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Information on costs of strippaole coating was supplied by I urco Pro
ducts. The company sells three strippable coatings. Turco 5561 is pigmented 
yeliovv to facilitate conlPiete renloval. 'Turco 5931 is \"vhite and Turco 5931-(: IS 

clear. With a quantity discount, the material costs $16.48 per galion. For 
use on smooth surfaces. one gallon would be auuulied to 600 to 800 sauare 
feet. However, for asphalt ~oads and simil ariY' rough surfaces, a thi'cker 
coating is necessary. This source recommends an application of a galion for 
every 100 square feet. The material cost per square meter is 

$16.48/qal $1.77/m2 

Using a tanker truck with pump and rear-mounted spray bar as described in 
Scction A.1.3, thc liquid could bc applicd at a vchiclc spccd of fivc milcs pcr 
hour and pump rate or - 44 gallons per-minute. Ore 5000-galion tanker load wo-uld 
keep the truck applying for about 110 minutes. Assuming 50 minutes for refill
ing the tank~ and ignoring the problenl of fractional tank loads~ about 2.6 tank 
loads pcr shift could bc applicd, with about 4.8 hours of actual coating appli
cation. These calculations include one hour per shift allocated for equipment 
and personnel decontalnination and reduced productivity. Total coverage per 
s h i ft would bc: 

4.8 hrs x 5 mi Ihr x 5280 ft/m; x 10 f t widc x 0.093 m2 1ft 2 

= 117,850 m2 

One-eighth of that amount or 14,731 square meters, IS the average hourly 
production per shift hour: 

R~eferri'ng to the representative data for high-pressure ,vater, 'A.e note that 
the total cost per hour is $47.11. This means that the cost of application per 
square meter is $0.0032. Lahor's share is $0.0013 per square meter, and the 
equipment cost is $0.0019 . 

.lA~1V cost estimate for large-scale removal of peelable coating is highly 
conjectural since this has never been done before. A source at Turco 
suggested a ll1ethod for 1 arge-scale, rapid, and econoll1ical rell10val of the 
coating. A pickup truck would be fitted with a front-mounted take-up spindle 
with electric motor drive. Ahead of this, two small circular knife blades at 
the cnd of 111ctal anllS \vould roll across the coated paVclllcnt, cutting the 
coating. The two blades would be about ten feet apart. Presumably this would 
allow a ten:foo.t. w,ide strip of .coating ~o .1?e continuously 1 if ted up from the 
pavenlent and rolled onto tIle talce-up spIndle. 

1\1ike 1\1cCby of Battelle Pacific }~orthv-vest Laboratories~ Richlalld~ \~Vash
ington, is famiiiar with fixatives and strippabie coatings. Th said such a 
system might work but that it would probably requlfe some experimentation 
before it became fully functional. 

Assuming that this system could be made to \"vork~ but at a very conser
vative speed, \"\C can estimate the cost of coating removal. Ihe operation and 
maintenance cos t of a pickup truck according to Means Building Construction 

1\ Al 
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Cost nata 198? is $4.42 per hour plus a monthly rental cost of $275. \f'e assume 
that the modifications to the pickup truck increase its capita! cost and its 
operation and maintenance cost by one th i rd. 01 t his basis , the cost of 
ownership is : 

__ ---"$.'c?'-7"-'i ,-,/m",o,---,-X,--. --,4-'-.1,,-'___ = $1. 07 ihr 
43 shifts/mo x 8 hrs/shift 

The cost of operation and maintenance is: 

$4.42 x 4/3 = $5.89 

The total equipment cost is, therefore, $6.96 per hour. Additionally, there is 
the cost of the driver and another worker at $17.45 per hour each. The total 
hourly cost is then $41 .86, and for an eight-hour shift the cost would be 
$334.88. 

If this equipment can remove a strip ten feet wide at an average pace of 
one mile per hour, during the seven hours of production of an eight-hour shift , 
a total of 34,373 square meters wi!! be removed. Over eight shift hours, this 
represents an hourly rate of 4297 square meters , Thus; the total removal cost 
per square meter fa r removal is $0.0097 . Labar would cost $0,0081 per square 
meter, and equipment would cost $0.0016 per square meter. 

Tab!e A..1.6.1 presents the preceeding information in summary form. 
Perhaps most striking is hQl!t! costly the strippab!e coating is, relative to 
the other inputs, Since removal is the more costly procedure per square meter, 
the number of application crews is adjusted to conform to the removal rate. 
This means that 4,297 -; 14,731 = 0.29 application cre\-~JS wi!! be used for 
every removal crew. Thus, the inputs for this operation are 0.29 heavy-truck 
drivers, 0.29 5000-ga!!on spray trucks, hAlO building laborers and one modificed 
pickup truck. 

TARI F A1.6 

Item 

Chemicals 

Appl ication 

• _Summary of Cost and Productivity Data for Decontamination 
o I Paved S u ria c es wit h S t rip p a b I e Co a tin 9 

~ale 
(m Ihr) 

14,731 

Tala 1 

1.77 

0.0032 

(;0"1 

Labor 

0.0013 

(1982 $!m2) 
I=gu i Rment Materials 

1.77 

0.0019 

Remova! (3.4x) 4,297 0.0097 0.0081 0.0016 

Tota! 4,297 1.7829 0.0094 0.0035 1.77 

.A.42 
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Planing 

Planing or gri ndi ng is a lTIct..hod of rClllovip.g a surface 1 ayer of paveillent. 
Planing machines are avail able in different sizes ,vith different productivity 
rates. Sa.:re large "road profilers" can grind one lane wide, one inch deep, and 
advance at a rate of one !nile per hour. These machines can be operated to 
remove essentially any thickness of pavement desired. They do so by abrading 
rather than by cutting the top surface off. 

The \Vashington State Departlnent of Transportation advises that cquiplncnt 
for a planing cre\v consists of one planer Inachine, a rotary broOln mobile street 
s\veeper, a front - end loader, and ten trucks for hauling mvay the debris. j\1any 
planers have conveyor systelns to feed heavy debris directly into a drunp truck. 
The personnel requirelnents are four equipment operators, one 1 aborer, and ten 
truck drivers. Ho\vever, v.llen this method is used for decontalnination, smne 
additional equipment fP,3\j be required. 

"'hile removing the top layer of paveInent \vould generally seeIn like a.ll 
effective ,:v~l'j to relnove the attendant contalnination, the grinding action ~j 
,vhich SOlne planers operate creates a lot of dust. Ne\ver planers spray the road 
surface "'lith ,vater to prevent excessive dust. i\nothcr Wd)' to li!nit reslJspen
sion of conta!n1nants ,;vould be to treat the road surface v{1th road 011. a 
sealer, or SOlne other fixative. Still another possible Inethod of dust control 
\vhich t\VO sourccs (\Vashington State Departlnent of Transportation and Los 
iA .. ngeles Departlnent of Public \Vorks) agree IlFj be effective is to contain the 
dust at the base of thc planer \vith rubber skirts and to remove this dust \vith 
a high- po\ver mobile vaClImn hose intake. It is not clear if a standard vacuum-
ized street s\vecper \vould have adequate po\ver 3..tt'J.d capacity. If not, then larg-
er equipment such as a Super Sucker or Peabody mobile vaCl1Ul11 could be used. 
These Inachines are quite po\verfu!. POvver ~¥1aster, Tnc. in Portl and, Oregon, 
\vhich uses this type of equipment for contract industrial cleaning, provided 
information on these Inachines. The vacmun pumps on them are rated at 4,500 
cubic feet per Ininute, a.lld the dutnp box has :m effective capacity of 12 cubic 
yards. They cost $160,000 ne,'v, and PO\1/er 1\1aster's rentaL rate, including the 
driver-operator, 1 s $144.50 per hour. For continuous dust control operation, 
t\VO vaCUllil1S pcr planer would be rcquired. In some cases these vacuums Inl)' 
actually mak:e S01ne of the other pick-up equiplnent unnecessary. 

The \Xlashington State Departtnent of Transportation estimates the cost of 
planing off onc to 1.5 inches of asphalt at $1.00 per square yard~ including 
rubble rell1oval. Since the cost of hauling mvay contaminated Inaterials is 
estilnated separately in this report, it is necessary to remove the cost of 
hauling frO!n the $1.00 per square yard cost. Vi assume that hauling c01nprises 
one half of the planing costs, giving a net planing cost of $0.50 per: square 
yard. .A.fter adjusting for radiation control measures, the total costs is 

This source reports that their planers can cover thrcc 1 ane miles per 
eight-hour day. With seven hours of actual planing for every eight-hour shift, 
the average production per shift-hour is 1,611 square mcters. In one shift the 
totai production is 12,890 square meters. 
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Dust control for eight hours, using two high-power vacuums at $144.50 per 
hour each, raises the daily cost by $2,312. The cost per square meter at this 
rate is $0.18. 

The City of Los Angeles Department of Public Works said the major equip
ment necessary for a planing crew consisted of a planer, a skip loader, a dump 
truck, and a motorized sweeper. The personnel required included one planer 
operator, one loader operator, one truck driver, one sweeper operator, and two 
laborers. 

The Department ' s cost for planing asphalt averages $0.25 per square foot, 
which is equal to $2.69 Der square meter. However. for our Durooses. it is 
necessary t'o remove the cost of the dump truck and driver, beca'use hauling 
costs are handled separately. Here v.e assume that hauling away the rubble 
comprises 25 percent of the total cost. With the additional adjustment for 
radiation control measures the cost per square meter is 

2 2 ? ($2.69/m - O.25x$2 .69/m) x. 8/7 adj . = $2.31/m-

Tfl8 Department's equipment will plane a widtfl of six feet to a depth of 
one Irlerl at a rate of one mile per fluur. \Nith seven flours planing per eight-
hour shift, the average hourly production rate is 2,578 square meters. The 
added cost for dust control at n-,is rate is $0.11 per square meter. 

Table A.l.7.1 surrmarizes the foregoing information. These data pose two 
principle difficulties. One is that the Los Angeles Department of Publi c iNorks 
cost per square meter is more than three times greater than that from the iNash-
ington State Department of Transportation. The second is that the impiied cost 
per hour fa r both data sets is very high. The Washington State Department of 
Transportation data yield an hourly planing cost of $i,095, and the hourly 
pianing cost consistent with the Los Angeies Department of Pubiic Works data is 
$5,955. For comparison, the houriy cost of the inputs (without hauling) speci
fied by the Washinqton State Department of Transportation can be estimated 
directly using data from Means Building construction Cost Data 1982 and from 
data elsewhere in this report. Thi:; r.;reW difhn:; fruln the une :;r.H:H;ified by the 
Los Angeles Departrnent of' Public Vv'orks only by trle inclusion of one additional 
laborer. This crew is described in Table A.1.7.2. The cost of the planer is 
estimated at $100 per hour, since Means had no listing for that type of 
equipment. The cost of the street sweeper 'vvas taken from the representative 
cost data in Section A.l.l. The 2.25-cubic yard front-end loader is a mediurn
sized loader according to Means. 

The three hourly cost estimates are summariZed in Table A.l.7.3. The 
explanation for this wide discrepancy is not known. One possibility is that 
the VVashington and Los Angeles sources include unspecified administrative, 
supervisory , engineering and support costs. Another possibility is that opera-
tion of trle planer is rnucl-l rnore costly trlat trle estirnated $100 per [-lour. In 
yeneiiali, Ole Means input costs seem reasonable, tlTuu~h it seen-Is Olat a foreman 
,$22.53 per hour) and a pickup truck ($6.06 per hour) should be added, bringing 
the total hourly cost to $330.58. However, at the coverage rates specified by 
the two other sources, the cost works out to $0.21 per square meter or less, drl 

amount VJhich seems unreasonably lo'vv. Any resolution of these inconsistencies 
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TABLE A1.7.1. Summary of Asphalt Road Planing 
Cost and Productivity 

Procedure and Rate Cost (1982 $/mi
) 

Source (mL I hi" 1 Total Labor Equi pment 

Planing 
Wash. Dept. of Trans. 1,611 0.68 

Dust Control 
Power Master 0.18 0.06 0.12 

TOTAL 1,611 0.86 

Planing 
LA Public Works 2,578 2.31 

Dust Control 
Power Master 0.11 0.04 0.07 

TOTAL 2,578 2.42 

must be somewhat arbitrary. The approach used here is to make the maior 
adjustment in the rate 01 coverage.' W! assume an hourly coverage rate of 750 
square meters per hour, an hourly cost of $400.00, and a cost per square meter 
of $0.53. The cost per square m'eter is broken down between labor and equipment 
in the same proportion as the Means cost data in which $135.90 of $330.78 is 
10 r labor. Thus, the labor cost per square meter is $0.22 and the equipment 
cost is $0.31. 

TABLE A 1.7.2. Hourly Cost Estimates of Inputs Specified by the Washington 
State Department of Transportation for Asphalt Road Planing 

Labor 

Cost 
(1982 $/hr) 

3 Medium-equipment operators @ 24.95 Ihr (Means) 74.85 
2 Building laborers @ $19.40/hr (Means) 38.80 

Tota! Labor 

Equi pment 
1 Planer (est.) 
1 Vac. street s\veeper (Secti 3n A 1.1) 
1 Front end loader, 2-"4 yd (Means) 

Tota I Equipment 

Total Input Cost 

113.65 

100.00 
37.12 
51.70 

188.82 

$302.47 
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TABLE A.1.7.3. 

Source 

9.m of input costs 

Summary of Hourly Cost Estimates 
for Asphalt Road Planin~ 

Cost 
(1982 $/hr) 

Washington State Department of Transportation 
Los Angeles Department of Public Works 

30247 
1,09548 
5,955.18 

At a rate of 750 square meters per hour, dust control costs $0.38 per 
square meter. Of this amount, $0.13 is for labor and $0.25 is for equipment. 
Table A.1.74 summari zes t his representative cost information. As can be seen, 
the total cost, including dust control, is $0.91 per square meter. 

TABLE A.1.7.4. Representative Asphalt Road Planing Cost Data 

ry 

gate Cost (1982 $/mL 1 
Procedure (m~ /hr) Total Labor Egui Qment 

Plane 750 0.53 0.22 0.31 
Dust Control 0.38 0.13 0.25 

TOTAL 750 0.91 0.35 0.56 

A.1.S Tack Coat 

From the standpoint of radiation decontamination, there are three reasons 
to coat or resurface a road. The first is that a quickly applied thin coating 
may be desired as a fixative. The second reason is that a new surface wi II be 
required if the old one has been removed or planed. The third possible reason 
fa r resurfacing a road is that a new pavement layer over the existing contam
inated pavement may provide sufficient shielding from the radiation, obviating 
the need for the actual removal of the radioactive particles. 

As the reasons for surfacing a road are numerous, so too are the possible 
materials with which this can be accomplished. I n addition to the basic 
materials with which roads are paved, asphalt and concrete, roads may also be 
coated with such materials as road oil, tar, tack coat, or slurry seal. In 
th is and the next few sections, the costs and other important aspects of 
applying different surface coatings to pavement are discussed. First to be 
considered are minimum-thickness surface coatings. Second, th in-pavement 
coating data are presented. Finally, complete repaving is discussed. 

Frequently the cost of applying some surface coating to a road is 
expressed in terms of the volume of the coating material. In part, this 
reflects the fact that materials make up the largest share of the total costs. 
The significance of this, with respect to the calculations being made for this 

A.46 
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report, is that costs are more closely tied to the unit of output than to 
time. Therefore, when considering that one hour in eight is allocated for 
personnel and equipment, the adjustments made to total cost may prove to be 
excessive. 

Means' Site Wode Cost Data for 1982 lists tack coat as the least costly 
of the seal coatings at SO.34 per square yard. The crew for this operation 
consists of one foreman and two building laborers. The billing costs for these 
types of workers are $22.25 and SI9.40, respectively. The total three-man crew 
costs $61.05 per honr. The total cost per hour is found by multiplying thc 
rate (525 square yards per hour) hy the unit cost ($0.34 per square yard), 
yielding Sln.50 per hour. Subtracting the labor cost Irom this amount gives 
the houdy material cost ($117.45). 

The given rate can be converted to square meters per shift-hour 111 the 
fOllowing manner: 

2 2 2 4200 yd /day x n,I136 m /yd 
8 hrs/day 

Dividing thc ratc into the hourly costs gives the square-meter costs for 
total ($0.46), labor ($0.16), and materials ($0.30). Means indicated 110 

significant equipment for this operation. This probably accounts for the 
relatively low application rate. 

According to the Washington State Department of Transportation, a "tack 
coat" is a thin layer of asphalt. This is sprayed lm by a truck at 0.2 gallons 
per square yard, or 6 tons per lane mile. It is frequently used to bind one 
layer of asphalt to the next. At S250 per ton (applied), the cost per lane 
mile is $1500. The cost per square meter is: 

$250/ton x 6 tons/mi 2 
-------===-=--"'--~"---===--___cc___o_ = 50.3055/111 

111
2/ft2 5280 ft/mi x 10 ft wide x n f10'l. 

V.V/~I 

With seven hours operation per eight hours, the average coverage per shift hour 
IS: 

1 1 
3 mi/hr x 7 hrs x 5280 ft/mi x 10 f t wide x 0.093 rn"/ft~ 

8 hrs/shift 

= l2,890 m2/hr 

NJ information was provided by this sonrce with respect to the costs for 
the various inputs; however, these can be estimated using Means data. The cost 
of a 3000-gallon distributor truck is given as S31.12 per hour. The personnel 
required for this type of operation according to Means include one l11edimll-
equipment operator and one heavy-truck driver. The total billing costs for 
these workers are 524.95 and $19.75, respectively. The total is S44.70. The 
hourly lahor and equipment costs are easily converted to costs per square meter 
by dl\'ldlllg by the hourly coverage rate: 

A.47 
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Labor: $44.70/hr f 12,890 = $0.0035 

Equipment: $31.12/hr t 12,890 = $0.0024 

Subtracting the square meter costs fo r labor and equipment from the total 
square meter costs leaves the cost per square meter of the material: 

Materl al: $0.3055 - ($0.0035 + $0.0024) = $0.2996 

The Means and the Washington State Department of Transportation data are 
sumnarized in Table A.1.8.1. As can be seen, the material costs are essential-
ly identical. The major cost difference lies in the labor cost for Means as 
opposed to the very low labor and equipment costs fo r the Washington State 
Department of Tranportation. The obvious explanation for this difference lies 
in alternative methods of application. The Means data are for manual applica
tion as Indicated by the relatively high labor costs and the low application 
rate. The Washington State Department of Transportation data, however, are 
fo r a high volume operation. The former method is appropriate fo r smaller, 
restricted areas, while the lailer is appropriate for iarge paved areas, such 
as roads and parking iots. For this reason, the Washington State Department of 
Transportation data are taken as representative. Further, th e ivieans data are 
taken as reperesentative for application to "other paved surfaces" (see 
Sections A.i? and A.18). 

Source 

Means 

TABLE A.1.8.1. 

. ~ate 
[m~ /hr) 

Wash. Dept. of Trans. 
384 

12,890 

A.i.9 Seaier 

Summary 0 f Data for Tack Coat 
Application to Asphalt Roads 

Cost (1982 $/m~) 
Total Labor Equipment Materials 

0.46 
0.3055 

0.16 
0.0035 0.0024 

0.30 
0.2996 

The Los Angeles Department of Publi c Works occasionally applies a coating 
of siurry seal to asphalt. This material is an emulsified asphalt. it is 
mixed With sand and water and I s described as looking like paint. For coatings 
that are to remain for some time Without further treatment and that may be 
required to carry traffic ioads, a seaier like siurry seai appears to be an 
attractive option. 

Siurry seai is appiied with a mODIle siurry seai machine. Besides the 
siurry seai machine and its driver-operator, this operation aiso caiis for a 
mixer-man, two asphait rakers with hand toois, one iaborer, and two or three 
trucks with drivers to keep the slurry seal machine supplied. Not necessary 
for radiation decontamination are worker's and equipment for t raffic cont rol. 

A.48 
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The daily coverage is 36 feet ~vide by one mile long. 
hour per shift for radi ation decontamination of equipment 
hourly coverage is: 

36 f t wide x 5280 f t long X 0.093 m2/ft2 x 7/8 + 8 = 

The cost of slurry seal applied is $0.45 per square yard. 
$0.54 per square meter. 

Adjusting for one 
and personnel, the 

J .. 
1933 m-!hr 

This is equal to 

Coert Engelsman's 1.981 Heavy Construction Cost File lists (p. 141) the 
total cost of surface preparation and application of surface sealer as $0.82 
per square yard. Labor accounts for $.30 per square yard, equipment $0.09 per 
square yard and materials $0.43 per square yard. Total daily production is 
given as 1000 square yards. Considering no production for one hour per shift, 
the output per shift hour is 

1000 yd 2/shift t 8 hrs/shift x 0.836 m2/yd2 x 7/8 adj = 91 m2/hr 

The adjusted cost per square meter can be found by muitipiying the cost 
per square yard by the unadjusted houdy rate to get the houdy cost of labor 
and equipment. This is then divided by the adjusted hourly coverage in square 
meters. The unadjusted hourly coverage rate is 

1000 yd 2 
t 8 hrs/shift = 125 yd 2/hr 

The labor and equipment costs are, therefore: 

Labor: 

____ .. 2 ? . 

Equipment: -l>U.u~!,l'(l ][0125 yd~!hr· = $O.12/m2 
'11 m~/hr 

Since the lnateri al cost per square lneter 1 s not affected tr-; the hour lost 
per shift, the cost per square nleter is calcut uted nl0re simply: 

Material: $O.43I.yd x 1.196 m2/yd = $O.51/m2 

Adding the costs of the three inputs, the total cost per square flleter 1 S 
found to be $ L04. 

For comparison ) the Engclsman data for ta r and asphalt surface treatments 
are also given. Both of these coatings are applied at 1.5 gallons per square 
yard, and the coverage rate is listed at 1500 square yards for hoth. The 
adjusted hourly coverage rate is: 

1500 yd 2 /shift ~ 8 hrs/shift x 0.836 m2/yd 2 x 7/8 = 137 m2/hr 

Following the same calculations as for surface scaler, the square meter 
input costs for tar are calculated as shown: 
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Labor: 
2 

$O.13/yd J( 1ay.s yEl 2fAF 
137 mC /hr 

$0. 18/m2 

~ ~ 

Equipment: $0.06 yd" x 187.5 yd"lhr 

137 m2/hr 
$O.08/m2 

Materia!: 

Tota! : $O.1,vQ,/,~,,2 + $vl1.vl1vQ,/,~,,2 + ~1 ')rH 2 ¢:.1 J1C.1 2 
T - or • '" • '"VI m = '" I, "-tu f m 

The same cost calculations for asphalt are: 

Labor: 

Equipment: 

Material: 

Total: 

$O.13/yd2 x 187.5 yd 2/hr 

137 m2/hr 

2 
$0.06 yEi J( 127.6 

2 
ye fAF 

• ? .? ? ~ 

~O.92/yd" x 1.196 yd"/mL = $1.10Im' 

$O.18/m2 + $0.08Im2 + $1. 10/m2 $1. 36/m2 

Comparing the Los ,~.nge!es Department of Public VVorks data with the 
Enge!sman sea!er data ShOViS a considerab!e difference. The fi rst source has a 
total cost of $0.54 per square meter versus $1.04 per square meter from the 
second source, The apparent explanation for this difference is in the method 
and scale of operation. This is reflected in the much higher rate reported by 
the Los Ange!es Department of Publi c \lVorks as compared to the one from 
Enge!sman: 1,933 square meters per hour versus 91 square meters per hour. 

There remains the problem of estimating the input costs for the Los 
Ange!es Department of Public Works data. The fi rst step is to estimate labor 
and equipment costs per square meter using hourly cost figures in Means' 
Building Construction Cost Data 1982 for the inputs specified by the Los 
Angeles Department of Public Works. The total hourly labor and equipment costs 
are estimated as shown in Table A.1.9.1 Means has no listing for labor costs 
for a mixer man or an asphalt raker. Their wage rates were estimated . Also, 
the hourly cost of a slurry seal machine was estimated using the hourly cost 

A.50 
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LililE A.1.9.1. Total Hourly Labor and Equipment 
Cost Estimates for Surface Sealing 

Labor 
1 Driver-operator 
2 Heavy-truck drivers 8 $19.75 
1 Mixer nUl (est.) 
2 Asphalt rakers 8 $20.00 (cst.) 
1 Building laborer 

Total labor 

Equipment 
1 Slurry scal machine (cst.) 
2 Nurse trucks @ $35.72 

Tota 1 equ i pment 

Cost 
(1982 $/hr) 

24.95 
39.50 
20.00 
40.00 
19.40 

143.85 

31.12 
71.44 

102.56 

of a 3000-gallon distributor tank truck . 
used for the cost of a nurse truck . 

The cost of a heavy dump truck was 

Dividing the hourly labor cost by the hourly coverage rate of 1933 square 
TIleters gives a cost of $0.07 per square meter for !abor. The equipment cost is 
$0.05 per square TIleter. 

Subtracting lahnr and c"llipment fmm thc tntal cnst ncr S"lIare meter 
leaves $042 per sq;l~re';';et~~·for"mate~ial. "Th"is is·~ome~hat j'~ss"'tha~"the 
cost specified by Engelsman and slightly less than similar surface coating 

Source and 
Coati ng Type 

L.A . Pub Wlks 
Scaler 

Engl esman 
Sealer 
Tar 
Asphalt 

Reprcsentati YC 
·Sealer 

Til RTF A 1.9.2. 

1933 

91 
137 
137 

1933 

Surrrnaryof Surface Coating 
Data for Asphalt Roads 

054 

1.04 
1.46 
1.36 

0.54 

0.07 

0.41 
0.18 
0.18 

0.02 

qUlpn1ent 

005 

0.12 
0.08 
0.08 

0.01 

0.42 

0.51 
1.20 
1.10 

0.51 
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material costs specified by Means. The reason for this difference could be 
due to overestimation of combined labor and equipment costs, underestimation of 
total costs, or because material costs are in fact less per unit area than 
indicated by the published sources. Here it is assumed that, either because 
tile Los Angeles Depar-tment of Public \Nor-ks is able to acquir-e trle material at 
a lower price or because of thinner application, th is material cost estimate is 
reasonable. 

A.l.10 Road 0 i I 

Road 0 i I would be appropriate as a temporary fixative preliminary to 
either planing or removal of existing pavement. There are other materials 
which could also be used as fixatives. These are described in Section A7 _1_ 
According to the VVashington State Department of Transportation, the cost of 
applying road oil is $270 per ton. It is applied at 0.4 gallons per square 
yard at a speed of about three miles per hour with a swath about 12 feet wide. 
Since there are about 250 gallons of road 0 i I per ton, the cost per square 
meter is 

$270/ton x 0.4 gal/yd2 x 1.19599 m2/yd 2 = $0.52/m2 
250 gal/ton 

The rate of coverage is 

3 mi /hr x 5280 ft/mi x 12 ft wide x 0.093 m2/ft2 x 7 f8 = 15,468 m2/hr' 

Unfoitunately, this source was unable to supply information regarding the 
separate costs of the various inputs. 

~Vflile Means' Building Construction Cost Data 1982 does not include road 
oil application as a specific entry, an estililate of the cost of th is operation 
1.,.011 be' developed from the Means volume. Page 11 gives the cost of a 3000-
gallon distributor tank trailer with a 38-horsepower diesel (notor to operate 
[he pump. This distributor is for asphalt, but it is assumed that the cost of 
an 0 i i distributor wouid not be greatiy different. in addition, a truck 
tractor (p. 13) would also be necessary. The hourly cost of th IS equipment IS 

calculated as shown in Table A.I.IO.i. The rent in dollars per hour is based 
on 336 Ilours (2 sl-lifts) per montll. 

TABLE II. I If"I I 
n.I.lv.l. 

f"I ........... f' ........ J 
VtJtil. 'vV~l 

[:,..,,; .................... 4- r t Ih~' 
L.~UIt::::'lltiIIL \ "" { '" I 

n; ........ ; r.-." ........... A aa 
L.J I~LI II.JU lVI "'T.VV 

Tractor ... li Oli 
IV.VV 

Total 

Hourly Equipment Cost Estimate 
for Road 0 i I Dis t rib uti 0 n 

D ......... J Rent Tota 1 I '\til Il 

( t Imn' r t Ih~' ($/hr) \ "" I ", ..... J \ "'" '" , 

I')f::lili 7 A A 1~ 1~ 
L.oJVV I."'T"'T I L.. I V 

I')'lr:::li 71"11"1 "'7 Oli 
L.oJoJV I.VV I I .vv 

29.90 
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In addiiion, feeder irucks WOUIO De useful where ihe source of ihe 
maierial was noi close, 'v"fJ esiimaie ihree feeder irucks per disiributor, At 
$25,00 per hour each, ihe ioia I equipmeni cosi IS $104,90 per hour, 

For personnel, five driver operators are appropriate, n-,e extra driver 
would be available for relief or for equipment operation on U18 distributor. 
The billing cost for heavy-truck drivers, according to Means, is $19.75 per 
hour. Therefore, the total labor cost is $98.75 per hour. 

Follo'v'v'ing the information from the VVashington State Department of 
Transportation, Via assume an average vehicle speed of three miles per hour. 
The assumed application 'v'v'idth is ten feet. The coverage rate is, then 

3 mi/hr x 5280 ft/mi x 10 ft wide x 0.0929 m2/ft x 7/8 adj = 12,890 m2fhi 

Road oil costs $0.31 per square meter. ~v1ultiplying this by the hourly 
coverage gives an hourly material cost of $3995.90. Total cost comes to 
$4199.55 per hour. Dividing each of the hourly cost categories by the hourly 
coverage gives the cost per square meter as shown in Table A.l.10.2. Because 
of their consistency with each other, these figures are taken as the repre
sentative costs for application of road oil. Table A.l.10.3 summarizes the 
information on the application of road oil. 

t , ..... .". 4J, III 

$/m2 

TI\Ole A , ,n 0 ,... ............ Per Square ~II"." .. f~. O ....... "j Il ; I 
,~~ n • .L • .LV.L. vV.,l., IVIClCI 'v, I'l.va\..! v, , 

Total Labor Egui~ment "II ...... ,.. .. ~ .. 1 
IVlalt;:: I , '" 

II' on cc no 'c 104.90 ')nnr:: nn 
.... .L:;J:;J.JJ ::7U. J J J;;J::7J.::JV 

0.3258 0.0077 0.0081 0.31 

TABLE A.l.10.3. Summary of Road 0 i I Application 
Data fo r Asphalt Roads 

0 

Distribution 

Rllte Cost (1982 $/m<) 
Source (m< /hr) Total Labor Equipment Materi al 

Wash, Dept, of Trans, 15,468 0,52 0,31 
Means 12,890 0,326 0,008 0,008 0,310 

RanracClnt~ti \JCI 1? Ran 0.326 ''' ..... 1-" ..... .., .............. v ..... IL.., ..... ..,V 
n nnQ n nnQ n ~1n v.vvv v.vvv V.V IV 

.4.1.11 Thin ,l1,spha!t Overlay 

Three sources provided information on the cost of placing a thin layer of 
pavement--one to hvo inches thiclc Such a pavement layer is most likely to be 
applied after the road surface has been planed. V'ytsn a nev.; surface of asphalt 
is eut on 81'1 asphalt base, the new asphalt is preceeded by application of a 
tac., coat. Beyond its intended function to bind the hvo layers of asphalt, the 
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tack coat also w I I I fix any eXisting radiation on the road surface. vvnlle the 
cost of applying a tack coat was listed separately above, the following 
applications of asprlait on asphalt include the cost of a tack coat in the total. 

Tile r-UIIl,;Y Planning unit of trle U.S. Federal Higi-Iway Administration 
Drovided selected data from a Federal HiC:i,hwauv Administration Dublication 
entitled The Status of nle i~ation's Higrlways: Conditions and' Performance, 
publislleu in january, 1981. I II Tables 4-4 tiH·ouqil 4-8 tile cust uf r esu rfacing 
roads cross-tabulated by various factors was presented. For example, the cost 
per mile of resurfacing a one- to three-lane minor collector I n a rural area on 
iiai ierrain was given as $69,000. in conirasi, ihe cosi oi resuriacing a iour-
iane undivided highway in a buiii-up area is iisied as $389,000 per miie. 
Using the Federai Highway Administration's estimate of 11 feet for lane width, 
the cost per square meter of resurfacing varied from $1.42 to $23.60. The 
former figure was for a minor collector on fl at terrain I n a rural area and 
includes six to eight feet of shoulder on each side of the road. The higher 
figure is for a pavement overlay on two lanes pius shoulders of an urban 
undivided rligrlway ina built-up area. NeiH-ler trle tables no r personal 
conversation made it quite clear why the cost of resurfacing a road was so 
highly variable and so sensitive to the type of area. Also, no data were 
available describing the inputs or the relative magnitudes of their costs. 
Afte r adjusting for reduced productivity because of rlaza rdous envi ronment, 
these figures range from $1.62 to $26.97. 

The State of iNashington Department of Transportation reportea [nat the 
cost of puiiing a one- to ·1.5-inch layer of asphalt on existing pavement costs 
aboui $·i.50 per square yard, or aboui $i.79 per square meier. in addiilon io 
this amount, the source advised that an extra ten percent should be included 
for "mobilization.'· This involves geiiing the equipment to the site and so 
forth. The cost, including the extra ten percent and one hour adjustment, is 
$2.25 per square meter. 

This paving operation requires a mODIle asphait plant, a front-end loader, 
lwo lanker lrucks lo suppiy asphail, a paving rnachine, lhree roiiers, and len 
trucks. The personnel required would be three operators for the asphalt plant 
and tr~le loader, two teamsters fa ( nle aspr~lalt supply trucks, five operators for 
trle paving rnacrline and trle th ree roiie rs, ten drivers for trle trucks, and two 
laborers. 

Acco rding to this sou rce, paving is about th ree tirnes faster Ulan planing, 
rneaning that trle speed for paving is nine iane rniies per day. Adjusting for 
one flour per shift iost to radiation controi activities, Hie average rlouriy 
pioduction is: 

9 mi x 5280 ft/mi x 10 ft wide x 0.093 m~/ft2 x 7/8 T 8 

= 4834 m2/hr 

The Los Angeles Department of Public Works reported that resurfacing costs 
$25.80 per ton of asphalt placed. This source added that a ton of asphalt w I II 
cover 160 square feet, one inch deep. This is a surface area of 14.88 square 
meters. Thus the cost per square meter, with productivity adjustment , is: 

A.54 
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$25.80iton x 8 $1. 981m2 

14.88 m2/ton 7 

This source explained that their paving machine is capable of applying 600 
tons of asphalt per hour. This represents about 1.8 lane miles per hour or, 
equivalent Iy, 8928 square meters per hour. However, they cannot achieve this 
rate, since their asphait.plant only: produ~es.1500.tons of asphalt per day. 
Even so, thelf actual pavmg rates do not tully utIlIze the asphalt plant's 
capacity. In ~~,:,ery good day, .10g0 ton~. are applie0. In.a no:ma} 0ay, .. 
approxImately xuu tons are applIed. AdjustIng tor loss ot a shltt hour tor 
special radiation control actIvities, 700 tons per day represents a better 
expectaii~n for .~aving~! n a contaminaled environmen,l~"" This wiii cover sli~hlly 
over two lane mIles. lne average coverage rate IS UUL square meters per nour. 

Information taken from Means Site Work Cost Data i 982 (p. 75) and 
fromEngelsman's 1981 Hea\y Construction Lost ~ile (p. 140) were in close 
agreement, but differed signilicantly from cost data supplied by the Washington 
State Department of Transportation and the Los Angeles Department of Publ ic 
Works. As can be seen in Table A.l.11.1, rates from Means and Engelsman are 
very close to each other but very much below the other two. Also, the costs 
reported in the two volumes are higher than the cos ts reported by the two 
governmental agencies. W can offer no explanation [or the discrepancy. 

Because the Means publication provides a relatively consistent set of data 
for this and other operations, and also because exactly the same sorts of 
adjustments are used for other operations, these adjustments are described in 
~etaii here. To appiy ~ inc~ and a hai£_~hi~k iay~r olasp.hait, Means caiis 
tor a crew consIstIng ot one toreman at ~U.L) per hour (bIllIng cost), seven 
buii ding 1 aborers at $ I 9.40 each, and two medi urn-equipment operators at 
524.95. The total houriy iabor cost comes to $15S.u5. The equipment required 
i~ci~des a paving,machine y:hich cO,sts $6S.05 per hour ~~ 3l.ten-ton roiler at 
~LU.)1 per hour, bflnglng the total eqUIpment cost to ~~~.)6 per hour. 

TABLE A.l.ll.l. Sum~1ary of C;ost .and P!od~cqvi!y LJatafor Paving 
Asphalt Roads wIth a One-Inch Layer at Asphalt 

Cost (1982 
), 

.R~~e $/m-! , 
Source Im- rnr 1 lotal Labor EgUlQment Mater; ai s 

Feu. nY'v. " ' 1.62 f\urrun, -
26.97 

Wash. vept. of Trans. 4834 2.25 
LA, Pub, Works 1302 1.98 
Means 453 2.34 0.35 0.19 1.81 

Engei sman 320 3.01 0.42 0.30 2.29 

Represent a t i ve 453 2.34 0.35 0.19 1.81 

A.55 
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Multiplying the hourly production by the cost per square yard gives the 
total hourly cost: 

. $2.87/yd 2 = $1183.88/hr 
8 hr/day 

Subtracting the hourly labor and equipment charge from this amount gives the 
hourly material cost: 

$1183.88 - ($158.05 + $88.56) = $937.27 

Next it is necessarv to calculate the effective application rate in terms 
of square meters per hour. There are three adjustments 'to be made. One is to 
convert from square yards to square meters. The second is to adjust for one 
hour per shift lost to radiation control measures. The third adiustment is to 
convert the fiqures to reflect a pavement thickness of 1.0 inch rather than 1.5 
inches. The method for dealing w'ith this last adjustment becomes apparent when 
it is noted that there is a consistent relationship between different thick-
nesses of pavement. the rate of application, and the cost per square yard. Spe-
cifically, the Means data shows that doubling the pavement thickness results in 
halving the coverage rate and doubling the cost per u nit area. Therefore, ad-
iustinq the application rate from 1.5-inch thickness to 1.0 inch requires multi-
plying-by 1.5." Thus, the adjusted rate is 

412.5 yd 2/hr x 0.836 m2fyd 2 x 7/8 x 1.5 453 m2/hr 

The material cost per unit area is not subject to the one hour in eight 
adjustment for reduced productivity and decontamination. Therefore, to 
calculate the cost of material per square meter at one-inch thickness, the 
following steps are taken to convert the material cost per hour: 

___ ---'$0"9"'3'-7 .:..=2"-7!..,C/h"-r_--::----:- ,. 1. 0 _ ~, M' ? x 1. 5 ~ ,J>l.Ol/ffi' 

412.5 yd2/hr~ x 0.836 rr?!yd 2 

The labor and equipment costs per square meter are calculated by simply 
dividing the hourly cost by the hourly production as shown: 

Labor: $158.05/hr = $O.35!m2 
453 m2/hr 

Equipment: 
_$ _88_._5_6,-I_h_r = $0. 191m2 

o 
453 mL/hr 

The total cost per square meter is the sum of the three input categories, 
or $2.34 per square meter. 

The disparity in the rates presents the greatest difficulty in specifying 
representative data for this operation. The Means data was selected as repre-
sentative. There aie several reasons for this. One is the consistency of this 
data with other operations in this report. Second is the internal consistency 
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among the input categories. Further, the total per square meter is close to 
the average of a!! four data sources, and \AJhi!e the rate is somewhat !ovller than 
the average, it is one of the middle tVIIO rates reported. Moreover, the hazard
ous environment may make th is rate more appropriate than the higher ones. Fi
nal!y, this rate is consistent with the input costs per square meter in that 
the associated cost per hour is reasonable for the specified inputs . 

A. 1.12 Resurface 

Resurfacing asphalt pavement involves two previously described operations: 
planing away the top surface, followed by paving with a one-inch layer of 
asphalt. Paving is the faster and also the more costly procedure. Adjusting 
the scale of the planing step to that of paving requires 2837 t 750 = 3.78 
planing crevvs fo r every paving crew. The costs per square meter of the 
combined operation are simply the sum of the costs of the separate operations. 
Tab!e A.1.12.1 sunmarizes this discussion. 

TABLE A.1.12.1. Sunmaryof Asphalt Road Resurfacing Data 

Rate Cost (1982 $/m2 ) 
Procedure Crews (ml/hr) Total Labor Eauioment Material 

Plane 3.78 750 0.91 0.35 0.56 

Pave 1 2837 2.02 0.11 0.10 1.81 

Toiai 1 2837 2.93 0.46 0.66 1.81 

A.l.n Menium-Thickness Asphalt Overlay 

I n Section A.Lll the representative cost of paving asphalt with a one-
inch layer of new asphalt was developed. The basis fo r these figures was 
primarily information from the Washington State Department of Transportation 
and the Los Angeles Department of Publi c Works and, to a lesser extent, Means' 
Buildina Construction Cost Data 1982. These sources were also used to de-
velop a consistent estimate of representative costs and the rate for paving a 
three-inch layer of asphalt. 

Data in Means (p. 47) indicates that the costs and rate of paving remain 
constant with the volume of pavement applied. Thus, doubling the pavement 
thickness will halve the application rate and double the cost per unit area. 
Usinq this relation. the costs and rate developed in Section A.I.II for pavina 
a one-inch laver can be transformed to a three~inch laver. The results 'are -
sumnarized in "Table A.1.13.1. " 

An overlay of asphalt will reduce measurable radiation by shieldinq and 
preventing resuspensio·n. Without any actual removal of radioactive particles, 
a three-inch layer of asphalt will reduce emitted radiation by half. 
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TABLE A. 1.13. i. Representaiive Data fo r Paving Asphait Roads 
with a Three-inch Layer of Asphait 

• R~t.e Cost (1982 
? $im- ) 

\ m- I nr i Total Labor Equi Qment Materials 

946 6.06 0.33 0.30 5.43 

A. 1.14 Removai and Rep i acement 

Means Site Work Cost Data 1982 (p. 22) lists the cost of removing asphalt 
pavement at $2.23 per square yard, using one equipment operator to run both a 
backhoe and a hydraulic demolition hammer, piUS two laborers. Labor makes up 
51 percent of the costs exciuding overhead, or 40 percent of tota i costs, whiie 
equipment accounts for 49 percent of the costs exciuding overhead and profit 
and 39 percent of costs inciuding overhead and profit. 

The production rate is iisted at 390 square yards per day. With one hour 
per shift lost for radiation control, the average hourly production is 35 
square meters. The cost per square meter is $3.05. 

Means (p. 75 ) lis t s asphalt paving costs fo r thicknesses up to fo u r 
inches. To standardize to a thickness of six inches, costs were adjusted 
upward by twice the amount that costs increased from three to four inches. 
Specifically, costs in 1982 dollars per square yard were given as shown in 
Tabie A.1.14.1. 

TABLE A1.14.1. Means Cosi Daia for Asphaii Paving 

Cosi (1982 $) 
100al, inc i. 
Overhead & 

Thickness Maie ri ai Labor Egui~. Toiai Prof i t 

3" 3.80 .70 040 4.90 5.60 
4" 5.10 .97 .54 6.61 7.60 
6" (e si) 7.70 1.31 .82 9.83 11.60 

Toiai cosi rose by $2.00 per square yard when ihickness was Increased by one 
inch from ihree io four inches. This cost per inch was applied to H-,e increase 
of two inches from four to six. Thus $4.00 were added to the $7.60 listed fOi 

the four-incrl thickness, bringing Ule total to $11.60 per square yard for a six-
inch ihickness. Other cost categories were adjusted ina similar manner. The 
cosi per square meier IS $13.87. The production rate was estimated at 550 
square yards per day. After adjustments, this comes out to 50 square meters 
per hour and a un i i cosi of $15.85 per square meier. 

A.58 
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HngelsLnanis 1981 Hea\'Y Construction Cost File (p. 56) estimates the cost 
of removing asphalt paving over six inches thick at $0.82 per square yard. 
Adjusting the daily output of 1000 square yards by 7/8, the implied average 
hourly production is 91 square meters. The adjusted cost is $2.12 per square 
meter. The cost breakdown is 40 percent for labor and 60 percent for equipment. 

The State or Washington Department or Transportation estimates the cost 
or removing six inches of asphalt pavement at $2.50 per square yard. With 
adj ustments, thi s implies a cost of $3.42 per square meter. To replace the 
same surface costs $8.75 per square yard. The same adjustments bring the cost 
per square meter to $ 11. 96. 

I ne L Ity 01 LOS Angeles ueparunem 01 Pub i i c worKS II s t s a comomed 
removal and replacement cost as $45.70 per ton of asphalt placed. They lurlher 
estimate asphalt placement costs at $25.80 per ton. The di Ilerenee, $21.70 per 
ton, refers to the volume of material removed. Since a ton of asphalt occupies 
13.33 eubic leeL, these costs reler La an area 01 26.66 square reet 01 pavement 
six inches thicl(, These figures arc equivalent to $7.32 per square yard for 
removaL After adjustments, this comes to $I(l.(ll per square meter. This 
figure is clearly much higher than those given previously. Nl explanation can 
be alTered for this difference. 

The paving cost at $25.80 comes to $1 i,90 per square meter after 
adjustments. 

lUe Federal rtLgnway !\OmLlllstration supplied data in the form of selected 
tables from Tne Status of the Nation's Highways: Conditions and Perlorm-
ance. As mentIOned prevIOusly In thc diSCUSSIOn of applYlllg a thin pavement 
overlay, these data consist of widely varying unit costs that generally seem to 
be much higher than costs supplied by oLher sources. Funher, these daLa apply 
to all road construction matcrials. Tne combined costs for rcmoval and replace
ment mn Irom $8.34 per square meter lor a rural minor collector lour lanes or 
marc wide on fiat terrain, to $112.49 per square meter for two lanes' width of 
an urban freeway in a built-up area. These rigures have been adjusted to ac
count for radiation control measures. 

The representative unit COSL of removal was calculated as the average of 
the asphalt removal costs, excluding those for the Los Angeles Public Works 
Department. Ail £f the replacement costs were ayera~ed to, get the ~epre-" 
sentallve cost. KepreSentallve mput COStS are oasea on tne percentage 01 
total costs for the inputs as reported by Means and Engeisman. These 
percentages were averaged between the two sources, and then the average 
percentage was applied to the corresponding representative total cost. 
Representative production rates are averages of the reported rate s, The 
representative cost data for concrete surfaces are all cal cuI ated as averages, 
The rate for the cOinbined removal al1.d replaceinent operation is set at 71 square 
nleters per hour, the rate of the nlore costly replacelTient procedure, This 
ilTlp1ieS that there will be 71/63 = 1.13 relTloval crews per replacelTlent cre'A', 
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TABLE A.1.14.2. 

Source 
Procedure 

Means 

Removal 

Rep 1 acament 

Total 

Englesman 

Removal 

Rep 1 acement 

Total 

Summary of Pavement Removal and Reconstruction 
Cost and Productivity Data 

~ate 
(m~/hr) 

35 

50 

91 

91 

Total 

3.05 

15.85 

18.90 

1 1') 
I.IL 

11.78 

12,90 

Cost 
Labor 

1.22 

') "" L.UV 

3.28 

" A ~ U."'tv 

1.65 
')1" 
L.IV 

" (1982 $/m<) 
Equipment 

1.83 
o 1"7 v. II 

5.00 

0.94 
-1 C'-1 
I ,U I 

Materials 

10.62 

10.62 

9.19 

VVash. Dept. of Trans. 

Removal 3.42 

Rep 1 acement 11.96 

Total 15.38 

L.A. Pub. Works 

Removal 10.01 
Rep 1 acement 11.90 

Total 21.91 

Representative 

Removal 63 2.53 1.01 1.52 

Rep 1 acement 71 12.87 1.67 1.80 9.40 

Total 71 15.40 2.68 3.32 9.40 
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Most of the operations for concrete roads are the same as for asphalt 
roads. Therefore, for many of the operations on concrete roads, the reader is 
directed to the section describina the correspondina operation on asphalt 
roads. Where significant differen-ces exist , 'they are noted. ' 

A.2.1 Vacuum 

The vacuuminq of concrete pavement is the same as vacuuming asphalt 
pavement. See Se-ction A.LL 

A.2.2 Low-Pressure Water Wash 

A low-pressure water wash of concrete pavement is the same as a low-
pressure water wash of asphalt pavement. See Section A.1.2. 

A2.3 Hiqh-Pressure Water Wash 

A hiqh-pressure water wash of concrete pavement is the same as a high-
pressure water wash of asphalt pavement. See Section AU. 

A2,4 Very High-Pressure Water Wash 

A very high-pressure wash of concrete pavement is the same as a very high
pressure wash of asphalt pavement, except that concrete pavement is less likely 
to be eroded by this procedure, See Section A1,4. 

A2,5 Foam 

See Section A.L5. 

A,2,6 Strippable Coating 

See Section A.1.6. 

A2.7 Planing 

Planing is described in Section AU. According to the Los Angeles 
Department of Public Works, planing concrete takes about 20% more time than 
planing asphalt. Therefore, the representative asphalt planing data from 
Section A1,7 are adjusted to account for this slower rate, holding hourly 
costs constant. The rate for planing concrete is 625 square meters per hour. 
The total cost is $1,09 per square meter, of which labor accounts for $0,42 and 
equipment accounts fo r $0,67, 

A2.8 Tack Coat 

See Section A1.8. 
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A.2.9 Sealer 

See Section A.1.9. 

A.2.10 Road 0 II 

See Section A.I.IO. 

A.2.11 Thin Asphalt Overlay 

Currently, asphalt is the preferred paving material over concrete inmost 
situations. While a new asphalt surface on an existing asphalt base generally 
poses no particular difficulties, asphalt surfacing on a concrete base could. 
Because concrete is rigid, cracked concrete can rock as the vehicle load moves 
across it" This rocking can result in the breaking up of an asphalt coating 
unless the coating is fairly thick. For this reason, the Los Angeles Public 
Works Department never uses less than two inches of asphalt on a concrete 
base. 01 the other hand, the State of Washington Department of T ransportation 
reported that they maintained their minimum thickness of an asphalt overlay on 
concrete at i to 1.5 inches, the same as over an asphalt base. 

In th is report it was assumed that a minimum of two inches of asphalt 
pavement would be req u i red when I aid over a concrete base. As mentioned in 
Section A.l.ll, data in Means' Building Construction Cost Data 1982 show that 
doubling the pavement thickness resu Its in doubling the cost per square meter 
and halving the coverage rate. The costs and rate for paving over concrete 
were estimated using th is relationship applied to the representative data for 
paving over asphalt. Therefore, the rate is 1419 square meters per hour and 
the total cost per square meter is $4.04. T his total breaks down into $0.22 
for labor, $0.20 for equipment, and $3.62 for material. 

A.2.I2 Resurface 

As with resurfacing asphalt (see Section A.1.12j, resurfacing concrete 
Involves planing followed by an application of a th I n layer of asphalt. The 
only differences between resurfacing concrete and asphalt are that planing 
concrete takes longer than planing asphalt and that a thicker pavement layer is 
necessary on concrete. Resurfacing as a single operation therefore amounts to 
combining planing and paving. This is shown in Table A.2.12.1. The rate fo r 

TABLE A.2.12.i. 

Proced ure 
,R~~~ , 

Totai 1m Inr) 

Plane 625 1.09 
Pave 1419 4.04 

Totai -1419 5.13 

Summary of Concrete Road 
Res u rfaci ng Daia 

Cost (1982 $/m
2

) 
Labor EqUipment 

0.42 
r\ D7 
V.UI 

0.22 0.20 
0.64 0.87 

iviaterlal 

3.62 
3.62 
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the combined operation is set at that of the more costly steD paving. This 
means that 1419 + 625 = 2.27 planing crews would be used foi 'every paving 
crew. 

A.2.13 Medium-Thickness Asphalt Overlav 

See Section A.1.13. 

A.2.14 Removal and Replacement 

See Section A.1.14 for a general discussion of removal and replacement of 
pavement. The data collected and the representative data are shown in Table 
A.2.14.1. 

A.3 RXfS 

The techniques for decontaminating roofs include vacuuming, low-pressure 
water flushinq. hiqh-oressure water flushinq. sandblastinq. foam. striooable 
coatinq. and removal and reolacement. Since most of these orocedures 'are not 
oerformed on a reqular commercial or other basis, the estimates pertaininq to 
them are not as strong as they otherwise would be. .-

Roofs vary considerably with respect to such aspects as height, slope, 
construction material, presence or absence of rai n qutters, and area. The 
tvpes of roofs and their settinq considered here are usuallv residential 
roofs one to two stories high with a slight pitch. Other roof types are also 
explicitly considered. Note that height may not translate directly into 
difficulty. Higher roofs are generally built with accomodation for access, 
either inside or outside the structure. Such roofs may also have fire mains 
and other features conveniently located. 

A.3.1 Vacuuming 

Vacuuminq has the advantaqe of removinq radioactive particles without 
causing extensive damage to the- surface and without creating a new problem such 
as a large volume of contaminated water. Two commercial sources, out of 
several contacted, responded th a t they do or would vacuum roofs. 

American Maintenance Systems in Seattle, Washington performs custodial 
duties on a contract basis. They said that although they do not regularly 
vacuum roofs, they could and would if hired to do so. The method would be to 
supply a worker with an aluminum extension ladder and a portable vacuum of the 
sort that can be strapped on the back. This equipment costs about $200. In 
some cases, the worker may be provided with a cannister vacuum with 100 feet of 
hose. This vacuum could cost from $100 to $500. In general, this procedure 
has very low equipment requirements. If total initial capital cost per worker 
is $600 and if the equipment is reasonably durable, then a charge of about 
$1.50 per hour for capital would be adequate. Figuring labor at $17.45 per 
hour puts the total hourly cost at $18.95. 

This source estimated that a 1,000 square foot roof could be vacuumed in 
45 minutes. Adding 15 minutes for moving to the next roof gives an average 
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TABLE A2.14.1. Summary of Pavement Removal and Reconstruction 
Cost and Productivity Data 

Source ~ate. Cost (1982 $/m2) 
Proced u re (m" /hr) Tota I Labor Equipment Materials 

(;(1\U'£!E SURFACES 

Means 

Removal 23 4.66 1.86 2.80 
Rep!acement 182 18.93 0.95 3.03 14.95 

Total 134 23.59 2.81 5.83 14.95 

Englesman 

Remova! 69 2.40 1.22 1.18 

Rep I acement 160 13.25 0.93 0.53 11.79 

Tota! 144 15.65 2.15 1.71 11. 79 

R p. n rucp n t~ t i \I 0 
I ~Vt-" '"'''"'v" ..... " y v 

Removal 46 3.53 1.54 1.99 
Ran l-:Jf"corno.nt 171 16.09 0.94 1.78 13.37 ,'-.... 1'"' ..... "' .... "' ..... ". 

Total 171 19.62 2.48 3.77 13.37 
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rate of 1,000 square feet per hour. With one hour per every eight-hour shift 
set aside for equipment and personnel radiation decontamination, the estimated 
total coverage in one shift is 7,000 square feet. Converting to square 
meters per shift-hour, WJ get an average production rate of 81 square meters 
per hour. The average un i t cost is: 

$O.23/m2 

Power Master, Inc. in Portland, Oregon, operates large high-power mobile 
vacuums for contract jobs. This equipment is quite powerful and could be 
inappropriate for use on some roofs. The rental of the machinery, including 
operators, is $144.50 per hour. The company is occasionally hired to vacuum 
roofs. Its charge fo r doing t his is between $10 and $16 per 100 square feet. 

Using the average Power Master charge for 100 square feet avoids the 
necessity of adjusting for nonproductive time because this charge Includes 
compensation for periods without production. These occur because the company 
carries an inventory of extra equipment to handie ioad fiuctuations, thus, the 
cost per unit area is 

$13/100 ft2 2 -------''-=Z=-==:..-'...::.---,::---=- = $1. 4 0 / m • 
100 ft x 0.093 mZ!ft2 

Power Master supplied no information on the rate of surface treatment. 

The Power Master cost comes to nearly ten times the American Maintenance 
figure. This is, of course, directly related to the heavy capital intensity 
with Power Master's big mobile vacuum. The American Maintenance Systems-based 
cost estimates seem reasonable, and they are taken. as a representative estimate 
of the cost of vacuuming roofs. Labor constitutes 92 percent of the costs of 
this operation, with the remaining eight percent going to equipment. 

A3.2 Low-Pressure Water Flushing 

The simpiest way to accompiish a iow-pressure hosing of roofs is to equip 
each worker so engaged with two to four sections of garden hose, a spray nozzle 
and an aluminum extension ladder. The hose would be attached to the 
structure's existing water mains and operated at standard water pressure. The 
time to hose a roof would be about the same or sl ightly faster than the time to 
vacuum it. Here WJ assume 45 minutes per 1000 square foot roof, plus 15 
minutes to move to the next roof. With seven hours productive work in an 
eight-hour sh iit, 7000 square feet or 65i square meters of roof wi i i have been 
treated. The average houriy production wi i i be 8i square meters. 

For this procedure, each worker would be equipped with relatively i itt i e 
capitai. Hoses, iadder, and so forth wouid amount to not more than $200. As a 
rough approximation, WJ can budget one doiiar per hour for capitai, bringing 
total hourly costs to $18.45. Adjusting for one hour per shift for radiation 



OAGI0001550_00182

control. the unit cost is $0.23 oer sauare meter. Labor comprises 95 percent 
of the 'costs and equipment five percent. 

While this method has aood removal efficiencv with respect to its cost. 
the resulting contaminated w-ater could pose a probiem. Depending on the 
conditions. it mav be acceotable to allow the water to percolate into the 
soil, or it may be sufficient to direct the runoff into' the storm sewers. In 
more severe instances. it may be necessary to collect the water using rain 
gutters and drain spouts. or it may be unwise to use water at all. 

A.3.3 High-pressure Water 

Water at pressures in the range of 80 to 120 pounds per square inch 
provide good scouring to remove embedded radioactive particles. However. this 
pressure ts high enough so that it would be possible to cause damage to the 
roofs. Hosing upward against the lay of shingles could ri p them off. For this 
reason it is generally necessary to direct the stream of water down on the 
roof. In most cases this requires someone to be on or above the roof. 

A relatively simple method to accomplish this task is to use a method 
similar to that described for low-pressure hosing of roofs. The basic 
eauipment is aqain hoses. but this time fire hoses capable of deliverinq water 
tei the nozzle at sufficiently high pressure are used.' However. in this-case 
the weiqht. riqidity. and back pressure on the hose make it unwieldy enouqh so 
that two or three p'eople per hose would be required. ,-

Sane data on the productivity of hosing roofs has been compiled from 
actual experience. The Administrative Services Manager of Spokane Community 
College in Spokane. Washington, directed the cleanup of the campus fo Ilowing 
the 1980 eruption of Mount St. Helens. That catastrophic event covered a II 
exterior surfaces with a layer of volcanic ash. Roofs were cleaned by 
firehosing. They found that the average productivity was 7,500 square feet per 
man-hour. However, this rate was achieved on large, institutional-sized 
buildinqs. Not so much time was spent shiftinq from one roof to another and 
shifting from one hydrant to another. Further: the data on decontamination 
efficiencY do not indicate the amount of water necessary to achieve the stated 
removal percentages. I n general, one would expect thaI' in terms of actual 
hosing time, high-pressure hosing would take no longer and might be somewhat 
faster than low-pressure hosing. 01 the other hand, moving from one roof to 
another may take somewhat longer, even with the extra manpower, due to the 
weight and stiffness of the hose as well as the wider spacing of hydrants. 

01 the basis of these considerations, Wi) estimate a rate almost identical 
with that for low-pressure hosing: 40 minutes for a 1,000 square foot roof and 
20 minutes to move from roof to roof. The production in an eight-hour shift 
would be 7,000 square feet after including time for equipment and personnel 
radiation protection measures. Again, the average coverage per hour would be 
81 square meters. 

The costs would include those for labor and for equipment. Here Wi) 

assume three-man crews, giving a labor cost of $58.35 per hour. I n addition, 
there are the costs for a ladder and hose. The length of hose necessary 

, rr 
1-'1.00 
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depends on the spacing of the hydrants. If hydrants are placed every other 
bloc~{, then they will be some'vvhat more than 600 feet apart. This suggests that 
hosing creirVS should have sufficient hose to vVVCI everything ina radius of 
more than 300 feet. \"e estimate that 500 feet of 1-112-inch hose, ten sections 
of 50 feet each, should be enough fo r the average ere....... Referring to the costs 
in Table A.1.3.1, v£ see that the hose sections, 'vvith couplings, will cost $550 
inconstant 1982 dollars. VVith nozzle and other miscellaneous fi re equipment, 
the cost will come to about $600. \J\fith the ladder, the total will be about 
$675. 

According to the source at Yakima Community College, the hoses wore out 
after t'vvo \veeks of continua! use. ! tis not clear if that equipment \vas in 
good shape to begin v-lith or if the usage to 'Nhich it 'Nas put VJas especially 
hard or easy. Ta~'\ing the "vear factor into consideration, 'v".J3 estimate equipment 
costs at $2.00 per hour. 

Total costs, then, are $60.35 per hour, or $0.74 per square meter. 
Labor, of course, accounts for nearly all of this cost - 97 percent. Equipment 
makes up the remaining three percent. 

! n the event that high pressure v/ater mains are not available, a pumper 
truck would be necessary to operate the required water pressure. Referring to 
the additional cost that th is equipment entailed for high pressure hosing of 
pavement, wa estimate that the increase in cost for hosing roofs would be about 
$1.60 per square meter. This figure is based on the hourly cost of the pumper 
at $130 divided by the coverage rate of 81 square meters per hour. 

Other options for high-pressure hosing of roofs include using fi re 
department ladder trucks or mobi!e man! ifts. This equipment would not reduce 
labor costs but would substantially increase hourly equipment costs. Further, 
nctun! hosing time 'vvou!d not be substnnti8!!Y reduced. Therefore, if there is 
to be a gain by using such equipment, it would have to come from reducing the 
time it takes to move from one roof to the next, or from a high premium on 
quick decontamination of roofs. 

A.3.4 Sandblasting 

The abrasive action of either wet or dry sandblasting can be very 
effective in removing embedded radioactive particles. However, two factors 
can severely limit this effectiveness. The first of these has to do with the 
material being blasted . Blasting tar or composition surfaces can actually 
drive some of the contamination into the materia!. This becomes more likely at 
higher temperatures. The second limitation is that both wet and dry 
sandblasting tend to spread the radiation to other surfaces . With wet blasting 
there is the problem of contaminated water and sand. With dry blasting the 
resultant dust wi!! contaminate other surfaces and recontaminate surfaces just 
cleaned . 

A possible solution to this is vacuum blasting. The dry sandblasting 
nozzle is surrounded by a cone which is attached to a vacuum. The result is 
that the dust and sand created by the blasting is Immediately vacuumed away. 
The drawback is that the vacuum greatly weakens the blasting action and the 
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amount of biasted sand has to be reduced. Vacuum biasters cover a stri p about 
U.I:) Inches wide. Daliy coverage or 4U 10 50 square feet per day is considered 
quiie good. The resuii is that it is generaiiy iess costiy to repiace the roof 
ihan io vacuum biasi it. This and the foiiowing information come from Oiiver 
B. Cannon & Son of Richiand, Washington. This iirm has experience at the 
Hanford Nuciear Reservation in sandbiasiing for radiaiion cieanup. 

The basic equipmeni required for sandbiasiing inciudes a iruck wiih an 
air pump With a capacity of 185 to 200 cubic feet of air per minute, a two 
hundred pound pot of sand, two 1 ~O-foot hoses With nozzies, and miscellaneous 
equipmeni inciuding hoods and so forih for the iwo-man crew. 

Normal aaliy production when done on a continuous basis is 2000 square 
feet in eight hours. if ihe average roof is aboui 1000 square feei in area, 
and it iakes 20 minuies io shifi from one roof io ihe nexi, ihen it wi! I iake a 
ioiai of eighi hours and 40 minuies io biasi 2000 square feei. Converiing io 
square meters per i-lour and adjusting for one r~lour per srlift for radiation 
control measures tt-lis operation can be done as follows : 

o 
2000 ft~ 

sj- [-1 rs 

J"\ .................. 7 ...... ___ 2" x U .U::;IL::;I X 8::::: 1::;1 111 I n r 

The cosi for dry blasiing runs aboui $0.20 io $0.30 per square fooi for 
ilgnl appiicaiion. Using a figure of $0.35 per square fooi for a heavier 
application, and adjusting Ule cost upward to account for one [-lOur per Sf-lift 
iosi io equipment and personnei radiaiion protection measures, INa get a cost of 
$0.40 per square fooi, which equais $4.30 per square meier. "Vei biasiing cosis 
10 lo 15 percent rnore than dry blasting. Using an average 12.5 percerll 
Increase, ihe cosi per square meier for wei biasiing IS $4.84 per square 
((let8(. Neither of nl8se cost figures includes any allowance for dust control 
Oi watei tieatment. 

If-Ie wet biast cost is taken as representative since ti-lis metrlod is iTlore 
likeiy to be used. Blasting from the top down on a sloped roof 'vvi II leave the 
roof decontaminated, and l!-Ie water and sand by-product can be left on tile 
ground to allow the radiation to leach into the soil or may be picked up by 
another method. 

Trie cost shares rnay be approxirnated in the following way. The cost per 
shift for sandblasting varies from about $400 to $800 per shift depending on 
whether it is wet or dry blasting and depending on whether a light or more 
thorough coverage is achieved. Labor cost fa r the two workers will be somewhat 
higher than the assumed base vvage rate of $17.45 due to the special equipment 
operating skills required. If vve assume a labor cost of $20 per vvorker, 
labor's share of the cost is somewhere in the range of five t a ten percent. 
The latter figure seems more consistent iNith others derived, so it is tal<en as 
representative. Remaining costs are for equipment. 

A.68 
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F ixative 

Like several othe operations, appl ication of a fixative involves 
spraying tile surface wi rl some chemical mixture using paint spraying or similar 
equipment. The estimat on of the cost for such an application procedure to 
roofs is discussed in Section A.3.7. Fixatives and their characteristics are 
explained in Section A.7 .1. Of the fixatives discussed, Compound SP-301 
appears to be an appropriate choice for use on roofs. 

Ifit is not necessary to strictly confine the applied fixative to the 
roof surface, it can be applied 'vVith a device such as a hydroseeder. This is a 
mobile tank truck equipped to spray liquids to areas adjacent to roads. It is 
typically used by highway departments for seeding areas next to roads and for 
other liquid treatments of roadside surfaces. According to the \'Vashington 
State Department of Transportation, a hydroseeder has the capability of 
covering an acre per hour with the required coating of 0.4 gallons per square 
yard. This works out to a 32 gallon per minute pump rate. A hydroseeder might 
be used to apply fixative to roofs if lawns are to be coated with fixative and 
if building sides are to be replaced. The estimated cost of application by 
this method, excluding the cost of the fixative, is $1.19 per square meter, the 
same cost as applying fixative to lawns. The calculations for th i s cost 
estimate are explained in Section AA.5. 

It is more likely, hOirvever, that a carefully confined application of 
fixative will be required. This could be accomplished using mobile sprayers of 
the sort described for the application of foam and strippable coating of 
roofs. Minor modifications probably would be necessary so that a non-aerosol 
spray could be used, though th is should not have any significant impact on the 
estimated costs of th is method of application. Therefore, the previously 
estimated cost of $0.99 per square meter fo r application will be used in th i s 
case, as well. To th is must be added the cost of the fixative which irvas 
calculated else\rvhere at $0.23 per square meter. This brings the total cost of 
applying fixative to $1.22 per square meter. Again, this operation requires two 
workers and a spray truck with miscellaneous equipment such as ladders, hoses, 
and so 

A 0 ~ 
I"\.>J.V 

forth. 

Foam 

The basics of foam decontamination technology '-tvere described in Section 
A.1.5. I n that section, the cost per square meter fo r chemicals '-Nas calculated 
as $0.083. To this cost need to be added the costs of application and removal. 

Mobi!e sprayers of the sort used for commercia! !av/n, shrub, and tree 
spraying or paint sprayers appear to have the capability to apply 
decontamination foam. ,l!..cording to commercia! lawn spraying services such as 
A-Z Pest Control in Rich!and, VVashington, and Roger's Spray and Tree Service in 
Seattle, VVashington, these trucks have a capacity of around 300 gallons and the 
ability to deliver an aerosol spray at the rate of 32 gallons per minute. 

A-Z Pest Control's normal charges are about $80 per hour for labor and 
equipment. VVith tvvo '-tvorkers per truck, equipment accounts for about $45, or 56 
percent of the total. How'ever, the source added that the hourly charge \r"y'ould 
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probably be lower if they could operate on a continuous basis. Therefore, this 
figure should be adequate for any equipment modifications that might be 
required. 

Assuming 45 minutes per 1,000 square foot roof and 15 minutes to move 
from one roof to the next, the average daily production during seven out of 
eight hours would be 7,000 square feel. This works out to 81 square meters 
per hour. The cost of application per square meter, including labor is, then: 

$45/hr + $35/hr = $O.99/m2 
81 m2/hr 

The cost of labor per square meter is 

$35/hr = SO.43/m2 
81 m2/hr 

The cost of equipment as calculated similarly is 

$45/hr = SO.56/m2 
81 m2/hr 

Removal of the foam would require a large-capacity vacuum. The solution 
here seems to be to fit a fairlv lonq extension onto the hose intake of a 
mobile vacuumized street sweeper. W, assume the same vacuuming production rate 
here as estimated for vacuuming roofs without foam - 81 square meters per 
hour. As for the cost of this vacuuming, WJ fi rst convert the representative 
tota I cost of mobile street vacuuming to a cost per hour. 

8,777 m2/hr x SO.0043/m2 = $37.74/hr 

Then this amount is divided by the average hourly area vacuumed to give the 
cost per un it area: 

$37.74/hr _ <n .7/_2 

81 m2/hr 
- .pU~""t1111i 

To th is WJ add the cost of an additional worker at $17.45 per hour: 

$17.45/hr _ .n "1",_2 
2 

- .pU.L ;)/111 

81 m /hr 

To find the total cost of the foam treatment to roofs. WJ add the costs 
of the separate parts. This brings the total to $1.54 per square meter. These 
data are summarized in Table A.3.6.1. 
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TABLE A.3.6.1. Summary of Cost and Productivity Data 
fo r Foam Decontamination of Roofs 

~ate Cost (1982 $/mi) 
Item (m~/hr) Total Labor Equipment Materials 

Chemicals 0.08 0.08 

Application 81 0.99 043 0.56 

Removal 81 0.66 043 0.23 

Total 81 1.73 0.S6 0.79 O.OS 

A.3.7 Strippable Coating 

The essentials of strippable coating as a decontamination method were 
described in Section A.1.6. The cost for usinq this technique on roofs is 
calculated much as the costs for foam decontamination were calculated in the 
previous section. 

I n Section A.1.6, the cost of the chemici for strippable coating was 
estimated at $1.77 per sauare meter. To this amount must be added the costs of 
application and rem·oval. . Aaain. a modified mobile landscape spray truck or 
paint spraying equipment, as was suggested for application' of ioarn to roofs, 
could be used for applying strippable coating as well. The pump and nozzle 
apparatus would have to be modified to produce a non-aerosol spray, but even 
with these modifications a charge of $45 per hour for equipment should be 
adequate. With two workers the total cost of application would be $SO per hour 
and '$0.99 per square meter. . . 

The cost of removing the coating is hard to estimate without some data on 
that sort of operation. It is not clear if in pulling the coatinq up, shingles 
would ocme loose. According to a source at Turco Products, this material is 
very easy to remove and removal can be done quickly, but such a description 
must be tempered with the caveat that there is little or no experience in this 
operation. 

Removing the strippable coating from roofs would be basically a hand 
operation. A worker would use a knife to make sufficient cuts in the f i I m so 
that it could be pulled off easily. The sheets of coating would be thrown on 
the ground for later pickup and disposal. WJ assume two man-hours to strip a 
roof and move to the next one - about twice as long as to vacuum it. In 
addition, W2. estimate ten minutes of pickup-truck (or other small or medium 
trUCk) time per roof to load the stripped coating which had been thrown on the 
ground. 

Using the base labor charge, the cost of labor per shift for stripping 
would be $140. To this W2. add the cost of incidental equipment such as knife 
and ladder. One dollar per hour would cover this, so the shift total for 
incidental capital would be $S and the shift total for removing the coating 
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wouid be $'148. Assuming 3.5 roois, or 3,500 square ieei, siripped per shiii, 
ihe average houriy coverage is 41 square meiers. The unii cosi is: 

$148/shift $0.45/m2 

Almost aii of tilis cost - 95 percent - is for labor. Only 5 percent is for 
equipment. 

Disposal of the removed stiippable coating would be handled in two steps. 
Pickup trucks wouid coiiect the strippabie coating from the sites where the 
coating was used and transport the materlai to a centrai coiiection pOint where 
larger trucks would be loaded for I-lauiing to Lr-18 final disposal site. in tllis 
way, the more cosiiy iarger trucks couid be used more eiieciiveiy ihrough 
quicker ioading. For sirippabie coaiing, It may be desirabie io use garbage 
irucks wiih hydrauiic compression equipmeni io reduce ihe voiume of maieriai. 
If these trucks were used, the pickup trucks would not be necessary. 

The cost oi a pickup is estimated irom ivieans' Buiiding Consiruciion Cosi 
uaIa for '198'1. Ine monlnlY rental cost IS listed at $275, ana Ine hourly 
operatinq cost is $3.94. Adding the cost of the driver and assuming 43 shifts 
per month, the cost per shift for the tiuck and driver is: 

__ ~$2~7~5~/~"~,o~_+ ($3.94/hr + $17.45/hr) x 8 hrs/shift = $177.52/shift 
43 sh ifts/mo 

Assuming ten minutes of truck time per roof, the coverage during a shift is 
3,906 square meters. The houriy average IS 488. The cost per square meter IS: 

3906 m2/shift 

$177.S2/shift o 
= $O.05/m< 

Labor comprises 79 percent of the cost of thiS suboperation. The costs of 
operation and ownership of the pickup truck r(Jake up the rernaining 21 percent. 

The fOiegoing infoimation is compiled in Table A.3.7.1. It is cleai that 
chemicals compiise a majoi pait of the oveiall cost. One implication of this 
is that crude bulk application techniques, such as hosing the roof 'vvith 
stiippable coating from the ground, are probably not cost effective. VVhile 
there would be savings in per-unit labor costs due to the faster rate of 
application, such a method 'Nould likely result in a significant increase in the 
overall amount of chemical solution required since a larger portion of it would 
miss its target. Also, the inability to control thickness as accurately 'vvould 
probably necessitate a higher average volume of coating solution per unit area 
to assure trlat minimum tr-lickness requirements were met. 

The various steps comprising this operation were combined such that the 
rate of each was equal to the most costly. Here the most costly step is 
application with a rate of 81 square meters per hour. Removal would require 
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TABLE A.3.7.1. Summary of Cost and Productivity Data for 
Decontamination of Roofs Using Strippable Coating 

2ate 
(m /hr) 

Cost (1982 $/m2) 
Item 

Chemicals 

App! ication 

Removal 

Pickup 

Tota I 

81 

41 

488 

81 

rot a I 

1 77 
1.1 I 

0.99 

n A< 
u."'tJ 

n n< 
U.UJ 

Labor Equiprrrent 

n A~ 
V.""TV 

n AO u.'"tJ 

n nA 
u.u"'t 

0.91 

n n~ u.u.:::. 

n <Q 
U.JV 

Mater i a 1 s 

1 77 
1.1 I 

1 77 
1.1 I 

nearly tvvo (81/41 = 1.98) removal crews per application crew. Pickup \rvould 
require only 81/488 = 0.166 crew per application crevy. 

A.3.8 Remova! and Rep!acement 

The most effective technique for removing radioactive contaminants on 
roofs is, of course, to remove the \Nhole roof and replace the roof surface 'vvith 
a new one. HO'vvever, removal should be preceded by fixing the contamination to 
the roof to prevent roof removal activities from inadvertently spreading 
radioactive particulates on surrounding pavement and lawns (see Section A.3.6). 

The costs of the actual removal and replacement were taken from Means 
Building Construction Cost Data, 1982. I n addition, a source at the American 
Institute of Architects in VVashington, D.C., referred to Means to get estimates 
for roof removal and replacement. This source! i sts the costs of removal for 
just one type of roof material, even though costs for installation of several 
roof types 'vvere given. For this reason the cost data reported here refer to 
five-ply, built-up tar and grave! construction. The major cost difference 
betvr'een this material and others is due to materials. Sv,rvne other roof types, 
such as asphalt strip shingles, are generally less expensive, while cedar 
shingle roofs cost about 50 percent more to instal! than five-ply, built-up 
roofs. 

The cost for removal is! isted as $50 per 100 square feet of roof. Labor 
comprises all of the cost, the crew consisting of one foreman and four building 
laborers. Means gives the rate as 1600 square feet per day, or 200 square feet 
per hour. This is equivalent to 16 square meters per hour, as shown in these 
calculations: 

1600 ft2/day x ~ adJ x -;:::;--;-.=.1-;-;-_ x 0.0929 m2/ft2 
o 0 hrs/day 

? = 16 m~/hr 

At 200 square feet per hour and $50 per 100 square feet, the hourly cost is 
$iOO. The cost per square meter is then found by dividing the houriy cost by 
the houriy coverage. 

A.73 
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Again following Means, roof replacement requires a crew of one roofing 
foreman with an hourly billing cost of $27.25, four roofers at $24.25, and two 
roofer helpers at $18.30. The total hourly labor cost is $160.85. In 
addition, miscellaneous equipment comes to $10.18 per hour. 

The total hourly cost is equal to the hourly rate (300 square feet) times 
the cost per square foot ($1.10): $330 per hour. Subtracting the labor and 
equipment costs from the total cost gives the hourly material cost at $158.97. 
Since the material cost is not subject to any productivity adjustment , it can 
be converted directly to a cost per square meter in the following manner: 

__ -...".--'$'-'1:..::5..=8..:.-9"'7C..!I...:.h"-r_--;:-----:;: = $ 5 _ 70! m2 
300 ft2!hr x 0.0929 m2!ft2 

The adjusted production rate is 

'? ? ? 'J 
300 ft~/hr x 0.0929 m~/ft~ x 7/8 adj = 24 m~/hr 

Dividing the hourly labor and equipment costs by the adjusted hourly coverage 
yields the labor cost per square meter ($6.70) and the equipment cost per 
square meter ($0.43). The total cost per square meter ($12.83) is found by 
adding the costs for the three input categories. 

Table A.3.8.1 summarizes the results of these calculations and shows the 
total cost for removal and replacement. As previously, the more costly 
procedure determines the overall rate. Therefore, 24/16 = 1.5 roof removal 
crews for every roof replacement crew would be required to maintain the rate of 
24 square meters per hour. 

TABLE A.3.B:i. Summary 0 f Roof Removai and Repiacement Cost Data 

., 
~ate Cost (1982 $/m~ ) 

Procedure (m~ Ihr) Total Labor Egui~ment Materials 

Roof Removal 16 6.25 6.25 
Roof Rep 1 acement 24 12.83 6.70 0.43 5.70 

T otal 24 19.08 12.95 0.43 5.70 

AA LAWNS 

Lawns present particuiar alTTlcuitles for decontamination, iargeiy as a 
result of tne surface texture. There are three general ways to remove 
radiation from lawns. The first is to lift the material out of the lawn by 
vacuuming or close mowing. The second is to drive the contaminants down below 
tne surtace by watering or using a chemical leaching agent. The third is to 
remove the radioactive particles by removing the whole lawn and replacing it 
with a new lawn. These approaches are discussed below. 
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There are a variety of ways I n which lawns could be vacuumed. These 
include using standard home vacuums, using portable vacuums which can be 
strapped on one's back, using the large push-type vacuums which are often used 
for parking lot cleanup, uSing standard mobile vacuumlzed street sweepers, or 
uSing the very high-powered, truck-mounted vacuums described I n Section 
A.3.1. Comparative decontamination efficiency data are not available to guide 
the choice of equipment. However, from the information available, it would 
seem that the Power-Master type truck-mounted vacuum would be too powerful for 
this job, while home vacuums and back-carried vacuums are too small and lack 
sufficient power for this sort of work. Because of capacity, power, and 
mobility, WJ assumed that vacuumlzed street sweepers, uSing eXisting hose 
Intakes fitted with several feet of hose and an intake nozzle, would be the 
best option for th IS operation. 

Referring to the vacuumized street sweeping data presented I n Table 
A.1.1.9, WJ can calculate the cost per hour of operating this equipment by 
multiplYing the cost per square meter by the number of square meters per hour. 
DOing th IS gives an hourly labor cost of about $18.00 for labor and $19 for 
equipment for a total of $37.00 per hour. This operation would require an 
extra worker per truck which is estimated at $24.95 per hour, the Means billing 
cost for a medium equipment operator. This raises the total hourly labor cost 
to $43.00. Additional equipment including hoses and fittings should add about 
$1.00 per hour to equipment charges, raising total equipment charges to $20.00 
per hour. The total hourly cost is, then, $63.00 per hour. 

ve assume an average of 4000 square feet of lawn per house and a 
productivity rate of 4000 square feet of lawn vacuumed per hour. Adjusting 
this figure for one hour in eight being lost to non-productive radiation
controi measures and iower productivity brings the average houriy coverage to 
3500 square feet, or 326 square meters. Dividing this into the cost per hour 
Yields $0.19 per square meter. The Inputs' respective shares of total cost are 
$0.13 per square meter for labor and $0.06 per square meter for non-labor 
Inputs. Since vacuuming lawns Involves less vehicle movement than vacuuming 
streets, fuel costs may be somewhat lower than I n street sweeping operations. 

AA.2 Water 

Under some conditions, driving radiation into the soil may be an acceptable 
method of mitigating the radiation hazard. One way this can be accompiished is 
by watering the iawn. This strategy wi I I be more attractive when there is no 
important underground water source which might be contaminated and when it is 
unlikely tr-Iat trle radioactive material will travel a significant distance 
thiough the soil. 

The simplest and most economical way to accomplish this is for a worker to 
move from rlouse to ilouse, turning on existing sprinklers. For houses without a 
sprinkler system, tile worker would set up hoses witr-I ordinary lawn sprinklers 
atiaciled. Any necessary watering equipment could be dropped from a large 
pickup or stakebed truck at various iniervais along streeis. After this 
initial equipment disiribution, the hoses and so forth would probably be mosi 
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eTTIClen(iy moved wl(noui any moior venlcles. Afier selling up ihe waier 
sprinkling equipment on one lawn, Hie water would be left running wrllie Hie 
person moved to the next lawn. Ttlis would continue until enougrl time [lad 
passed so that a sufficient arnount of water had been applied to the fi rst 
lawn. TrlS person would return to triaL lawn, shut off lf18 water, and move any 
equlpmeni io ihe nexi unwaiered iawn. 

For an operaiion such as ihis, there is no information based on 
experience. Unii cosi and raie esiimaies are based on assumpiion. The houriy 
laDOrCOS( u~.ed is §'i(~4?: i~e biiiin~ cO:i fo~ com~?~bui~din~.iaborer.s. ~s 
reponea In lVIeans' ~ullalng LonStructlOn C;OS( ua(a ·I~~·I. 10 tnlS IS aaaea 
$i.50 per hour for equipment. For a iawn of 4000 square feei, WJ esiimaie i5 
minuies of iabor iime. This is an average, considering ihai for some iawns a i i 
ihai wi i i be necessary wouid be io iurn ihe exisiing sprinkier sysiem on and 
off. For oiher iawns it wi i i be necessary to bring sprlnkier equlpmeni, set it 
up, turn it on, and remove it after turning it off. Using this estirnate, iMj 

have a cost per sri i ft of: 

8 hr/shft x (17.45/hr + 1.50/hr) $151.60/shift 

Since ihere Will De oniy seven produciive hours during ihe elgn! shift hours, 
ioiai coverage during a snlf( Will be seven iimes ihe average houriy coverage 
of 16,000 square feei. I nlS works oui io 10,416 square meiers per shift, or 
'1302 square meiers per shifi hour. The cosi per unii area is 

$151.60/shift = $O.014/m2 

10.416 m2/shift 

This method is obviously very labor intensive. Labor comprises 92 percenl or 
the cost ($0.013 per square meter). 

A.4.3 Leaching 

The action of moving the contaminants down into the soil with water can be 
greatly accelerated by the use of any of a number of cllemical leaching agents 
such as ferric chloride (FeCI 3), EDTA (ethylenidialninetetraacetic acid), or 
calcium chloride. These have tlie ability to solubilize contamination particles 
80 t rl a t t rl e y are more rea d i lye a r r i e d down i n tot rl e 80 i I . 

The most efficient way to handle treatment of lawns with water and 
leaclling agents SUdl as ferric cilloride seems to be to apply a concentrated 
chemical solution to the lawns from a tanker truck equipped for spraying. This 
'vvould be follo'vved with a 'vvater treatment as described in the previous section 
(A.4.2). Several sources reported effectiveness data for O.3-inch application 
of water with ferric chloride. The original study to which these sources refer 
used a solution of one-percent ferric chloride by weight (Dick and Balcer 
1967). Percentages by weight are about equal to percentage by volume for this 
material. Presumably precise control of the mixture is not extremely 
important. The amount of leaching agent used 'y'.Jould be determined primarily by 
the type of soil. Another consideration is whether it is desirable to attempt 
to lim it the depth to which the contaminant is moved. 



OAGI0001550_00193

Ferric chioride is soid in powder form, bui more frequeniiy it is soid in 
a 4u-percenr aqueous soiuiion. To appiy enough of ihis soiuiion so thai there 
wouid be sufficient ferric chioride for a one-percent soiution of 0.3-inch 
toiai coverage, one gaiion of the 40-percent soiution shouid be applied to 
every 2'j square feei. This was caicuiaied in ihe foiiowing way: 

DAD fraciion FeCi3 
desired x 0.3 I n coverage Ir a CliO n r,,~ '3 

0.003 , " rt::1..13 coverage desired 

= 30,800 in 2 covered 0.003 i rl deep with feC1 3/gal 

30,800 in~ coverea/gal 
144 i n2/ftZ 

= 213.9 ft2 covered/gal 

213.9 ft2/gal x 0.093 m2/ft2 = 19 m2 covered/gal 

Various sellers of ferric chloride were contacted. The prices for a ton 
of fairie chloride on a 100 percent basis for large volume shipments aie shown 
in Table AA.3.1. Prices differ largely because of volume, packaging, and 
shipping factors. 01 the basis of these figures, V'id used a price of $200 per 

TABLE AA.3.1. Prices of Ferric Chioride by Various 
Suppiiers for Large Voiume Shipmenis 

Supplier 

Conservaiion Chemicai 
DuPont, Chernicais, 

Dyes & Pigments Dept. 
C.P. Hall 
Cham'vv8st 

Price (1982 $/ton) 

200 

176 
260 
200 

ton of ferric chloride. This is equivalent to $0.10 per pound. Further, 
Conservation Chemical and C.P. Hall reported that a 55 gallon drum of 40 
percent solution weighs 600 Ibs. Thus, a gallon vveighs about 11 pounds which 
111t;;OII,=, there Olt;; about 4.4 pounds of material per gallon; therefore, the cost is 
about $0.44 per- gallon. 

Including an allo'vvance for shipping and so forth brings the cost to about 
$0.50 per gallon. The cost of ferric chloride per square meter is: 

A.77 
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A hydroseeder; as described by a source ,",vith the Washington State 
Departnlcnt of Transportation ) vvould provide an effective means of applying the 
concentrated leaching agent solution. This nlachinery can easily spray surfaces 
w'ithin a radius of 100 feeL The reported average coverage rate of this 
equipnlent is in excess of ,m acre per hour at 0.4 gallons per square yard. 
This is equivalent to an average pmnping rate of 32 gallons per lninute. These 
figures include time for refilling. It is possible that metal surfaces 011 the 
hydroseeder nny have to be coatcd to prevent corrosive action of the leaching 
agent. 

The Washington State Departlnent of Transportation reported that the 
hydro seeder entails a labor cost of $60 per hour for t\VO \vorkers plus $!35 per 
hour for the equipment. The application rate of one gallon for 19 square 
nleters is probably too thin to be done ,x;ith !11l..lch unifornlity of coverage. 
Therefore, \-\e assunle that the solution is partially diluted before applying. 
If the ferric chloride is diluted, say , four parts water to one part of the 
solution as purchased , then one gallon of this mixture should be applied over 
an area of aboul 3 ,8 square meters , The p.!!llp rate of 32 gallons per minute for 
the hydro seeder multiplied by the coverage of 3,8 square meters per gallon 
gIves an output of 122 square nleters per nlinute. Coverage per shift-hour ,-,vould 
be 

122 m2/min x 60 min/hr x 7/8 adj = 6400 m2/hr 

Dividing this into the hourly costs gives $0.009 per square meter for labor, 
$0.021 for equipnlent. The total cost of operating the hydro seeder apart from 
the leaching agent is $0.03 per square meter. 

The costs of applying the water are explained ln the prevlOUS section , 

Tahle AA,3,2 sllmmarizes the cost or leaching, Comhining the di rrerent 
proccdurcs so that the overall rate equals the rate of the most costly step 
requires that 4,92 watering crews be used for every application crew, 

TABLE AA,3,2 , Sunmlary of Leaching Cost and Productivity Data 

~ate ('oq (l9R? $/m2 ) 
Item (m"/hr) I ola I Labor Equipment M}lteri a 1 s 

Ferric Chloride 0,026 0,026 

Appl i cation 
of Chemicals 6400 0,030 0.009 0,021 

Watering 1302 0,014 0,013 0,001 

Total 6400 0,07 0.022 0,022 0,026 
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AAA Close Mowing 

Close mowing of contaminated lawns is another method of reducing the 
radiation hazard from that surface. Because the total lawn surface will be 
broken down into numerous small, odd-sized parts, and because some lawns will 
have only limited access, large mowers would be too cumbersome for efficient 
use. Smaller riding mowers seem to be the most attractive option. Besides 
mowing, the workers must also see that lawn cuttings are carefully bagged for 
later removal. Mowers with a vertical axis cutting blade would be used since 
they would pick up particles with a vacuum action. 

Three sources supplied cost and rate estimates for this operation. Since 
the equipment specifications did not change much from source to source, the 
major areas of difference were in wage rates and productivity rates. An 
allocation of about $2.00 per hour appears to be adequate to cover the costs of 
the mower, maintenance, and fuel. W, estimate that 15 minutes of time for 
labor and a pickup truck is sufficient for pickup and disposal of bagged 
clippings. 

According to Means' Building Construction Cost Data 1982, the monthly 
rent for a pickup truck is $275, and the hourly operatinq cost is $4.24. With 
336 working' hours per month, the hourly cost for the truck is: 

$275/mo + $4.24/hr = $5.23/hr 
336 hrs/mo 

Using Means' billing rate cost for a common labor of $17.45, the total 
hourly cost for the pickup of !a\'''In cuttings is 

$5.23 + $17.45 = $22 .68/hr 

Based on the estimate of 15 minutes pickup time per 4,000 square foot 
!av·m , total coverage during the seven \·"!orking hours of an eight hour shift 
\A/Qu!d be 112,000 square feet or 10,416 square meters. Dividing this figure by 
eight hours per shift gives the average coverage per shift hour as 1,302 square 
meters. The cost per square meter can be calculated by dividing the cost per 
hour by the coverage per hour: 

$22.68/hr = $O.OI7/m2 
1302 m2/hr 

The Administrative Services Department of the Spokane Community College in 
Spokane, VVashington said that for large, flat, unobstructed areas a large mower 
such as a Taro Lawn Master with a 4.5 foot mowing width can rroN one acre in 15 
minutes. However, using a small riding mower for mowing the front and back 
lawns of a standard 50 foot width lot, th IS source estimates that 45 minutes 
are required. To this should be added time for bagging the clippings. This 
translates into about one hour for 4,000 square feet, or 372 square meters. 
\Nith an hour per shift lost to special protective measures necessitated by the 
radioactivity, the average hourly production would be 718 of this amount--326 
square meters per hour. 
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Using Means' common laborer billing rate of $17.45 per hour for the labor 
cost, the total hourly cost would be $19.45 v·then the equipment cost is 
included. The cost per square meter is: 

$19.45/hr 2 
__ ?. = $O.060/m 

3<:'bm"/hr 

Labor would account fo r: 

$17.45 = $O.054/m2 
326 m2/hr 

American Maintenance Systems in Seattle, VVashington, provided a similar 
estimate - 45 minutes to an hour to mJN 4,500 square feet ,a,dding the time for 
bagging, this comes to an hour and fifteen minutes. P\djusting for an average 
of one hour per shift lost due to the special conditions of working in a 
contaminated environment, gives 

4500 ft~ 

1. 25 hr 

Again, using $17.45 per hour for labor and $2 .00 per hour for capita! and 
dividing by the hourly production yields a cost per square meter of $0.0664. 

The Craft and Operation Services Department of Batte!le Pacific Northwest 
Laboratories in Rich!and, \lVashington estimated 10 to 12 hours for 20,000 square 
feet. This is much slower than the other estimates in part because specific 
consideration \·vas given to time necessary for the bagging of cuttings and for 
the slower mov'/ing rate necessitated by cutting the grass as close to the ground 
as possible. Using a time of 11 hours for 20,000 square feet, the production 
during an average hour of mowing would be 

/0 ;000 ft2 c c 
x O.093mLIW 

11 hrs 
c 

= 169mL lhr 

Adjusting this figure for an hour iost per shifi for reasons connected with 
working I n a contaminated area, the average houriy production becomes 

169iTl2/hr x ~ = 148rn2/hr 

VVltn a iabor cosi of $20.00 per hour pius $2.00 per hour for equipmeni, the 
average cost per square meter is 

$22.00/hr 
148m2/hr = $O.1486/m2 
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Table AAA,1 piesents the foregoing data, It is cleai that the cost 
estimate for mov~ing from Battelle is much higher than the estimates from the 
other two sources, The reason for this is the explicit consideration given by 
the source at Battelle for the special actions which must be taken in this 
case: mowing as close to the ground as possible and careful bagging of the 
cuttings, Because of these explicit consideiations, the iepiesentative figuies 
for this procedure are taken as very close to the Battelle figures, 

The total cost for the whole operation is the sum of the mowing cost plus 
tile removal cost - $0,147 per square rneter, Trle overall rate is geared to 
mOWing, the more costly step, This means that 150 T 1302 = 0,115 pickup 
crews would be required for every rTlowing crew, 

TABLE A.4.4.1. Summary of Cost and Productivity 
Data fa r Close ~v10'vving of La'vvns 

Item and 
Source 

MO'vving 
Spokane ClJrrr~ Coil, 
Amer, Maint. Sys, 
8attell e PNL 

Picku p 
Means 

Representative 
~lIbNi ng 
Pickup 

Tota 1 

/\.4,5 F i xa t i '.Ie 

R~te 
(m /hr) 

326 
293 
148 

1302 

150 
1302 

150 

Total 

0,060 
0,066 
0,149 

0.017 

0.130 
0.017 
0.147 

Cost (1982 
Labor 

0,054 
0,059 
0,136 

0.013 

0.116 
0.013 
0.129 

EguiPrrrent 

0,006 
0,007 
0,013 

0.004 

0.014 
0.004 
0.018 

A sticky, penetiating type of fixative might be the most appropriate for 
use on la'vvns, though hydrophillic and solid membrane types could also be used, 
According to the \lVashington State Department of Transportation, the fi rst step 
of coating the la'vvn surfaCeS 'vvith a fixative could be done with a hydroseeder, 
This is a tanker truck equipped to spray liquids of varying viscosity to 
surfaces within a 100 foot radius, V'/ith a coverage of, say, 0.4 gallons per 
square yard, this equipment can deliver liquids at a rate sufficient to cover 
an acre per hour. This implies a pumping capacity of 32 gallons per minute, 
The hydroseeder requires two \'vorkers - a driver and someone to operate the 
spraying mechanism. The reported cost of operating the hydroseeder is $60 per 
hour for the t\."10 workers pius $135 for the equipment. The equipment charge 
includes allovJance for capital, depreciation, maintenance, fuel, and so forth. 
These costs work out to a total of $1560 per shift, 

The hydroseeder's coverage rate of an acre per hour is equivalent to 4,051 
square meters per productive hour, During the seven productive hours of a 

A.8i 
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shift, the total production would be 28,357 square meters. Thus, the unit cost 
would be 

$1560/shift 

28,357m2/shift 
= O.055/m2 

Labor's share of the cost is 

",,$ 6",O:!,/-'Che...r--".x oC
2
8,--"he...r =.s , $ 0 • 0 17 / m2 

28,357 m !day 

or $0.017 per square meter. Equipment accounts fa r the remaining $0.038 per 
square meter. The average production per shift-hour is 

? 
28,357m" /shift 

8 hrs!shift 
3,545m2/hr. 

Referring to Section iLl.I, the cost of a fixative appropriate for use on 
iavv'ns covers a broad rang€L Here Via assume that a fixative like road 0 i I volouid 
be used 'vvith a unit cost of $0.31 per square meter. This brings the total cost 
of fixative and application to $0.365. Table A.4.S.1 summarizes the cost and 

Fixative 
Appl ication 

Total 

TABLE A4.5.1. 

Rpte 
(m /hr) 

3545 
3545 

Summary of Cost and Productivity Data 
for P .. pp!ying Fixative to LS'Nns 

Tota! 

0.310 
0.055 
0.365 

Cost (1982 $/m2) 
Labor Equipment 

0.017 
0.017 

0.Q38 
0.038 

Material 

0.310 

0.310 

productivity data for the application of a fixative to lawns. It is clear that 
selection of a lower cost fixative would have a significant impact on the total 
cost. 

A.4.6 Removal and Rep 1 acement 

A relatively effective but costly method of reducing radiation 
contamination in lawns is to take the direct approach of removing the lawn and 
replacing it with new sad. To be sure that the radioactive matter is fixed to 
the lawn to be removed, removal should be preceded by application of a 
fixative . That step is not included in removal and replacement as described 
here. 

Sod removal and replacement are normally done by the same business and, 
therefore, the cost is frequently given for the combined procedure. .A. source 
at the A.merican Institute of A.rchitects provided a cost estimate of $4.12 per 



OAGI0001550_00199

square yard for removai and repiacemeni of sod on fiai ierrain and $4.53 on a 
siope. These are figures for ihe Easi Coasi which shouid be higher ihan ihe 
naiionai average. Appareniiy, ihese daia were iaken from a Means consiruciion 
cosi pubiication. Using the average of the figures for level and sloped 
surface, the cost can be conve rted to a cost per square rneter basis. Trle 
following shows this calculation and adjusts for one I',our per sl',ift witll no 
prod uction: 

$4.12/yd2 + $4.S3/yd 2 x 0.8361 m2Yd 2 x 8/7 = $4.13/m2 

2 

C&i·i Landscap,ng of Richland, vvasnlngton, charges $0.50 per square foot fo r 
iawn removai and repiacemeni. This can be converied to a cosi per shiH-hour 
in the following way: 

$O.SO/ft2 x 8/7 S6.14/m2 

0.093m2/ft2 

Means' Building Construction Cost Data 1982 (p. 56) indicates that the 
crew for sodding requires one outside foreilian ($22.25 per hour billing cost), 
four building laborers ($19.40) and one light-equipment operator ($23.70). The 
total hourly labor cost is $123.55. Necessary earthvvork equipment has an 
hourly cost of $19.86. The total hourly cost on level ground is 

470 yd2/day .;. 8 hrs/day x $3.98/yd2 = $233.83 

Subtracting the hourly labof and equiprnent costs gives the hourly rnaterial 
cost, which can be converted to a dollars-pef-square-rTletef basis with the 
following calculations: 

$(233.33 - (123.55 + 19.86)) = $90.42/hr" fo( material 

The rate given for sodding on level ground is 470 square yards per day, 
and the rate for slopes is 405 square yards per day. \"e base our calculations 
on the average of these two rates - 438 square yards per day. Converting to 
square meters and accounting for one hour per day lost to radiation control 
measures, 'v".A3 have: 

438 yd21day t 8 hrs/day x 718 adj x 0.836 m2/yd 2 
= 40 m2/hr 

Dividing the hourly coverage rate into labor and equipment costs gives those 
costs on a dollars-per-square-meter basis: 

Labor: 
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has a cost of $0.19 per square meter when applied using a 1:5 mixture with 
water. 

The equipment to apply the fixative I s basically the same as that 
described I n Section A.1.3 for applying high-pressure water to pavement. Here, 
high pressure is neither necessary nor desired. Further, it is not necessary 
to apply as much volume of material per square meter as with the water 
treatment. Therefore, the spray truck can move forward at a somewhat faster 
rate. I n this case a vehicle speed of 1.36 miles per hour is appropriate when 
the pump rate is 100 gallons per minute and the spray width is ten feet. 

A 5000-gallon capacity tank truck will be emptied in 50 minutes with a 100 
gallon per minute spray rate. The assumed refi II time for water in Section 
A.1.3 was 030 minutes. Here W3 raise the assumed refill time to 50 minutes to 
account for mixing of the fixative with water and the likelihood of a greater 
travel distance to the refill location. Alternatively, the spray truck could 
be supplied by "feeder" or "nurse" trucks, though it is not clear that this 
would result I n any cost savings. 

Since 
spraying. 
hour is 

spray and reTl1i times are equal, j.V of seven hours wi I I be spent 
Therefore, 4.2 loads will be applied per shift. Coverage per shlft-

~ ~ 
3.5 hrs x 1.36 mi/hr x 5280 ft/mi x 10 ft wide x 0.0929 m~/ft~ 

+ 8 hrs!shift = 2922 m2/hr 

T his rat e i s d i v ide din tot h e h 0 U r! yeo s t fig u res as shown: 

Labor: 

Equipment: 

(10 7~/h~ n 

~"Z~2:1f "'. = $ .0068/mC 

$27.37/hr 
2922 $0.0094iJ 

Adding the material cost to these two figures yields the total cost per square 
meter: $0.206'1. 

A.5.3 Leach 

I n some circumsiances II may be acceplaOle io leach ihe coniaminani inio 
ihe soil. This would noi be the case where doing so would pose a ihreai of 
contaiTlination to underground water supplies. AnoLr-ler consideration is root 
uptake, which couid cause exposure via the food ingestion pathway. This 
suggesis ihai an accepiable siraiegy In agrlculiural fields may be io leach ihe 
contaminant to a sl-Iort distance below tile root deptr-I but no furtrler. Leaciling 
agenis ihai eiiher break down ihemselves or siari io release ihe coniamlnani 
and pick up and aci on oiher chemicais in ihe soii couid be used in ihis 
stiategy. 
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EDTA (cthylcnidiaminctctraacctic acid) is one candidate fa r leaching. 
According to a technical services representative at C\:lN Chemical Co., it is 
used frequently for decontaminating surfaces in nuclear reactors. It is 
particularly effective for removing radioactive scale. EDTA is a chelating 
agent, meaning that it will bind with metal ions and keep them soluble. Since 
EDTA is oxidizable with light or oxygen , it will break down and release the 
ions to which it had been bound. Therefore, a very careful application of EDTA 
could be used to transport the contamination from the surface to a desired 
depth. Besides the rate of oXidation and bacteriological breakdown of EDTA, 
another factor IS the chemical composition of the sOil. EDTA will chelate with 
other metal Ions (notably calcium) present I n the sOil I n addition to the 
radioactive ones. In general , the amount of preexisting calcium in the soil 
wi I I determine the amount of EDTA to apply. 

Since EDTA is not very water soluble, the sodium or ammonium salt of EDTA 
is the form in which it is usually sold. C\:lN markets an EDTA sodium salt under 
the name of Versene 100. The bulk price is 36.5 cents per pound for th is 39 
percent active solution. The C\:lN technical representative suggested that 
dilution of about twenty parts water to one part EDTA solution, making about a 
two percent solution, would be a reasonable formulation of an EDTA leaching 
solution. This would handle about 1,000-2,000 parts per million of metal ions 
in the soil. 

Another leaqh.ing_agent t~a.t_migh.t be. used isferric chloriqe (r,;,Cl3l. 
This IS aescrloea In :;>ectlon A.4.J. In tnat section tne COSt or applying a one-
percent solution was calculated. The cost of the ferriC chloride was $0.0263 
per square meter. Because of this lower cost, leaching here I s assumed to be 
done with ferric chloride. Another reason for basing these computations on 
ferric chloride is that there is some test data on the effectiveness of thiS 
material used for radiation decontamination. 

Ihe same equipment and personnel used to apply water to agricultural 
fields (see Section A.5.1) would be used for leaching. However, to apply the 
necessary greater amount of water, a slower vehicle speed would be called for. 
Experimental data were produced based on an application of 0.30 inches of the 
water-ferric chloride solution (Dick and Baker 1967). This volume requires a 
vehicle speed of 0.6 miles per hour. As with fixative application (see Section 
A.5.2), the application tank truck would be spraying half the time and re-
fi I lin g half the time. The average coverage per shift-hour would be 1814 
square meters. Dividing this result into the hourly labor and equipment costs 
gives the costs of these inputs on a square-meter basis. 

Labor: 

Equipment: 

JI9.75/hr. 

1814 m2/hr 

_$27 ~ 37/hr. 
. - .. ?. 
11:114 m~ Ihr 

$0.0151/m2 

Summing the labor , equipment, and material costs gives the total cost per 
square meter: $0.052. 
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A leaching agent would normally be applied with a water tank truck 
equipped with a spray boom to achieve fa i r I y even application. Following 
application of the leaching agent, water would be applied either by truck or 
via an Irrigation system. 

A.5 .4 .Gllli!.L 

Deciding whether it is necessary to clear an agricultural field of vege
tation depends principally on the amount of vegetation and the operation(s) to 
follow. For example, clearing a wheat field prior to scraping would probably 
not be necessary. 01 the other hand, clearing a corn field on which the crop 
had nearly reached fu II growth probably would be a requirement before appli
cation of some other treatment such as leaching or scraping. 

Besides facilitating subsequent operations, clearing will also remove much 
of the contamination residing on the vegetation. The efficiency of th is 
procedure would be increased by a prior, possibly aerial , application of a 
fixative. 

I n most cas es, c I ear i n g 0 f 
standard harvesting equipment. 
cleared increases with the bulk 
crop to be cleared. 

agricultural fields would be accomplished using 
Since the likelihood that the crop could be 
of the crop, it was assumed that corn was the 

The publication Custom Rates for Farm Operations (May 1979) listed the 
cost of combining corn at $14-15 per acre plus $0.20 per hundredweight. 
However, combining is a more involved procedure and probably uses more costly 
equipment than is necessary. A source in the U.S. Department of Agriculture 
suggests that a swat her would be the best alternative for clearing. Besides 
removing the plants, it also bundles or bales the crop. The cost per acre was 
broken down as follows: 

Baler twine 
Machinery and fuel 
Repair 
Labor 
Interest 

Tota! 

$lO.80 
2l.42 
25.89 
33.22 

2.95 

$94.28 

For our purposes ~ can group a II non-labor costs ($61 .06) under equipment 

The rate given was 6.52 hours per acre . This converts to 

2 4046.7 m /acre 7 .. --- ? 
6.52 hrs/acre x 8 adJ ~ ~4j m~/hr 

The hourly costs of the inputs can be calculated by dividing the costs per 
acre by the number of acres per hour. Dividing again by the number of square 
meters per hour gives the cost per square meter. 
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$94.28/ac hrs/ac 
? ? 

Tota I: f 6.52 f 543 m~/h r = $O.027/m~ 

Labor: $33.22/ac 6.52 hrs/ac 543 
2 

$O.OO9/m 
2 

f f m Ihr 

Equipment: $61.06iac f 6.52 hrsiac f 543 m
2
ihr = $O.017/m

2 

I nere IS an additionai cost for hauiing away the cieared materiai. Since 
hauling is necessary in connection with several operations, hauling costs are 
discussed separately elsewhere in the Appendix. However, Il: I S necessary to 
estimate the volume of material to be hauled. For clearing of agricultural 
fields, we estimate about 0.10 cubic meters of material per square meter of 
surface treated. 

A.5.5 Scrape 

Scraping invoives ihe removai of ihe top surface of soil. i n g~nerai, the 
objective is to remove a th i n but as compiete a iayer as possibie. I nlS goal 
IS made dll1lcUlt by surface Irregularities. Further, earth moving equipment 
has iimited precision with respect to removing a thin iayer of soii. in 
consequence, according to several sources, average removal depth wi I I be about 
four to SIX Inches. 

Since earth-moving operations aie fai ily common, there aie a number of 
sources and considerable information available. Published sources include 
annual editions of tv1eans' Building Construction Cost Data, Engelsman's Heavy 
Construction Cost File, and McGraw-Hillis Dodge Guide. Further, industiy 
suur'ces--Doolittle Cunstruction Cornpany,. \/VoriLi EXcavCltins and I.E. Knudson,_ 
construction consuitant--were aiso contacted for this report. Additional 
inforrnation was aiso obtained frorn the Reynolds Electrical and Engineering Co., 
Inc., Joseph M. Hans, Jr., and other reports on decontamination procedures. 
These reports included ·'Radioiogicai Dose Assessment and the Application and 
Effectiveness of Protective Actions for Major Property Types Contaminated by a 
Low-Levei Radionuciide Deposition'· by Science Appiications, inc., and ·'Estimate 
of Potential Costs of Hypothetical Contaminating Events, Subject to 'Proposed 
Guidance on Dose Limits for Persons Exposed to Transuranium Elements I n the 
General Environment'" by Battelle-Northwest. 

Since scraping is a relatively common operation, there are a variety of 
tecllniques and equipiTlent available. For exaiTlple, tr-Ie basic scraping equipiTlent 
could be either a crawler tractor, a bottom-dump scraper, or a grader. VVhile 
a II these seem to be reasonably effective, information from sources experienced 
in scraping as a decontaiTlination procedure indicated a preference for tile 
grader and front-end loader. The grader scrapes earth into windrows and a 
front-end loader loads tr-Ie windrows into dump trucks. Tilis is tr-Ie principal 
technique used by the Reynolds Electrical and Engineering Co., Inc., at the 
Nevada Test Site where they have been engaged in scraping and removing soil 
contaminated in weapons tests. TIllS source reported trlat wilere soil is 
particularly hard they use a crawler tractor instead. Tile procedure in tr-I is 
case is for Lr-Ie tractor to drive over tile soil first Witrl rear-iTlounted si-lallow 
ripper si-lanks ina lowered position. After scarifying the soil, the tractor 
raises the shanks, backs up, 10iivers the front scoop and proceeds to push the 

, nn 
M..O=' 
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earth into rows or piles. These piles are later picked up by a front-end wheel 
loader and loaded into a dump truck. 

Joseph M. Hans, Jr., of the U.S. Environmental Protection Agency, was 
involved with the decontamination of a uranium mill site. I n this work he 
aained a familiaritv with the effectiveness of earth-movina eauipment. He 
found that eDmon problems include eauipment actuallv drivina 'the contamination 
below the surface 'and soil spillage .. He reports tha't equipment needs vary from 
site to site and that push bottom-dump scrapers were inefficient because thev 
removed too much soiL" , 

I n reviewing scraping practices as used in decontamination projects and as 
used in ordinary earth-moving work, it appears that a grader working with one 
or more fcont-end loaders I n the manner described above constitutes a fai rly 
effective and effiCient technique for soil removal. 

Those doing decontamination work found that, in addition to the actual 
scraping, periodic wetting of the soil prevented dust. Application of water 
was done either with a water waaon or a hvdroseeder. Usina a hvdroseeder to 
spray water may permit wettinq fhe contam'inated soi I from a decontaminated 
area. This reduces disturbances to the contaminated area. Occasionally a 
small amount of detergent is added to the water to improve wetting. 

A final element in the scraping operation is the transporting of 
contaminated soil to a dump site. The cost of dumpinq will depend in larae 
part on the distance to the dump site. Some sources envision a dump site-for 
every square kilometer (Julin et al. 1978). At another extreme, soil would be 
transported to one of the few national nuclear-waste dumps. Such hauls could 
be over 1,000 miles. Another possibility is that a dump site would be created 
in or adjacent to any permanently interdicted area. 

Relying on Means, an estimate of scraping costs can be developed. The 
basic piece of eauipment is a arader. A 30,000 pound qrader costs $51.34 per 
hour .. Operatinq 'wlth the qrader are two wheel-m'ounted-front-end loaders, each 
with a 2.25 cubiC yard cap-acity and each costing $50.79 per hour. The total 
equipment cost is $152.92 per hour. 

The labor requirements are three medium-equipment operators at $24.95 per 
hour each, one building laborer at $19.40 per hour, and one foreman at $22.25 
per hour. The total labor cost comes to $116.50 per hour. Addinq the labor 
and equipment costs together, WJ get the total hourly cost of $269.42. 

The rate is more difficult to estimate. Apparently, the limiting factor 
is the speed at which the front-end loaders can load the windrows into dump 
trucks. The front-end loaders are listed as having a 2-1/4 cubic yard capacity 
with a loading rate of 100 cubic yards per hour. With a scraping depth of 
about six inches, about five square meters are covered for every cubic yard. 
Therefore, each front-end loader can cover about 500 square meters per hour. 
The second loader brings the production rate to 1000 square meters per hour. 
Adjusting this for the time necessary for personnel and equipment decontam-
ination reduces the rate to 875 square meters per hour. This figure appears to 


