.44¢ per
1000 square yerds flusheds (For details see page 68.]

Total cost of flushing by horse-~drawn battery during test
{lncluding time to and from corral) = 15.20¢ per 3000 sg.yds.
£lusheds

(For detsils of the above figures, see Table 10 on page 66.)

{Rote.~ The means suggested for decreasing the cost of flushe
ing by horse-drawn battery are:

as Use of such chegk valves and £ittings for the hose
that the opening through the hose will not be re~
duced below 2h=inch dismeter.

bs Careful routing of flushers, Including a determine=
tion of the work which should be accomplished in
aight honrs.

ge Cereful determination of the proper irequency of
flushing for cach strest flushed.

de Testrioticrn of Llushing to only those portions of
a street which become dusty.

ee Storage of the flusher: near the starting and
gnding points for those routes which are in
outlylng districte,

fo In cortain favorsble loczlities the use of only
one horse~drawn flusher instead of two.

For a brief discussion of sach of the shove, ses pages d-9,)

bsd
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IV  SPECIFICATIONS of VEHICLES



COMPLETE SPECIFICATIONS OF THR SANITARY HORSH-DRAWN AUTOMATIC
STREET FLUSHING MACHINE
{26 of which are at the present time being used by the Street Department
in the City of lLos Angeles.)

Hote ~ This type of horse~draym flusher was used for all tests.
In short, the method used is that of utilizing gir pressure seoursd
"by foreing water into & elosed tank pgainst the confined air.

The tank has & water capacity of 600 gallons, and is made of boiler
steels It is so constructed that the necessary air pressure is automat-
lcally obtained from the fire hydrants when filling with water. No eux-
iliary machinery, such as engine, pump, or air compressor, is required.

The pressure on the city water mains does the entire worke. The outlet
valve is controlled by & lever at the driver's seat, adjusted so that the
operator has perfeet control over the water issuing from the flushing
nozzle. The truok is thoroughly ironed throughout; Sarven yatent type
wheels; 2l-inch sxles; springs of special design; tubuler steel double-
trees; and all valves are made of brass.

Detailed instructions for operating are as follows:

It is necessary to see that both outlet or flushing heads are closed,
and the two valves on top of the tank stand as followss Valve next %o
driver's seat, known gs valve No. 1. opens the other, yalve No. 2, closed.

lste The hose is ettached to the hydrant, and the machine is filled
with water until the gsuge at the rear end of the machine registers 80 per
gent of the pressure on the hydrant (for exemple, if the water pressure on
the hydrant is 60 pounds per sguare inch, when the gauge indicates 48 pounds
in taking the initial air pressure, twyn 0ff the water at the hydrant), then
close valve Mo. 1, which will hold the compressed air in the air compartment

vhile the water compartment is draining of water.

L



2nde To drain the tank of water, open both flushing heads; immedi=
ately thersafter spen valve No. 2, thereby permitting the water compart-
ment t0 emply of water, displacing the weter by another atmosphere coming
in through valve ¥o. 8. Uhen the Sank is empty, valve No. 2 and the
flushing heads are then closed.

Zrde The tank is agein connected with the hyarent; immediately the
water is turned on, valve Ho. 1 is opened and thé tank is permitted @
£111 with water, taking vhatefer pressure there may be on the hydrant up
o 60 pounds. Thie complebes the operation of what is known as "charging®
$he machine with the initial air pressure.

The wmachine 1s set in operation by opening the outlet valve leading
to the flushing nozzle through which the water is directed under pressure
in & flat sheet ab = uniform angle against the surface of the street.

This operation is continued until the gauge at the driver’s seat registers
10 pounds, which indicates that the machine is empty of watery with the
exgeption of & few gallons whiqh i% is necessary to have remain in the dome
or water seal under the rear ond of the tank, in order that the pressure
may not esgape. The tank is again filled with water without aw further
manipulation of valves Hos. 1 and 2.

These valves need only be touched twice during the dsy's works In
other words, only two "charge"” loads are necessary during the eight-hour
working daye.

Important suggestions for operating are as followss

Never use more than 60 pounds working preossures

Never permit the tauk to entirely empty of water, other than at the

end of the day's work.



Drain alr chsmber of any water that may have been forged over, by
opening drain gock in the bottom of the front end of the tank, when the
machine is not in commission. Regulate the flow 0f the water from
flushing head by operating 1&1-91- when working close to cuwrb, if any dan-
ger of throwing water on sidewalk. |

- W s G o e i AT

COMPLETE SPECIPICATIONS OF THE MORELAND 4-TO0N STREET FLUSHER
(6 of which are at the present time being used by the
Street Department in the Oity of Los Angeles.)

Fote = This type of motor was used for all tests.

CHASSIS CAPACITY -~ 8000 poundse.

LOADIRG SPACE (back of seat) ~ 14 feot.

MOTOR -~ Special Moreland 4-gylinder, water-cooled, enclosed type, long
stroke; bore, 4-3/4"; stroke, 6-3/4"; fitted with Moreland gase
ifier,

He Po = 3641 8. A. E. rating.

COOLING SYSTEM - Large capacity, highly efficlent radiator, swivel sus-
pension contrifugsl pump system.

IGNITION - High tension dual.

CLUTCH - Multiple disc, asbestos to steol, ‘Enslosed in slwaimom housing.

TRANSHMISSION - Sliding gear, selective type, four speeds forward, one
reverse. Timken besrings throughout.

DRIVE - Special shaft from transmission to worm drive rear axls.

FRAME ~ Special alloy pressed stesl, 7" desp. All holes drilled, hot

riveted, frame heavily gusseted.



DRIVE:
The main drive shaft of the chassis passes through the hollow

ghaft of the pump, having 2 universal joint and a bearing
at each end to prevent the shaft striking the tube.

There is a two-speed transmission mounted in front of the pump,
which allows the pump . to be cut off from the engine, or to
be driven at two different speeds.

oP IONs

The water is drawn into the pump from the tank through a 4-inch
pipe with a flexible connection, allowing for slight body
movement., From the pump the water is forced inte a main
pipe 3% inches in dlameters This main pipe runs forward
to a header casting.

The flusher nozgzles are five in number, mounted fan shape on the
header casting at the front of the chassis. Each nozzle is
equipped with a valve, so that any or all may be cut out.

The main flushing valve is operated from the driver's seat.

An indicator is provided on the tank, to give warning when the
tank is about full.

A water gauge is plaged just back of the driver's seat to show
when the tank is about empty.

The £illing hose is equipped with a quick operating comnsction,
and s check valve t0 prevent the water in the hose from rush-
ing out on the filling operator. ‘

The speed of the vehicle while flushing is from two to four miles
per hours Vhen running idle, i.e. when the centrifugal pump
is disconnected, the maximum speed of the flusher is ten miles

per hour, a special governor being attached for this regulation.



AXLES - Front, Timken drop forged, heat treated alloy steel, I-beam
section. Rear, Timken-David Brown full floating worm drive axle,
mounted on Timken bearings.

TIRES -~ Any standard make, pressed-on type, fromt, 36" x B" singleg
rear, 38" x B" dunal.

WHEEL BASE = 16 feet.

TREAD - Front, 62"; rear, 70",

WEIGHT OF CHASSIS ~ 6800 pounds.

EQUIPMENT - Mechanical horn, full set of tools, including jack, grease
gun, and all necessary wrenches.

COLOR ~ Chassis finished in priming coat and two coats gray lead.

FRICE - $3400. £.0.b. fastory, Los Angeles, California.

TANK;

Capagity ~ 1200 gallons.

Hote -~ Speed reduction allows increased rating to carry 1200 gal~-
lons of water.

Length - 14 feet.

Iaterial ~ Sheet steel, rigidly constructeds The bottom plates
are heavier than the rest of the tank, which enables them to
assist in carrying the load.

Large alr vents and £illing connections are provided. The tank
is mounted on five heavy wooden sills, well brased. The
tank is equipped with three splash plates.

PUMP s
The pump is a two-stage centrifugel, designed and built especially

for the work. Equipped with & hollow shaft,

Capacity - 350 to 400 gallons per minute. At a nominal speed of
gbout 1400 R.P.Ms will develop 65 to 70 pounds pressure.

The pump is mounted on three point suspension, gusranteeing perfect

alinement.



COMPLETE SPROIFICATIONS OF THE CALIFORNIA VACUUM STREET CLEANER

Mounted on a li-Ton Moreland Truok -~ Standerd Chessis.

Hote - This type of Vacuum Cleaner was wsed for all tests, However,
the new machineos to be used in the City of lLos Angeles will be
mounted on 2i~ton ioreland trucks.

CHABSIS CAPACITY -~ 3000 pounds.

LOADIRG SPACE (back of seat) = 11 feet.

MOTOR =~ Continental 4-oylinder, monobloc, water-copled, enclosed type,
unit power plant; bore, 4~1/8"; stroke, B-1/4"; fitted with
Moreland gasifier. '

E« Po = 27,8 S, A+ Bo rating, ,

COOLING SYSTEM - Large capacity, highly efficient radiator, swivel sus-
pension, centrifugal pump system.

IGHNITION ~ High tension magneto.

CLUTCE - Maltiple diso, asbestos to steel. Enoleosed in aluminum housing
with motor and transmission.

TRANSHISSION - Sliding gear, selective type. Three speeds forward, one
reverse. Timken bearings throughout. |

DRIVE ~ Special shaft from transmission to worm drive rear axle.

FRAME - Special alloy pressed steel, 5" deep. All holes drilled, hot
riveted, and frame heavily gusseted.

AXLES ~ Front, Timken drop forged, heat treated alloy steel, I-beam sec~
tion. Rear, Timken-David Brown full floating wun# drive axle,
mounted on Timken bearings.

TIRES = Any standard make, pressed-on type. Fromt, 34" x 3§"; rear,
34" x 5" single,



WHEEL BASE - 12 feet, € inches.

TREAD -~ 58 inches.

WEIGHT OF CHASSIS = 5700 pounds.

EQUIPMENT - Mschanical hern, fall ast of tools, ineluding jack, gresse
gun, and all necesaary wrenches.

COLOR = Chsesis finished in priming coat and two coats gray lead.

FRICE =~ $1975. f£.0.bs Pactory, Los Angeles, California.

Details of the Pollett Palent - Operation, etc.

The bin is composed of ﬁo compartments, the upper and the lower.
The upper compartment 19 designed $o receive all mamire, litter, and
othesr heavy material removed from the strest. The lower compartment
is designed to collect all dust removed from the street that is not de=-
posited in the upper compartmente The dimensions of the bin are 6! x
6* x 7', The lower compariment ls a trough, 25" deep, 60" wide, and
74' long, Practiocalliy all of the material is deposited in the upper
compartment of the bin., Sixty (60) gallons bf water are carried in
the lower compartment through which the return surrent of sir is dirsct~
ed by means 07 a baffle plate, the lower edge of which is approximstely
one inch below the level of the waters By this arrangement the fine
dust is extracted from the ourrent of air, and is collected in the bottom
of the lower compartment as wmud.

A speeially deasigned blower ia- used, displacing 6800 cuble feet of
air por mimute. It is driven by a 20 H. P. marine type, 4-cylinder gas
engine, this engine being mounted in front of the bin. The engine and
the blower are mounted on the same foundabion. The air is drawvm by the
blower from the upper compartment, oreating & partisl vaecuum thersin.



The only opening by which air may enter the compartment, to replege
the air removed, is through a slot in the sustion head, approximately
3/4 inch wide, running the entire lemgth of the suction head., It is
this aoction of the air rushing through the suction head to the upper
compartment that removes dirt and litter from the street and carries
it to this compartment.

The suction head is 13 feet long, 20 inches wide, and 3 inches in
height, cleaning in one stroke a strip 13 feet wide. There is 18 inches
side play in the suction head. This is provided in order that the ma~
chine may thoroughly clean the gutter without injuring the apparatus.
In other words, & slight variation in the guiding of the vehicle will
cause no damage 10 the suction heads TFarther, small rollers, ruaning
against the curb, are placed at either end of the suction head.

The suction head is connected t0 the body of the machine by a col-
lapsible canvas pipe 8 inches in diameters. | A11 the alr entering the
suction head through the slot, together with all material removed from
the street by the eir rushing into the suction head, enters the upper
compartment through this pipe.

A guide, coqpcsed of a long irom rod with a short chain attached
at the end, is comnected to the vehicle in front of the driver's seat.
This guide enables the driver to keep the suction hezad within one or
two inches 0f the curb at all times.

The working speed of the machine is oontrolled by the cperator and
ranges from 25 to 4% miles per hour, according to the volume of dirt on
the street being cleaned. For running to and from work the suction
head is raised, which will permit a speed of 10 miles per hour.

There are four independent flexible brushes made of spring steel.



These brushes are placed at an angle with the line along vhich the ma-
ohine is traveling, and 10 inches in front of the suction head. They
do not revolve, but serape the surfase for the purpose of loosening any
material that might adhere to the street.

After having gathered two cubie yards, the litter mmst be dumped.

The current of air that plcks up the sweepings deposite sbout 98
per cent in the large compartment; the remaining part, which 1s the
finest of dust, follows the retumn current of alr out through a pipe
into 2 bin (7 feet long and 20 inchas wide) which 1s located inside the
lower compartment. The water in this mﬁ ip about one inch dessp, the
sides of which are four inches above the bottom of the lower bin, This
causes the return current of zir %o pass through one lnch of watsr, wash=
ing it free from fine dust before it escapes.

o ke 300 S
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The California Vacvum Street Clearer: .




VI  DESCRIPTION Or TEST



BOCRIPTION OF TEST

At the time the test began (July 26, 1916,) the City of Los Angales
was flushing its paved streets by two methods, namely: (1) motor=driven
fiushers and {2) batteries of horse-drzwn flushers consisting of two
vehicles each. Also, advertisements had been published asking for bids
for mechanical dry cleaning of paved streebs: bids 10 be based on e given
price per 1000 square yards cleanede.

Flushers Used end Basis of Pay

The motor flushers used are five in number, memisctured by the
doreland Truck Company, of Los Angeles, and operated by Tryom & Brain,
contractors. They zre of 1200 gallons capacity each, and are designed
to be used either ss street sprinklers or as flushers, the discharge
taking place undsr pressure crested by a centrifugal pump in the discharge
main, the pump receiving 1ts power from the truck engine. The city is
under contract (expiring in March, 1916,) with Tryon & Brain %o use all
five trucks as street sprinklers at lsast eight hours per day, 1t being
optional with the city to use them on certain holidays and in rainy weather.
The contract gpecifies that if the ¢ity so desires it may use the trucks
sixteen hours per day, a8 sprinklers or as flushers or bothe For eight
hours per day actuel work on the sprinkliag or flushing route the cone
tractors receive #15.65 per truck, and for sixteen hours per day actual
work on the routes, £29.42. The city is using the trucks eight hours in
the daytime ss sprinklers and eight hours in the night ae flushers.

The horse-drawsn venicles used are 600-gellon Studebaker and Sanitary
"automatic Flushers"; the pressurce for {lushing being air pressure Obw
tained by Yoharging” at the hydranis. The flushers are owmnsd by the city
and the teams are owned by the drivers. The city pays its drivers {5.00 per
eight hours of work for his services and that of the teams The motore-driven
flushers are pald only for time spent on the flushing route, while the teams
are paid for gll time away from the clfy corrals. Horse~drawn flushers are
kept at only two corrals {the 15%h St. and the Yale St.). v

Method of Flushinge

The motor flushers were equlpped with five flushing nozzles placed in
front of the machine in a fan-shaped cluster. On broad strests the nozzles
on one side of the cluster only sre used and one~half of the street is
flushed at one operation. On narrow streets all five nozzles are used and
the entire street is flushed &t one operstion.

The horse~drawn flushers work in hatteries of two each. OUnly one
flushing nozzle is used snd the two halves of 21l streets are covered
separately. One flusher goes ashead, flushing & strip from the middle of
the street to the curb. The other flusher follows in a path lying closer
to the curb, so that the strip flushed by it has already, in part, been
covered by the other flusher. In this manner the suriace 0f the street
nearer the ourd which carries a large proportion of the dust is flushed
twices



Object of Test

In view of the bids for dry clesning to be received and the contene
plated use of voth flushing and dry cleaning for paved strests, it seemed
desirable to conduct 2 test for the following purposes:

8+ To lesim the cost to the City of Lus Angeles of flushing
1000 square yards of pavement by the motor«driven flushers
now used and by the horse-drawn flushers now used.

bs To learn the ¢leaning efficiency of the motor-driven flushe
grs and the horse-drawn flushers now nused in Los Anpeles.

¢s To leearn what conditions, if any, may be so changed or cone-

trolled as to increasse the economy or cleaning efficiency
of either type of fluchers

METHOD OF TEST

Gonersl Plan

Costse~ Yor the purpose of determining cosits, the general plan
was to have identical routes covered by both motore-driven fiushers snd
a battery of two horge-drswn flusherss Observers were with the vehicles
in sach case, in order that there might be no doubt as to what actually
osourred, and that & detailed analysis might be made of any difference
in cost between the two types of vehicless

Bf fioiengx of Performence

The "dirt" on paved streets consists almost entirely of
manure and of light, smalleweight particles of material which may
be classed as "dust.” In this test the effect of flushing on each
of these two general classes of street dirt was investigated sepa-
ratelys i

The kffect of Flushing on Hanure wes determined by inspec-~
tion only. Because of the bulk of the material, the eye can

readily see whether or not it has been removed and may judge, at
lesst roughly, as to the sxtent to vhich it has been disturbed.
Inspections wers made before snd after flushing by each type of
flusher, and notes were taken of the location and condition of
all manure piles on the routes These inspections were made as
nearly before dark as possible on the night during which the
flushing was done. Zarly next morming the route was again cove
ered and by referring to the notes of the previous night the
effect of the flushing was determineds

In Determining the Effect of Flushing on Street Dust a quan-
titative test was made. A detalled description of the method is

given latere The theory upon which it was based is that, by
welghing the édust obtained from parts of a smell area free from
manure, the dust on the unclesned similar parts of the areas can
be determined with a fair degree of accuracy. Then after the
aree has been flushed, by weighing the dust remsining, a fairly
close estimate of the percentage of dust removed by the flush-
ing may be obtained. .

°2



Juantitative tests were made before and after flushing by
each type of {lushers Alsd & few such tests werc mude in
Pagadena on sireets cleaned by the vacuws cleaner.

Filling Zouipment

The motor-driveén flushers observed wers &ll equipped with J-inch
hose for £illing the tank. The openings in the hydrants are 25 inches.
The hose of one motor<flusher was equipped with a check valve whose
opening was not less than 8% inches, and with a patent “guick coupler”
for attaching the hose to the hydrant. inhe other threg mdtor-driven
flushers observed were operating withoutl check valves aand with the
ordinary type of coupling.

The horse-drawn flushers are ordinarily equipped with 23-inch hose
inside of which are check valves which cut down the opening through the
valve t0 Ii-inch dismeters The hose is oauipped with the ordinsry type
of goupling which fits inside of the 23~inch hose, reducing its actusl
diameter at the coupling to about 2 Inches,.

We wished to investigate the relative cost of flushing by the two
types of veblcles operating under as nesrly as possible the same exter-
nal conditions. avidently large fittings and 2 proper size of cheok
valve may be used as readily on a horsge~drawn flusher as on 2 motore
driven flushere. 7For this resson it @as deslirable to equip the horse~
drawn {lushers used in the test with hose which would not out down the
effective opening below 2% inches, which is the opening of the hydrant.
With this in view, Ziwinch ecanvas fire hose with fire couplings and no
chack valves™ were provided for the wagon flushers. This hose had an
uninterrupted opening 0f 23 inches throughout. It was used on Routes
I and 1XI. BHowever, it was found that the canvas hose was unsuited to
the purpose, and because of the men's sfforis to keep from getting wet,
mich time was lest in uncoupling the hose. Without consulting those
condueting the test, the flushing foreman ranoved the canvas hose and
repleced it with the ordinary type, check valve and sll. Thersiore,
Routes I and II wers covered by the wagon flushers using hose without
check valves, and Routes I1I and IV by wagon using the ordinary smallw
opening checks.

Bontes

Four widely separated routes normally being flushed by motor-driven
flushers were selected for the tesi. These routes were chosen with the
purpose of embracing as many different conditions as possible in 8
limited time. The streets in each route follow:

Route I - Western Ave. from Adams to Senta Monilcs Boulevard
Serranc from Hth to O6th
Oxford from 5th to &th

* Canvas hose was used because the fire hose fittings would not go on
the rubber hose. Check valves are needed %o prevent the men from gelting
wet when loading, Evidently hose and check valves of sufficient size may
be provided for wagon flushers. To save the expense of s¢ egquipping the
wagons solely for the purpose of the test and yet to approximate the con-
dition of proper opening through the hose, we proposed to conduet the
test with the hose described above.

b



Route II ~ Central Avenue from Washington to Slauson
38%h St. from Central Aves to Long Beach Aves
Ascot from 38th St. to 43rd St.

Route 1Il- North Broadwsy from Avemue 18 to Prichard
Prichard from North Broadway to Mission Hosd
Workman from Manitou to Pasadena Avenue
Averme 26 from Griffin to Daly
Daly from Pasadens Avenue to Horth Broadway
Avenue 20 from Horth ¥ain to Sen Fernsndo Road
Hayden from Avenue 20 to Avenue 23
One side of Pasadens Ave. from ive. 18 0 Ave. 20

Route IV -~ 9th Street from Figueroa to Vermont
7oh Stroet from Figueros to Vermont

¥Hote = On some of the streets in the above routes the
car tracks were not flushed, while in other streots they weres
Just what portions of the streets were flushed will be found
under the heading "Detsiled Dats snd Caleoulations,” pages 1B2-155, )

Time Siudiss

An observer followed a motor flusher over each route, making de-
t2iled notes of the path followed and of the %tims oconsumsd in the
various elements of the work., The following observations were mads
and recorded:

1. Time spent in moving forward %o load
2¢ Time spent in moving beckward o load
Fe Time spent standing at hydrant

as 3Before water began 0 flow
be During water {low
Ce Aftor water ceused o {low

4e Time spent in moving forward to the point at which
flushing begins

Bs Time spent in moving backward to the point at which
flushing begins

6¢ Time spent in flushing

7e Wime spent in turning

8., To load
be To flush

8+ Time spent in delays
as, Hepsiring
be Traffic
s whthar

"9, DPath of flusher
10, Iocation of hydrants used
11, Vhether or not tank was empty at begimning of £illing

At the next regular flushing time (one week later), the same route
wes flushed by a battery of two horse-draown flushers. Two obscrvers
followed the flushers, one with each wagon, taking notes of the detalls
of the work similar 0 those taken for the motore~driven flusher, a8
follows:

Sy



le Time spent going from corral to the flushing rovie
2+ Time spent going from roube L0 corral
3« Time spent in going to the hydrant %o load

8o Hoving
be Waiting for other flusher to get out of the way

4. Time spent in standing at hydrant

ae DBefore woter begins to flow
be During water flow
Ge After water cessed to flow

Be Time spent in moving from hydrant to flushing point
6e Time spent in flushing ;
7¢ Time spent in twrning

. To load
bs To flush

8e Time spent in delays

2¢ Repalrlag
bhe Traffin
¢s Other

9s Path of flusher
10s Location of hydrants used
1l. Pressure in flusher tank at beginning and end of each filling

Anspgotion

Por the purposs of deteraining to what exbtent flushing removed
manure, each rouds covered during the test was Iinspected both before
and after each flushing. Plushing ocourred at night. Inspsctions
were mede Jjust before dark and early the noxt mornings

Dust Tesh

On sach of the four rowiee s sacbtlon of sitreet was selscted for
use in determining the perdentage 0f dust rvemoved by flushing. The
seotion selectsd was 50 feet long aud fraco from visiblae litters Its
width wag the width of the strsebt (or that paft of theistroet which
was flushed) less a gubtber strip at sach cuwrbd. The gadtier sthrips were
excluded from the test area because ol the deposite that might oscar
in them from the flushiing of other segtious of the struel, and becsuse
usually they would not be dry in time for a proper cumpletivn of the
- tests The %est arvea was divided into five equal secitions, each 10 feet
widee Asgunme them sz rumbercd consecutively 1 to Bs Sections 1 znd &

- were cleansd very carefully before flushing ss lebte in the evening as was
posaible, to aveid interfeorence from traffic and to approximmte as
closely as posgible the street condition at the tinme of flushing. Soft,
fine-haired push brooms were used. The sweeping was cervefully aund
thoroughly done sndé the ¢leaninge were collected snd eo mariked sz o
identify tho section of their origin.

Berly the followlng morning, aifter the street had been flushed and
had dried eut, and before the regular hand-sweeper and the fall flow
of traffic had cone on, Section & was clsaned in the sane menners Seow
tions 2 and 4 wers 1ot used eoxcept lo provide areas contiguous io
Section 3 which would correspond to the rest of the slreete.

The meterisls collected were cerefully weighed and scrsoned. The
averege of the cullections from Seetions 1 end B wae used as closely



approximating the weight and composition of dirt on Section ¥ bhefore
flushing. The weight end composition of dirt on Section 3 after
flushing was obtained by direct exporiment as explained above.

{¥iote = The relative positions of sections cleanad were
pometimes changed from that given above, when such change
was made necessary by litter ocourring on one 0f the test
sagtions before completion of the test. The detalled dew
scription of esch dust teost made is glven on pages 69-121.)
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DISCUSSION OF RESULTS

In considering the resulis of this test, one should bear in mind the fol=~

lowing:

le

2e

S

Lo

Total costs of flushing consist of
ze Time Costs

1) Rent of vehicle and driver for motore-driven flusher
Wages of driver with team for horse-drawn {lusher

2) Foreman's wages (for both types of flushers)

3) Ilaintenance, depreciation, and interest
{for horse-drawn flushers only)

4) VWorkmen's compensation insurence on all labor
working directly for the city

5) Administration expense on all of above ibteus

be Vater Cogts

1} Production cost of water used
2) Administration expense on above cost

¢s Yardage Costs

1} Culvert and cateh basin elesning
2) Swesping gutter deposits

Total eost of vacuum ¢leaning gomsists of

ae Yardage Coste
1) Contract price per 1000 square yards cleaned

be Time Costs

1) TForeman's wuges and workmen's compensation insurance
2) Administration

In this report the elements of cost are given separately and in detall,

The "time data" were obtained in & short test during which the drivers

of both types of {flushers were aware of observation, which tends to give
minimyn values of time for both types. This is entirely desirable, since
it gives & comparison between the two types of equipment unaffected by
variations in the honsesty and industry of the driver. The waste of time
by the men is & problem of administretion and not one of equipment. In
any case the results for the two types of flushers are directly compara-
bles .

All drivers were swore thet the routes flushed were being inspected for
the purpose of determining the effectiveness of flushing. None of them,
however, were aware of the nature of the dust test or that any partiocular
small part of the route was to be especially examined.

2N
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The quantitative dust tests show & high percentage of good results for
this classg of experimental worke. OCut of twenty-~three separate tests
only four gove spperently¥ unreasonsble resulis, showing more dust on
the strect after flushing than before. Two of the {fowr were rede during
a high wind on Zest First Street, the street carrying very little dust
and being under very heavy traffic. The other two were on Cenbrel Ave.,
which is a heavily lraveled stroet, especially in the very early morn~-
ing hours. Although, a8 explained in commection with the details of
sach test (see pages 84 and 105), these apparently unreasonable results
may be enbirely reasoneble, we considered it best to neglect them. This
is fair to each type of {lusher, as each showed to equal disadvantage
in such resulis.

At the time thet the battery of horse~-drawn fiushers was ocovering the

routes &8¢ lower cost than the motore-driven flusher, it was also doing
a higher quality 0f works

Although the officilal day for the horse-drawm ﬂzishers is eight hours,

for some time past the mon doing this work have been voluntarily do=-
nating to the c¢ity the services of themselvas and their teams during
one~half hour extra time sach daye. If this fact were considered,

the actual cost of covering the test roubes by the horsa-lrawn battery
would be still less than the {igures glven in this report.

Hot only the average for 21l routes showed the horse-drawn flushing ae

chesper, per 1000 square yards, than the motor-~driven flushing, but
the same thing was true to & greater or less degrse upodn sach ot the
four routee testeds

In the following pages the more important results obtained in this test

are discussed 1n detzils
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- SHOWING COMPARATIVE PERFORMANCE AND UNIT COSTS

The more important findings of the Hest,
shown graphieally by fthis ehari, are the fol-
lowing: _
le The average srea flushed per 8 hours
by the horse-drawn battery was greater than that
flushed by the mobor-driven flusher. 7This was
true per 8 hours of setual work on the rouke by
the borse-drawn batbtery and algo per 8 hours of
work ineluding the time to0 and frem the corral.

2¢ The motor-flusher useld more wsier per
1000 square yerds flushed then the horse-drawn
flusher.

Hote. Some of the water used by the motor
flusher coes not strike the pavement, but is
sprayed over the ourb srd sidewalk., On narrow
streets the gusntily of thls wasted water 18
eonsiderable,

3« The Time used in the actusl f£lushing
of the street was greaster for the mobor-driven
filusher than for the horsc-dyawn batlery; that
is, The speed of the motor-driven Ilushers
while flushine was less than the speed of the
horse~drawn flushers vhile flushing.

4. The to%al cosb peor B.hour day is
greater for the motoredriven flusher than for
the bettery of two horse-drawn filushers.

This total coml poy dsy for the horeee
drawn batbtery is greater whon we exclude the
time to and from the eorral than whea we in.
¢lude this time. This sapparently contradic-
tory faet is due to costs other than those
dependent upon time, namely: cost of wabery
and cost of gutber and oulvert eleaning: so
that 8 hours spent in aetual flushing work by
the teams so ineresses the ysrdape flushed

AND VACUUM CLEASE

that the addl tionsl gubter and enlvert ¢lesning
and the addi tional walber used csusaes the tobal
cost of the 8 hours speunb on the roube to exceed
the total cost of 8 hours incinding the Hime go-
ing to and from the corrals

The cost per 1000 sg. yds. flushed, of sourse,
is less when all of the time is speni on the roube
than when part of the time 1s used in going to snd
from the corral,

5+ Consideriang a1l costs per 1000 sg. yis.
gleaned, the mobor-driven flusher is the most ex-
pensive. The horse-dram flusher battery, inelu-
give of the time to and from the corral, comes
next in order of expense; then the horse-drawn
bettery, exclusive of the time fto and from the
goryal:; end lest, the vacuum cleaner as the least
oxpensive method,. off

e The motor-driven flusher loft on The
stroet a greater percentage of dust +than the
horse-~drawa batberve The result of a few dust
teste on gbreets in Pagsdens covered by the
vaguum eleaney must be used with some ocauvtion,
for the venson that conditions may differ some-
what, The dats nre given as the best that were
avallable,

The percentage of very fine dust (passing a
200-mash serveen) v oved by each fype ol cleaner
was youghly ecusl to the percentage of total dust
removed, The testo show the three e¢lesning meth ods
renkine in tHe smme order for +this fine dust as
as they 41d for a1l dusb; thet is, the motor-driven
fiusher removed less of the Tine dust ¢than the
vacuun e¢leaner, and the vacuum elesner rasoved less
than the horse-dravn battery.

For the resson stated above, the remlbs of

the wacuum machine feste are not entirely conclu-
sives



STRART CLEAXIENG mHOms

Sumasry of Tests
Bagtery of
. Teo Horee-drewa Flushers
One Veouun
Item Hotor~driven inclusive of “3CLu£1V€ of Cleaner
Tluther Time to and % o and
Lrom corral o corral

Ballons of Water per 1000
gquers yards flushed

Flushing Time ver 1000
sq.iere yards (seconds

ST Yards ) 107,450 112,226 181 4128 mons
£5H2 368 363 -~
118 75 25 -
2156 517406 17.98 i

Total Cost per 8-hr. day

Oost per 1000 squave
yards cleaned

st remaining
after cleaning

for il

§ of Imet passing lu. 200

sereen vamaining citer clesning

20,447

75 o 8%

PE. U/ﬂ

iBe 20',i
45425

li'b e r;/

13,724

45e8%

«
A nd,
plre il

Qamils of above table

#ereas flushed’ = Jeg

“Gollons of

“Gost per 8 hours” - Ses

T oper 1000 sa,rdn.

Flushing Time’ = Hoo Table

nages 35

peoes 154

Tanle Fo. 1

s 1234

i

-~ £~ e
watoy’ s« Suo pages 1820,

tanlos Y0g.8,%,10,11, snd

154, 136,
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CHART HO. 2

AVERAGE RESULES

Sereening Tests of Dust on Paved Strecets Before and Alter nuwwswmm

Chart Ho, 2 shows for each type of clesaner :w?m.,a:, GUYVes.
the asverage resulis of o atuly oconcerning tThe Afber flushing by elither tyne, the dust re-
eomposition of the dust on fhe street before and . meining, compared te 1ts original composition,
after eu.mm,&.z@. aontsing = alightly smaller vercentage of maberial
Hote that the vertieal sesle of this chari roteined on sereens Nos, 10, 20, 30, 40, and BO;
is uniiovm and that vertiesl disbance iz propor- and a mﬁmw.«_ww larger pereeniage of material re- .
ional %0 "pewr cant by wel ght remaining on $ained on sereens Hog, B0, 100, 200, and passing
seroen.” However, the horizontal scale is not Hos 200. 1In short, the finer particles of dust
vaiforn, and horiwntal distanes here has no are less affeated by www,wwwwm than are the larger
significancs except that 1% isolsbes the datls nartieles,.
for each sereen, Thevrsfore the shapes of the The seme thisg is true of the vacuum cleaner,
gurves a8 affoected by horizonbal distonse are but to a less dogree. 1t seems %o remove mnore
of no importance; the imporbant thing being the noarly an even pereentage of sll sizes of materials

relstive verticel position of the "before”™ snd then the flushers.



AVERAGES OF

TABLY N0, 2

% by Welght Remaining on Soreen

Battery of Two

Vacuum Cleanexr

Ho, Jne dotor-driven Flucher Horse~drawn Flvchers in Fasadensa

of 3efore Aftar Before After Before After
Screen ¥lushing Flushing Flushing -Flushing Cleaning Cleaning
410 44695 3eB8% %4857 20 205 7 «68% Be 87%
# 20 5480% 2.68% 5e66% 2o 22 8418% 74 23%
# B0 64807 3482% 5e74% 3e28% 10834 Be 73,
4 40 6e97% 49 27% 6.01% 3.95% 11420% Yo 26%
# 50 64835 618% 64509 5o 77 106285 960
# 80 10.65% 11,08% 10615 11.51% 164487 164009
#100 44047 4463% Ba74% 4,084 44859 4.27%
#200 21.18% 26420% 224525 304334 20,43 21e17%
Paigci)gg; 224004 574565 34.87% 36473 15462% 19,774
Potal 100,004 100.00% 100,007 100,00% 100400% 1004005

TE37S USED IN ABOVE AVENAGES

Motor-driven Flushsr:

Tosts on Vestern Ave. (2), Hayden St., 7th St., Figueroa St., and Sunset

Blvde = 6 in all

0f Horse~drawn Ylushers:

Tests on 23rd St. (1), Western Ave. (2), Central Ave. (west side), Hayden

Ste, and 7th 8t. = 6 in gll

Vecuum Cleaner in Pasadens:

Test on Walmut St., end California St. {2) - 3 in all

(For details of above, see Table No. 27 on pages 148-151)



DISCUSSION OF COSTS
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CHART 1T

3

Analvsis of Difference in Cost ner 1000 Scuare ¥Yards Cleaned Between

Motor-Driven fusher,

A1l costs of Fluching streets £211 in three
brosd divisions:

1. Costs that are dune to the passage

! of time and are mwmwwrewm Propor-
tionel o Gime.

2. OCosts which axe dve to the extan b
of aree cleaned {gubtber sweeping
and culvert oleaning).

e The cost of waber useds

Chart o. T ahowa the relative wvalue of

sach of these coets for the mobtor-driven flusher,

the battery of horse-drawn flushers, end the

vaguum glennel

Congidering first oaly the moebtor-driven
flusher and the batlery of horse-drawn flushers,
it will be noted that the motor-driven flusher
is more expensive both in "time costs” and in

"water costs,” and has ecual wvaliue with the

Buttery of Two Horge-Draown mwﬁmewm, and Vacuvum Cleaney

horse-dravn batbery in x%ww@wmm aosta,"

Considering also the vaouum eleaner, 1% will
be noted that slmost o1l of its costs are due to
"yardage costs.” Thic ie csused by the nature of
the contr-ct for vasuum clesning, which is bhased
unon yardage. The anww ether eogts for the vaenum 7
¢lsener are certain "time cosis” due o necessary
gupervigion.

The sunm of 211 cosbs per 1000 8g, yds. elenned
by cach type is also shownm on the chart. The motor-
driven fluszher ic {he most expensive, the horse-
drawn battery (inclusive of time o and from corrsl)
comes next, the horse-drzwn battery using all its
time on the route comes third, snd last and least

expensive 1z the vacuum cleaner,



TABLE HC. &

Costs Semregeted According to Governing ¥actor

Total Time Total Yardage Total Waber Total All
Cost per Costs per Costs per Costs per
1000 sqesydses 1000 Bge.yds. 1C00 8g. ydse 1000 sgeyds.

Battery of Two Horse~drswn
¥lushers {(ixclusive of Time 8,954 .
to and from Corrsal)

274 159 13.71¢

Battory of Two Horsg-drawn
Flushers (Inclusive of Dime 104047 BelTd 1.59¢ 15e20¢
to and from Corral)

One fotor-driven Flusher 15.19¢ Te V¢ 1e38¢ 20 +44¢
Vaouum Cleaner " 1l.15¢- 10456 o 11.65¢

(For detzils of above, sec pages 124~153)



CHART 10, 4

Analysis of Differences in Time Costs Between
dotor-Driven and Horse-Drawn Flushers

In analyzing the elements of total cost of flushing, it was found that of the three
costs = time costs, water costs, and yardage costs - the time cost was by far the mnmost
fmportent.  Therefore, it was desirable to further analyze time costs to ascertain just
where occurred the difference in cost between the horse-drawvn battery snd the motor-driven
flusher.

The first step was to compare for the horse~drawn battery snd the motor-driven flusher
the actual number of seconds spent by each in the detail operations. Chart Ho. 4 shows the
result of this step. I'or the purpose of the chart the time 0f the horse-drawn flusher for
each operstion was token as 1009 and the time of the motore-driven flusher for the same ope-
retion was expressed in terms of that per cente This chsrt does not give asbsolute values
of the time, but simply relative values.

The chart shows that five operations performed by esch type of wvehicle sre performed
in less time by the horse=~drawn battery than by the motor-driven flusher. These opere=-
tions are:

Hoving to the hydrant

Necessary time spent at hydrant before water begins to flow into the tank
Moving eway from the hydrant to the point whsere flushing begins

Actual flushing

Time spent in minor repairs -

There were two divisions of time which were identical in value for the two types of
vehicle; that is, necessary time at the hydrant after the water ceased flowing into the
tank, and unavoidable delays on the route.

In six elements of work the motore-driven flusher spent less time than the horse-drawn
battery. These items are:

Turning for the purpose of loading

Walting at the hydrant for another vehicle to get out of the way
Time during the flow of water into the tank

Turning for the purpose of flushing

"Charging” time, and

Traveling time; that is, time to and from corral

"hree of these items - waiting at hydrant, charging time, and traveling time - are
necessarily sero for the motor-driven flusher. That leaves three operations - turning
for the purpose of loading, time during the flow of water into the tank, and turning for
the rurpocse of flushing - which were performed by both the motor-driven flusher snd the
battery of horse-drawn flushers and which showed the motor-driven flusher to consume less
time in each. The decreased time of the motoredriven flusher in turning was due solely
to the fact that the motor-driven flushers very seldom make & turn of 180 degrees because
of the excessive time necessary to make such a turne Their method is to move backwards
raether than make a turn either for purposes of loading or for purposes of flushing. Vhen
backing, the motor-flushers move very slowly. As compared to the horse-drawn battery,
this is not & saving in time, which is shown clearly dy this chart in the greatly increased
time of the motor-driven flushers compared to the horse-~drawn battery in the "moving” time.
This leaves one operation -« time during the flow of water into the tank -~ performed by both
types of vehicle and showing an asdvantage for the motor-driven flusher in time consunsde. 4
later analysis of costs of these individual times (see Chart No. 5) shows that the cost to
the ¢ity during the time of water flow into the tank is greater for the motore-driven flusher
than ifor the horse-drawn battery. The increased cost of motor-driven flusher per unit
0i time more than offsets the ssaving in time which it effectse

Sawmmarized, the motor-driven flusher spent less time than the horse-drawn battery in
six operations, the same time in two operations, and more time in five operations. The
net result over all wss that the motor-driven flusher spent more time per 1000 square yards
flushed than did the battery o0f horse~drawn flushers,

“he various time slements reduced to terms of cost to the city are compared in Chart
No. 5.
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TIE ANALYSIS

Porcentzes 0f Total Time Seconds wer 1000 Yards Flushed
3attery of Two Jattery of Two
Horge=drawn Ilushers one Horse~drawn rlushers One
sxelusive Inclusive Actor- mrclusive Inclusive Jdotors
of time to of time driven of time of time driven
and from to 2 from lusher o & fron £0 % from Flusher
corral corral Corral corral

{sesonds) (seconds) {seconds !

Goins to Hydrents:

Turning 180° 2.55 195 0.2/ 5 5 1
doving 4437 Be65 6095 9 9 18
heiting 1eB 1e2% 0.0} 8 3 0
At lydrants: ) . _
lefore inflow Se5ih 744% 848% 19 19 24
After inflow 9o 65 8,27 7.9% 21 5 21
Turing inflow 28.9% 24.5% 17675 63 63 &7
Going from Hyvdrants:
“urning 180° 2425 1e9% 0ed% 5 "B 1
doving 446% B9 G 8% 10 10 26
Flushing 3369% 29+ 2% 44 04% 75 75 119
Chorging 2+€ 2457 0.0% 3 6 0
Repairing GeB 0edf Be2 1 1 9
Traffic delays 0e%% 0.8% 0a6S 2 2 2
Other delays 0e1% 060 0e1% 0 0 0
Traveling on route 0655 064, 0.0% 1 1 0
Ireveling to and . .
from corral 0404 14.4% 0e0i 0 37 0
Potal 10003 100.0% 10007 220 257 268
Bummary of above
Going to Hydrants 841% €067 7:1% 17 17 19
At Hydrants 47.0% 40,14 34049 103 103 92
Going from Iydrante 648% 5e8% 10e2% 15 15 27
Flushing 230 8% 29425 44 ,4% 75 75 119
To and from Corral 0605 14.4% 04 0% 0 27 !
Other Time 6+2% 3497 Be 9% 10 10 11

(¥or basic figures on the above table, sce Tables los. 16, 2B, and 26, pegss 136,
146 and 147.  For method, sse page 174)



CHART N0. B

inalysis of Difference in Time Costs Between iotor-Driven -
and Horse-Drawn Flushers {continued)

Chart No. 4 showed the motore~driven flusher compared with the horse=drawn
battery in regard to the relative time consumed in the various operations nec~
essary to flushings. Chart ¥o. 5 here discussed compares the twoe types of ve-
hieles in regard to sctual cost of the time used in various operations.

The chart shows that the elements of operation during which the motore~
driven flusher is more expensive than is the battery of horse~drawn flushers
are eight in number, as follows:

Hoving to the hydrant

Necessary tipe at hydrant before water begins to flow
Time at hydrant during the water flow

Necessary time at hydrant after water ceases to flow
Time moving from the hydrant to point of flushing
Time duaring flushing

Repairing time

Time of delays

In six of the operations the time of the motor~truck aosts the city less
than does the time 0f the horse-drawn ba’ctery in the same operations. These
time divisions are:

Turning for the purpose of loading

Waiting at the hydrant for another vehicle to get out of the way
Turning for the purpose of flushing

"Charging” time

Traveling time on the route

Time spent in going to sud from corral

It will be noted that three of these divisions, namely - waiting at the
hydrant for another vehicle to get out of the way, "charging" time, and time
to and from corral - are necessarily zero for the motor-driven flusher; also
that all the times mentioned in which the motor-driven flusher is operated at
less cost than is the battery of horse~drswn ilushers, are small items when
compared to the total coste.

The net effeet of all time elements is to make the time of the motore-driven
flusher much more expensive per 1000 square yasrds clesned than the time of the
battery of horse-drawn flushers. This is because (1) of the comparative high
cost of the motor-driven flusher per unit of time; (2) in many operations the
motor-driven flusher consumes more timey snd {3} because (with one exception) the
operations in which the motor-driven flusher saves time are of comparatively 1it-
tle importance.
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ARALYSIS OF THE COST OF TIUR DETAILS

Time Cost per 1000 SqeY¥Yds. Flushed

Battery of Z Horse~drawn Flushers

o 4 One
SRR Exclusive of time Inclusive of time Motor-driven
o and from gorral 4o and from corral ¥Flusher
Going to Hydrant:
doving «362¢ «362¢ 1.020¢
%aiting «121¢ 0121¢ +000¢
At Hydrent:
Before inflow o 7644 #7644 1.360¢
After inflow «84.5¢ +845¢ 1.190¢
During iaflow 26 530 26 B30¢ 2. 670¢
Going from Hydrant:
‘.E‘nrning 1800 nglf;f . 201¢ ¢G56¢
Hoving 6402¢ .402’;5 1.475¢
Flushing 3019¢ 3019¢ 64740¢
Charging : . %5¢ 24584 «000¢
Re{pa:lring .0¢O¢ 0040¢ « 510
Traffic Delays «080¢ «080¢ »113¢
Other Delays = 000¢ _ «000¢ « 0004
Traveling on Route +040¢ #0404 0004
Traveling to and
from eorral +