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Two techni que~ for decon'tdm~ 
steam cleanill9 and cleaning with 
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4.6 OTHER ACTIVI TIES 
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in this section we tieri 
ing and monitoring activitie 
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inl x of surface types , and 
the surfaces are decontamliniltE!p.,· .• · •. ·. 
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'1'~]ht~ r' \'~il(1 tnt· cnvt'r'(i90 r'Jt(~ ¥~Duld bl;;~ 'In\,H:r. Not€' thdt l,riCS.H co~;t estirnctte~ 
<,-ili'{l<;.hty ~il l ()w fnt ,adlcltioi'i contro'\ in(~a~lH·8$. Thfri;;fon~, no addit-iona'f 
t;<'d.iUl)r.iili2nt 'i<; nf)C~~5Sd.r:i. 

io! iOWln~ dn (tfJrldi Sl.lrvey, addil ionai information on the extent and 
nature 01 tne contamination CBn De achieved with two-person teams taking air 
MJ(1 sOli 5d1npies dt specl fled points. The unit cost of this activity depends 
on ,"eh tnlnys as the spacing of the sample points, whether vegetation and 
w<lter are also sampled, dnd how extensive the Sample analyses are. Because it 
is dSSUlllCd that th(~ contamination will be spread uniformly over wide areas, 
adeqllate information can be obtained by sampling in a grid pattern having a 
unit linear dimension of five miles. Thus, thefe would be one sample location 
for every 25 sq miles (6.47 x 10 1 me). A tiqhter qrid pattern wouid require 
adjustment to cost estimates by raiSing both-the number· of samples taken as 
well as the tot.al transportation costs. 

The sampling crew would drive a pickup truck with the necessary equipment 
to the deSignated sample locatio~s. If the area has paved roads. the time 
between locations may be less than ter1 minutes-. In rural areas. however, cff~ 
road travel may be requi red with an associatecf; increase in travel time. We 
assume an average of 20 minutes between l~catibhSe 

Once at the_proper location:,~, t~e cre,w_~o~ld set up portable air sampling 
equipment. The motor for the sampler w.pgld h~yowered by the vehicle's elec
trical systel1l. During the 10 toil5 mi .. n9t~sJh~.t the air sampler is in opera
tion, a soil sample and any optipnaipiantor,wdter samples would be, taken. 
When the air sampling and documentat,iOnare;~91l1p)eted. equipment would then 
returned to the truck, and the crpwwould move. to the next sampl e lo'cation. 

A number of sources provide(j inf6rrnafiOh,U,sefui for estimating the cost 
this operation. All sources emphasiieq.tDat.th€ir cost and rate estimates 
dependent on a number of unspecitfl'd,\I~ri}ablesiand, therefore, thei r Ji'gll 
could ~nly be considered as dPproxintafEi; costs.l!may be divided iritb four 
gories: iabor, equipment includ.ingopi!i'atibti';:'sample analyses, arid admiriis 
tion, reporting and overhead. 

The hOlJrly labor costs report~d.V~tj,,~.d,'{t6~ a little over $10 
$40 per hour; It appears that ~."'~~~.?r"",t,j~,_~,pn:'.,l;9;r this variation is 
50Ufces included such expe~ses.a.:,s rri~?~.~;~~n~:f).,~s, administrative n;","''''U 
sample analysis and documentat,'i'on (r,:-;;:!:r.,,~~,: __ r'~,~9t':,9harge, while other 
report ed unburdened 1 abo r costs .1r_l~,)1~;~~_~j~;>,:3f;'-,:, these 1 abo r cost 5 "nT"'~ 
Witherspoon (1982) t who 1 i5ted,,~, ~,~:~"e"{a)jp:'~_ ':,i~;'a:~~ of $10 per hou'r 
1980. Converting to 1982 p~i,c:~,},]f.:veJ~",'<~:~:,l:;g~,;,:,:tJ~'e GNP impl icit price 
the labor cost was $11.60 pe-r,-,b'~~:ut. ,Tl'i~';;,'r;t:,,~t\tt;_added that. fringe 
raised the labor charge .. 25pe~E_~fit ,.;br::t.n~t:t':~r:.~~';~ total to $14.50. 
t i on and overhead W'ere expresseq~ep.iI~~~~l'y;bu,t dl so in terms of 
rate, at 15 Dercent and 31 percent, tespecitively . 

fl..201l 
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ti,U.S" !M,. qllolU(i a ia\,Qr Cos,t Of$l!ll ReI' hoU)', i~cluding ddmini"'i:r~~ 
ti0"! QUddrN, jt". I iHod labor, <;ha~ge~ of .$4U p'f:lr hour for a techni(;~~nan(l 
$~O PH twur fur .111 !W9iflt~er, plus $lOJ) ' p!lr d~y f,<?[ , liviny expenses away 'TrOlII 
h1)11l0, plus d slngJt\ charge of $300 to $~(l0 for fl1~nD the person to lind f.r(lm 
t.h~ <lc;;iclent site. Thl~ comes to ~liout $l,4, per h9JJr', These costs appar.eptly 
incl\I\Jl' ba~ie monitorln\) equipment. Nuclear, SUPP,Q,rt Servic.e$, Inc. quote,da 
ld{'()1i' cost of $17.18 per hall I' for a junior techt');:c,jan and $26.00 per hour'for 
$ .... "101· tectmicial1. Keith Prict~. in t'he Pacific J~orthwe5t Laboratory's (P'NLl . 
Env1to" .. ental Evaluations Section. estlmatecllaoor costs . includinG ,benefits 
drld ,\dmini5trdtive overhead. at a~ound $4[) oer' hour. This was close to the 
j;~ll)O to $3~O per OdY fig\lre' givl'rl by AWC,.lrtc, :--: 

ii i,; 

Based on t~\'S information, we -~:_~ __ 'b~:_'~,;$-2_5;_->R~_r;,'i,,~_P-ll,_r- as the labor 
person, including fringe benefits_, t!_:trt,:_:~-~_c'l<~~:h:~_g,-':,a_,? __ ~ir"istrative a 
head costs. Applying thi5 cost t,o ~:i __ T- __ :-~~~~ __ >-_S:Q~tJ:~'_;:~_~_~<l'IJ,pling, it is n. ecessary to 
est imate the time requi red for th~_ d,-if-fet_~,ri __ t-_--:_~:_~,~p/5.~-~'- As mentioned 
Estimate time to the sample si_tJ~- ,to': 'Jja_:;_-ZO, .;'iJltjj_U:t'_e5:~-" .:; Equipment 
accord i ng to severa 1 so urces _and--)~'u_~_-:~~6w6';_:::~~;i_'i,'H1,~:K~::~'::ilake about 5 
utes. It 'Would take another 15_,"m:i,:np~,~-f)i'-6i;,~~,~"'~-e""i0d~; air sample a 
r1me tne 5011 sample would be colletteii. ' AboUV5' to 10 minutes 
sary to replace the equipment in the , tru'cK ana to complete the d 
These steps add up to 40 to 55 mi nutes pel' sampl;e. if i hours 
Shlft are devoted to sampling apd H,takes 4S,minutes per sample, 
per shift will be taken. This is 1 .. 17 samp'1es peT "shift-hour. The 
per sample is 

Next to be 
pickup truck or similar 
for d'; ffi curt unpav-ed te 
ACCUF,di fig -~.o" ?NLI s Eovi f 

rou~hJy $l~OO each. In 
detectors .. p'rHna ri ly a$$d~h~~,e~~l?~,~ 
These cost about $800 e 
ianeous toois, p~otecti 
Tn; 5 equi pment, i,f 
$17,000, deperidin'g 
equ~ pped wi th four~ ... lh",'l 

per sample 

rs per hour. 

pment WQu'l d 
pabi 11 

eiS n'Oul 
J these 

' rry two 
the :a 

'include 
or recora 

ra nge of $12 ;'1)001 't15 
icle and 

rental ra:i~u~'~rii'i'~;5~~~~ 
'~:' ,. ,',r i; ~;::ti\~he'el-dri ve 

two'-wheel~drive pi - ' ,,~,,"~-,- ' 

month. 

Estimating a cO~::~::;':~::~~I~~~~~;::~~:!~ ; 5 ;not as 5 t ra; gntf 
tnirds of total 
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t:'HHwCt.'p~ $4UL,'JO clntl $~i9i! .. 50. t~g~lr' d~~po!H1lf!~J on whf~the~' PH" t,"-tlck fHi-; four .. 
wh~el-c!rlve capdbilit,Y. We tl"~~-e $500 as th{' r!i9nf~l.Y nquipnwnt co~t, implying 
th~~t ~t)out hal f' th~~ trucks are four ... wtH~e' dr-h~fj .. -At '1.33 5~'rnples pt~r sn; ft, 
10 (~~~\ft~, pt~r' \"eek~ Jnd 41112 weeks pt"r month. fhi}, (.omt+~~ t.O dbaut $1 .. 30 per 
s \1!7iP 1 t: to 

t'dmo~;t dll of the (;1qlj'ipfil~?nt oper'iltion costr;; ilre (1550cllJted with ttw 
vt:~Hi~; lell t~e~Hh lists houriy ofJt~f'ati(Jn costs tor' trl~ two typt,~s of trucks at 
$4.'ii: .1nd $4.54. though it i, not clear whdt mileage is dssumed in the Means 
c~iculdt,on>. (' l,ne truck i5 in esSent1311Y continuous oppration for the 
wFloie shift. the cost per sample is about 

T'le source at Pi'll's Environmental Evaluations Section indicated that the oper
dting cost of d pickup truck is estimated at about $0.30 per mile plus gas", 
Assuming 12 miles per gallon and d gas price of $1,3[) per gallon, the gas cost 
d,nQunts to abOl.t $0,11 per mile, . If tat'al d:is·tance comes to; say, 100 miles r ":;'f;;~ 
per shift? then the total equipment operati'n-g cost estimated this way is 

100 mi x $0,,41 per mi = $41,,00 per shi ft 

The equivalent. cost per- sample 15,$4.39. B~._S,~d_"on these two estimat~s of $3.-86 
and $4.39 per sample t we take $4.,90 as repre.,s',e~tative. Total equipment t6sts 
expressed 'In d per-sample DdSis dre, therefore, $5.30. 

The next cost category is tn"at of sample ·analysis. Since t 
era") iahoratones which do this on a commerc·ialbasis, reliab")e 
are eilsy to otltaln. The costs of .thes!:! tests ,vary with respect 
an analysis is desired. Ttje prices for~ir '(filter) sample 
by United States Testing, Inc., are' given ilLTabl 'e 11.6.1.1 and 
c.haryes for different analyses. The charges for "soil sample a 
almost identical to those for corresPoiii:ling ai"r · sample analysi 
differences are that the plutonium test is ' $22"5 for a soil -
for an air sample; and the strontium. test" 15:$"155 for a soil s 
for an ai r sample. 

The fi na 1 cos t cat egory is fo-r s.'~'r,~'e,¥" Ad,:~f-,d' st rat i on, manaue'nerlt 
head. Means (1982) gives the'se };'OSl~-,"is J~:5':~_-pgr-cent of labor 
r~lat;QnShip. the administration':"ard ---6v,~-r'ne~:(L_,~-trst comes to $19.7 

" 

Com'bi ning the cost estimate-s'-_/Of' ;e,~':G't;,:_~_,C'ilt:~/J_:bry •. the 
is as shown in Table A.6.1._2., __ ',S':l,rice::-.:q~_~-:".s~m'pl~Jjs taken for every '25 
the respective cos~s _~er ~g>m.;¢t_~r\.:~~e:_;:~:~"litu{~~:~~>t!y dividing the per ,>""~1~ 
custs by 6.47 x 10 m~, givl-ng- t~~ -am'qun,?s '-shown- 1Ft trlfi table. 
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"~~J~4it""ft 
T!\,9~ E 11.6 .1 . \. Ajr ~~\11I1;fet(;,~~~ '~9t~:;' by Type ($ 191:12) 
-~., ,,- - ~ ." .", :!-- ;,\'.;~: 

• T!\51_ 
Gros$ alpha 
Gro s!J bet ~ 

Gal11fTla scan 

Pl ut oni tiln 

Ameri c i urn 

Stront i u,m 

Uraniunr 

Krypton~8.5 

Tritium 
Carbon-14 

~r~st _ 
' $Y<;l 7.00 ,,' '. 

,J> 

p.oo 
56.00 

J, ~O.OO 
,. 
~165.00 

140 M 
. ,i .vu 

70.00 

3,95.00 

1~O no : ....... 

3,95.00 ,:. 

Sou roe : paEific North~est 
L~;6of':itoi;v .r 

t _ -c,·," ; 

. I>y Category ($1982) 

Category' 

Labor 

Equipment 

Sample analysis 

Total 

Sburce: pacifi c 

66.2 
1 ; 8.2 

2iB.5 

30 . 5 

323.4 

x 10-B 

x 10-8 

x 10-8 

x 10.- 8 

)( 10-8 
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h~r~\~_ .. l'he tot~l (O~t H~tjnHlt~(jhH~e.e~.9.L!J.~;\/e_t)f- sdmp10 tH'ldlysis. is abl)ut 
SlO.Ol)(~ . WhlC.h is, wit.hin th~, $~)f~.OqO to $,lQ9~9.PRran<Je ~st im"ted by the Oak 
R!d:Ue '~ource. Ttns elnph~\si las the fact th~tlh~Q.i fferences in cost estimate·s 
IH} prll1hlf' llY with tnf' cO~H" of sample 3n~\!Y,)t:Sio ,'-~hether thlS difference is. due 
tn 9i\ln$ from sCille Qffects (Jr misestimation lS':;Uf1:elear. 

~o_tei,~nd Pl_qnt Samples~ Wa~er and pliin.t.~.~lrnpl ing aiP considered here as 
activities that. wou1d be ciirri_t'd ~)ut as anqd,j.-.~n.4-t_ to the ai rand sol1 sampl ing 
jU)t described. ,'herefore,. the costs for ~~t~r __ f.'I.nd plant san/pies do not 
lIlC.iutie dny additiolldl tr~nsportation costs •.. F~rther, equipment and operation 
costs are negligible. it seems iikeiyt~.~tpiarytpnd water sampies can be 
takf!n in conjunction with the soil sarilple.ilihi1e the air sampler is in opera
tion, an(l at no increase in time ot laborto.H.!l.5 a result, costs of taking 
these samples are mc'rely the cost of s~mRl~a~aly.§is. It is convenient that 
costs of plant and water samples are essentiallY !iqual to each other. 

The cost of sample analysis is based bnth!! soil sample charges by United 
States Testinq. Inc. For each plant or'water sample, it is likely that the 
tests performed wi 11 be a gamma scan and il stront im te,t, which have'respec
tive costs of $56 and $155. for a total Of $211. With samcle coints set out on 
a five-mile grid arrangement, the cost per 56, meter is $3.'26 x' lO-b. 

Since this activity requires no time inadd,ition to t~e mobile air and 
COil c;:r,mn1'nn tho ".!:Ito;c: tho -c::r.m£io;;.C: t,n,p ,r.:lt~'nf, th"P ,::}i"r ',M,ri e.ni,l, ~~m",Dl",',n,a', -' " .-' .... "'~, '''~, ""7 'u ..... ".' ~" ... -' ....... :-t ....... - - --- .. - - - - - - -- -~. ."" 
namely. 7.55 x 10 sq meters per ~our. 

A.fi.l.3 ""tObile Gamma Sc.,annid9 

Where necessary, gross ~~rflmd::,_,Teas~r-:~ltletl:t'~ can be taken from a vehicle 
Ii ~ted wi th gamma sCdnni ng i nS!.ruri,.",hts •.. TheseR~n be aimed to take measure
ments up to 60 meters on either.sideof.th.e .. v~picle. Tne KaOlationSurvey 
Activities Group at OaK Ridgeoperates . iI.T1)Jl!1beE{)f vans, each fitted with three 
or more scanning units and ass()ciatedretC'rd;:ng· .devices. 

In cases in which the deposition of radioactive particles is relatively 
uniform, as would be the case from a r,eactiir ' pl ilme , this scanning can be ilone 
quite rapidly. Vehicle speeds of 30 to 40'n'\i1es per hour would be practical. 

;:;f ., 
~ , ",:):: -<-:';,- :c:> CI ';;<s 

In residential areas, a scanning',widlh ,ofabout 
the vehicle would allow simultaneous measureril'E!r1ts on the road su 
on both sides of the street. In aat:!irfon ':' if: we ,'assume an averaoe 
speed of 20 miles per hpur, thenfh'e su~f~ce ::(:o\l~:rage 15 about 294, 
meters per hour ~ With seye~,:p:~q8P'f'~:~ 'R-o;;;-/h6j1.r~ 'pe_',r:~ ei ght-hour shi ft ~ 
sh,ift-hour would be 257,500 sq",m'fifer'Si '. ~, 

The cost of ope rat i ng~h~ S~81(i~~gQ':t;·. \'?;c~t'u:~':i ng wages for two .. 3,~~.erson 
c r.~ws, t rary.~·port at i on to t he_,.Si.t,,~:;~\_t~~.:~rt~".~,_:._':~;;n~ .:~dmi ni s t rat i ve ove~ra:a-d~- is 
about $15,000 per week. -About;·ttCllr tH~:,\cg?;t '; ;f5' 'f:o, labor. Assuming o'~elation 
fa;, two ~tfi !t5 per day fOr 'fi v~._d'~'ys , ',the'1)th$'t;\--'pe--r sq meter waul d be 
$71.28 x 10- • 
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S\~ rVt\yifl\l Of bui Id1ng"S'urF',a{.:~:s::"-W~\j~?j,:' rr(fr{1!~,·1d:.Y _ be done"with __ tw~"'p,er~-Ofl 
,J:t!w'. The,:: wlluld use h'lTld-fll~idl nst.r'woc,lt$ su ch' <15 a Gei yer-Mueller meter <1 

,1 ,(i IlL i 11at i on survpy i nst rLlment to determi ne";'woether the surfaces had been 
Slll'l';lO'ntiy d~Ct"lt~mini!te(i. in adrjition, t"heY"wbuid aiso take some sinear 
'JiPll'i", for d dt,tcrlll1n~tiol) 01 the amounl of r~[ll{inlng contaminat(on that 
r,~'!i()vdblf!. Tht' c,'ew would also ~ldce five - chip " dbsimeters (TLDsj in main 
throughout the structure. 

p,'o\ridle ,es,t~mates of unit cost DlerStl Sources contacted were 
f,tell for SUrVE!ying. ThEW 
slErvey d typi cal 1600 5 

h~"L"",~ timate the time 

inc .. Pacific Northwest 
ranoed from 0.375 to 1.0 
hmJ;s) as a r~presentative ponm> 

come to $150. Adjusting f 
g; yes an adjusted 1 abor cost 

Nuclear Support 
i on Survey AcfiviH.;., "r 
ake 0.75 man-days 

radiation 

Equipment for this operati'on , ~t4,buld:>rlpt 'b~, _(p:~tensive. 
ments mentioned would cost ,less i}han- $'ZQOO .. l~e ,estimated 
cost is 12.00. The cost pef h60s~ is 

The portable i,nstr' 
hourly 'equi pmerit 

$2.00/hr x 6 hrinouse x 3/7 adj : $13.71. 

Sample analysis for s 17.00 for both 
and gross beta per sample, es Testing, 
of these samp 1 es tested for 1600 sq f 
interior, the cost comes $J"7C);."· In five-chip 
$17.50. according to Unj" tedl.SVa"1:¢s "," cost includes 
a~alysis of the exposed : :,"T~rt"bta:(';~~;;t for the dosi 
1600- sq feet is $52.50, dosimeters. 
total cost for sample anal 1222.50, 

Appu,'t i oni ng th; s 
tying as,su'iTlptions. The
be SU rveyed a t the some 
s"rveying costs are nunrl,",jn~' " 
of the stru"cture. Ther 
necessa ry to est i mate t 

a hOUSE 

her items 
t pE:r unit 

We use 
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Cdt ~tl0rv --_.!' ....... , .. , ... ,---. ............... _ .... .,.......""'-
l. din) r 
Equipment. 
Sdlnple "ndlysis and dosimeter 
MmjnHtrdtion dnd overhead 

ToLl 1 

Category 

resirientidi property to estimate total 5ur:rd,ce 'dr,ea for a 1600 sq foot home 
(see ~ection [.3). The resuiting areaS areas follows. 

Interior fl,O,onarea= 1600 sqfeet 

Projected Roof area = 1200 sq feet 

Exterior wall area 1900 ' sq feet 

I~terior wa feet 

Basement f1 OOr 'rp~ = 

Basement>wa'l T, 

Noting that the 793 sq 
faces surveyed, we can 
veyed in six hours: 

Oividlng the costs per house 
costs per sq meter shown in 

793 

~:~h '~,~~:~~:i~;~~t of tr,e cost 
TIl surface 31 

is total area gi ves 


