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- 7 I INTRODUCTION
ko ; ‘
E % This report summarizes the results of previcus investigations on RADEF g' 3
§ plahning and on radioldgital target analysis procedures for decoitamimation - :
; % scheduling. Precedures were developed for evaluating the résidual numbers for “ %
fi g shelter and operating locations before, during, and after decoucamima tion -so i %
;i ; that -exposure doses could hé»calculuted.l’z’ The correlation of the o i " é
3 § computational résults with shelter protéction and decontamination capability -
é E data provided a meaiis of -deriving decontamination assignments and. operational y ‘«é
?i % schediles that could be carried out within préécribed~exposure:dose limits. B ?
Ei - 3
i T In’the previous investigations, various specific target analysis and ' 'é
;% f ‘ dﬁébﬁﬁém?ggtion.proBiems}were treated and, of the many problems that were: - %A'j z
;; recognizéd and identified, geveral were selected as being important -:and in é
§ § need’ of further consideration. These included: (1) the extension of dose . E
i é eStimatiné tegﬁniques't67a wide variety of postattackxépgratibnél situations; ?
iﬁ i (2) methods fof estimating the optimum time to carry  .out radiological ‘ %
g recovery actions; and (3) the derivation 'of relationships between target area
:? § sizé and decontamination organizational réquiremerts, ‘This report discusses %
%? § the radiological recovery aspects of these Pioglems and the .derived methods ) x‘i
‘ ; and: analytical expréssions appropriaté to their solutién. - ;
%3 é Procedures were developed for estimating decontamination start times %
; ; with- minimum total exposure to groups of people in bhoth-decontamination and é
o E facility opeérations, Methods for estimating: exposure doses to decontamination :, %
E; g crews and facility operator crews were revised to simplify “the evdluationof f %
:i } the effect of previous and concurrent decontamination .operations on the z
f; g effective residual number for a prescribed postattack routine. A method was g
fi devised for rélating the size of decontamination organizations to the dimensions §
‘i t of the area to be decontaminated and the surviving population inurbdn areas., §
: i 1
}
i
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The final problem explored was the effect of increased size {and aunber }

oi decontazination crews on the decontaninatior completion time.
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II DECONTAXINATION STAXY TIME

Gn= major objective of decontamipation planmning and scheduling is %o
prepare the means to recover the use of fzciilties when they are nceded in
tle postazitack period. In «dditicn, it is desirzble that the recovery be
piznned for achicvement =itk the least expenditure of exposure dcse,
=aterials, zund use of manpower. Y¥ith respect to pestattack situations and
nzeds; a facility may be usable or operative before, during, or im-:iiiately
aiter a deccntamination operatiorn; it may not de cperativz uptil repairs (we
=afe, or it may De operable withcut repairs or 2zcontaminzition when inputs and
peonle are availzdble, IT facility soperation requires doth deccontzminatior and
repairs, a greater decontaninziéion lead time generzlily weuld b rseded for a
given operation start time thap for a faciiity that Zoes not require repair

ROTE.

in generzi, the radiological recovery of a given fzcil:ty reguires consid-

eratiocn of panpower utilization for either sequentizl or sizultzneous decontanmi-

nation and facility operations. Yhere the recovery of industrial ouatput is to
B4

be achieved, the plaaning and scheduling cf such operations rmust include considera-

tion of all facilities in the procduction network, so that the allccatien of cap-

-

power, equiprint, and supplies becomes more complicated. Im addition, postattack

countermeasures other than decontaminaticn willi reguire an appropriate share oi

the resources. Thus decoatzmination operations, as a single countermeasure,

supplies, and equipment. In addition, the benefits oI decont-mination should
accrue with respect to other countermeasure operations as well as to facility
operation. For these reasons, plans and schedules for the decontaminaticn

operation need tc be designed so that the initial lecontamination eiforts will

decrease the exposure dose for later operations (rather than the reverse).

€ planned on the basis of a minimua expeadiiure of exposure dose, eiiort,

Nhiah oibaeald
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Exposure Dose and Recovery Effort

Tae accusmulation of expssure dose over 2 given time pericd Isr an individealX

or groups of individuzals may be represented in general oy
t, +2c__
ij

S
D.. = RY I_dt
%5 i3 s @
&
or is
it
D__ = BN, _{i. et &)
3 3175 g
if %%y

shere the subseripl I zepresenic an individugl or a greoups of individuals
{each of w2isl: has the gare ewno_ure): e swhearizt 3 represents a location

- =

zf vhichk the exposure for tke ith group starts at the time £ after attack
i

v

w

aré ends at the time t__ affer attack;t is the time after ztfack; At is th
ij

time pericd that the ith group remains at the jth locatien; I, is the exposure
J

rate at time, €, aiter zttack at Iocation j (referrzd to an extended real

plane) ; and &\"ij is the residual mmber for the ith grovs at loecztion j.

S

If the value of tke limiting exposure dose, D, is selected so that it
renresents a threshold for radiation sickness (i.e., 21} groups i with 20
*
exposure dose of D or iess cax rerforz work without m=edical treztment), then

the sequerntiai exposure dose ior the maxizmum avziiable work force is given by

J
* -
D = ; D__ (3)
onad 3
J=x
or t. + At .
J is ij
D =§ N, { 1. dt (4)
1] J
J=1
<.
is
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Since the fir=%t incremexnt ef exposurs would zorweily De a2ccrued in
shelfer, tha alicsec (or maxtmun} exposure dose durirgp the recovery pericd
{cr lomger}) for the case :Zere tre pevpic are 211 in stalter before fziicut
arrivwes is given by

E\‘* '\* 35
&5, = 2 - D e (6))
wrere
Tp ¥ 0%y
I, ar s>

vﬂ-u
Y
1
o2
ph
(o] \N
[ N

and where }‘L\ﬁ__i is tke skeliexr residuzi numder; t*a is the time of f21lout

arrivai; and Ati-i is the required shelter csray period, In Zguaticas (35)
and (§), the itk group is referred o the shelter locafiorn for identification
s5 that, subsequenily. the initia® shelter avposures znd zssociated groups

can be trezted interchargeably.

%¥ith Ecaations {5) and (8), the fors of Eguations (3) cor {4) becomes

t. <+ At
3 is ii
b 4
Ap. = RN _ i_adt £ 2t + At
s - i3 i is ~ “ia 51 D
j=1
T,
s
or
J if
*
AD =E RN, . I_dt , t. -3t 2t, + At )
i ij J if i) iz iz
j=1
t. . - At
ii ij

x
For a given set of values of ADi as constraints on Equations (7) and (8),

there exists a finite set of limiting vaiues of the parameters RNiJ_, i, tis’

and t__or At ..
if ii

;.Aﬂ.mp- W e da

PO RN

e e ke P A At athe e e e s ek s eme o sae s




*
Tae AD ), of Eguations {7) anc (8) will consist cf dose allccsztions zmong
tae j exposure locations ané comseciiive At__ intervals at each location;
i3
*
if the a2l3ocation for each locestion amd tizme imterval is designates as AD_
13

Gie iaztter zre comstrairad, as im Pquations (7) znd {8), by the sum

3
s E AD°
Y5 % ij @
*®

and AD__ is equel fo one of the respective j terms on the right side of

s

Equations (7) or {8). If the integrals of Equations {7} ané {8) are evaluated

in texrms of 2z doce rate multiplier, designzted as o (vhere __ is the same
23 *13

G

as DAM of previeus reports), tazn the integrals can be written as

o I, = fx_ et (10}

3 . . . o
where £  1is ar arbitrary time after a detonation or time a2fter attack and I
s J

is the \alue of Ij at a2 reference time (usuzlly cne nour after attack); the

o

- . ]
values of ¢__ and Ap__ depend on the selected reference time for Ij.

" 5
If the btij values are rather short and tis is large, then the integrals
of Equations (7) and (8) may be estimated from
t, + 8¢
ig ij
1.0t = f 1_adt (11)
J i J
t,
is

Consexrvative estimates of the time interval allocations can generally
o -1 0
be made by assuming that I_ varies as Ij t (where Ij is the value of Ij
]

at t = one hour after detonation); using this variation of Ij with t,

the integrals of Equations (7) and {8) become

4

5’;
]
3
3
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t +Ati
o (t ¢ F Atig S J
I 4n ————= = 1. dt (12)
J £, j
1s
t,
is
and
Lyt
t
if
I? fn ————— = 1.dt (13)
3 (t,, -4t ) J
if ij At
tie ~ Bty

%
The values of ADij for the representations of Equations (10) through

(13) are, respectively:

* o

AD, = RN,  Ap. I (14)
1J X R %
x - :

AD, . = RN, At 1. (15) :
ij ij i3 J . :
*k 0 .

AD, . = RN, I 4n [(t. + At )/, ] (16)
ij ij is ij is

and

* o}

AD, . = RN, _ X, ﬂn[t_ /(t, - At, _)] a7 .
ij ij 73 if if ij \

If m, is designated as the number of workers in shelter i (i.e., of the - ‘é

initial ith group) and n is the number of shelters having positive values of

*
AD: (i.e., if ADi is zero or negative, the group is not counted as contributing
to the work force), then the maximum work that can be obtained from the group <

up to time, t, after attack is given by T

E(max) = T

NE

(t-t, )m, man~-days (18)
- ix” i ;

o

where tix is the shelter exit time, equal to tia + At and T is the average

ii’
fraction of time or of each day over which all the workers could perform useful

work (e.g., for an 8~hour work day, T is 1/3).

e e it o e i s i 5 ot tne K S/ toh B} oo " s i s k) o e fanh < s roeatiohon b s abses P 2 s
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1t aij is the fraction of the ith group that work at location j either
to contribute work as part of a decontaminationr crew or, because of their
skills, to work at a facility operation, then the distribution of the workers
to a locatior for a given task over the time period Atij or on a2 continuing

basis may be represented through the work requirements given by

dec) = m, 7. At ~-d 13

Ej( ec) E : aij s P13 BFs man-days a9)
i=1l

for short-term tasks, such as decontamination, or by

n
— Q’ &t T t—t -
Ej(fo) E i3 m i ( iS) man~-days 0)

i=1

for long-term tasks or facility operation. In Equations 12 and 20, Tij is the
fraction of the time or of the day that group i (or fraction thereof) works at

location j. Thus for each group, the sum of Tij over the locations must be

1 =Z T (21)
13

equal to unity; hence I
: 3=l

The actual working time at location j for all i groups, ATj, is defined by

AT, = T At (22)
J j 3

where At. is the total of the time periods assigned for work at locatiopn j and
J

Tj is the average fraction of time that all workers spend on the job, Then,

n

AT = Z T At (23)
J 1] 1J

i=1

When AT& is the time required to do a short-term task at location j and

it is performed by a single group of people, then the subscript i can be dropped
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and Rquaticn (23) reduces to Egquation {(22).

If all the values for Ej (dec) a2nd E (fcj are known, then the To*al re--
J

quired effort may be estimated Iron

3
E. = ZrE_(-dec} + E_(fo)] 24)
L3 3

T
J=2
The constraint on the manpower for ET is that at ail times, t,

E’i‘ < E {(nzx) {25)

For most short term tasks and facility operations, full uvtilization of
the manpower will mnot be realized until full crews or the major portion of the
crews are present for work. Under these conditions, Atij becomes Atj and tis
becomes tjs in Bquations (15) through (17) and in Equations (19) and (20); the

latter two can then be written as

E (decy = T.A4¢t, .. m, {26)
J J J i 1
i=1
or
E (dec) = 7T At m. {(27)
J J 33
and
n
E _(fo) = T (-t ) S
3 is E Y% ™ (28)
=1
or
E(fo) = T (t-t_, ) m, (29}
J J Js J
where
n
m = E o, . m, 30)
J ij i
i=1l
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Since Ej(dec), E _(fo) or dE (fo)/dt, and mj for specified tasks and
J J
facility operations are useally known, the manpower requirements and time

iinitations may be evaluated through substitution of Equaticns (26) through

(29) in Equations (14) through (17}, as applicable. The explicit forms are:

RN_. E_(dec) I_
2] 3 J

* i
AD. . = — {31}
1] (e -
J a
or
. t_s + E _(dec)/T m '}
Ap, = RN, . 1° &n |- J 4.2 (32)
i) ij a3 tjs

¥
where t is the starting time for the recovery task; if the ADij are allocated

js
among the tasks or the j locations for each group of people, then t's is
J
given by
Ej(decﬂ

t = — o (33)

5 AD: - N: =1

Jjs Tm [e _\Du/R.NUIJ) -1 i

iJ J

for short-time tasks, and for continuous facility operation after tjs'

A series of startiang times were calculated from Equation (323) for various
assumed values of ADjj and Atij. These were then compared with tjs values de-
termined from Equation (14), where the latter provides the best estimates
currently available. The results from a typical example are shown in Table 1
for the case where AD:j = 100r and F (dec)/ijj = 10 days. Residual number
RNij was assigned a value of 1.0 for all the examples tried., It is readily
apparent from the entries in the table that Equation (33) gives starting times
5 to 8 times larger (later) than those derived from Equation (14). Obviously,

such ultraconservative t's values are not suitable for planning and scheduling
J

recovery operations,

10

e e W e v e o




P
- .
i
-

Table 1

STARTING TIME COMPAKISONS*

I (x/nx) Eq. (33) Eq.(14) Zq. (36)

4 1,000 95 19 21 ‘
f 2,000 196 40 42

3 5,000. 500 108 95

10,000 1,000 180 175

| 20,000 2,000 260 320

tjs in days.

LI P

S Ny

4
More reasonable estimates of t's can be made from Douglass' Zfirst
-1.2
approximation of the t relationship where the integral of Equation (7)

is represented by

t., + Ot ;
) o Ats o ~1.2 Js ij
. 1. At . (t_ +__.’:J) = f1. 4t (34)
A J i M\ Js 2 J
. tis )
‘ E The expression for allowable dose becomes -
. B " o Dt s -1.2
AD, = RN_, I, At (t_ +——1—1~) (35)
; ij ij J ij js 2
- from which the starting time in hours is ,
d r s 12 0.833
£, wfgdemdlopt - 1/2 0t . (36)
jis ADij ij ij
E E;(dec
< ¥ where Ati, > At = Fl(—n-f_l from Egquations (i19) and (27).
& ; ’ ’ 33
N {: ‘ '
b 11
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: Using Equation (36) and the ADij and At inputs cited earlier, additional 3
o . ] g
. values of tjs were cbtained and entered in Table 1 for ready ccmparison with é
oo the previous results. It is evident that for this typical caSe, Equation : ;
! : Lo
;‘ (36) agrees closely with Equation -(14), the reference expression, except ;
» o ;
} for the highest I..
t ~ o j
Equations (35) and (35) are especizally applicable to the shorter term ’ i

tasks. They may be used for moderately long term tasks (> 1 month) if the ; %

ratio of Atj to tjs is generally less than 3. Under these conditicns, the '%

K

4

equations usually provide cconservative estimates for either dose or starting
time., When the sum of At  and tjs approaches two years, starting time esti-
J

mates will tend to be over conservative.

P e T T g tags M.

Equation (36) was used to construct the family of curves shown in
Figure 1. The curves reveal how starting time tjs increases with respect

o
to the standard exposure rate I for selected values of task interval Atj.
J

The restrictions on manpower allocations at location j at any time are

given by

Nt S taeman m &

1
[

i
]
]
a
1
.
i
5
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o =, 8% f
i=1 '
or
J n
N =Z Z Q’___ m_ (38)
o iJ 1
j=1 i=1
where
J .
1 = o, . 39 2
iy (39) ;
J=1 E

b N L

1f the time pericds, tj, or the work rates, Ej(dec)/Atj, are known, then
the total manpower requirements for both short term and long term tasks at

a given time may be estimated from

YO ST

J
N = Z /7y [dEj(fo)/dt +5, (dec)/Atj] (40) ]
=1

in which the maximum number for allocation is at N = No

The postattack situation variables that must be known before manpower

D P AL (O PR Y L  T1I WETH

allocation can be made include the n shelters, the mi workers/shelter, the

Lrg s s

RNii shelter residual numbers, the I§ standard intensity values for the j

L

locations. The operational parameters that are needed include the effective

N 23 Eo

RNij residual numbers, the aij group dispersion or skill distribution
coefficients, the Tij or Tj effective working time factors, the dEj(fo)/dt
and Ej(dec)/Atj manpower cequirements for both long term facility operations
and short term tasks for all j locations of interest (these define the mj),

ES
and D, the limiting exposure dose.

Although the above equations, as written, specify parameter values for E

the conditions under which each person of all groups i (or at least those oi

LR A S
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one group) receive the maxinum allowed exposure dose_ D*, aore conditions.
should be found shere this is mot the case; thus for tis or t_ values
greater than the =minimxun value (for given values of Rﬁi_ and io), the ex-
posure dose, Dij’ witkin two- years after the*attack would be less thar AD;J,
and the total of these could be less than £D;. 4And where this is the case,
consideration could be given to manpower ailocations that result in more

egual exposure doses to all personz or to those that would minimize the

{average) exposure dose of the Nb workers where the latter is represented by

J n
D = (1/85) E E @ . n D . (41}
° ij 3 i3i
J:l i-1

cm the point of view of recovery objectives, it would appear that
emphasi should be given on manpower allocations that minimize the tjs for
long term operations, maximize the number of workers on the long term tasks,
minimize the number of workers on the short term tasks, or minimize the time
spent on short term tasks. (Actually, if the last three were accomplished,
the tjs would be minimized.) In general, allocations that emphasize early

recovery of facilities would tend to maximize the exposure dose allocations

and would be in opposition to minimizing D of Eqaation (41).

Contribution Factors, Residual Numbers, and Decontamination Effectiveness

The relationships among decontamination effectiveness, effort, sur-
faces, decontamination methods, radiation intensities, and surface density
of fallout particles are discussed below., In general, the gamma radiation
at a point in location j is the sum of the radiations from fallout parti-
cles lying on exposed surfaces within 200 to 300 feet from the point.

If the whole area on which the contributing sources are deposited is
sectioned according to type of surface and geometrical configuration with
respect tc the point of interest and each section is designated by the

letter k, then Sjk is the area of the kth surface at location j whose sources

15
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contribute to the gama radiztion at the point j . If the radiation rate
atpoix:tjmtrihntedbythesmmonm!aukisdesimtedaszjkz
then the radiation rate at point j is giwven by

- - Y
Ij = E ‘jk 42>

k=1

where x is the totzl mmber of conirituting surfaces. If nj is desigzated
2s the average mmber of radicactive atoms per unit area that woulid have
been deposited on an ideal smooth plane over the area of the k surfaces
(znd are present at time, t, after attack) arnd Ij is defined as the ratio
of the exposura rate at 3 Izet from the plane tc the mmber of atoms per
urit area (at time, t), then the infinite smooth plane expcsure rate at a
height of 3 feet is given by
I ) = K on 3
If variation in the surface density of the fallout particles among

the k surfaces is considered, then the average value of nj is given by

x
= 2 S -
mo= (/8 E Sk Pix 49y
k=1

4‘%

where n,k is the average surface density of the radioactive atoms on the
kth surface at location j, and Sj is the sum of the Sjk over k. Although
an I (x) value could be computed from X_n__ for each s area, the

Jjk J ik 3k
average value of Ij {») from Equations (42) and (44) would generally be

representative of I 3 (=) . where fallout models are used, Ij (=) is estimated

directly as the reference point.

The relative exposure rate contribution factor of the sources on surface

k to the exposure rate at point j is defined by

16
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€ = I_J/I_{=) (45)
jr 3k

jk

or
> = Vs aw (S
cjk Ijk. Ij( )] (48)

+here c;k is actuzlly the fractiom of tde infinite swootk piane exposure
rate {at 3 feet) at point j that is coatribated by the sources on sari-.ce
k. The average shieldirg resitual number, relative to the Znfinite smooth

plare excosure rzte, is Jdefined by

T of = = 4
nj( 3 Ij/Ij( 3 €17)

———— o
BX (@) = Z c {48
j() 5k )

It Fj ikis designated as the fraction of nj K {or nj) that remains after

decontamination of the surface zrexz k by method £ (subscript £ indicates

cr

surface type and method cosbination}, then the remaining surface density

- = s
of the radiation scurces, n

i after 2opiicaticn of the metnhod, is
ik !

af = P =m (42)
3

£x Y%

and the exposure rate conitributions affer decontamination are

F 2

ljx.e(‘”) = P Ij,x =) (30)
' = P, 1 1)
jk&  Tifx jk

and
)
IjkJa = szk cgk Ij () (52)
17
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The decoatasination residual aumber for the location j (i.e., for

those of group i at location i) is defimed by

&) - 3 E : 7 G
axij(dec, (lllj} Zixe {53)
k=1

ard substitution of Equations (47) or {48) and (52} in Egvation (£3) gives

x
-
2¥, _(dec) = lym:_(«:)] E F, ¢ (54)
3 Jd jik ik
k=1
or
x X
(v ked
RX__(de =E ¥ . c.
13 ¢ c) stk Cix . Sk (55)
k=1 / =

Thus, ihe post decontamination residuzl nuanber relative to the infinite smooth

plane exposure dose rate lor other reference used in the caiculation of I;(”)] is
J

RN, . = RN, {dec) RN (=) (56)
ij ij j
[vD o %z
RN — F Co (:-1)
- E itk ik o
k=1

The value of the fraction of the faliout particles not removed from a
surface such us a rcof or paved street devends on the amount of particles
per unit area, on the level of work applied in the removal, and on the
removzl method. In most cases, work is applied incrementally in proportion
to the number of passes that are made over a given area. Although
fractional passes over the area are possible, the area wuld narmally be
divided so that the section designated by k was treated one cr more times
by a given method; in addition, fractional passes could be made to clean
up spills and portions of a surface that were more difficult to clean than
the remainder of the area.
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i The effort and time relationships given in Equation (58) to (53) below
3. will result when the following designations are used: p £k is the number of
§ decontamination passes over the kth surface by method £; € ) is the equipment-
;‘: hours per pass over the kth surface of ares Sjk (i.e., Sjk igs the area to be
l- ccvered per pass); r 1K is the rate of area coverage in sqﬁare feet per egquipment-
, hour; ej b is the specific effort applied in eguipment-hours per square foot:
3
; nﬂk is the number of equipment units that operate simultaneously on the kth
r‘-
4 surface; and c£ as the number of men used per equipment unit,
3
3 € = ont—
2 ) ejkf. Sjk equipment-hours/pass (58)
— 7 -
ejkl = S 5k’ T equipment~hours/pass (59)
EskL = ejkz P P equipment-hours (60)
;. - 7
A E = O, E n-
% ) Y man-hours (61)
k At E ./ hours (62)
: h1:37 Jke’ Lk
and
.
[ =
; m,?,k nzk Gz men (63)
; Also, for all methods and surfaces at location j,
1 L
4 7
' = i t"h 64
E, Ejk ejkl& P ok equipmen ours (64)
! Zy,_l
; X
. E ’ equipment~hours (65,
': J = E,
A jk
; k=1
g x
.,)’ I's _ 4
/ Atjz = E Ejkﬁ,/nf:k hours (66)
g k=1
X 19
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»where'At;L is the operating time of method £ at location j. 1I1f At?kﬁ is
. i

designated as the combined set-up and delay times in applying method £ to

the surface k, then the total decontamination time at location j of method £,

.At(dec)jt, is

At(deé)jz = Z (Atj 5 * At ) hours (67)

The quantities that are known or that may be set by the characteristics
of the surfaces, operational requirements or linitations, and equipment designs

include Sjk’ pﬂk’ rzk, and n, . These variables control the At;kz of Equation

2k
(67) ; substitution gives

X
2 : o
s + At -
— [ Lk Jl/% Ik jki ] (68)

Since n'zk is the number of equipment units that are operuting simulta-

neously on the kth surface, the total manpower required and the overall duration

At(dec)jz

of the oreration will depend on how the manpower is allocated and how the
operation is scheduled, If each of the k surfaces decontaminated by method £
is treated serially (using a given number of equipment units), then the

manpower for application of the method at location j is represented by

mjﬂ = mzk (69)
or
mjf: = nﬂk Gz (70)

For all the methods at location j, the total (minimum) manpower requirement

would be given by L

mj = Z nzk 0.@ (71)
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in general, the total manpoxer requirements are giver by

X L
® = Z Z tx %t (72)

k=1 £=1

where the maximum reguirerment is determined by the number of available

equipment units,

Essentiz 11y all decontamination methods, especially the mechanized
methods, consume inout procucts such as Yuel for bulldozers, sweepers, and
trucks, and watex for firehosing. If the‘average consumption rate of product n
for all the equivment with a given method is designated as éiﬁ (in gallons or rounds
ver equipment-hour}, then the total requirement of the consumable product m

at location j is given by

L x
0 s
o] = C t 2
jm z : 2 : mi nik s jkb (7
=1 k=1

1
Three general types of relationships have been reported between the

fraction of fallout remaining after decontamination and the effort or work
applied in the removal of the fallout particles; these relationships are
termed decontamination efficiency functions. The equations, where the work

is related to the number of passes, p”k’ over the kth surface, are:
A

- _ 3¢ 3t 2k 4k
Foaw = Fime t (1 szk) € (74)

for methods such as mechanized sweeping of paved areas, and firehosihg of
roofs and paved areas with standard nozzles,

1/3

(o]
-3K, p
* * Lk T ik .
szk = szk + (1 - Fjﬁk) e (75)
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£or meétkods such as mechakixed flushirg of paved areas and firehosing of these

areas wita nozzries givinz s Ilat spray pattern, and

<. p
x Vix

e {75)

1=

) =
I x

for surface removal xethods such as grading, Scraping, and bdulldozisg of

o
uppaved areas where K x ang 3K x are the decontarination 2fficiency

2 £

co2fficients. The F§2kin Eauations (74) and (75) represerts tke fraction of
the desposited fallout {(or of the exposure rate at the start of decontamination)
that wculd not be removed from the surface affer a very large number of

passes had been made; this non-remcval fraction dspeuds on the surface density

cf the particles on the kth surface at the jih iccation and is estimated from

(o o]
3 {77

3 (R( Y .3
im T Ve ix
for metheds such as mechanized sweeping and low-pressure firehosing or flushing

of paved -areas and roofs; or fronm

VA
* Lk o
= R, Y <¥ 7
ijbk £k &jk ’ ij ix (78}
and
* o 1)
F = R >2Y
ik 2k ’ Vi ® Yox (79

lo]
2K’ “Lk’ sz’ Rzk’

o
and sz are constants whose values depend mainly on the type of surface and

methnd of decontamination; and Y_k is the surface density of the fallout
J

for high~pressure fireshosing or mechanized flushing where R

particles in weight per unit area. In generai, Y‘k is proportional to I_k(ao.
3 J

In previous treatments of the decontamination efficiency functiens, thne
exponential argument is expressed in terms of the total or accumulated
specific area work erpended in decontaminaticn to achieve a given value of
this effort is represented in the above definitions by the product

F -
jik’
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Pik elk' Thus the convarsior cf the previously evaluated efficieacy coefficients

to those of Equaticas (72), (75) and (75) cun be accompiished through

= x {80}
Ky = ¥ry
and
o o 1/3 ;
= X/ 833
Kf-k 4 (1‘ 1 ) {83}

h 'o = - - - - - -
where ¥ and X are the respectiv: values of the previously reported efficiency

cogfficients in sg ft per equipment-hour and in the cube root of these units.

For a reduired value of Fj'k {as deduced frox: Equation 37), the number
X

of decontamination passes is estimated from

3 )
P = W) tn fa - Sy, - 0] 2)

vhich, when substituted in Equation (68), gives the decontamination operating
time. However, the first estimates of the operating tines and the RRij would
be made on the basis of a single pass (pjk = 1) and then to evaluate the
entry-time requirements using a nminimum of personnel and supplies. In this
way, the ?jzk would have fixed values and the estimates for 2- or 3-pass
operations would not be made until the single pass operation resulted in
excessive estimates of the operator doses (i.e., lower RNij values were re-

quired for a feasible recovery system).

The results of fitting decontamination test data by the foregoing
equations and efficiency functions are presented in the decontamination
performance tables of Appendix A, Expected values of szk are shown as a
function of pﬁk for a number of decontamination methods and target surfaces.
Estimates are given of the coefficients and parameters essential to the

solution of Equations (74) through (77), Those environmental and operational

factors known to influence decontamination performance are also included.
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Infinite Smooth Plane to Extended Real Plane Conversions

In the development of Equations (42 through (57), the contribution fac-

tors and residual numbe_s are referenced to an infinite smooth plane expo-

]
!
i
r
™~
4
]
D
1

®

Y

%)

o

n

sure raie, 1 {®). Priocr work [References 1 and. 2) defined .contribution factors

3

and residual numbers with respect to an extended reai plane dose rate, I _(ext).
J

Fron theoretical and experimental coasiderations of a plane circular source

A AR

‘area, Ij(ext) was found {o be very nearly equal to a vaiue of 2% Io’ where Io

. . *
eguals the urit source strength in r/hr.

Therefore, the fraction of the extended real plane exposure rate (at 3
feet) at location j that is contributed by sources on surface k is given by
C. = 1_/28 1 \
ik Jk, o (83)
where Ijk is as defined earlier in Equation (42).
Comparing Equation {83) with Equation (46),
I _(ext
sext)

(84)

¢ = C S
ik ik 1.(®)
J
where the ratio of extended to infinite plane dose rates represents the re-
duction in Ij(m) due to terrain roughness and air-attenuation effects.
Ij(exi)/lj(m) has been estimated to be about 0.75 when the numerator represents
the radiation intensity over o= unpaved plane,

Continuing with the development for the real planc case,
X

z C. = 1/291 = A, (85)
Jk J o J
k=1
where Kj is the average attenuation factor for an outside location (such as j)

in a target complex. Equation (85) corresponds to Equations (47) and (48) for

the smooth plane case such that

3*
For the condition of uniformly distributed fallout material, I is constant

0
over all the k surfaces contributing to location j. See Appendix B for the
definition of I and the derivation of Ij(ext).
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A o= BNE —3 (86)

From Equations (53), (54), and (55), it is apvarent that the decontaminaticn
residual number at location j is equivalent to the average decontamination
effectiveness for all the k surfaces referrcd to location j.

RN, (dec) = I./1 = F (87)
ij J o 3

vhere 13 is the summation of the various dose rate contributions to location j

after decontamination.

?} (or the ratio 13/13) is the same for either the smooth or real plane
case, Therefore RNij(dec) applies to the real plane case also. However, the
symbol RN; has been used in the past2 as the residual number equivalent to
the average effectiveness, or, ‘nore rorrectly, (RN;)j = f}. Thus we can

write expressions of residual number relative to the ‘extended real plane

exposure rate that parallel thLose represented in Equation (56) and (57) as

follows:
x
o
RN = R C. 88
( 3)3 ( N3)j E 3k (88)
k=1
or
X
(RN)), = F_A, = E:r c, (89)
33 J o Jjik ik
k=1
. . 2 *
where (RN.) is called the target reutilization residual number at location j.
X _
{pli £l tio C°_/C % ¢® /A, this residual number wiil
When multiplied by the ratio jk/ 3k or L jk/ 3 X

become equal to RN _ the residual number given for the smooth plane case in
i

Equations (56) and (57).

¥ The subscript 3 refers to the third exposure period, the first being the
shelter period and the second being the decontamination (or recovery) period.

25




e — o e . —

oo

The foregoing conversions have been presented so that the analysis of

residual numbers in the sections to follow may be made in terms of the

Pt s

extended rezl plane case. This is largely a matter of convenience, since

most of the work that will e referenced was developed in this same frame-

& v

work (rather than thet of the infinite smooih plane). In addition, the
corversion relations provide a means for making the trarsition from one

reference plane to another as the need arises.

An2lysis of Parameters Affecting (RN,).

Estimates of the target reutilization residual number are required in de-
termining the dose to mission personnel, especially facility éperators, since
most (if not all) of their exposure time will normally cccur in the period fol=
lowing decontamination when (RN )j iz in effect, In generai, the dose to a group

working at location j during this third period can be expressed as

t,

(ADs)j = (RNé)j I, dt {90)

y

B Yow tmind® Wketale 2o A

vbere the integral term is to be evaluated between appropriate time limits

v, 8

using any of the forms of solution given by Equations (10) through (13).

Equation (89) indicates that the value of (RNS)j is a function of all the “

ben 3 pirbe i A E L

individual decontamination effectivenesses (Fjﬁk) achieved on the various
contributing k surfaces. Because of the different method-surface combinations

involved and the varying amount of effort expended in each case, the resultant 3

~ntt Y s 2,

Fjﬂk values will all be different. Hence, the evaluation of (RNS)j requires

that an analysis be made of the factors affecting the decontamination

*
efficiency functions of Equations (74), (75), and (76). These factors

gy AR

The contribution factors which will also vary for each surface identified
with location i must be calculated separately, The methods for obtaining con-

tyibution factors for a variety of target components have been worked cut in
considerable detail in Reference 2 and theirefore need not be repeated here,

oty gctone

.
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;
are outlined as follows:

I. Target characteristics :
A. Structural shielding :
B. Deposition distyribution : §
C. Target surfaces v%
Y. Roofs é
2. Paved areas g
5 3. Planting areas ?
' 4, Bare ground E
z 5. Stabilized areas , E
% 6. Graveled areas é
7. Other surfaces g
II. Decontamination methods ﬂ
‘ A, Mechanized ?
1. Sweeping %
] 2, Flushing
% 3. Scraping %
E- 4. Bulldozing é
é‘ 6. Grading g
§ 6. Plowing é
] ‘ -
\ B. Manual i
3 1. Firehosing %
2. Sheveling §
: 3. Sweeping ?
i E 4, Garden hosing E
% | III. Decontamination personnel ?
: ; A, Trained :
] t B. Untrained
3 | 1. Blue-collar oriented ;
g ; 2. White-collar oriented ;
4 :
B 27 3

i
s
:
: !




sl ptes

9
&

3.. School oriented
4, Yomen
IV. Weatner conditions
A, Temperature
B. Wind
C. Precipitation
D. Humidity
¥, Fallout properties
A. Chemical compositicns
1. Solubility
2. Adsorptivity
B, Particle size
C. Deposition density
VI. Othexr Contingencies
A, Availability of water
B. Drainage conditions
C. Availability of fuel

D. Accessibility of surfaces to decontamination methods

It is evident from the length of the list of factors and the inferred
interrelationships that it would be very difficult to obtain estimates of
<RN3)j for all the combinations o: factors as a function of overall effort
and the correspoading RNz values, Also, lack of data makes it practically
impossible to obtain semi-accurate estimates except for the few combinations
that have been tested on a limited scale. Until extensive, repetitive, full-
scale urban~wide training exercises are conducted, accurate estimates of the

parameters needed for decontamination scheduling will not be available. Even

* RNO is the decontamination crew residual number required to estimate the

dose accrued during the recovery (or second) period.
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then,; it would be difficult to predict tke outcome for tuae conditicn where every-

one is uander exireme stress. Nevertheless, the scheduling of deccntamiration
requires the evaluaticn of the problem for the corditional Factors listed.

In oyder fo conveniently discuss the relationship ‘between these factors
and the equation parameters concerned, it is necessary to write a gereral
expressior. for the three decontamination efficiency functions in terms of the
physical properties involvazd. If at -any tiwme t, the mass of fallout material
(% f.k) per unit area is assuned to be proporticnal to the number of radicactive
atoms (njk) per unit area, then the fractisn of fallout remaining after decon-
tamination will be, according to Equation (49),

! H

n
ik Lk
F. = = —— (91)
Lk
3 njk (Mo)jk

*
where (ub)jk is the initial mass loading before decontamination. Letting

sz represent either decontamination efficiency coefficient sz or 3K§k and

*k
assuming that szk becomes zero for surface removal methods, the general

expression for the decontamination efficiency functions of Equations (74),

(75), and (76) is given by

M, <, P
jtk 0 * . ¥ Lk Tk
'—“—'—(MO)Jk = FJf:k + (.I.. Fj«ek) e (92)

or

(93)

* (My) 5 is the same as the Yk used in Equation (77) to represent fallout
surface density. The new notation is introduced Zor convenient comparison
with Mjﬁk'
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%’ is the xass loading

that would remain after a large decontamination effort requiring many passes.

% *
where ¥_, | which equals the zroduct of (4 ).  and F
Jix o jk ;

it is estimated Zrom the equation given in Reference 1 zs

-, (4)
* ¥ ik o ik}
¥ = (M - e
54k M |2~ d 0
* . . * . 3 .
where (Ho)jzk is the upper limit of hjﬁk’ a constant for a given method-

surface combination, and le is the spreading ccefficient dependent upon the
method-surface combination, particle size, and density of deposition. This
-expression given in terms of surface density of fallout parallels Equaticm

(77) written in terms of the fraction of fallout deposited.

Equation (94) could be substituted into Equation (92) and (93), which
in turn could be substituted into Equation (89) to obtain a detailed ex-
pression for (RN3)j' However, it is obvious that the subsequent solution to
Equation {89) depends upon the input furnished by the decontamination equations

and supporting relationships and parameters of the foregoing development.

Comparing the decontamination factors of the outline with- the parameters
of the above eguations, it can readily be seen that (Mo)jzk is asscciated with
the deposgition density, item V-C, and deposition distribution, itewm I-B, The
parameter M:ﬁk is associated with the following: the contaminated surface,
item I-C; the decontamination method, item II; weather conditions, item IV;
fallout solubility, item V-A, and particle size, item V-B. The parameter
(Mz)jzk is assocliated with the contaminated surface, item I-C, and the decon-
tamination method, item II, The parameter oy is associafed ‘with: the con-
taminated surface, item I-C; the decontamination method, item II; and the fallout
properties, item V., The quantity sz is associated with: the contaminated
surface, item I-C; the decontamination methpd, item II; the decontamination
personnel, item III; the weather conditions, item IV; the surface drainage
conditions, item VI-B; the accessibility of the contaminated surface to decon-
tamination methods, item VI-D; deposition distribution, item I-B; and fallout

characteristics, item V.

\
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It is obvious that if a different bﬂk were reguired for each set of
conditions, if would be necessary to list several values. Because of this, !
it is advantageous to express sz as a function of at least some of the con- ;
ditions associated with it. For the same reason, it is desirable to express
all the parameters of Equations {93) and (94) as functions of their variously
associated decontamination factors. It appears, however, that the i

parameters must at least be based upon distinct .surface-method

combinations.

o

; As an example, a tar-and-gravel roof may be firehosed, garden hosed, or

manually swept. If the decontamination method chasen is to be firehosing,

i the first requirement is an adequate water supply, VI~A. The application of
the method also requires an adeqitate hydrant pressure or a pump to provide :
the needed pressure. This in turn may require fuel for the p;rtable pumps, or

; fuel or electrical power at the main pumping stations, VI-C. If adequate |
water and pressure (and perhaps firehoses) were available at the roof or pear
the roof location rather than at a relatively remote street location, the
effort required for the same effectiveness would be less because of accessi-
| bility, VI-D. A slignhtly sloped roof will provide better drainage, VI-B,
than a flat roof, and consequently would require less decontamination effort.
For iallout deposition on a tar-and-gravel roof, the deposition density, V-C,
will have little bearing on the decontamination rate. Larger particles are

i more readily removed from sw faces by the firehose stream and consequently a
g greater decontamination effectiveness with increasing fallout particle size,

f V-B, is achieved with the same decontamination effort. Greater solubility )

along with surface adsorption, V-A, on the other hand, would cause a decrease i

] in decontamination effectiveness. !

Weather conditions, IV, could affect the decontamination process in

many ways. A blanket of snow would require an increase in effort, but on
the other hand the cold temperature, IV-A, may reduce leaching. In

extrenely cold weather, not only is human efficiency reduced but partial
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ireezing of the run-ofif water would cause additionsl problems. High
temperatures, IV-A, on the other hand may soften the tar on the tar-and-gravel
roof and cause an increase in the non-removable mass. The effect of wind, IV-B
_during firehosing is negligible, but its effects prier to decontamination

S could be considerable. It could ever negate the necessity for roof decontam-

‘ ination. The same could be said for a heavy rain, 1V-C.

; The effectiveness of any organization is vested in the quality of its
personnel and the amount of training undertaken by the organization. For
these reasons, the trained individual, III-A, is more effective than the

4 untrained individual, IXI-B. Also, because decontsmination by firehosing

is physically vigorous, the physically stroung are more adaptable to the task
than the physically weak, IIX-B(1,2,3,4). It may be expected that a well-
trained organization of selected individuals will be vastly superior to an

‘untrained group.

e et v e

Equation (93) .gives the residual mass, M, for a given amount of effort.

jlx’
: However, the residual mass is proportional to the residual activity only if
)
? the radionuclides are homogeneously distributed throughout each particle vol-

‘ ume,and if the radionuclides are insoluble. Since decontamination processes
; are more effective in removing larger particles, the residual activity for

a mixture of fallout particles, some with radionuclides fused within its volume

and some with radionuclides fused to its surface only, depends upon the relative

sizes of the two types of particles and the relative amount of each type.

The radionuclides condensed on or fused into fallout particles from

-

: i .
detonations over land surfaces are relatively insoluble. However, since

-
WA g, SNe e e Ve e g g

virtually all large cities are adjacent to large bodies of water, the fallout
from weapons detonated in the vicinity of these targets could very well be of
a more soluble nature., With respect to soluble fallout, two general types of
target surfaces are considered: 1) impervious surfaces such as melallic roofs,

where the transfer of ionic radionuclides is by chemisorption, and 2) pervious

32 )




surfaces such as concrete, where ionic solutions physically penetrate and are
drawn into the concrete mass by surface tension. Although it is obvious that
the pervious surface types will be more difficult to decontaminate, data of

this type are incomplete. Chapter 8 of Reference 1 gives a detailed discus-

sion on fallout chemisiry and fallout chemical behavier with decontamination.

The effects of particle size and deposition density with respect to

effectiveness in Equations (92) and {93) are vested in qzk of Equation (94).

The efficiency of decontamination, on the other hand, is zffected by

personnel quality, temperature, thickness of snow (if any), drainage (e.g.,
slope of roof, number and capacity of drains), and accessibility. These
efficiency factors are included ixxgzk which, because of its dependency on

these factors, must be treated as a variable rather than a constant, and takes

the form E
.:_)
sz =f (Fay T: P) Tl) G) (95) 3
' where
Fa is the accessibility
T is the temperature
P is the percentage of trained personnel
N is the snow thickness, and
® is the roof angle. - .

The currently available data on tar-and-gravel roof decontamination, L3
with few exceptions, were obtained in temperate climatic conditions, with .
semi-trained personnel, for near horizontal surfaces (or at least the effects
of slope were not reported) and for very favorable accessibility. The sz
value of 2,48 given in Table A.6 of Appendix A for firehosing tar-and-gravel roofing
is for the conditions cited. Since most tar-and-gravel roofs fit the "flat"

designation, and if climatic conditions are "mild,"

the temperature, slope, : 3
and snow thickness functions may be removed from Equation (95), The remaining i

Yactors affectingt&zkare personnel quality and accessibility. These two

o~
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factors either singly or in combination cculd reduce the value of!;z‘
considerably. Yet they, unlike factors such as temperature, fallout
solubility, depos.tion dsrsity, etc. are in the hands of the populace of each
urbar: entity, and consequently tane value of Q & need not be reduced because
people can be trained and the target complex can e made readily accessible
to various decontamination mettods by targetf modification and by refurbishing
it or the decontamination organization with the necessary equipment and

supplies.

Factors, such as fallout solubility, that affect decontamipation
effectiveness are weapon detonation consequences which countermeasures
cannot control. In some situations, a change in decontamination methods
could negate the effects of fallout solupility, but there is no counter-
mezsure to stop rain or any other moisture-producing weather condit ion.
However, the effects of fallout solubility couid be éountered to some extent
by surface adsorptivity. Whether or not such countermeasures should be
undertaken depends upon the significance of the solubility-adsorptivitly
effects on the residual surface activity, the resultant residual number,

and the total exposure dose.

A final consideration in the evaluation of (RNa)j is the radionuclide
composition associated with the various fallout particles. As previously
stated, one of the factors affecting the effectiveness of decontamination
is the particle size. If radionuclide composition and solubility are also
associated with particle size, and since particle size selectivity is an
inherent characteristic of decontamination processes, the radionuclide com-
position of the residual activity will be different from the radionuclide
composition of the original fallout deposit, The effects of an altered
radionuclide composition are: (1) a change in the effective gamma energy,
and (2) a change in the rate of decay, The first effect is manifested by
a change in the shielding penetration characteristics, and the second effect

causes a change in dose accumulation over various periods of time,
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IIT RESIDUAL KUMBERS FOR FACILITY OPERATORS

The importance of the target reutilization residual number, RNé, in
the estimation of dose to facility operatortc was mentioned earlier in
Chapter 1I. This and the general expression for dose given by Equaticn (90)
were concerned only with the special (but very likely) case where facility
operations were delayed until completion of decontamination. There is
always the possibility that operators and other mission personrnel might be
required to perform important tasks before the initiation of the
decontamination effort. 1t is the intent of this chapier to investigate

the implications of such an eventuallity with respect to the operator dose

and the residual number required in the dose estimation.

An Equation for Residual Number

Cousider the situation depicted by the two dose rate histories shown in
Figure 2 . ‘'The solid line is the history for a team of facility operators

that have left shelter at time tl, arrived at the facility and started work

at time top’ and are staying on duty until time t The dotted line repre-

3°
sents the composite dcse rate history for a continuous recovery operation

initiated at time td and terminated at time t_. The conventional exposure

2
neriod designations have been reserved in Figure 2 for the recowvery crews.
Thus, Al’ Az, and AS renresent the shelter period, the recovery period, and
the target utilization period, respectively. Symbols with Roman numeral

subscripts indicate the facility-operator exposure periods.

Using the form given by Equation (14), the operator dose for the
transition period, AII b’ between shelter -exit tl and arrival at the

?
facility t is
op
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Figure 2

EXPOSURE DOSE RATE HISTORIES FOR FACILITY
OPERATION AND RECOVERY EFFORT

——— FACILITY OPERATORS
N eeeeenes RECOVERY CREWS (composite)

EXPOSURE DOSE RATE = r/hr
A

.o [ *-——)l |[
L | L] t'

TIME AFTER ATTACK
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AD = Aj I? it} {96)

where 35 is the net attenuation factor for an outside location j in the
vicinity of a facility within a target complex. The operator dose inside

the facility for the period AII before recovery may be wriften as

7 - (o}
AD = A A I 97
I ¢ &5 1550 S

where Af is the facility attenuation factor indoors with respect to the

exterior radiation sources. From the equations given in Reference 2 tc
£
derive RNé factors,r an expression for the operator dose during the recovery

period A2 becomes

x _ s
’ 1-~-F
= - - c A
AD, = Ap L.(ty) Z Cix 2 Z gk | "2 (98
k=1 k=1

where Ij(td) is the exposure rate outdoors at time td = tjs (dec),

X
Cjk is the sum of the contribution factors for target surfaces

=1 1 to x identified with location j,

s
:E:Cjk is the sum of the contribution factors from decontaminated
k=1

surfaces 1 to s, where s < x, and

F is the composite recovery effectiveness obtained on surfaces

1 to s for the various methods employed.

* The prime mark appearing over the dose symbol D denotes the value is

less than the potential dose represented by the product Ig Ao

# The derivation is reviewed in Section IV of this report; see Equations
(119) through (124)
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The product Ij(t d)bz is an approximation of the potential dose outside the

faciiity, which is more precisely determined by I; éc,pz. From Eguation (85),
x
z CJ_kequzls tke target attenuaticn factoer, Kj. If the uncleaned surfaces

x=1
s+l to x are assigned decontamination effectiveness values of ij equal to

1.0, tken F will represent the average recovery effectiveness, ¥ , for all

3

cortributizng surfaces 1 to x. This, in effect, alloss s to egual x and
s X

Ecjk o equal E cjk' Applying these changes, Eguatioa (98) takes the
k=1 k=1
sizplified form

r

. 14+ i"j‘
= A_! it - 99
ADZ - 45 Ij‘ P, ——2——-) (99)
The cperator dose for the period A3 following recovery is given as

8p° = A R F I0A 00
o, Ay Aj ?j Ij o, (100)

where the product Ej F. is the target reutilization residual number (RNs)j.
The summation of Equations {96}, (97), (92), and {100) equals the oper-

3
val, the potemfial exposure dose for a reference ocation 3 feet ahove an

ator dose D‘; for the exposure period from t 1 to t_ . Over this same inter-
p

extended (and uniformly concentrated) real plane source of radioactivity is

D =

o
op Ij A"?1 to 3 (101

according to the forxm given by Equation (10).

By definition, the ratic of D:)p/Dop is the reszidual number for facility

operator from waich

A
B - Pry
RNO = A -——_A" + A.; A —-—-——A +
P 35 to 3 =389 03

(102)

-~ 2 J - 3 -
A_A, _ + A A, — F.
f:‘Aq’lto3 2 £3589 153 J
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Equation (102) is the general expression for RHop and, in conjunction
with Equation (101), will provide a means for estimating operator dose.
The attenuation factors can be calculated from target analysis procedures,2
aend the dose rate multipliers are obtained from Figure 3 for the times
dictated by the RADEF operational routine and recovery schedule. ?j will

depend upon the cumulative effect of all the individual decontamination

effectiveness, ij,

upon the decontamination method and the effort expended. Thus i} must be

realized on each surface. Each ij, in turn, will depend

obtained from Equation {89), which can be rewritten

X X
- Wk}
F = F ¢ C. (103)
57 20 o S/ D O

k=1 k=1

where ij and EjZk are taken to be the same since not more than one method

is usually used on any given surface.

1f, for a particular radiological situation, the expected average
recovery effectiveness is likely to be 0.1 or less, Fj may not exert a
significant influence upon the facility operator residual number.
For Fj £ 0.1, the value of the third term of Equation (102) will be
relatively unaffected. Also, the contribution of the fourth term to RNO
could become extremely small, especially when the exposure period A3
becomes short compared with AII and Az. Under these conditions, evaluation
of Equation (103) and the decontamination efficiency functions [Equations
(74), (75), and (76)] may not be required. On the other hand, if expected
recovery effectivene;s is pcor (F >> 0.1) and/or AS is comparatively long,
the use of these equations may very well be justified. 'Each situation will
have to be judged on its own merits, taking into account the exposure
periods, the decontamination method capabilities, and the significant surface

source contributions.

For a number of decontamination situations, the method effectiveness

ij for a given surface is relatively constant. This is due tc either
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(1) the lack of sufficient test data to determine the coefficients to the
decontamination efficiency functions, or (2) the inability to demonstrate
any improvement in effectivenegs with the increased investment of effort.
For these instances, ij values may be taken directly from appropriate

decontamination test results (see Tables 4.8, A.9 and A.1i0 of Appendix A).

Interpretation and Use of RNOp

Table 2 contains & solution of Equation (102) for the operator dose
rate history given in Figure 2 . It is assumed that the operator team starts
for the facility on foot after spending six days in shelter. The transition
from shelter to facility takes one hour, which is probably 3 to 4 times
longer than it would actually take in a realistic situation. Decontamination
operations start after 11 days and last 12 hours. The operators stay in the
facility until the end of the 20th day following attack, Arbitrary (but
reasonable) values for attenuation factors and composite recovery effective-
ness are shown at the foot of Table 2. The dose rate multipliers were read

from Figure 3 for the times and periods shown in the left hand columns of

Table 2.

Table 2 presents the solution for RNop in parts showing the contribution
of each term of Equation (102) and the cumulative effects. The last two
columns in the table compare the accumulating operator dose, D;p, with the
exposure-dose limits, D*. The latter wers based on the 200 r ERD dose

concept (see Reference 3), from which the approximate dose limits are:

190 r in one week
220 r in two weeks

240 r in three weeks

Since t3 is almost three weeks, the total dose to the operators after leaving

the shelter cannot exceed 240 r. From Equation (101) and (102)

(o]
D = < R = D = 240 r
Lo 89 46 3

N
op op
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Substituting 0.356 for Awl o 3

Table 2), an upper limit was obtained for Ig = 3500 r/hr. Using this value

and 0.1926 for RNﬁp (from the solution in

of standard intensity in Equation (102), the operator dose was computed for

each exposure period, and the cumulative totals were taken.

From the entries in Table 2 for this particular example it is apparent
that D;p never exceeded 'its limiting value D*. If, during any exposure period,
D;p > D*, the system fails. Either the RADEF routine and recovery schedule
must be improved or the routine must be limited to some lower and
more acceptable standard intensity. No generalizations can be drawn from
the results in Table 2. Each radiological problem has to be examined and
solved on an individual basis. The example simply demonstrates the method

for using Equations (101) and (102) to detect the occurrence cf
excessive operator dose estimates for any given exposure period and the

necessity of adjusting routines and scihedules accordingly.

No allowance was made in the foregoing treatment for shelter dose.
Where the latter is significant, it must be added to the operator dose before

comparing dose accumulations with the exposure limits.

Because Equation (102) used in constructing Table 2 covers the general
case, it can be applied by parts to redefine new RNop's for special cases.
That is, the equations used to formulate Equation (102) can be taken separately
or ir combination to obtain operator dose for other entry and work schemes.
Consider the simplest case where facility operators do not enter until after
completion of the decontamination task. Their dose would be given by
Equation (100) plus a relatively small increment during the time it took to

leave shelter and reach the facility.

Using the example of Table 2, the dose would be about 57 r for the

given A3 of 8-1/2 days. And the residual number would become

AD/ Eq. (100)
. 3 _ Eq (
Rl\op (A3) D m—— (104)
3 j '3
or
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Rﬂgp(A3) = Af Aj F& = Af(RNé)j (105)

For an emergency task prior to decontamination, say for periods AII,b
and AII’ Equations (96) and (97) would be combined to obtain the operator
dosa. Table 2 shows that the dose in this case would be 186 r. The ex-
preséipn for the residual number is obtained in the ssme way as Equation

(105).
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IV THE DECONTAMINATION CREW RESIDUAL NbMBER, RNZ,

FOR SERJALLY AND SIMULTANEOUSLY SCHEDULED OPERATIONS

Reference 2, "Radiological Target Analysis Procedures," describes a
systematic technique for estimating decontamination crew residual numbers
(RNZ). This estimating technique is applicable to all the decontaminaticu
method and target surface combinations currently considered feasible for
the radiological postattack recovery period. The resulting set of egua-
tions used to calculate a desired RN2 are capable of taking into account
the effects of multiple pass procedures (for a given decontamination
method) and the contributions of new source intensities emanating from
fallout material redeposited by the decontamimation process. Special
expressions were derived to distinguish between thin new sources (no seif
shielding) and thick new sources (self shielding significant). However,
all the equations are limited to the consideration of just those changes
ir crew dose brought about by the decontamination efforts for the method
and surface in questioun. The effects of any prior or simultaneous decontam-
ination of adjacent surfaces on crew dose and hence on RN2 estimates must be
provided for in some other way, i.e,, outside of the equations themselves.
It is the purpose of this section to derive expressions that will give RN2 values
for realistic recovery operations involving either serial or simultaneous

application of decontamination methods to a target complex.

Verification of the Analytical Approach to Estimating RN, values

Because any new development must necessarily be based upon the earlier
technique and equations, it is worth examining the vzlidity of one very

important assumption that made the derivation of relatively uncomplicated
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expressions feasible, It was assumed in Reference 2 that because the faliout
would be removed (ideally) at a constant rate during a given decontamination

pass, the exposure rate I existing in the area would decrease linearly from

I
b

contributions which had to be treated separately and then added in later,

*
to Ia {before and after decontamimation), This exciuded new source

iy s T APt W N vy e esin s
PR

This assumption permitted a straightforward development of the equation

g s A e

for the decontamination crew dose, D;. Taking this dose to be ejual to the

it e a5

area under the exposure dose rate curve shown in Figure 4,

I I )

d ra b+ "a (
D! = T df = —20 3 - (106) \
| s Jb dt 5 ¢ - t) ,

t :
The problem of estimating RN2 (the- ratio of Dé/Dz) was essentially ;

reduced to finding the appropriate expressions for Ib and Ia'

EXposure dose rate histories of actual decontamination experiments do not reflect
the assumed smooth linear transition shown in Figure 4. It would be strange
if they did, since new source effects are contained in these histories but not
; in Figure 4. Nevertheless, the question remains as to whether the technigue
ané equations developed thus far Zor estimating RN2 are capable of
b céompensating for the prominent and random deviations observed in experimentally

. : 5)6
' nbtaiued crew exposure-dose-rate histories.

The Experimental Case

Table 3 contains the crew dose ratios from the latest tests of a full

scale ‘firehosing operation at Camp Parks.7 The actual exposure dose, d!, to

T b L g ) A e I iy o

the firehosing crews was determine.' from the area under the dose rate history

AT S

* A similar assumption was used in Refereunce 3, "Introduction to Radiological
Defense Planning," in order to writ~ an equation for the limiting exposure
dose to evacuees or decontamination crews of operational routine 2,

3
f
E.
\

1 D2 is the potential exposure dose of an individual standing upon an
extensive open area uniformly contaminated by radioactive fallout,
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curves of each test run, The potential dose, dz, was computed Irom the
product of the decontamination interval, At (for one complete coverage of
the test street), and the initial exposure rate Ip was measured in the center
of the contaminated street, Because there was no contamination on the area
surrounding the test street, the ratio of dé/d2 does not equal RNz. By
definition, RN2 equals the ratio of Dé/D2 where both numerator and denominztor
inclucde the .dose rate contribution frém cutside the immediate surface being
cleaned. However, these aspects can all be taken iafto account in finding

the relationship between RNZ and the ratio dé/dz'

The Hypothetical Example

The special test situation considered here, that of a contaminated
street isolated by clean surroundings, can be treated in two parts, As
indicated in Table 3, let the exposure rate contributed by the
contaminated street to a reference point located three feet above the
center of the street be represented by Ip. Now, assume that the surroundings
are uniformly contaminated at the same mass loadings shown in Table 3 to a
radius of several hundred feet, and let the resultant exposure rate contributed
to the same reference point equal Iq. The sum of these two quantities
when multiplied by the decontamination interval, At, equals the potential

dose Dz. That is, for no decontamination
b, = (I +1 t = I At 107
2 @+ 1) 8 b% (107)

where it is assumed that, since At is relatively short and entry times seldom

start earlier than two days, corrections for radiocactive decay may be neglected.

Because the above conditions correspond to those defining a real extended
plane exposure rate, and because Reference 2 approximates this by the

quantity 29 IO, I. may also be sct equal to 29 Io' Therefore,

b
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D, = 29I At
(o]

2 (108)

where Io is the unit source strength defined. in Section II for a uniiformly
contaminated surface. From Equation (106)3 the crew dose during decon-
tamination is

:Dé B At (109)
: 2

If Ib(before decontamination)equals Ip + ;q; caen I (after decontamination)
equals I; + Iq’ where I; is the reduced radiation contribution from the

decontaminated street, Substituting into Equation (109)

1
Dé = Ith + Ip‘_+ Ip At (110)
2

The second term to the right of the equal sign is the linear estimate of d!,
&

using the same assumption required in writing Equation (106). Forming a ratio of

Equation (110) to Equation (108),
Ith +d,
RNy = 2% T4t (111)

Returning to Reference 2, the ratio of Iq/28.9 Io is defined as the
contribution factor C for the area surrounding the street. Similarly, the
q
ratio of I /29 I equals the contribution factor Cp for the street.
p o

Inserting these equalities into Equation (111)

d'
RN = C +C 2 (112)

2 q p 1 At
p

But, as noted earlier, the product of IpAt is merely the potential dose dz,
and Equation (112) beccomes

RN, = C +c¢c [ 2 (113)
a 7

Thus, after the contribution factors Cp and Cq are obtained, the ratio of

dé/d from an isolated test case can be used to estimate RN2 for the case of

2
extensive contamination.
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} The Analytical Case

Equation {112) will be used together with the results of Table 3 to demonstrate

the validity of the technique and assumptions used to calculate values for

RNZ, Continuing with the target analysis consideiation; of Reference 2, the

dose ratio may be expressed as follows

Ve g S M s Mgt &

created by deposits of fallout material collected during

qa' d’

dé/d2 = lin., + new (114)
s d, |
' ¢
! d'lin is the portion of crew dose due to an assumed linear decrease ;
in the ‘exposure rate Ip, and §
d'new is the portion of crew dose due to the new source intensity l
i - § -
¥
i
t

decontamination operations.

The primé mark is retained to indicateée that an action has been performed to

: cause a change in the unaltered (potential) dose d2. From the same reasoning :
used to formulate Equations (106) and (109)

| a' =%+ %4 (115)
: lin, -—?;——— At

where Id* is the contribution from the contaminated street to the firehosing
crew standing approximately 25 feet from the end of the street prior to
decontamination. Ié is the reduced intensity after decontamination .and is
equal to the product of Id and the firehosing effzctiveness, F, expressed

as the residual fraction of contamination originally present. As in the

development of Equaticn (113), the ratio of Id/29 Io equals the contribution

* Note that Id # Ip since the latter is referred to the center of the street,

not near its end,

: 51
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factor Qd, Substituting this information into- Equatien (i115)

h : 4
lin.

R O SO S

. st
= ‘cd(zg 10) > (1 + F) (115)

where F dis the fraction of Io remaining after decontamination,

SN I

That portion of the crew dose atiributed to a newly created thin source

is given by Reference 2 as

- et a Ve e i

d’ = (A-F)WL I At (113)
new. ——;gz—- o

.
e Y i o vy~ e W= A PR s

where W and L represent the width and length of the contaminated surface

(street), and § 'is the average distance. between the ¢rew and the new source

deposit.

‘Remembering that d2 = IbAt and that Ip = 29’10 cﬁ, Equations (116) and (117)

i may be combined to form a new expression for Equation (114) which. becomes

7

cd(l + F)
d,/d, =

(1 - F)wL
2 z2¢c_ T

> (118)
p 2 05(29 87)

The solution to this equation depends largely upon the geometry of the

contaminated street and its surroundings. Using the test surface, environmental

SR PIPPOUR P

conditions (physical and radiological), and firehosing performance characicr-
istics used previously in organizing Table 3, the following inputs to Equat:ion 3

B {118) were derived: K

i o e o~ a

1, Street surface area, WL: 8960 ft2 (32 X 280 ft) 4
2, Street contribution factors as referenced to-- ;
the center of the street, C = 0.482 i
% . 25 ft from end of street, Cd= 0.039
1 ' 3. Distance between crew and new source, §= 40 ft, . é
The values for Cp and Cd were calculated from the appropriate methnds and : ?
equations described"in Reference 2, The average magnitude of § was determined :
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from photogfaphs of actual firehesing tests showing the spacing between the

v v A o
. ' i 1 " '
PR PO Sy P RO~ ) 3

nozzleman's position and the point where the spent runoff water redeposited

*
the fallout simulant. Removal effectivemness , F, varied for .each test run

[ECUPR

according to changes in surface condition (as well as in decontamination
rate and effort)., This variation is shown in column (1) of Table 4 which

gives the solution to the short form for Eguation (118). Tiis is

Cea S Dieasenls wr VRC

d;/d , = A(1+F)+B(1-7¥) (119)
Co
cC — T ! N
d 0.039 Dy
= = = 0.0406 .
where A 2C 2(0.482) - P
p
and B = L 2. = . 8950 3 = 0.201
2cn(296 ) 58{0.482)40 .

Table 4 presents the results in column (4), while the experimentally derived
dose ratios from Table 3 are repeated in column (5) for ready comparison,
These entries were then used to solve Equatior (113) for the analytically and
experimentally derived RN2 values shown in columns {6) and (7), respectively.
Because this hypothetical situation assumes uniform contamination beyond

the test street over an extensive plane area, and because no target shielding
by structures is involved, the value of Cq in Equation (113) will be equal to y
1- Cp. This is due to the fact that, by definition, the sum of the
contribution factors referenced to a common location (in this case, the
center of the street) must equal the target attenuation faztor at that same

location, That is, Cp + Cq = A = 1, and, since Cp = 0,48%, Cq = 0,518,

* The vesidual fraction, F, is measured experimentally from the ratio of
i 1;/1 . This will equal Ié/Id for the isolated case only,
p
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Analytical versus Experiniental

Comparison 6f the entries in columns (4) and (5) of Table 4 indicates
that the agreement between analytically calculated and experimentally derived
dose ratios is excellent, Ca the average the calciulated values are within
2.5% of the experimental values. For all practical purposes, the calculated
and experimental values of RN2 are, on the average, essentially the same

see columns (6) and (7) ., From this agreement it can be concluded that,
for firehosing at least, the analytical approach to estimating RNé\values is

quite reliable., Furthermorz, it is valid to assume a linear decrease in the

radiation contribution from the surface being decontaminated,

The importance of the new source effects should be emphasized here.
Had this contribution been ignored in the foregoing example, the estimate
of dosé ratios would have been a factor of 5 too small, and the resultant
RN2 vdlues would have been 15% oo small.. This error is a direct function
of tul size (and shape) of the area being decontaminated. It should also
be pointed out that the influence of the removal effectiveness, F, upon
tlie dose ratio, and hence upon RN2, is not significant in the example for

values of F < 0.1.

A Further Refinement

Both Tables 3 and 4 indicate that each of the four tests reported was
performed with two cre.s, one on the south aml one on the north side of the
street, Because they progressed along a common front with a distarce of 15
to 20 £t separating them, it would be expecied that the doses, dose ratios and_RN2
values for each team would be essentially the same for a given test run,

The calculated dose ratios from column (4) of Table 4 support this reasoning,
but the experimental dose ratios from column (5) do so in only two out of

the four tests, One of these nonconforming tests, the cne with the heaviest

2
mass loading (92,4 g/ft ), can be readily explained, However, the disparity
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between experimental dose ratios of tke last test (24.2 g/ft2 mass loading) E‘

in Table 4 cannot be resolved, There is no apparent reason why the dose

e ———

ratios in this test should have varied any more than did the dose ratios

B T NN A Y S

shown for the first test in Table 4, a test conducted at the same nominal

2 .
mass loading (25 .g/ft ), The difference i particle size range for these

Y
Can A e b

two tests is certainly not a factor. For want of any concrete evidence, and
i in view of the especially close agreement between the calculated dose ratios
for the two crews, oné is forced to suspect the reliability of the larger

experimental dose ratio (0.29) for the north crew in the nonconforming test

run,

!
|
% The difference between the south and north experimental dose ratios for the 92.4
; g/ftz test (Table 4) was probably due to a change in the decontamination procedure.

: Because of the heavy mass loading and the accelerated buildup of material

! in front of the fire stream, it was not possible to push all the fallout

3 simulant from one end of the test strect to the other--a total distance of

280 ft, Therefore, the crews were instructed to form a windrow of fallout
material midway through the test, skip over it, and start anew on the

remaining half of the street. 1In so doing, it was necessary to leave

the north. As a result, the south crew (which spent more time in the proximity

N e e v e e —e K

{
i
t
|
§ this deposit along the south curb to avoid a driveway directly opposite to
i
i
z of the deposit) received more dose than the north team,

! A detailed calculation was made using further refinements tc the fore-

sl S atiimins

going equations to account for the effects of this secondary new source

deposit. The results of this investigation showed that the larger . ,

experimental dose ratio shown for the south crew could be duplicated

e

analytically to within 2-1/2% (see footnote to Table4), The improvement

© e e e e
it

L f in the dose ratio for the north team was not great (4%), but it was in the
S

E right direction, Also, in the latter case, the error was not as great prior

; ' to application of the more i phisticated technique,
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If the anomaly mentioned earlier (for the 24.2 g/ft2 test)' can be
largely- discounted, the above results demonstratz the additional ~apability of
the analytical methods for obtaining.HNz values, Not only are these target
analysis techniques reliable, but they appear highly sensitive to

complex variations and cun be used to evaluate the wvariations.

RN, Values For Serially Scheduied Decontamination Operations

The foregoing treatment established the validity of the methods and
equations developed to date for estimating RN2 wvalues., It is the purpose of this
saction (and the one that follows) to formuldte expressions that will
account for the side effects of prior or simultaneous recovery operations
occurring in areas alongside the one to which a -desired RN2 is referred,

Consider the case of a serially scheduled recd@ery operation, where each
component of a built-up complex is decontaminated in turn according to some
predetermined priority listing, Assume that one or more components have
been decontaminated. What, then, is the effect of this prior action upon

the RN2 for crews engaged in the current decontamination of a givea surface?

Basic Expressions for Initial Decontamination

Before this question can be answered, it is necessary to review some
of the previous target analysis work2 and list the equations that are basic
to the problem. For the case when recovery operations have not yet been
initiated, the intensity to the crews just before the initial decontamination

of a given surface k is given as

q
S
29 A C 120
b IO}E; i ¢ )
1=

q
s Ns
: A, C, (121)
» = P I°[A‘< Ck?:{l ]

4
Il

and

~
i
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where Io is the unit source 'strength in rv/hr

[~]

A is the equipment attenuation factor with respect to radiation

sources on any contributing surface

; ‘th *
Ci is the contribution factor for the i  surface
s . ,
K is the equipment attepuation’ factor with respect to radiation

contributions from the cleaned Surface k

\Ck is the contribution factor for k

q equals the total number of contributing surfaces

After surface k has been decontaminated (by a single pass--operation),

the exposure rate to the crews is

-1
S S
I = 291 FA 29 1 Ac. + 1 122
To BG * 012 i1 TN (122)

where Fk is the decontamination effectiveness expressed as frhe fraction of
IO remaining after the first pass and IN is the intensity attributed to any
newly created source. Because the new source effects are best handled
separately, the IN term is temporarily dropped from Equation {122). Re-
arranging Equation (121) and substituting into Equation (122) without IN,

the exposure rate after decontamination becomes

S
= - 29 - c 123
I I, - 20 I (1-F)AC (123)

where the collection of terms in the right hand member following the minus
sign represents that fraction of the original radiation contribution from

surface k removed by decontamination.

For the assumed linear decrease from Ib to Ia’ the dose to the decon-

tamination crew is given by Equation (109)., Substituting Equation (120} for Ib

According to Equation (85), Ci = Ii/29 Io where the i subscript refers to
any surface.
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and Equation (123) for Ia’ Equation (102) may be rewritten

ot

(124)

q - S 3
D = 29 I [Zf’ c - GFY ‘AkaJ, A
o i : —
i=1 2
Dividing through by 29 Io At--which, from Equatiom (108), equals potential
dose D2—~an expression for the decontamination crew residual number is. obtained:
s (1 F')As
RN_ = ﬁ;A. ¢ - UM (125)
2 i i 5
i= '

This equation is identical to that given in Reference 2 and is applicable to
the operational situation where there are no effects due to any prior decun-

tamination effort.

Effect of Prior Decontamination

Now, suppose that one of the contributing surfaces g had been previously
decontaminated to an effectiveness F . Then the exposure rate to the crew
g
at the start of the current decontamination of surface k will be equal to
the sum of three separate contributions as follows:
q-2
1 =291AC+291FAC+2912A?C_ (126)
b o k k o g g g (o} i i
i=1
where the 1st term represents th. surface to be currently decontaminated, the
2nd term represents the surface previously decontaminated, and the 3rd term

represents the sum of the surfaces remaining to be decontaminated.

The exposure rate after decontamination may still be given by Equation
(123), if Ib is understood to be as given by Equation (126). Before making
the necessary substitution for Ib and Ia into the dose equation, it is ad-
visable to rewrite Equation (126) as the difference between the total con-~

tribution and that removed by prior decontamination. Thus
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q

S s
I = 291 - (-F) A C - 127
b o [Z Ay ¢ - ¢ g ¢ g] (129 [

i=1

. }
‘Substituting Equations (123) and (127) into Equetion (109) results in 1

q
few S S ’
D! = 9 1 . A, C - -3 t ;
5 2 o LZ i G et rg) Ag Cg] A

1=1 é
S i

1-F ) t t128)
A-F2 A C & %
=29 I :
o 2 ;

Again dividing through by 29 1 At, the residual number becomes
o
(1-F ) a°
K % O

q
. s s
= A C -~ -F 5 - (129)
BNZ .El i G a Fg/ Ag Cg I
i=

2

By repeating the above procedure, equations can be derived for both dose
and residual number that include the effects of prior decontamination on

several surfaces, These more general expressions are:

q £-1
S S
D' = 29 2‘ 2: - -
2 Io [. 1Ai Ci ~ a Fi) Ai bi] at
1= 1=

S
1-7 ) a5 ¢ at 130
991 ( k) 1 Ck A (130)
o 2
and -

n q . £-1 . (LoF ) AS c

_ } iy _Q-F) A C 131
R, ZAi c, Z a-E) A7 €, k¥ A S (131) .
i1 i1 2

where g equals the number of surfaces cleaned by all decontamination efforts
(prior plus current). The g-1 term refers to the total number of surfaces
cleaned by prior decontamination. As the recovery operation progresses, £
approaches ¢, and when all surfaces but one have been decontaminated, 4

equals q.

Comparing Equations (125) and (131) reveals that the general expression for RN2
differs only in the addaition of a term (the second cne to the right of the .

equal sign) whic h corresponds to the radiation contribution removed by all
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prior decontamination. Obviously, prior decontamination tends to reduce the

7
N,

3 RN2 factor identified with a given suriace and decontamination method. As

more and more cf the contributing surfaces in a target complex become:

decontaminated, RN2 will continue to grow smaller, The rate of decline will

depend upon t’.e scheduling sequence, the decontamination effectiveness, the

relative size and orientation of surfaces, the structural and equipment

ESavan S re

et e e tme e e

shielding factors, and the new source contributions. By careful planning

and scheduling, the decrease in er can be controlled so that minimum values

will be in effect at the cpportune time, This would be desirable when the

A recovery operation is confronted by stubborn surfaces requiring more than
the normal share of the decontamination effort and available dose. Equation (131)
may be further generalized to take invo acccunt two additional factors

; affecting RN_, namely, the effect of multiple decontamination passes and the
effect of the new source contribution IN. Appropriate equations have

5 ‘ already been worked out in Reference 2, Incorporation of these expressions

with Equation (131) provides RNo factors for three situations defined by the

magnitude of the new source intensity (as created by the decontamination

sy

process),

Case 1, No significant new source

‘ a 4-1

! S S

| RN, (R) -;E; A ¢ - :Z; a-F) & ¢,
=—1 "=

T MSEC Ayl g dire

L= ¢ 4

, s 4
2-F__ - F c
: CFor e A % (132) .
2

where p refers to the pass number on surface K, and a subscript p-1l equal

to zero (p=1) makes the particular effectiveness value become unity (F0=1.0),

T

Case 2, A thin new source (no self-shielding)

(F . -F)

BT Sl e rE g

RN, (p) = Eq.(132) + " p-1  'P° (wp) A; (133)
— AWL)
i 206° 2

TERALY
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where AN is the equipment attenuation factor with respect to the new source

contritation, The remaining symbols are as indicated for Equations (126) and (121).

Case 3, A thick new source (significant self-shielding)

f s

; RN, (p) = Eq.(132) + Up-1 o) "y

’i 29 §° x=

H .

; 3 —px “ux 2, 3x (134)
) . —;‘-2 (1 -e Yy -e {x +—l1)

2
4

where x is the source thickness in em, 2nd p is the linear adsorption

coefficient normally given in the univs of cm-l. The thickness x can be

q
. x 1
j estimated from the following formula G
. WL M -acy¥ ;
x = 30,8 (F . -F) o (135) 1
p-l Y E |

wep

where wc is the area dimension of the new source in ft

2
Mo is the original mass conceutration of fallout in g/ft

' 3
i p 1is the bulk demnsity of the fallout particles in g/ft

TR TN

! 30.5 is the conversion factor from ft to cm

Corresponding estimates of Dé(p) may be obtained by multiplying Equations (132)

(133) and (134) through by 28.9 I0 At, ~

Lr

It will be noted that the bracketed temm in Equation (134) is somewhat

different from the one given in Reference 2 for Case 3, Since the publication

o

of that report, an improved method for deriving mathematical expressions
of the crew dose and RN2 resulting from a thick new-source contribution has
been developed, This derivation is given in Appendix C, Comparisons

between methods show that the former one overestinmated the new-source dose

Z Dk

* If x < 1,0 cm, use Equation (133). See Appendix B for explanation.
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contribution at a constant value of 20% for a source deposit thickness of
1 < x <20 cm, The later method also demonstiates that, when x reaches a
depth of 100 cm, the mew-source contribution becomes constant. For instance,

-1
using au adsorption coefficient of yg = 0,10 cm , the bracketed term attains

a maximum value of 300 for x > 100 cm.

When dealipng with —ltiple pass situations, the third term in Equation (132)
takes into account all effects due to previous passes 1 through p-1 on
surface k. Care must be exercised so as not to confuse these effects with
those of prior decontamination on adjrcent surfaces,gnd~not to
make an unnecessary separate adjustment to the second term of Equation (132). A
superfluous correction ¢f this kind will result in abnormal 1y small RN2
factors. This does not rule out the psssibility of multiple pass operations

during prior decontamination., The second term of Eguation (132) must be expanded

so that the effects of extra passes may be applied to each surface before

obtaining the summation represented.

Results of Sample Caicul.ations

A series of sample calculations were made to test the applicaticn of
the foregoing equations and to observe the effects of prior decontamination
upon crew residual numbers for a serially scheduled recovery operation. For
this trial example,a hypothetical shopping ceuter was selected as shown in
Figure 5. The conditions and assumptions for the radiological recovery of

this particular target compiex are listed below.

Problem: Plan the decontamination of the entire block of five buildings
and the adjoining six parking lots so that it can be used as a staging
area for the nearby community,

Assumptions:

1., Target area has been uniformly contaminated with a faliout

concentration of &0 g/ftz. Fallout particle size range is
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2, ‘Ample manpower, skills, equipment, and supplies (including water)

are available, ¥

3. Recovery crews have been adequately sheltered and are starting

the operation at a time compatible with their available dose. co

4, The highway and the adjacent sidewalk have been previously

AR FORE IR

decontaminated by street sweepers to an effectiveness of

: F. = 0.10,
i

AT . 300 HC Y,

i i
éi Plan of Attack: Recovery routine is to be conducted in two phases. .

ETIRTI W I

Clean eastern half of block first to gain early use of building E. Lo
Then clean western half, The operational sequence for the first

phase is listed in Table 5, together with estimates of expected
decontamination effectiveness. Firehosing is to be used throughout as

as the primary decontamination method.

From the above conditions, Equation (133) may be written in a slightly

simplified form suitable for this example. :

2-1 g

S q ,
< 1-F 1-F }
3 = - -FVC, - WL 136 :
: RN, =) C >, a-Fyc, k ¢ 4+ kK (L) (136) :
‘ i=1 i=1 2 2962 2 - i

The major task in sclving Equation {136) consists in computing the values of the

‘ contribution factors C1 and Ck. These values change for each step of the ’ i

A

O s -3 CICRT o LS

decontamination sequence and must be recomputed each time, The computational

procedure used for the shopping center has followed that outlined for

target analysis in Reference 2, , The arithmetic detail was reduced by
keeping each surface considered for current decontamination rather large.

% That is, except for the roof of building E, the operational sequemce of

5 * These conditions would occur 90 miles downwind from a 25 MT surface
burst, A% 50% fission, the standard intensity is about 6,000 r/hr. ’

St Lt VAN e,
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Table 5

e st Wb 3 e

OPERATIONAL SEQUENCE AND EXPECTED EFFECTIVENLSS §
FOR FIRST PHASE DECONTAMINATION EFFORT 4

Target Surface

Decontamination Procedure F

1. Lot Vi and east

sidewalk

2. Lot Vv

3. East side street

4, Roof of Bldg. E

S. Lot IV and south

sidewalk

6, Back road, eastern

half only

Simplifications:

Hose from north to south. Start 0.12
at east edge, finish at west edge.

Same as above. 0.i2
Hose north to south, 0.25
Hose by quadrants. Start in N.E. 0.08

quadrant and work clockwise,

Hose east to west. Start at north 0.12
edge, finish at south edge.

Hose east to west. 0.25
Repeat on second pass. 0.05

Although a support effort in a real situation

would be required tc remove ihe fallout collections
formed during firehosing, the e:ffects of this
activity are not included in the example.

New source accumulations are presumed to be less
than 1.0 cm, in depth, therefore, Equation (133)
for the thin new-source case will be employed.

The mass thickness of all building elements is
assymed to have a constant value of 25 psf,

s s
Since equipment. shielding is negligible, Aj = AN = 1,

Recovery of the western half of the shopping center
is not included in the example.
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Table 5 was not brokek down to the degree that would actually be required

to implement the recovery cf the shopping center, For the purposes of this
example, however, thz gross approach was found to be satisfactory, and the two-
fold or threefold increase in computational effort needed for more detailed

consideration is not jnstified.

The results of these computations and their proper substitution into Equation
(136), together with the other inputs, are shown in Table 6, Equatien (136)
is written across the top of the table, so that each term constitutes a
column heading., The target surfaces are listed down the left hand side
of the tab.e in the order that they were decontaminated., Opposite each
surface is entered the contribution corr;sponding to that portion of Equation (136)
appearing in the column heading above it. 1In this way, Table 6 provides a
complete picture of what happened to RN2 during serially scheduled
decontamination cperations, 1In addition, the relative effects of prior
decontamination, current decontamination,and new source contributions are

clearly displayed.

It is apparent from the tabulated entries that the proximity of a
building influences the magnitude of tiie resultant RN2 factors achieved at
ground level, For instance, tie RN2 shown for lot V is 7% less than that
given for lot IV, even though the latter is decontaminated after lot V.
Further away from the building, however, both the side street and the back
road exhibit marked benefits from prior decontamination, The RN2 values for
these surfaces are essentially the same and are 7% to 8% less than the

RN2 shown for lot V.

For a structure as large as building E, the radiation contributions
(skyshine included) from roof to ground (and vice versa) are negligible,
Consequently, the effects of prior decontamination at one level are
undetectable at the other, In the case of building A, which is only half

as tall as building E and has less than one-third the roof area, the
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additional prior decontamination of lots I, II, and III causes a
reduction of about 8% in the RN2 for the roof decontamination crew,
The decrease in RNZ values from decontamination of the roof of

building E reaches a maximum of 14% in the last (N.W.) quadrant.

A general column by column comparison of the tabulated entries
indicates that the contributions of current decontamination and the newly
created source have the greatest effect on the RN2 value, The effect of
prior decontamination is least, except in the case of a second or third
pass when the new source contribution becomes extremely small, On the last
line in Table 6, it is seen that for the second firehosing pass on the back
road, the negative contribution of the current decontamination more than
doubled. This occurred because the effects of the previous pass are
preserved in the third term of the equation for residual number, which in
this case was 2—Fl ) F2Ck (where the subscripts refer to the pass made).

2

A short calculation was made to determine under what circumstances, if
any, the effect of prior decontamination might equal (or exceed) that of
current decontamination., It was found that this could occur only for a
special and operationally improbable combination of conditions, namely:

1, Surface k is the last one scheduled for decontamination

2, It is surrounded by the previously cleaned area

3. The area of surface k is of the order of 104 ftz or less

4, There is no significant target shielding from buildings or other

structures

5, Effectiveness Fk is no worse than the average value achieved by

prior decontamination

The last column of Table 6 was included to demonstrate what the RN2
factors would have been if the effects of prior decontamination had been

ignored. Comparing these entries with those in the column alongside shows
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that prior decontamination can cause decreases in RN2 estimates as large

as 15% for single pass operations and 27% for a two pass operation, Thus,
for serially scheduled recovery routines, the reduction in RN2 factors due
to prior decontamination may be significant and should be taken into account,
Ignoring these reductions will cause overestimations of crew dose, thereby

delaying decontamination start times and/or increasing manpower requirements.

RN2 Values for Simultaneously Scheduled Decontamination Cperations

—

A special case of simultaneous decontamination was treated earlier in
the first major section of this chapter. The situation involved the
decontamination of a city street by two firehosing crews working within
15 or 20 feet of each other, The first and third tests shown in Table4
indicated that because each crew operated in essentially the same radiation
field, the exposure doses and Rst of each crew were practically the same for
a given test run, Thus,no special equations were required to analyze this
particular situation, However, differences in~RN2 factors are anticipated when
decontamination crews are separated to the extent that the radiation intensities
within which they are working are different, This section will treat two

possibilities for operationally achieving such a condition,

Effects of Simultaneous Decontamination

Consider the situation where two crews are scheduled to simultaneously
clean two adjoining surfaces, X and Y. Each surface is so wide that the teams
are never closer to each other than 50 to 75 feet, To ensure that the crews
are working in different radiation fields, it is assumed that the surface
bordering X and opposite from Y has been previously decontaminated to an
effectiveness Fg' The surface bordering Y and opposite from X has not been
decontaminated. With appropriate adjustments of the subscripts, Equetion (127) may
be used to express the starting intensity to crew X just prior to decontamination

of surfaces X and Y
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I(X) = 28,9 I N - {1-F )a _c
p & o [Zl axGx T T Ay g,X]‘ (137
=

where the double subscripts identify first the contributing surface and

second the receiver or reference location,

Since it is safe to assume that the individual exposure rate to crews
X and Y contributed by surfaces X and Y, respectively, will decrease
linearly during a constantly progressing decontamination effort, the combined expo-
sure rate to crew X contributed by both surfaces X and Y will also decrease
linearly. Therefore, the emposure rate to crew X after decontamination is,

according to Equatien (123)

S s
I(X)=1I¢()~-28.91 1-F.) A_ C_+ (-F.) A o] (138)
a( ) b( ) o [( x) X X a Y) Y, X Y,X]

wvhere the collectionr of terms to the right of the minus sign represents the
reduction of the initial contribution from surfaces X and Y by the simultaneous

decontamination effort.

At this point, it is necessary to establish a convenient means of
differentiating between the two separate actions comprising simultaneous
decontamination without always having to identify the surfaqes. The action
occurring on the surface of reference will be considered the current decon-
tamination. In Equation (138),this happened on surface X, The action occurring
on the remaining surface will be called the concurrent decontamination., In ¥quation
(138), this involved surface Y, These designations will simplify and

clarify the material that is to follow.

Substituting the ahove expressions for Ib(X) and Ia(X) into Equation (109) and
dividing the result by potential dose, 28,9 I0 At, the residual number for

crew X becomes

q
S S
RN (x)=§fA c, .- Q-F)A _C
2 =y X 1X g &X gX

S s
-F ) A_C -F) A, _C
a y Ag O T UFY Y,X "Y,X  (139)

2
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In the same way, the residual rumber for crew Y i

q
S s
RN_(Y) = A, C. - (1-F) A c
2 i=1 1,Y 1,¥ 1 £5Y 8%
(l—F ) A CY‘+ (1“F ) A X Y X Y €140)
) 2

Aund more generally, when prior decontamination -consists of several methods
) 4 =

-and surfaces, -2

S
) =3 A ¢ - - c
B, (X) i,X i,x; (lr)ik 3,%
i=1

s
-F ) - (1-F
_ (1 Fx) Ax CX 61 ) AY X Y X (141)

2

vhere, as before, ¢ equals the number of surfaces cleaned by all decontamination
efforts {prior, current, and concurrent) and §-2 refers to the total number

of surfaces cleaned by prior decontamination.

When Equation (141) is compared with Equation (131), it is evident that

RN factors for simultaveous operations differ from RNZ factors for serial opera-

tions by a single term,

1-F A C
- ( Y) Y,X Y,X

2

This term represents the reduction by concurrent decontamination in the
radiation contribution »f surface Y to crew X. Thus, prior, current, and
concurrent decontamination efforts combine to decrease RN2 and hence, the
dose to decontamination crews. The magnitude of this decrease due to
simultaneous operatious will Le¢ treated later in this chapter, But first it
is necessary to consider the effects of extra passes and newly created sources.
From Equations (132), (133) ana (134)., general expressions for the three

basic new-source conditions may be written for simultaneous uecontamination

~

operations as fecllows,
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Case 1. No significant new source i

q -2
s S
= c -Y ar)a _c
R, O, i;‘li,x 5,X L Q-¥;) i,X 1,X
S
- 1/2 (2-¥ - rp) x Ax cx
- 1/2(2F ~-F) _A.C 142)

p-1 p Y Y YX

shere p ejuais the mmber of pesses on surfsces X aad ¥, and p-1 equals zero

{p=1) makes the particular effectiveness vzlue egual to unity (I’o = 1.0).

Case 2. A thin new source (no self shielding)

3 -
RN, (0 = Pq.(142) + [(Fw. ) m ) ]
29 &~ 2 dx
Foa ~ %) L, (A;) a43)
29 5° 2 ¥,x

s
where A is the equipment attenvation factor for aew source contributionsg

from the respective surfaces being decontaminated.

Case 3., A thick new source (significant self shielding) )
F -F) | i
RN (X) = Eq.(142) +[—22P - (W1A%)
- -
2 29 62 x N J

X
[ 2 - -
‘—z-(l-e“x) -epx(x2+'§§) + '
w B ]
N X
F(F__-F)
pP-1 p s-l
| 29§°x® <m}{)_l .
Y,X
2 3x
.[—i—z(l - e -p.x) - e—"'x(x + —i—;—) (144)
T oAy x
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where the linear adsorptior coefficient and the rew-source demosit thickaess

X are as

Resicual murbers for crew Y may be found from Equatiome (i42), (143) amé (144)

described for Equatiens (131) and (133).

by interchmanging subscripis X aad Y. Also, estimates oi dose D;(I)p may be

obtaiped

by muitiplying these same equatioas by Z8.5 Io At

Results cf Sample Calculations

Two

trial exanples evploying the foregoing developrent were investigated

To observe the effects of sirultaneous decontamination on two adjoiring

surfaces.

Figure 6 displays the two situations under consideration and

indicates the size, shape, anl orientstion of the surfaces. For eithner

situation, tke following counditions ard ass:mptions hold:

1‘

=1]
.

Surfaces X and Y have been contaminated to the same degree and

are to be decoataminated by an equivalent firehosing etiort to

an eifectivegess ¥ = 0,10,

The two simultaneous operations are te start a2t the iocatierns and
progress in the directions shown by the arrows in FRigure 12.

Because the areas of surfaces X and Y are equal, the separatz
decontamination efforts will start and firnish together.

Xew source accumulations are assumsd to be less than 1.0-cm.

thick; hence, Ecuation (143) fcr the thin new-source case will be used.
The equipment attenuation factor has been set equal to 1.0,
thereby allowing a nornsiganificant but convenient simplification
of Equation (143).

The support effort needed to remove new source coliections and

the effects of this effort are not considered in the examples.

By use of target analysis techniques in conjunction with the atove con-

ditioned

the results entered in Table 7. The simplified version of Equation (143), as it

inputs, Equation (143) was solved for sample situations I and II and




Figure 6

TWO SITUATIONS FOR SIMULTANEOUS
DECONTAMINATION

SITUATICN
1

REGICN OF Q ‘

PRICR
‘DECONTAMINATION

.

SITUATION
1%

O.. O D
REGION OF

PRIOR BGECONTAMINATION x y

S S S A S A S

0 50 100 Feet
)

75




M A FU AL A0 ik al iy B3 A gt

S S

id T A~ ol Pl ok A IR TR SOSY £7Y

Mo 08, e -~ . - - - - . - P .- o - - - e an ———
LER O L28°'0 SET'1 9£0° 1 paaoul3T S$303IF3 pauUTqwo)d -OI
808°0 26L'0 pel't 120°1 paxouldr 30INOS MAU JUIIINDUCY °§
£88°'0 898°'0 69T°1 "T60°1 paaouldr s3o91yd UOT3EUTREBIUODSP JUSIINDUG) G
¥S8'0  8€8°0 BRI e0° 1 Sy = suray 30 ‘1
XX
X'X 962 ‘
. . \ . . 2\ < X uo X "adanog
apn ' 0 9v0°'0 ¥10'0 ¥10°0 Amyv meﬂl + hoU JusxIMOUOS o
x\N x@mw X ‘20Inog
81%°0 874°'0 1111 0] S8%°'0 fmmv.mMMHMa.+ mou quering ‘o
XA, X 4 0

620'0~ 620°'0~ 110°0~ 910'0~- o(TH-1T) T° UOTJBUTWEIUODIP JUIIINDUOD ‘P =

Y ) (] y * x x N - - .
09¢' 0~ 092'0~ ge’' 0~ se "0~ o(7d~-1) " UOTJBUTWEBIUODIP GUdIIND °¢

X'T. T =
18T O~ LET 0= 0 860°0- 0T I-1) rW - . UQOT3TUTIWEBLUODAP XOTId °Z
N
¢
0’1 o't 0°'T c'T X L) Mm” 1€303 UoYTjeuIWejuoospaxd I
b

X MAXD X MOID X MOXD X M9a)) (cwy) uOT3Enby SUOTANQTIJUOD

TI 4oTIMNaIIS

4

I uoTaung¥s

JO swray,

N¥ NO NOILVNZWVILNOOIA QIFINAIHOS XTISNOINVIINWIS 40 SIOAIII

L o1quy,

S




- amn
P —_— e .

- £ & P it R I DY
z d v e e e

oy

applies to the examples, is displayed vertically in the left half of the

7
N -
* A‘:M!.x.(ﬂ_“rlm-‘ .z 4

table., Each of the six terms of the equation is identified {in the first

column) with respect to the source of its contrikurion to the resultant RNé.

The calculated values of thése separate contributions are given in the body

™,
-

of the table for each crew and situation, The summation of these values

T

equals the RN2 factors shown on line 7. ;

At the foot of Table 7 is a set of entries showing what the RN2 values would

- . A
gy

have been if the effects of the concurrent decontamination e¢ffort had been

ignored., ZEquation (143) indicates there are two such concurrent effects: the

negative contribution of fallout removal (No., 4 in the table), and the
positive contribution of the newly created source (No, 6 in the table), ' :
The special entries are estimates of these effects singly (lines 8 and 9)

and in combination (line 10).

An examination of the various entries in Table 7 produces some interesting P
findings, Consider situation I first, where crews X and Y were seldom closer i
to each other than 200 ft, It is immediately apparent that the concurrent
decontamination effort had little effect on the RNZ values shown for either crew, ;
The difference in RN2 values can be attributed almost solely to the :
differeace in prior decontamination effects shown on line 2, Comparison of %

the special entries at the foot of the table with the RN2 values on line 7

indic ates that

1. Ignoring the negative contribution of <oncurrent decontamination

results in an RN2 that is too large by 1 to 1.5% ,

2. Ignoring the positive contribution of the concurrent new scurce . 3
gives an RN2 that is too small by 1 to 1.5%

3. Ignoring both contributions “as the compensating effect of reducing

X

T e et o o e e A o st e, sttt e s s meeees e 4+ = e e+ e m .

the error in RN2 to less than 0.3%
For situation I, then, the effects of simultaneous decontamination could have

been neglected, and Equation (133) could have been used with excellent results.

e R
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In situation II, crews X and Y are assumed to maintain an average
distance of 75 feet between each other because of the orientation and
narrow widZh of the surfaces. Despite this reduction in spacing between
mutual contributors and receivers, the effects of simultaneous decontamination
are little more significant than in situation I. Althouih the resultaat RKO
factors are both smaller than before, their difference can agzin be charged
completely to the difference in prior decontamination effects (see line 2).
From the special entries 4t the foot of Table 7, igroring the separate effects
of the concurrent decontamination effort introduces er-ors in the RNZ
estimates ranging fr.za +3% to -5.5%. These errors are 2 to 5.5 times larger
than comparable errors in situation I. However, these errors alsc tend to
cancel out when the effects of the concurrent fallout removal and the
concurrent new source are combined, since the resultant RNé estimates on
line 10 are short of the values shown on line 7 by oaly 1.5 to 2%, Therefore,
like the previous example, Equation (133) ‘could have been used without incurring

any serious error in the RN2 estimates for either crew X or crew Y.

In the final analysis,it is difficult to envision a realistic situation
wherein simultaneous decontamination effects would be worth consideri ng.*
For an actual target complex, the very small contributions found in the above
idealized example would be further reduced by the intervening shielding of
buildings, curbs, traffic dividers, and other barriers. In addition,
maintaining simultaneous decoantamination operations on two adjacent surfaces
over a time interval that is long enough to affect RN2 may not be practical.
For example, if the area of surface X is considerably smaller than that of

surface Y, or surface X requires a fast mechanized method while surface Y

* Even wnen the compensating effect of a concurrent new scurce is
eliminated by applying the conditions of Equation (142) (no significant new
source), *he contribution of simultaneous deccntamination tc RNZ is
only 1.7 to 3% for situation I and 5% for situation II,
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is accessible to only siow manual methods —in either case, the peviod of
simuitaneous operations will be short ccmpared to the iotal time needed to
decontamimte surface ¥, Bence, for surface X there are essentially no
concurrent Jdecontaminction effects. For surface Y the situation is treated
in two stages, where the first coasiders oaly current decontazination and

the second is hacdled as a simple case of serial decontamination (prior plus
current), Thus, the need for special equations to correct RNz factors for the

effects of simultaneous decontamination operations cannot be justified--

particularly in view of the accuracy of previously developed expressions.
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V  DECONTAMINATION ORGANIZATIONAL REQUIREMENTS

Decontamination Rate :

The size and makeup of the decontamination organization required
by any urban community depends upon the decontamination rate that is
maintained from decontamination start to decontamination completion.
A serious constraint on the decontamination rate tkat can be maintained
by a decontamination organization of given size and makeup is the limiting
exposure dose, Thus, if the maintenance of a required decontu.ination
rate would make decontamination completion attainable only at the cost
of overexposures, the decontamination organization is considered
inadequate, In any event, before a calculation on organizational
requirements to meet fallout exigencies can be made, it is necessary

to establish a required decontamination rate.

The required decontamination rate and also the required decontamination
start time depend upon the needs of the community in the postattack period.
If it is assumed that shelter occupancy is to be terminated after two
weeks, then other radiologically acceptable living sites must be made available
within the two weeks, On the other hand, there does not appear to be
any compelling reason for scheduling a mass shelter exodus at a specified
time, Rather, it is more to be expected that people will start leaving
shelters when it becomes less objectionable to face the decreasing fallout
environmental hazard than to continue residence in a deteriorating
shelter enviromment, Because of the variations in the protection provided
by the shelters and in the rate of living condition deterioration among

the shelters, as well as variations in the external environment at each
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shelter locaticn, shelter exit within a community may be expected to take
place over an extended pericd. The required decontamination rate and required
decontamination start time may aiso hinge upon the time that various vital

facilities within the community must be activated.

Since no criteria currently exist for determining required decontami-

. nation rates for various postattack conditicns, a reasonable decontamination
rate is chosen to d-monstrate calculations of decontamination organizational
requirements as a function of exposure dose constraints. From Reference 8,
the decontamination rate of 0.5 square mile per 10,000 population during
the first week of decontamination, stariing 2 weeks after fallout arrival,
will bhe used in the example calculatious that follow. The decontamination
organization size required for any other chosen decontamination rate will

merely be proportional to the rate ratio.

Shelter Postures

The standard intensity where decontamination is deemed necessary
' depends upon the dose history of the iudividuals while in shelter and
their potential exposure upon re-use of the fallout area. The calcuiation

of individual total exposures requires the specification of a shelter

] posture. The scheduling of decontamination based upon a single shelter
protection factor (PF) will not produce the same results as that from
scheduling decortamination based upon a mixed PF shelter system. 1In a

mixed PF shelter system, the people in the poorer shelters would be handi-

capped by a larger shelter dose. On the other hand, the people in better
J shelters but in the same external fallout environment would be exposed to
a smaller shelter dose, and consequently they would be able to engage in
decontamination tasks over a longer period of time without becoming

overdosed,
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Because of this feature, three postulated shelter postures will be-
used in the following analysis. These three shelter postures are
i identical to those described in Reference 8, They are described as E
’ existing (average PF distribution in urbanized areas of SMSAs throughout
the U.S.g), 40 PF minimum, and 100 PF minimum, and are shown in Figure 7 ’ ;
as a function of their PF distribution., As can be seen, the PF distributions
of the improved shelter systems are merely the raising of the lower PF

values to the specified PF minimums,

Contamination Levels '

A major criterion for determining the decontamination organizational
requirements is the rallout pattern intensities in the area to be recovered.

The higher the intensities and the larger the area of high intensities,

the greater will be the organization size requirements. Although the

fallout pattern for surface detonated weapons in the megaton range is

large and may very easily cover an entire metropolitan area, the variations
in the contamination levels within a metropolitan area are expected to be
large. Therefore, whereas it is reasonable to analyze decontamination
organizational capabilities based upon uniform contamination levels for

a small community, as was demonstrated in Reference 8, it would be incorrect ”_
for large communities such as the combinred urbanized areas in a standard
metropolitan statistical area, On the other hand, the fallout intensity
levels and the fallout intensity gradients in a iallout pattern depend upon
among other factors) the weapon size and the locstion in the fallout pattern.-
For this reason,it is necessary to choose a fallout contour pattern to

demonstrate the analytical procedure.

Shown in Figure 8 1is a map of the combined urbanized areas in the

San Jose SMSA with the downwind fallout patte:n of a 5 MT, 100% fission
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ACCUMULATIVE SHELTER PF DISTRIBUTION
FOR CITIES WITHIN SMSAs
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wespon, that was surface detonated in San Fravcisco, superizposed, The
wind direction in this case is assemed to be {rom the rorikwest and the
assumed windspeed is 15 moh. The contour values indicated arza ike
eqaivalent ins?ruxent readings zt one hour for the total deposited
fallout as calcuizted frow the Xiller Faliout Model.l0 The standard in-
tensities_Js,are estimzted to be 1.33 times the irstrvment values, 2nd
the standar? infensities for a 50% fission weapon of thke same yicld are

estimated to be G.665 times %he instrumeant readirmg contours shown.

Analytical Procedure

The urbanized zreas within tke various contcur values ir Figure %
were peasured and then plotted as a function of standard inteasity in
Figure 9. By comb:ring the shelter distributisns of Figure 7 wiih
the 50% fission standard intensity distribution of Figure 9, the 1 week
exposure doses for an effective fallout arrival time of 1 hour are plotted
in Pigure 10 for the existing shelter distribution, the 40 PF minimia
shelter distribution,and the 100 PF minieum shelter distribution. As can
be seen, 50% of the pecple in the existing shelter system would hLave
accumulated a 1 week shelter dose in excess of 200 r. According to %he
assumption in Reference 8, the shelter sy.-tem is inadequate for the fallout

condition, and the system fails.

with the minimum 40 PP and the minimum 100 PF shelier systems, less
than 50% of the population (20% for the minimum 40 PF sheiter sysiem and 0%
for the minimum 100 PF shelter system) would accumulate 1 week shelter doses
in excess of 200 r. Consequently, if less than 10% of the non-overexposed
poptlation were needed to perform the required decontamination effort
without incurring overexpssures, then the combined countermeasure of

oy

shelters and decontamination will suvccessiully effect recoevery.’

* Reference 8 assumed a maximum decontaminution organization of 10% of

the urban population, {
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; The decontamination effort required is expressed as

| . E =3y B Py (145)

[ where %, ig the standard intensity distribution
B,is the PF distribution of shelters

g anis the rzquired effort (hours) for standard in-vensity and PF

The decontamination effort required per person on a total population
basis 1> decontaminate 0.5 square mile of area per 10,000 people during
the third week after an attack is given in Figure 11 for the PF distributions
cited as a function of standard intemnsity (taken from Reference 8). By
summing the de~sntamination effort required in Figure 11 according fto
3 : the standard intensity distribution (50% fission) in Figure 9, the
; decontamination requirements are obtained for the example fallout pattern and

vrbanized area. The required decontémination effort summation is presented

F in Table 8,

To determine the size of the decontamination organization for the

required decontamination effort, the available effort that can be provided
' by 10% of the population is calculated for the standard intensity

distribution, The available effort is expressed as

E, =2V, B . (146)

wherecmy¢ is the available effort (hours) for standard intensity and PF,

Figure 12, taken from Reference 8, is a plot of the average available

hours for the PF distributions cited as a function of standard intensity

for a decontamination organization made up of 10% of the population,
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Figure 13

DECONTAMINATION EFFORT REQUIRED TO OBTAIN

v e o aeuEs S Gl K e —— s i e ot e ™ e ¥
A\ .
]
' "
1
[V, H
o | _
ui : i ;
m , Co
s o L
o’ ! i . !
N * \ | '
- o ,, |
< L b ‘
o’ ! | | ‘
m [ ! ' I _
7 ! _, ,_ .
uJd o C
o2 o _
Z P m
O , oo Py b
= P ! ; ! '
< _ o S
N _ oo
S Lo
£ | R
- [ ! ~ h ; ,W.A
uJd Py o oo i
oA T R P B , =
| | [ ) , o Nt ! 3
uJd ,.M | | ; i N ” N . . i %
O | | N B T ot i b i ¥
e R A , b , = i ! |
<L B ! R * N . Vo SRR w
b= R Co B O 0 O N P ol P S B
W b Lo L RS I R S ¢
a AT S T S HDR R S B ICRE N I I S ©
< A L] - , 4 i =
= m* - SO R .;;_.L b cefed e e <
3 I R O R I SEEED B A A N
9 N s :;;; 1NN H SR D
< S AR AR T N I O R AR R I IS S
= - = !
nv. i
_NOWYINdTd |
SYNOH VIOL - QYINDIY LI0I4T NOILYNIWVYLINODIA , _
2
. \
i L St L b oy IR Y) e £ i pe Rl e Y i, e DY LR b




T ——

«

Tzble 8

REQUIED DECONTAMINATION EFFORT

WO TR VORI

Hours per Person (Total Population)

Ly

P

(<Y

-

-\u‘} Bac it
'

_ ;
Distribution I, Existing Minimum Minimum 3
rcent r/hr Shelters 40 PF 100 PF :
0-1¢ 975 0,200 0 0
10-20 1390 0.285 0.170 0 ) q
20-30 1680 0.245 0.280 0.177 E
30-40 193¢ 0.395 0.360 0.265 3
40-50 2170 0.440 0.420 0.350 )
50-60 2400 0,490 0.475 0.435 5
8§0-70 2630 0.530 0.530 0.510 i
70-80 2870 0.575 0.575 0.575 :
80-90 3150 0.63G 0.630 0.630 x;
90-100 3570 0. 700 0. 700 0.700 :
Total 4.59 4.14 3.64
Total/19 0.459 0.414 0.364
4
{
P
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[

; If the summation of the decontamination effort available from Figure 12

E' ; according to the 50% fission standarA intensity distribution in Figure 9

is multiplied. by 10, and the total is divided into the required hours per

AR I B TR

5 person from the previous summation, the gize of the decontamination

organization expressed as a percent of the population is obtained for

PR TR O

the 50% fission case. The available decontamination effort summation

FIPRTEY

is present~d in Table 8. The percent of the population that is required

for decontamination is 0.414/55.26 or 0,75% for the minimum 40 PF shelter

system, and 0.364,80.8 or 0.45% for the minimum 100 PF shelter system,

Whereas a decontamination crganization of 0.92% is indicated for the

existing shelter system, system failure had already been assumed because

- more than 50% of the population had overexposures while in shelter.

r It should also be noted that if the mean standard intensity of 2,300 r/hr
rather than the particular distribution (see Figure 9) were used to obtain the
required and available dzcontamination efforts from Figures 11 and 12,

% incorrect larger size rcguirements for decontamination organizations would

result,

To obtain a perspective of the example problem, the urbanized area

cad’ s b e

of the San Jose SMSA measures about 250 square miles and has a population

T
Saetbbidlads Lutikad

of about 500,600, Three-fourths of 1% of the population is 3,700 -

decontamination personnel and one-half of 1% of the population is 2,500

KR

decontamination personnel, At a decontamination rate of 0,5 square mile

e itk

&g ' per 10,000 population per week, the overall decontamination rate is 25 <
square miles per week, and the decontamination of all the urbanized areas

: ’ would require 10 weeks, A decontamination procedure that includes mass

.
ki i C

participation in the decontamination task as a means of shortening the

R
s el

overall decontamination time is discussed in a following section.

93
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Table 9
AVAILABLE DECONTAMINATION EFFORT
Hours Per Person

_ (Total Population)™*
Distribution Ig Existing Minimum Minimum

Percent r/hr  Shelters 40 PF 100 PF
9-10 a75 84 84 84
10-20 1350 84 84 84
20-30 1680 72 84 84
30-49 1930 57 82 84
40-50 2179 47.5 81 84 ;
50-60 2400 40.2 44 84 :
60-70 2630 35 35 84
, 70-80 2870 30,8 30.8 84
s 80-90 3150 26,3 26.3 75
90-100 3570 21,5 21.5 61
Average 49.83 55,26 80.80 hr/person

* Maximum hours per person per week is set at 84 hours,
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The analytical procedure for estimating the required size of the
decontamination organization is thus demonstrated for a particular
urbanizsd axr
particular weapon burst. The same procedure is applicable for any

fallout coadition, shelter system,or exposure criteria.

Area Size

Because the fallout pattern size is large when compared to urban
entities within a SMSA, an urban entity of small areal expansé preparing
for the worst faliout conditicn would require a larger decontamination
organization on a per person basis than an urban entity of large areal
expanse with the same population density. To demonstrate the effect of
urban area size on decontamination organization requirements,the fallout
pattern of Figure 8 (standard intensities for 50% fission) is superimposed
over square areas of various sizes in Figure 13. If it is assumed that
the worst fallout condition could devclop anywhere on Figure 13, then all
communities within Figure 13 would be required to prepare for the werst
condition. The arza representing the worst condition in Figure 13 is
the smallest square area located at the lower right corner of the figure,
This small area represents 16 square miles. Because the high intensity
fallout area is limited in size, the mecan standard intensity, based upon
area, decreases from the worst condition with increasing area size.
Consequently, if all the communities within Figure 13 organized decontamination
preparations collectively as a unit rather than independently, a smaller
percent of the population would be sufficient to cope with the worst

fallout condition.

By measuring the standard intensity-area distribution within each

of the squares in Figure 13 and determining the decontamination requirements
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Figure 13

5 MT - 50% FiSSION - SURFACE BURST STANDARD
INTENSITY CO:NTOURS OVER SQUARE SURFACE AREAS

] Scale in miles
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y for each area represented by the squares, one obtains the decontamination

3

1

erganizational requirements as a percent of the population. These re-

e

quirements are plotted as a function of area size in Figure 14. The .
curves were calculated for a fallout arrival time of 1 hour. As can be l
. seen, the percent of the population required for decontamination varies

Ey significantly even though the population dzcusity is assumed to be constant.

‘ For instance, if the population density is 2,000 people per square mile,

Lk

: then the size of the decontamination organization for the various area sizes

R TSV L VTRV AT TP e X ]

R \ 3

i is as shown in Figure 15. The number of decontamination personnel required

4ttt

is seen to initially increase linearly with increasing area and then to

pha ik
-
P Y

T

increase at a decrcsasing rate with increasing area. The reasoas for '

the leveling off of decontamination personnel requirements for large

T

§ areas are two: (1) only a small fraction of the iacrement of increased

.
TR FE LIV R RN, L Y

area requires decontamination, and (2) the decontaminaticr personnel from

42

o

the increment of increased area are exposed to smaller shelter doses due

LN

| tc the lower fallout intensities at their shelter locations and conse-~

T

B o et

quently can work longer hours without incurring overexposures.

The

-

| The decontamination organization size requirements in number of '

if ShE

I

decontamination personnel per square mile (based upon a population

A LNy o e b8 oyt s

REaCe

density of 2,000 per square mile) are comparcd in Table 10 for various -

community areas planning the capebility to independently handle the worst

T
"yt

condition in the examnle, The advantage of pooiing the resources of

several communities into a single sphere of decontamination operations

-

N

planning appears to be overwhelming; however. <tlie management of such an

GO |

organization is not without pneanulties, Although the organization sizes

given, even for the larger areas, will provide a recovery rate proportional

T

to the area size (including areas that do n¢ require decontamination),

M e e a2 e S P

grilare

the recovered areas will generally be less accessible to prople sheltered

in the heavier fallout areas, and there will also be a requirement for
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Figure 15
DECONTAMINATICN ORGANIZATION SIZE

2000

—_—
[
Q
(o=

NUMBER OF DECONTAMINATION PERSONNEL

ol , o
016 64 144 256 400

URBANIZED AREA - square miles
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Table 10

DECONTAMINATION ORGANIZATION SIZE REQUIREMENTS

Number of Decontamination Personnel

Independent (per sq. mile*)
Operations 40 PF Minimum 100 PF Mirnimum
, Area Shelter Shelter
(sq. miles) Distribution Distribution
16 70 25
64 40 17.2
144 23 12.8
256 15 9.4
400 10 6.8

* Based on a population density of 2,000 per square miie,

oo k3
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certain members of the decontamination organization to decontaminate

areas remote from their shelter lczations,

The ctoice of an areal size for independent operations requires

LA s A 1 ML A Sl e T\

consideration of both the advantages and disadvantages of increasing or

decreasing the area,
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VI THE CASE FOR MASS DECONTAMINATION

In postulated heavy nuclear attacks upcen the U.S,A., only very
limited areas (~5%) had fallout radiation standard intensities that ex-
ceeded 20,0C0 r/hr. These areas are generally located very close to
destroyed target complexes. Because of this finding and the excessive
delay that would be required before target complexes not destroyed but
contapinated to standard intensities in excess of 20,000 r/hr could be
reccvered, attention is focused only on the recovery of target complexes
that are less contaminated. They not only represent virtually the entire

country but also are generally recoverable by decentamination,

When the recovery of an entire pirban complex by decontamination
alone using the various procedures recommended in the literature is con-
sidered, the effort that can be simultaneously applied is not limited by
manpower oy radiation dosagc but by available equipment and supplies.

For instance, a group of five street sweepers may deccntaminate pavements
at a combined rate of 2 x 105 sq ft/hr. At this rate, 10 square miles of
pavements would require 1400 hours--almost two rnonths of continuous opera-
tion. If we consider the decontamination of lawns and planted areas with
mechanical equipment, it would take 10 small tractor-type scrapers almost
two years to decontaminate 10 square miles of lawns and planted areas
that are in their normal configurations wichin urban or suburban com-
plexes. It will also require a long time to decontaminate roofs and

various areas by firehosing.

Table 11 lists the estimated supplies, equipment, manpower, and skills
required to decontaminate 30 square miles of urban complex. Although

the number of recovery personnel employed at any time is relatively small,
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Table 11

MEN AND DECONTAMINATION EQUIPMENT
REQUIREMENTS PER 30 MI2 OF URBAN AREA
(20% Roofs, 40% Planted Areas, 40% Paved)

Decontamination Schedule

(24 hrs/day) 30 Days 60 Days 90 Days
Motorized sweepers 12 6 4
Motorized scrapers (large) 24 12 8
Powered scrapers (small) 120 60 40
Loaders (front end) 48 24 16
Trucks (dump) 180 90 60
Firehosing set-ups 48 24 16
Pumpers (if needed) (24) (12) (8)
Water consumption (gal/hr) 15 x 10% 7.5 x 10% 5 x 10%
Shovels (hand) 240 120 80
Brooms (hand) 60 30 20
Men (force at all times) 900 450 300
Men (per day) 3,000 1,500 1,000
Men (total force)* 12,000 6,000 4,000
Skills Motorized sweeping 240 120 80

Motorized scraping 120 60 40
Power scraping i,200 600 400
Loading 780 390 260
Hauling 3,000 1,500 1,000
Manual work force 6,000 3,000 2,000
Supervision 660 330 220

* Based upon approximately

no dosage while in sheiter.
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the daily number and the total numker of people employed for the decon-
tamination operation are substantial because of the limiting effect of
radiation dosages. The total work forces given are those required to
obtzin the earliest recovery. The work forces may be reduced by the ex-

pediency of delaying the decontamination start time, but recovery will

also be delayed.

The manual work force listed under skills require some nominal amount
of training, Special skills such as that required to operate a motorized
scraper with proficiency are also required of a large number of people.
With a populatioh density of 2,000 people or more per square mile, there
are adequate pecple for decontamination participation. It is the number
of motorized equipment, especially motorized earth moving equipment, and
the associated skilled personnel that are perhaps unattainably large.

For this reason, the longer decontamination schedules are more in the
realm of feasible operations, Even this requires the stockpiling of large
amounts of decontamination equipment and supplies and the training of

large numbers of people in decontamination with mechanized equipment,

Unless the fallout standard intensity is very high, however, the
reclamation of non-vital areas at later times does not require a high
degree of effectiveness to permit target complex re-entry and utilization,
For instance, Figure 16™ shows that for a contaminating event with IS =
7,000 r/hr and an effective RN3 = 0,1, these areas could be occupied after
2 weeks of shelter stay in a good shelter by decontamination personnel
and nondecontamination personnel alike, Since the decontamination of an
entire city to a relatively high degree of effectiveness will normally

require months of effort, the advantages of a less effective decontamina=-

tion effort with mass participation is investigated. Again referring to

*¥ These curves were constructed from the exposure dose equation of ref-
erence 2, and RN values were obtained by target analysis procedures,
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Figure 16, no decontamination is required for Is values less than 2,000
r/hr if tne shelter stay (gcod shelter) is 2 weeks., This of coucse does
not mean that it would not be advartagecus to conduct decontamingtion
operations. Decontamination would always reduce the radiation exposure
dosage, t sligiitly anigher standard intensities, only a moderately ef-~
fective decontamination efforf{ is required to render target complexes
habitable, 7o obtain maximum coverage per unit time¢, methods that pro-
vide simultaneous participation ky a very large portice of the population

must be employed, These methods are manual! methods,

Because of the slow rate of manual methods (area/han—hour), the total
manhours required will be greater than that of mechanized methods. In
order that the decontamination time may be shoriened to oc.ny a few days,
virtually every able person will be required to participate, Thus, the
use of the earliest urban complex recovery time requires the exposure of
a large percentage of the urban population to the maximum feasible radia-
tion dosage. The manual decontamination methods are manual sweeping and
garden hose flushing of contaminated "hard" surfaces and spading of planted
areas. The importance of the retention of fallout by shrubbery and trees
remains unevaluated; but if necessary, they may be rinsed or removed,

Along with ths actual removal of failout from contaminated surfaces, equip-
ment must be available for haundling and hauling the fallout and associ-

ated rubbish to dump areas,

Figure 16 also gives the urban complex entry times for no decontami-
nation, low effectiveness decontamination with mass participation, and
scihheduled conventional decontamination efforts lasting 30, 60 and 90 days,
and for various standard intensities, As indicated in Figure 16,
urban complex entry without decontamination, at the entry times given for
various standard inteunsities, would subject the entire urban population
to the limiting dosage of 700 r/&r. Decontamination by mass participation

and by manual methods would subject a large portion of the urban population
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tion to the same dosage. The slower scheduled decontamination operations
using maximum emplcyment of mechanization would subject a much lower per-

centage of the urban population tc high radiation dosages.

The urban population densities in tne U,S.A. range from abcut 2,090
peopie per sguare mile to over 7,000 per square mile. Using an average
density figure of 4,000/éq mi and assuming that about 75% of the popula-
tion are able to put forth decontamination efforts, the area requiring
decontaminstion per able body is 1 x 104 sq ft. The rates of decontamina-
tion by the manual methods suggested, except for spading, have not been
established but they are rather fast compared with spading., Thus, if
3,600 sq ft of the 10,000 sq ft were lawn and planting areas, and the
amount of shrubkery were minimal, the spading time, at 150 sq ft per man-
hour, would be 24 hours, If it is also assumed that the remaining roof
and paved surfaces could bLe decontaminated within 8 hours, urban decon-
tamination could be completed with four 8 hour days. More densely popu-
lated communities would require less time. For communities not as densely
populated, the required decontamination time would not only be longer,
but becatuse of the additional decontamination exposure, it would be nec- °

essary to delay the decontamination operation (stay in shelters longer).

Yrban recovery with mass participation us?ng manual decontamination
methods is particularly attractive in the range of fallout standard in-
tensities below 10,000 r/hr. For iastance, at 5,000 r/hr, urban complexes
could be completely recovered within 11 days after the attack, and at
10,000 r/hr, they could be completely recovered within 26 days after the
attack (refer to Figures 16 and 17). By conventicnal methods, firehosing,
motorized sweeping, etc., only about half of the urban area could be re~
covered for the same standard intensities at these times (see Figures 18
and 18). On the other hand, at standard intensities of 15,000 and 20,000
r/hr, the reliance upon manual methods and mass participation would require

the entire urban populaticn to stay in shelters 50 and 80 days, respectively.
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Because decontamination by conventional methods permits the gradual evacu-

ation of shelters, partial urban area re-use could be initiated at earlier
times. Figures 18, 19, and 2v give the percentages of urban complex area

that could be recovered by conventional decontamination operations, sched-~

-

uled for 30 days, 60 days, and 90 days, prior te recovery by mass manual
participation methods., Relief from shelters is thus achieved for large

numbers of people at an earlier date by conventional decontamination methods.

y The choice of mass manual parcicipation or the sckeduled conventional

decontamination approach depends upon the available decontamination equip-

, ment and supplies, the urgency for the recovery of a part oi the urban complex
complex or for the entire urban complex, the standard intensity, and the

4 acceptance of the ensuing radiation dosage distribution. Operationally,

' -depending upon the standard intensity, it is reasonable to expect that

some vital urban complex units will require earlier attention~--i.e., urban '

complexes will contain areas that must pe scheduled for decontamination

(conventional methods) at earlier times according to importance. If the

conventional decontamination operations are thenjoined by mass manual

participation at the propitious moment, the earliest maximum areal ve-

covery at any time will result, Figure 21 gives the conventional decon-

® tamination start times for 30, 60 and 90 day decontamination schedules,
the propitious times that they are to be joined by starting mass manual
participation, and the urban decontamination completion times for the

coordinated efforts.

The conventional decontamination start times are a function of cnly
the standard intensity and the limiting dosage criteria, and consequently
they are the same regardless of the number of peonle and equipment (but
not the type) simultaneovsly employed (see Table 11). As shown by

Figure 21, for a standard intensity of 10,000 r/%r, conventional
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decontamination may be started on the 8th day after the attack. Since
the schedule calls for urbanr deccntamination completion by conventional
methods 30 days after the decontamination start time, one-third of the
urban complex is recovered in 10 days or 18 days after the attack. Late
on the 23rd day after the attack, half of the urban complex is recovered,
and on the 24th day conventional decontaminztion is joined by mass par-
ticipation with manual methods. The entire urban complex is recovered
two days later, on the 26th day after the attack, which is 12 days earlier
than by conventional decontamination alone (see Figure 12, 30 day sched-
ule)., For a standard intensity of 20,000 r/hr. however, the entire urban
compiex is recovered on the 47th day by conventional methods only. Mass
participation in this case would not noticeably shorten the urban complex
recovery time, unless conventional decontamination were conducted on 2

90 day schedule, Under this condition, participation of mass decontamina-
tion for one day would cut the completion time back from the 107th day

(anticipated for conventional decontamination alone) to the 80th day.
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VII SUMMARY AND CONCLUSIONS

ERl Ao tans

The planning and scheduling of decontamination operations should be
designed to limit the exposure dose to decontamination crews, and, at
the same time, decrease the exposure dose for later operations. There-
fore, procedures were developed for making approximate estimates of start
times that would allow minimum exposure to groups of people in both de-~
contamination and facility operations. Related expressions were written
3 for obtaining allowable dose and required effort estimates. The relation-
ships among decontamination effectiveness, methods, effort, surfaces,
radiation levels, and fallout mass loading were also reviewed., Tabular
‘Q’ solutions of the decontamination efficiency functions were compiled
. showing the effects of the various coperational and environmental factors

X on decontamination effectiveness and equation parameters.

The importance of the tarzet utilization residual number (RNS)j in es-
timating the exposure dose to facility operators was demonstrated. Equa-
i tions defining (RN3)j in terms of decontamination effectiveness and reiative
3 dose rate contricutions were developed., A detailed analysis of these
equations revealed & host of influencing factors., These were organized
into six categories, i.e., (1) target characteristics., (2) decontamination
. methods, (3) decontamination personnel, (4) meteorological conditions,
] (5) fallout characteristics, and (6) other contingencies., Some of the
? more important parameters included target configuration and component sur-
face characteristics, decontamination method capabilities and cleaning
equation coefficients, crew and operator skills, weathering effects, fall-
out density, distribution, and particle size, availability of services
(water, fuel or power), and accessibility of areas. These and other fac-

tors were discussed in terms of their influence on decontamination
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effectiveness and hence (RN3)j so as to reveal their relative importance
and any probable need for further study.

The problem of facility operator dose was explored as a part of the
development of the concept for maximizing personnel utility. An appro-
priate expression for operator residual number, RNop, was derived., Through
use of a sample calculation, it was shown: that the real value of the
equation for RNop lies in its being applicable by parts. Thus, the oper-
ator dose for any exposure period{s) can be predicted and compared against

the limiting ERD criteria.

The effects of serially and simultaneously scheduled recovery opera-
tions on decontamination crew dose were investigated. General expressions

of decontamination crew residual number, RNZ’ were written for three

-classes of anticipated surface source conditions:

1. %o significant new source created during the decontamination
process

2, A thin new source created, but no self shielding involved
3. A thick new source created, and self shielding taken into
account

Sample calculations.indicated that the effects of prior decontamination
from serially scheduled operations are probably more important than the
effects of concurrent decontamination during simultaneously scheduled
operations. The latter areessentially negligible when thin new scurce
deposits are created. If there are no new source deposits, concurrent
decontamination can cause small decreases inRN2 (as much as 5%)., Prior
decontamination effects, however, exhibit a capability for reducing RN2
factors by as much as 15% for a single decontamination pass and 27% for
a double pass operation, It is also concluded that the effect of prior

decontamination on RN2 will seldom exceed (or even equal) the absolute

magnitude (+ or -) of the current decontamination or new source contri-

bution, for a single pass operation,

118




The next step in the analysis was to devise a countermeasure system
evaluation procedure for determining the size of the decontamination
organization required as a function of fallout patiern effects and the
shelter distribution. Using this procedure, thepercent of total popu-
lation required for decontamination was observed tc drop by factors of
3-1/? to 7 (depending on whetiter the minimum shelter PF was 100 or 40)
as city area increased from 16 to 400 sguare miles, Although the total
number of decontamination persomnel increased with city area, the rate
oZ change decreased significantly for city areas greater than 100 sguare
miles; Theevaluation procedure ontlined is applicable for any fallout

condition, shelter system, or exposure criteria.

Recovery of an entire community by a specific decontamination organi-
zation depending on conveutional urban methods and equipment may require
one to several months, Therefore, planners should not overlook the latent
potential of mass participation by the populace using household procedures
such as sweeping with hand brooms and flushing with garden hoses. A pro-
cedure has been developed to obtain a complementary mass participation
start time for various contamination conditions, decontamination organiza-
tions, and decontamination start times. The effective scheduling of mass
decontamination efforts to augment those of the official decontamination

organization demonstrated a capability to accelerate recovery completion

times by many days--for certain expected combinations of standard intensity

and conventional decontamination period.

It is recommended that these collective findings together with the
b . results of the target analysis and decontamination scheduling studies be

incorporated within the Recovery Model Development Program, Specifically,

; decontamination and dose control models should be developed to delineate

the technical parameters associated with postattack recovery operations

; and to estimate the cost and effectiveness of implementing radiological

countermeasures,
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Appendix A
DECONTAMINATION ‘PERFORMANCE TABLES

A large number -of decontsmination experiments have been conducted to
determine the faliout removal effectiveness of various candidate methods
and procedures.* Most of the later experiments were designed to obtain
estimates of the efficiency coefficients and other parameters required ‘to
solve Equations (74) through (77). As a result, it has been possible to
obtain discrete solutions to these equations for certain method-surface
combinations and fallout conditions. The findings are presented in Tables A-1

through A-7,

The appropriate decontamination efficiency function appears at the
head o each table. Values of the various equation parameters are shown
as a function of fallout particle size range (psr), initial mass loading
(Mo)jk’ and number of cleaning passes pyp. The residual mass Mij and mini-
* *
mum residual mass szk' corresponding to Fij and szk: are also given. In

the case of wet methods, the water required per pass Yok is also included.

The rate of area coverage Tor is not shown, since it is the reciprocal
of specific effort ejkz’ However, values for the ‘working rate rék are given,
This parameter represents the maximum rate of coverage when there are no
operational losses due to turn around time, trip overlap, and increased re-

deposition of fallout material alongside successively cleaned strips.

* A compilation of the results from these tests in terms of both the en-
vironmental and cperational parameters affecting decontamination per-
formance is contained in the following reference:

Owen, W. L., F. K. Kawahara and L. L. Wiltshire, Radiological Reclamation
Performance Summary, Vol. I, Performance Test Data Compilation, USNRDL-
TR-967, U.S. Naval Radiological Defense Laboratory, San Francisco, Cali-
fornia, October 1965.
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ihus,:ik is always equal to or greater than rgx, sirce the latter is an
operational rate embracing the effects of all these losses.. The approxi-

mate ratio 6% ry to ry, is indicated at the bottom of each table.

- Additional information may be found at the foot of the tables re-
garding such performance factors as manpower requirements, forward speed,
gedar selection, and nozzle pressure. Where the test data permitted, esti-
mates of the constants in Equatioh-(77) were made and enﬁered in the tables.
Thése‘iﬁclude d&k,the spreading coefficient, and (M:)jzk the upper limit of

* x )
Migk, Where (M)jgx is ¢ to the Ry, of Equation (77).

For certain decontamination experiments, the data were of no use to the
efficiency functions. Either no .attcmpt was made to perform multiple pass
tests,or as in the case of plowing and sod cutting, additional passes: were
deemed inadvisable. Tables A-8 to A-~10 contain the results of these single
pass tests. The entries are limited to the basic parameters describing de-
contamination performance and effectiveness. In general, the data do not

permit the determinatlion of any particle size or mass loading effects.
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TABLE A-5
DECONTAMINATION OF OPEN- FIELDS .
BY- MECHAYIZED EARTH MOVING-AND AGRICULTURAL EQUIPMENT

<Ky P
Fjlk =¢e Lk Lk
Method anl Surface and Working Specitic No, of Residual Efficiency-
Equipment Condition Rate Effort Passes Fruction Coéfficient
¥
Tox ikt Pex Fiox Kox
(1000 It2> (equip-hr) _ @
hr \1000 ft“
Surface Removal
Scraping 2 to Moist turf 36 0,055 1 0.16 6,45
4 in, deep: 8 Tilled soil: 30 0,067 1 1.0 4,60
cu.yd. capacity dry or moist 2 0.01
Hard ground 24 0.083 1 3.5 3.35
2 0.13
Grading and Moist turf 29 0,117 1 2,1 3.85
scraping 2 in, 2 0.045
deep Tilled soil 40 0,083 1 4,5 3.1
2 0.20
Hard ground 33.5 0.10 1 1.8 4.0
2 0,034
Grading 2 in. Hard ground 36 0,042 1 4.3 3.15
deep: 8 to 12 2 0.18
ft, blade
Bulldozing Hard ground 13.8 0,183 1 1.1 4,5
Burial in Place
Plowing 10 in, Tillable ground 18 to 0,083 1 20 -
deep: 3 share 27
gang
Rototilling 8 Tillable ground 21.5 0,050 1 <40 -

to 10 in.deep
by 4 in.wide

Manpower required: one man per equipment unit,
Rate of coverage: r, = 0.4 to 0.7 r! due to turn around and maneuvering losgses
between trips.

£k 2k

* pecontamination effectiveness not considered to be affected by either particle size or
mass loading.
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TABLE A-6
P *
FIREHOSING FLAT TAR AND GRAVEL RUOFS

o 1/3!
Lk P -3k, p
FJLk—F.‘iLk+&1 Fuk>e tk "4k

C e i n rn e yn

ok -
working Water Required Specific No. of Residual Efficiency Min.Resdl,

et Ao A © o g S e

Rate Fire Flare Efgc?% ‘Passes Fraction Coefficiant Fraction .
r! w e F 3K° P
Lk 1% k4 Pk itk ok ik
: 2 !
! 1000 £t )“ 2 ( nozl-hr\ ‘
! (5 a1/t (po=y) ® * z
0.54 1.1 0.7 0.185 1 10 2.48 2 ;
2 6 i
! Note: Single pass at !
0.30 2,0 1.2 0,33 1 2 -6 slower ratesmore elfec- i
tive than 2 passes at
0.18 3.3 2.1 0.55 1 G,5 - 2 fastest rate.
i
!
f‘/
Manpower required: 3 men per nozzle. . ?
b4 : ar! . |
/ Rate of coverage e ™ Tax ! g
| f k*
s : * ' ,‘i
! Decontamination effectiveness and equation cocefficients are rclatively un- '
! affected by (1) particle size, (2) mass loading, (3) loose or fixed gravel, ;
. or (4) type of nozzle, p
: E
3 z
X *% At 75 psi fire nozzle pressure or 150 psi flare nozzle pressure. ;
|
i ! 4
) E
; .o
, ; .
' '
i :
| ¥
i
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TABLE A-8

DECONTAMINATION OF COMPOSITION SHINGLE ROOFS BY
SLOW MANUAL METHODS - SINGLE PASS OPERATIONS ONLY

Method or No. of Working Specific Residual Residual
Equipment Men Rate Effort Mass Fraction
r’ e, M F.
£k jk& “ilk Jik
1000 ftz equip hr 2
, £t
( br ) 1000 ft‘") (e/2t) )
Vacuuming 1 0.55 1,82 1.6 3.2
Garden Hcsing: 3
‘ at 8 psi 1 1.50 0.67 6.0 12
at 35 psi 1 4.4 0.23 8.5 17 ‘
Corn broom 3 2.2 0.45 9.0 18 a
Street broom 3 4,8 0.21 15.5 31
K-
Particle size range: 150 to 300 .
Mass 1 ing: M = 2,
ass loading: ( o)jZk 50 g/ft
; Rate of coverage: T = r;k. - J
; Water required: w, = 0,093 gal/i’t2 at 8 psi and 0.068 at 35 psi for the e

X respective working rates given.
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TABLE A-10

DECONTAMINATION OF LAWNS AND YARDS BY MECHANIZED, SEMI-
MECHANIZED, AND MANUAL METHODS - SINGLE PASS OPERATIONS.

ISR

Method and Surface and Ko, of working  Specific Residusl
Equipment Condition Mon Rate Effort Fraction
r’ ) F
Lk Jkx2 JLk
2
(1000 £t ) (equip-hr D)
hr 1006 {t° *
Surface Removal
Sod’ cutting with -Lawn: accessible, 2 1.7 0.8 1.1
12 in. blade well conditioned turf
Lawn: accessible, 2 1.6 0.75 1.6
sparse rock~laden turf
Lawn: confined and 3 1,3 1.1 1,6
obstructed, wet turi
Scraping with light Lawn: confined, ob- 2-3 1.8-4.2 0.6-0.3 <14.0
duty farm tractor structed, well con-
ditioned turf
Hand shoveling 2 to Lawn: same as above 4 0.7-1.8 1,5-0.6 <12.0
3 in, layer imto ... o) laden turf or 4 1.25 0.9 12.0
whealbarrow
grounc
Hand shoveling Thawing ground 4 1.9 0.6 12.0
1/2 in. layer
Burial in Place
Garden plowing Tillable ground: grass 1 1.75 0.7 85
4 to 6 in.- deep 5 to 8 in, high
Hand spading O to Same 48 above 4 1.45 3.0 42

8 in. deep

Rate of coverage:

r

< p’

successive {rips, etc,

due to turn-around time losses, overlapping of

Decontamination effectiveness is esgentially unaflected by either particle size

or mass loading.
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Appendix B
DERIVATION OF THE EXTENDED REAL~PLANE DOSE RATE Ij(ext)

The estimate of the reference dose rate Ij(ext) is based on the
application of the inverse square law to a radioactive source spread
uniformly over an extensive plane surface. Neglecting the effects of
air attenuation and buildup, the dose rate, Ij’ at a height, h, over the

center of a smooth disk source of radius, r, is derived from the general

expression
r
rdr
I, = Iozn I 2 é_
J o h 41
or
2
I, = I®winil+= (B.1)
d "2

The textbook solution of the disk source problem is givern by Hine and

- * . . " -
Brownell™ in the form

c r
j > > . (B.2)

Setting these two expressions equal to each other and cancelling terms,

the unit source strength becomes

A
I = —T = 4l (B.3)

Hine, Gerald J., and Gordon L. Brownell, Radiation Dosimetry, Academic
Press, New York, 1956.
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where

A is the total activity (in ci or mc),
q is the concentration of activity pexr unit area,

I’ is the specific gamma dose rate constant.

2
I’ has the dimensions of cm - r/mc - hr, and, to be consistent, q must be
2 .
dimensioned in mc/cm . Their produact reduces to r/hr, which according

to Eq. (B.3) represents the dimensions of I.

However, the unit source strength, Io, carries 2 deeper connotation
than is indicated by its dimensions. Because I' is defined as the dose
rate at a given distance from a point source, the unit for this quantity
is often expressed in r/mc - hr at one cm (in air). Multiplying this
by q(mc/bmz) results in the unit expression (r/hr)/'cm2 at one cm for I-
Thus, in general, the source strength, Io’ is numerically equal to the
dose rate at unit distance from a point source whose activity is equal

to that contained within a unit area of surface contamination.

It is obvious from Eq. (B.1) that Ij will increase indefinitely as
the radius, r. increases. Experimental data obtained with a directional
gamma detector at Operation Plumbbob® supplied the limiting value of r.
At a detector height of three feet, the radiation contributions beyond
a distance of 300 feet were fcocund to be negligible for an open ground
surface. Thus, from Eq. (B.1), the estimate of the reference dcse rate,
Ii(ext), at three feet above the center of an extended real plane surface

IS,

of uniformly distributed fallout becomes .

* Strope, W. E., Evaluation of Countermeasures System Components and
Operational Procedures, Operstion Flumbbob, Project 323,-WT-1464,

USNRDL, San Francisco, CTalifornia, September 1959,
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Ij(ext) = I In 1+ ;

or

Ij(ext) 28.91 . (B.4)
Since the limiting value of r i3 not known to more than two signif-
icant figures, the estimate of Ij(ext) is set equal to 29 I . Because
Eq. (B.4) incorporates experimental conditions, it represents an air-
attenuated dose rate., Thus, the value of 29 Io includes the attenuetion
resulting from both average air thickness and average terrain roughness

effects.
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Appendix C i 5
DERIVATION OF CREW DCSE FOR A THICK NEW SOURCE ’ E

The effects of self shielding for a source having a thickness of x cm - f
may be represented as ;
x %
A = (1 + px) et (c.1)
where p is the linear absorption coefficient, and 1 + px is an approximation §
’ of the buildup factor B(X) due to multiple scattering through the source 5
2 . i
f material. From Reference 2, the intensity, IN, for a finite new-source deposit 3
1 ) 3
at time T after start of decontamination (first pass) is givea by g
i s i
(I-F) WL I A A - 3
TR 1 c N s 3
o I () = (c.2) :
S N 62 ;
. where the symbols in the right hand member have the same meanings as they did E
3 previously in Equations {135), (136) and (137). ]
L Because Equation (C.2) was based upon the assumption that decontamipation

progresses at a constant velocity,say V,the thickness of the source als»o

must necessarily increase at a constant velocity, say v. Thus, both L and

i

X may be expressed as functions of T;

o e
3
TP T

L = V1 and x = v7

P s 5 5 PR T

Substituting Equation (C.1l) inio Equation (C.2), incorporating the above <

relations, and then integrating over T results in an expression for crew dose due ;

B L TV SR P

3 to thick new-source contributions. ;

] s

\ , T (1-F)) WL I_A 3

1 o -px .

: D_ (M) = (1 + px)e dt ]

kE 2 o 2 3
b :

; s 3

: (-F) WL A T ot :

E = - .[ T(L + pvT) e LA (c.3) 3
- 62 o 3

s
A v A Vit ot

2N o
v
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s
or 1-F
n'(x)—( P "I Ay [3 __3 _3wv _ v2-rz'l (c.4)
27 T 2 2 ) 2 .
62 v [ W w2 e v |
converting back into terms of x and L
(1-F_ ) WLI AS
' 1 3 —ux “ux [ 2
D_(W) = o ¥ 4l < {1-e - e (x + 3x (c.5)
2 2 2 2 P
6 x u
and s
1-F
. ( ) ML AN 3 -x -ux [2 3Ix\[
Rﬂz(N) = - i l-e -e x +°y (c.6)
29 §°x A ' )

which corresponds to the expression used in Equation (136).

For the case of a relatively thin new source, there will be no self
shielding. Therefore, the term (1-!-].!.::)e“y'x becemes unity, and Equation (C.3)

simplifies o
s
(1—1-‘1) WI A T

D. (N) = ° Nf T dT
2 2
8 o
(1-F.) WI A>
= — o XN (1/2 72) (c.7)
52

Substituting for V and dividing by D2 = 28,92 Io T

S
1-F A
(1-F)) WL A

RN @) = —s & (c.8)
2 2 52 29

which is the foxm found in Equation (135).

If the absorption coefficient, p, is taken to be approximately 9.1 for
fallout material, the bracketted term in Equation (C.6) becomes 1/2 when x
equals 1 cm, Under these conditions, Equation (C.G) is the same as Equation
(C.8). Thus, a deposit depth of x = 1 cm may be used as an approximate
boundary condition for determining whether the occasion calls for the thin

A

source Equation (135) or the thick source Equation (136j.
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