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Salaries 398,934
Equipment, 1,913,494
Materials 46,388
Other ”1;462388

Total 2,405,204

This total cost figure yields a cost per sq weter of $0.0054. Makin’=“

r adjustment to labor costs to account for radiation control by m; t
5.1.9

furthe
plying by 8/7 yields the costs shown in-Table A.1.5.1.9.

TABLE A.1.5.1.9. Adjusted Street Sweep1ng Costs by Input for Cal- Trans St
- - of California

Cost (1982 $) Perce
'y fT

T. . costs per sq meter in Table A.l 5 1.9 are calculated by d1v1d1ng
the cost per year by the area coverea per year. which is:

114,432 mi/yr x 5,280 f t/m1 x 8 Tt w1ae x 0.093 m / t2

é = 449, 525 514 m2/yr

Despite these ad1ustments. thes res are stiii

| conside ab]
than those reported by other i

resu IIS rrom Ldl-lr‘dnS! 2
hour. In general, high

area, and this speed is t e
Using this speed and adjusting :

. done we get.: s TR

ed from the;s
shift in which
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whi
McG
con
equ
typ

vac
day
per

Z.5 mifhe x 5280 fu/mi x 8 ft w1dL x 0. 093 ¢ /flr x 7/8 adj

25,780 mé/hr

McGraw-Hill publishes a document called PIN or Product Information Network‘
ch is compiled by the International L1ty Man: emont Association and the -
raw-Hi11 Information Systems Company. The September, 1982 volume rev1s10n
cerning street sweepers contains a general discussion of street sweeping
ipment as well as providing 1nf0rmat1on on pr, es and performance of various
ps of equipment. / :

On page 17, PIN reports an an”ua] CO t of 5350 per curb mile per year for
uumized sweeping with one pass

5" is interpreted to mean once
curb mile per pass is $350/5
oot width, is $0 0018. Mu1t1p

pong

bety
mil
dect

text (p 11), a speed of 2 m11es
resu]ts and a speed of 4 to 5

) costs in detail, nothlng is
ective cost shares of the

Summary, Vol. IT (Owen
g coverage rates
authors by 15 per

this source 1;
p of successive
ive sweeping
machines used
different cond:
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This wide range encompassed all the rates
for Cal-Trans. [t is clear that‘the of
v?hiale s capabtlities so much as by othe
the associated removal efficiency, but b

immediately apparent., The conventional m
first-pass removal efficiency of 62 perce
of rough pavement at the very high coverage r
hgur., This is only nominally better than t
5@15 sq meters per hour for the same condi We calculate a represer
rate for these tests by averaging the cove tes for all tests for wh
the first-pass removal efficiency is greater than 50 percent. This calculation
ylelds a figure of 9732 sq meters per haur.

d by other sources excepl t
te is not fixed by the
s. A major criterion m1ght b
a representative rate is not
1 street sweeper achieved a
4-177 micron-sized particles.
of 18,972 sq meters per
aval nfftcxency reparted at

‘ However, the nature of the test prucedures requlres some further adjust-
meénts., In partlcular, no time was allotted for radiation control measures.
Also, the production rates given by this sourceé do not include any time for
dymping collected materials. Assuming that one hour per shift would account
fdr radiation control measures and that he'f an hour per shift would be nec-
egysary for dumping, we get an aljusted ceveraye rate of:

9732 m2/hi % 6.5 hr
B hr

+ 7907 m /hr

- Terie AJ1.5.1.11 summarizes the data on vacuumized sweeping casts. Also
shown are representative rate and cost data.

The average hourly production rates frap the various sources are reason-
ably close, except for the Cal-<Trans figure Tn, averaging the rates to arrive
at| a representative hourly figure, the Cal s'va]ue is excluded.

The cost data cover a broader span.
supposedly represeats an average taken Tro
reason it was included in comput1ng the av
representative cost figure. )

the PIN figure is quite low,
eral muntctpallttes. For this
hich is the basis far the

. A1l sources that disaggregated th
a separate category. However, t ‘
nonlabor costs were categorize
apbroach used here is to add all
1nEut called equipment. Repres
averages, excluding the CaV-Trai
by| the San Francisco Department o
for further input cost disaggrega

input groups listed la
ble variation in the.
s hard to synthesi

A.1.5.2 Low-PressﬁretHater \

Using mobile street flushers

‘ : ressure water wash to paved
surfaces is the least costly decon

tion per sq meter,
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TABLE A.l.5.1.11, Summary of Vacuumi;edss reet Sweeping Cost Data

Rgte __Cost (1982 §/m?) .
Source (mthf‘} Total - {Labor Equiweﬁtﬁﬂ'
Kennewick S
Street Dept. 10,000 0.0030 0.0u19 £.0011

Pasco

Pub. Works 7,177 0.6057 0.0823 0.0034
San Francisco

Pub. Works 10,742 0.0038 0.0023

Washington
Dept. of Trans. 7,373 0.0056 0.0019

California
Cal-Trans 29,462 0.0055 0.0010

PIN 8,593 0.0020 -~

Owen et al. 7,907 - --

Regresentative 8,632 0.0043 »ﬂ.ﬂﬂzl

(ai

Equipment includes all nonlabor costs.

percent on the first pass for pav(
ever, this procedure results in
water, which leads to the import
this water. 1In this section the
co?ts of flushing per unit area wi

| The City of Los Angeles ca
flushlng at $9.08 per mile for

tenance fuel, and so farth, and
the f]ushers. This cost varies
cost per mile over flat areas at
areas. Despite this cost deta11
the different inputs.

According to this same sau e,"
hour. Therefore, in an average
miles. If we adjust this rate b
control measures, the mileage pe
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The flushers average 10 percent down time. “That means for aam average
8-hour shift, the flusher is available for 7.2 hours. Buriang operation, the
average speed is 5 miles per hour, Therefore, in an average 8-hour shift the
flusher will cover 7.2 fiours x 5 mi/hr = 36 miles. If we adjust this rate by a
factor of 7/8 to account for one hour per shift for special radiation centrol
operations, the mileage per shift is 31.5.

Flushers may be configured to flush one or both sides of the street at a
time. The normal practice seems to be to flush one side at a time. That is
the practice adopted by Los Angeles, and it on this basis that most fiushing
costs are calculated in this report. While street wigths vary, a reasonable
average width according to this source is 40 feet, That makes the width of a
flush 20 feet. The coverage per shift hour is, then:

35 mi/shift x 5280 ft/mi x 20 ft wide x 0.093 ml/ft?

+ 8 hr/shift = 42,966 me/shift-hr

Assuming that the cost per shift will not fall in direct proportion to the drop
in output due to seven rather than eight hours of production, the cost per sg
meter is calculated on the basis of an unchanged total cost per shift, even

with only seven production hours out of eight, Therefore, the cost per shift
hour 1is:

9.08/mi x 40 mi/shift _ ‘
§ hr/shift = $45.40 per hour

The cost per sg meter is, then

$45.40/hr + 42,966 mi/hr = $.0011/ml

The Public Works Department of the City of San Francisco provided its
costs per mile for flushing, broken down by input as shown in Table A.l1.5.2.1.
The production rate is 40 lane-miies per B-hour shift for an average 5 miles
per hour, This figure includes time for refilling and breakdowns. Reducing
the productivity rate by an hour per shift to account for radiation control
brings the average hourly speed down to 5 x 7/8 = 4.375. The average hourly
production, then, is: ‘

4.375 mi/hr x 5280 ft/mi x 20 ft wide x 0.093 m%/ft = 42,966 me/hr
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TABLE A,1.5.2.1. Flushing Costs by Input from the Public Works Depariment,
City of San Francisco

Cost

Input {1982 $/mi)
Fuel 0.80
Maintenance and 1.20
Equipment
Equipment 1.00
Labor 5.07
Total 8.07

As with the Los Angeles flushing data, we again assume that per shift
costs would not be reduced by the hour per shift spent on radiation control
measures. The cost per sq meter is therefore calculated in the following
manner:

$8.07/mi x 40 mi/shift _ _ $322.8/shift _ Sﬂ.OQGQ!mz

(42,966 m2/shift-hr) x 8 343,728 m°/shift

Input costs per sq meter are calculated on the basis of the over shares
for the different inputs as reported by the C1ty of San Francisco. Therefore,
the estimated costs per sq meter are as shown in Table A.l.5.2.2.

‘ The City of Seattle Public Works Department reported that over fiscal year
1981-82 the cost of street flushing operat1ons was $139,601. There were a
total of 10,169 production miles, so the cost per mtle averaged $13.T2. The
flusher is leased 1nterdepartmenta]1y - ‘~;“ i nistra-
tive Services at $20.38 per hour.
interest, capital, and so forth, T _ pe f)
and administrative overhead, is 522~ "ur, The cost of flusher and
driver together come to 5340 per shift. Output per shift is 25 miles.

TABLE A.1.5.2.2. Estimated Flushing Costs from the City of San Francisco

Percent of Cost
Input Total (1982 Sfm )
Fuel 10 0.0001
Maintenance 15 0.0001
and Repair

Equipment 12 ‘ 0.0001
; Labor 63 ~ 0.0006
Total 100 :‘ 0.0009
A.68
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"A‘

Adjusting outpul Dy /78, we get a per-shiff outoul
a flush width of 20 feet, ‘h%s amounts to 214 EL ~sgi ﬁﬁue
sg meters per hour. UOividing the cast pe

a cost per sg meter of $0.0016. The Seatt

maintenance and regairs, depreciation and so fert" Cumpraﬂ

sweeping costs while labor comprises the remaining 53 percent

these percent ages to cost per sg meter gives $0.0008 for ecuipment {momiabor
inputs) and $0.0008 for labor.

The City of Portiand Bureau of Maintenance ppergtes three mobile flushers,
each a part of 2 street cleaning crew. Because tne operations of flushing and
sweeping are combined and because other gperatioms such as traffic comtrol are
alsc included, the separate costs of street flushing are difficult to infer.

Total curb mileage for all three crews for the 1981-82 fiscal year is
28,097 miles. Dividing by 3, since there are 3 (rews, gives 9,366 miles per
flusher per year. The cost per flusher per year is given as $180,000, tut it
is not clear if this is the cost for the fiusher alone, or for flusker, laber,
and so forth. The assumption made here is that 3$140,000 represents all costs
for flusher, labor, etc. to cover 9,366 miles inm one vear.

The following calculates the cost per g meter and agjusts for sevenm hours
production in an eight-hour shift:

3120, 000 per year
9366 mi/fyr x 5280 ft/mi x 20 ft wide x 0.093 fr ox 748

-
= $0.0017 /"

The average hourly rate of a flusher is easier to calculate. The total
28,097 curb miles for one year took a total of 819 smifis., This works out to
an average of 34.3 mles per shift, The adjusted average hourly rate is:

38,3 mi/shift x 5280 ft/mi x 20 wide x 0,093 /fr°
x 7/8 production hrishife x 1/8

= 36,843 n’/hr

The Portland data also include some useful figures regarding the costs for
the different inputs. They have three street maintenance crews consisting of
five people. Each crew consists of the items shown in Table A.1.5.2.3. Costs
are provided by input for the combined e@eratxnns of all three crews. Also
provided are the costs by input for s flushing operatiens alone (see
Table A.1.5.2.4). More specifically, these are
(business) area and arterials. Excluded are the costs of flushing residential
area. While the mileage correspunda the limited flushing figures is not
available, the data are useful in showi g that the cost shares of the various
1nputs are fairly constant, so that even with 1n{eﬁatete information on

A.69
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TABLE A.1.5.2.3. Typical Street Mazintenance (rew, City of Portiand

Labor Casital
2 Sweeper Drivers 2 Mobile Sweepers
1 Flusher Briver 1 Mgbile Flusher
1 Utility wWorker 1 Pickup Truck
1 Labgrer -

TABLE A.1.5.2.4. Portiand Street Flushing Cost Bate

Cost of Cost of
All Operations Flushing Limited Area
1982 198¢
Input Dollars Percent Doltlars Percent
Labor 457,000 5% 108,000 55
Materials 13,000 2 4,000 2
Fleet 364,000 44 82,000 52
Unspecified 2,000 0 1,000 1
Total 836,000 100(2} 195,000 100

(a) Parts do not add to total due to rounding.

flushing we can be reasonably confident that the proportions calculated for the
limited area are likely to be very closc te the proportions of total sweeping
costs. Applying these propartions to the estimated cost per sq meter, we can
estimate the input costs per sq meter, as shown in Table A.l.5.2.5.

The September, 1982 version of PIN's (Product Information Network} report
on street sweepers includes information on the cost of mobile street flush-
ing. They report (p. 17) that the annual cost of flushing is $150 per curb
mile per year with one flush every five days. Interpreting this to mean one
pass per week or 50 passes per year, the cost per curb mile per pass is
+$3.00. Note that this figure is substantially less than any other reported.

TABLE A,1.5.2.5. Street Flushing Input Costs, City of Portland

Percent of Cost

Input Total (/0
Labor 55 0.0009
Materials 2 0.0000
Fleet 42 0.0007
Unspecified 1 0.0000
Total 100 0.0017
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The cost per sq meter (adjusted for production tn only seven of eight
shitt houyrs) 15 calculated as follows:

$3/m
(6280 ft/mi « 20 ft wide x 0.093 mo/ft

2

o~ * 5 adj = $0.0003/m
)

The document 1ndicates that the flusher i1s operated at the same speed as a
street sweeper (about 8593 sq meters per hour). This is problematical for two
reasons. The first 1s that the other sources providing flushing data indicated
that flushers normaily operate at about twice the forward speed of street
sweepers. The second reason to suspect a faster forward speed is that proce-
dures such as these, which are capital- and labor-intensive rather than
materials-intensive, will tend to have lower costs at faster rates. Since the
cost given here is quite low, one would expect a corresponding faster than
average speed. The result of these considerations is to conclude that the
information in PIN is not appropriate for estimating production rates. The
information in PIN also provides no basis for calculating the shares of total
costs by input.

The Maintenance and Operations Division of the State of Washington
Department of Transportation estimates its cost of street flushing at $11.71
per lane mile., Its performance standard for flushing is 1.667 lane miles per

hour, a much lower rate than reported by other sources. The area flushed inm
one hour, adjusted for time for radiation control, 1is:

1.667 mi/hr x 5280 ft/mi x 20 ft wide x 0,093 mz,/ft2 x 7/8 adj

= 18,325 me/hr
At 1.667 miles per hour, Washington's cost per hour is:
1.667 mi/hr x $11,71/mi = $19.52/hr

Dividing the cost per hour by the average hourly production yields the cost per
sq meter:

$19.52 2
14,325 - $0.0014/m

A.71
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According to this source, the cost of strget flusning can be broken down
as shown in Table A,1.5.2.6, Input costs per sg mpter are estimated by
applying the same 1nput cost shares already reported to the (adjusted) cost per
Sy meter,

The Radiological Reclamation Perfgrmance Summary, Vol.Il (Owen et ail.
1967) reports di d performance data regaraing mobile street flushers but
provides no information about costs. The performance figures in (wen et al.
are somewhat at variance with those supplied by other sources. The major dif-
ference is that the tests and subseguent calculations for coverage rates and
removal efficiencies repuorted by Owen et al. are based on an average effective
flushing width of about 5.2 feet rather than the 2D feet reported by other
sources. Vehicle speed is 6 miles per hour, AS mentioned earlier, the usual
practice for flushing streets is for the mobile flusher to direct a spray of
water from the center of the street toward the c¢urb. In this manner, either
one or both halves of an average 40-foot wide urban street can be flushed in
one pass. The apparent assumption in the R?@ﬂw%‘fical Reclamation Performance
Sumpary was that greater water pressure and, i, greater scouring action of

a direct water spray was necessary to areduce suffrcxent removal. Other avails

able sources concerned with mobile street flushing as a method of radiation
decontamination provide no details about the flushing procedure.

This ltow flushing width is partially offset by an average effective
operating speed of 6 miles per hour, which is faster than that reported by most
other sources. Even so, the reported coverage rate of 15,345 sqg meters per
hour in Qwen et at. i1s still comparatively low. Adjusting for an hour per
shift due to radiation control measures, we get:

15,345 m2/hr x 7/8 adj = 13,827 m/hr

TABLE A,1.5.2.6. Washington State Department of Transportation Estimates of
Street Flushing Costs by Input

Adjusted
Reported Cost Cost
Input (1982 $/mi) Barcentia) (1982 $/m?)
Labor 6.06 5e 0.0007
Equipment 5.11 a4 0.0006
Materials 0.54 5 0.0001
Total 11.71 100 0.0014

(a) Parts do not add to total due to rounding.

Ra72

s L .
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The previously reported flushing data from other sources results in low
unit costs tn large part because of the high rate of coverage. I[If a Z0-fool
flyshing width per pass 15 unrealistic, then the greviously reported costs ‘
could be converted to a 5-foot width basis by multiplying all cost figures by 4.
(20 ft 4+ 5 ft = 4)., This adjustment seems mopre gpprepriate than the alterna-
tive one of 1acreasing unit costs by the ratfo of the estimated coverage rates:

est. coverage rate for sgurce A
est, coverage rate for Owen et al.

£ a5t. tnmit cost for sgurce &

s adjusted unit cost for sgurce A

This adjustment, which converts all costs to an hourly coverage rate of 13,427
sq meters, suppresses the collected information on vehicle speed. In addition
to Bssuming an effective flushing width of about five feet, it also assumes an
average speed of 6 miles per hour,

An important reason for not adjusting all costs anc rates to a narrower
width basis is that a narrow width, direct water gpray method is analyzed in
the next section, Those cost and rate estimates ¢an be used if 20-foot wide
flughing proves unsatisfactory,

A final detail reported by Owen et al. is that the flusher discharged
water at the rate of 370 gallons per minute, for a coverage of 0.13 gallon per
sq foot. Also, nearly half of the operating time was spent in refilling the
flusher,

Table A.1.5.2.7 summarizes the faregoing n
While most of the figures are fairly consistent, the PIN data show an excep~
tionally low rate and tow unit cost, and the rate reported by Owen et al, is
slightly below that for the Washington Department of Transportation. All rates
are averaged to produce the representative rdte., The PIN unit cost was caitted
in ¢omputing this cost.

ohile street flushing data,

0f the sources providing data for allo
labgr as one of the categories. Beyond
Potential inconsistencies are resolved b
tog%ther. The representative input un

ating Input costs, all designate
jever, the categories vary.
all nonlabor casts

ways, both of which produce the sam
inpyt cests are averaged and then proporii
total cost. The other method is to ¢
centage of total unit cost and then to
average input cost shares are applied to th
give the input costs.

ijusted to the represgat"giv,
gurce's input cost to a per-

se percentages. Then the
13 per sq meter unit cost to

A.1.5.3 High Pressure Water

Using a high pressure water wash of 80 to ]
advdntage of scouring the pavement.

20 pounds per sq inch has the
This results in greater removal of
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TABLE As1.5.2.7. Summary of Mobile Street Flushing Data

Rate __ [bost (1982 $/m?)

Source gngfhr) tal  Labor
Los Angeles
Pub, Works 42,996 0.0011 --- ——
San i rancisco
Pub, Works 42,8496 0.0009 0.0006 0.0063
Seattle
Pub. Works 26,854 0.00186 0.0008 0.,0008
Portland
Bur. of Maint. 36,843 0.0017 0.0009 0,9008
PIN 8,593 0.0003 --- —
Washington
Dept. of Trans, 14,325 0,004 0.0007 0.0007
Owen et al. 13,427 - ——— —
Representative 26,576 0.0003 0.0007

particles and particles that have
There are three basic i d
method requires a high pr

pen ?ﬁ&ed into surface irregul
ying out this pruﬁed ;

of equipment, primar Ey fire
051ng down the pavement by

The second method would be |
ydrants or where the hydrant S
m tﬂa&, aater fram a d nt la
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The method using the least amount of spacialized equipment requires egui
ping two- or three-man crews with ahout SO0 feet of firehose {in S0-foot SeC~
tions with coupling fixtures), a nozzle, a hydrant wrench, and a Vimited amoup
of miscellaneous personal equipment, such as rubber boots and other H@téf@ﬁ@@
and protective clothing, The hoses would e connected to a hydrant and used
spray the pavement, Two people may be reguired to hold the hose if higher
pressures are used. After spraying the pavement, workers would drag the hﬁsgﬁ
th the next hydrant and repeat this operation,.

It is interesting that some data from & similar operation was recorded
from actual experience in the cleanup of volcanic ash following the eruption
Mount St. Helens in 1980. That event created a situation not eatirely unlike
the one which would result from a auclear reagtor accident. While the ash
npt create a radiation hazard, the sheer volume of material made a large-scal
clleanup program necessary. Gf course, removing g large volume of ash is not
the same as removing an essentially invisible guating of radicactive fallou
However, in some cases the costs and methods of the two may be similar. For
ekample, in the absence of better data, the cott and rate for hosing a thic
cpating of volcanic ash from paved surfaces m % t be a good proxy for the ¢
of hosing paved surfaces to remove a thin but tenacious coating of radigact
particies. Both operations require a degree of thoroughness--one in order to
remove a high volume of material and the other to remove particies with great
aghesion to the surface,

The Administrative Services Manager of Spokane Community College directed |
the cleanup of that campus. Of the total 200 acres, 110 acres are paved. He
reports that, on average, one man can hose down a length of street a block Yor
in one hour. Including sidewalks, he estimates the area covered in an hour at’
15,000 sq feet. This estimate was the result of actually timing the
aEerat1on. In addition, 15 minutes were required to move the hose from one

hydrant to the next. This brings the effectiveé rate down to 15,000 sg feet ‘
ery 75 minutes. If one hour per shift is devoted to equipment and personnel
decontamination activities, the coverage rate is:

15,000 ftZ x 0.093 m2/ft2 x 7/8 adj # 1.25 hr = 977 me/hr

The average straight-time salary at t
hpur. Here we use a burdened labor cost f
tion to these costs are the costs for e .+ This same source reports il
the hose and most fittings had to be re jafter two weeks of round-the-
c ock use. (Sources in the Seattle Fire Depar }nt indicated that they woul

expect a shorter life than two weeks if the hoSes are regularly dragged acro
pavement,)

the time of the eruption was $6.00 pe
bf $17.45 per hour, In addi

The one for which they
' one 2-1/2-inch connection 15,
B0-foot sections led to a ¥
»connected. The lmli«‘ c

i
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