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PREFACE

The Office of Radiation Programs of the U.S. Environmental Protection
Agency carries out a national program designed to evaluate population exposure
to ionizing and non-ionizing radiation, and to promote development of controls
necessary to protect the public health and safety.

Radioactive contaminants discharged from facilities in the nuclear fuel
cycle may deposit on the ground surface, to be subsequently resuspended and,
possibly, inhaled by members of the general public. This report introduces
time-dependent models of empirical parameters commonly used in characterizing
the extent and duration of the significant hazards posed by resuspension.
Readers of this report are encouraged to inform the Office of Radiation Programs
of any errors or omissions. Comments or requests for further information are

%“&&w e .20

Donald W. Hendricks
Director, Office of
Radiation Programs, LVF

ii



TABLE OF CONTENTS

Page
ABSTRACT iv
LIST OF FIGURES v
LIST OF TABLES viii
LIST OF SYMBOLS ix
ACKNOWLEDGMENT xi
INTRODUCTION 1
RESUSPENSION FACTOR MODELS 5
TIME-DEPENDENT HALF-TIME MODEL BASED ON ANSPAUGH'S MODEL
OF THE RESUSPENSION FACTOR 12
BASES OF PROPOSED INTERIM MODEL OF THE TIME-DEPENDENT
HALF-TIME 17
Initial Values of T, (t, Re(0)/Re(x)) 17
Values of T%(t, R¢(0)/Re(x)) Within One Year After
Deposition 18
Values of Tg (t, Rf(o)/Rf(m)) After One Year From
Deposition 22
Final Values of T (t, Rc(0)/Re(e)) 25
PROPOSED INTERIM MODEL OF TIME-DEPENDENT HALF-TIME 27
APPLICATION 33
SUMMARY AND COMMENTS 40
REFERENCES 4]

i



ABSTRACT

A generalized model has been developed to predict the changes with time
in the weathering half-life of the resuspension factor for plutonium 239 and
other long-lived radioactive contaminants. The model is largely based on
assumptions and empirical data presented by other authors, and is applicable
to a wide range of average conditions akin to those for which data is available.
These conditions are parametrically described as ratios of initial and final
resuspension factors, valid for a given locality.

As a direct application of the above model of time-dependent half-1ife,
the corresponding general model of time-dependent resuspension factor, also by
the present author, is introduced in the report. Included in the latter are
graphs of both models for a range of conditions, as well as graphic comparisons
of specific cases of these general models with models proposed by others.
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LIST OF SYMBOLS

The numbers in parentheses following the description of each symbol

refer to the equations in which the symbols are first used or defined.

The

symbols have been separated into these groups, according to their primary

function in the context of this report, as follows:

time-dependent parameters or variables, and special values of time.
explanations are included.
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constant coefficient, days, in (31)

constant, dimensionless, in (31)

constant coefficient, day'D, in (31)

constant exponent, dimensionless, in (31)
constant coefficient, (days) '%, in (11)
constant resuspension factor, m ], in (1), (4)

f(o)/Rf(w) = vratio of initial-to-final resuspension factors,

—
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>
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C(t)
Re(t)
s,(t)
T, (1)

T%(ti

%

A(t)

min

determined or predicted for a given site, in
(14), (24)
total contamination per unit area, regardless of depth
at which contaminant is found, constant, uCi/mz, in (8)
weathering half-life, also "half-time", days, in (2)
constant attenuation factor, days'], in (2)

= time-dependent airborne concentration, uCi/m3, in (3)
time-dependent resuspension factor, m'], in (8)
time-dependent surface contamination, uCi/mz, in (4)
time-dependent weathering half-life, days, in (12)

= empirically obtained weathering half-times, days,
corresponding to indexed values of time tis where
i=1,2,3, in (25), (26), 27)
) = minimum value of weathering half-1life, for values
of t >t (see infra), days, in (18). Literally,
the expression signifies "the value of Tg at a
time t . (see infra) corresponding to a minimum
value of T%". Such awkward notation was adapted
to maintain continuity of exposition in the text

= time-dependent attenuation factor, days'], in (12)
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tas

time, days

time at which values of T% become infinitely large, days,
in (16), (17)

indexed values of time corresponding to empirically

observed weathering half-times, days, in (25), (26),
(27)

time, days for t > tas’ at which the weathering half-time
T% reaches a minimum, in (18)
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INTRODUCTION

Particulate matter deposited on a surface can be resuspended by mechani-
cal action or wind forces, phenomena familiar to anyone who has erased a
blackboard, or complained about dust on a windy day. When material thus
prone to resuspension includes radioactive particles, as in localities
contaminated, in some cases, by nearby nuclear facilities, continuous occu-
pancy of such areas may present a potential health hazard, ascribed to the
possible inhalation of radioactive particulates of respirable size.

The extent to which radioactive contaminants can be resuspended from
the ground or other environmental surfaces is often characterized by an
empirically determined quantity, the "resuspension factor". This is defined
as the ratio of volumetric airborne pollutant concentration at some given
height to the areal concentration of the pollutant on the ground. The height
of interest may be specified to be within the "breathing zone" of the average
individual, from which respirable aerosols may penetrate into the indivi-
dual's Tungs. Coupling thusly obtained resuspension factors with some real-
istic assumptions regarding the fraction of respirable-size particles pre-
sent in the total concentration of breathing height, these resuspension fac-
tors may provide a rough index of potential inhalation concentration due to
a given ground concentration of contaminant.

Some criticism can be leveled at the concept of resuspension factor in
general. In the first place, it assumes that the air concentration above a
contaminated surface is directly proportional to this surface contamination
level, rather than on the extent of ground contamination upwind of the sam-
pling site, as would be more logical and, in fact, was found to be true
(Stewart, 1967; Mishima, 1964). In the second place, the resuspension fac-
tor, as a constant of proportionality relating air and ground concentrations,
is meant to include the effects of a myriad parameters, such as wind velo-
city, surface roughness, physical and chemical characteristics of both pollu-
tant and soil surface, vegetation cover, etc. Whereas some of these factors
may change little at a particular site, some others, such as wind velocity,
tend to be less constant. Consequently, the resuspension factor must be
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considered to be, in a strict sense, an empirically determined value applying
only to specific or prevailing conditions at a given site, at a given time or
for a specified time period, respectively. Thus, it is not surprising that
the measured values of R vary from 10021 to 10'13m'], as shown in Table 1
(Mishima, 1964).

m

In view of the described inaccuracies, continued use of resuspension
factors may be justifiable only under such conditions as would tend to mini-
mize the liabilities of the concept, or allow to compensate for these adverse
characteristics. Ideally, these conditions would include uniform distribu-
tion, unchanging with time, of the contaminant over a large ("infinite")
area, in the absence of additionally contributing "sources" of significance
(inadequately operating nuclear facilities) or "sinks" (rivers, lakes, other
large bodies of water) and of unpredictable or extreme climatic conditions.
To simplify discussion, such optional conditions are assumed to exist for
all cases considered in this report, and to have existed whenever actual
numerical values used in the report were originally obtained.

Evaluation of potential health effects from continuous occupancy of a
contaminated region involves both estimations of the amount of material apt
to be resuspended and the duration of the hazard. The latter necessitates
establishing some reliable or credible models of the decrease of airborne
concentration with time, which may be effected by describing correspondingly
varying time-dependent resuspension factors. The present report cites a number
of observations indicating that concentrations of resuspended materials do,
indeed, decrease with time, and several models based on such observations.

The models mentioned above had to be, to considerable degree, site-
specific (corresponding to conditions an exact replica of which would not be
found at any other site) and also "date-specific" (produced by circumstances
that would never be exactly repeated, at a given site, at any later time).
The relative abundance of independent observations, when contrasted with the
paucity of reliable data on which accurate models could be based, suggested
the advantage of developing a general model that would partake of the fea-
tures and assumptions of previous models, while retaining enough flexibility
to allow incorporation of new data.



TABLE 1 RESUSPENSION FACTORS FOR PLUTONIUM AND OTHER RADIOISOTOPES
[FROM MISHIMA (1964)]

Conditions of Resuspension Resuapension Factor

Averape Resuepension Factor an Accidents Involving Plutonium 4 x10°6m°!
Vrhieular Traffte {(Navara) 17 = |n'=
People Working or Active in a Closed Area 4 x 10"
Dirty Rinal, Subnrban, or Mitiopolitan Areas . IO::
Peaple Waorking or Active in an Open Arej 2 x10 1
Isolated Area ~1 x10°
Resuspension of Aged Pluloninm Deposut {0, 74 to 752 uCi/m?) from "Plumbob” 6.2 x 10 :g

to 10°
Plutoaium Oxide, No Movement 2 x108
Plutomum Ondde, 14 steps/nun 10-%
Plutomium Quide, 36 stups/min 5 x IO':
Plutonium Mitrate  No Movemem 2 x10
Plutonium Nutrate, 14 steps/min 10°6
Plutonium MNitrate, 36 steps/min 5 x10°6

Plutomum Oxide, Change Room (>3000 1t%), 9 sir changes/hr, 0.01 uCl/m?,
4 to 6 prrRony active 1n arca 3
“L.oose” Contanmination (estunated by smears) 10°

"Loose¢"” Conlananation {rstimated by water-datergent wash) 2 x10¢
Changing Coveralls, Static Sampler, No Veontilation 2.8 x 1073
Chanping Coveralls, Personal { ampler, No Ventilation 6.4 x10°3
Personnel Traftie in a Small Unventilated Room ¢« x10?
Proposed Resuspension | aclors for Plutonium Oxide:

Qutdoors (ruirsco nt conthitinng) 10°6

Outdoors {maderate activilv) 109

Indoors (quirscent conditions) 108

Indocrs (moderate activity) 104 10 1079
From Crater of Tower Shot, No Artificial Disturbance 8 «x10°8¢
Survey of Hnad, No Aruficial isturbance 8 x10°0¢
Survey of Road, Landrover, i):Nay + 4 1.4 x 1079
Survey of Road, 1 androver, D-Dav ¢ 7 1.5 x 10°6
Survey of Road, Tailboard of landrover, D-Doy + 7 2 x10°%
Survey of Roao, D-Day » | and 2 4 10'7“
Sample Colleci:onan Cad of | anmaver, H-Hour ¢+ 5 6.4 x |0'5'
Sample Colicetion 1n Cab of | antrover, H-Ilour + 8 2.5 x 10'5"
Uraniun Sample Dovnwing o1 Croter, Sample Hewght, | 1t Above Ground 3 x IO""
Uranum Sam;s ¢ Downwind of Crater, Dust Stirred Up, Sample Helght: 1t IO'J"
Urammum Sample Downwind of Crater, Sample Height, 2 11 lO's
Plutoniuin Sampled | ft Above Ground, “

Velucular Dust 6 x10°

Pedestrian Dust 1.5 x 1063
lodine~ 13!, Cnclosrd (Chamberlain & Stanbury) 2 x 10'; to

4 x10°
Jodine- 131, Open (Chamberlain & Stanbury) 2 x106
Yitrium-01, 0-8 u Particles, Natural Turhulence, Sampled | ft Above Ground;
Ground Contanunation 1 evel 1,8 uCi/m? 1.8 x 1077
Ground Contamination fevel § 8 uCi/m 10°8

Ground Contannnatinn { evel 24 6 uCit/m
Polomvm- 210, 0-8 u Particles, Natural Turbulence, Sompled | ft Above Ground:
Ground Contammmation [ exel 0,6 uCi/m*
Ground Contamnation [ evel o uCi/m?
Uaon- 0-4 4 1'articles, atural Turbulence, Sampled | it Above Ground:
Ground Contamination 1 evel 112 g/m
Grars Contammination | fvel 70 g#/m
Concrete Contamination level 180 g/m?

Plutonium Oxide, Samplhing Jicight 5 A

NN NN [~
-
L ]
-
[-X-]
i
[N ]

I loor Level 0.1 uCi/m*, No Circulation 1.6 x 10°6
Floor level 24 (‘...Cllrsz. No Clrculetion 4.4x 107
Floor level 0.t uCi/m=, tan V.32 x 10°3
Floor J.evel 0.91 uCi/m?, Fan 1.4x10°3
I'loor b.evel 0 086 1.Ci/m*®, I'an and Dolly 1.0x 10°2
Floor Level 1.5 uCirm?2, I'an and Dolly 9.4 x103
Floor Level 1,3 uCurmé, After Tent p x104
Floor Level 1.1,Ci/m®, After 1¢st 0 x104

Uranfum, Sampling H{eiphts 5 ft

Floor [ evel 0 086 uCi/m?, No Circulation 1.8 x 10°6
Floor lLevet 0,95 uCi/m?, No Circulation 2.2 107
Floor Level 0,015 uCilm?, | un 1.5 x 1074
Floor Level 1.1 uCi/m?, 11n 1.1 x 104
Floor Lesel 0,11 uCiliy, Dolly 1.6 x 1074
Floor Lesvel 1 JuCi/iné, Dolly 1.3x 104
Floor 1 escl 0.91 uCi/m2, Fan and Dally Ex10
Floor l.evel 1.0 uCi/m2, Fan and ity 1.ox10°¢
¢ Onc high value excluded ¢¢ QOnly ~10% of particles <6 u

t Only ~20% of particlcs <6 u 4t Only ~5% of particics <6y

$ Particles primarily In 20 10 60 u si1ze range, <1% <6 u’



The present report describes what may well be called a "back-door" ap-
proach in developing a general model of the time-dependent resuspension fac-
tor. It is rooted initially in a collation of known or accepted facts about
rates of decrease of airborne contamination, as characterized by the "decay
half-1ife" or "half-time" of such decrease, originally assumed to be exponen-
tial. Based on these facts, a general model of the "time-dependent weathering
half-1ife of the resuspension factor" is developed, followed by the corres-
ponding general model of the resuspension factor itself. Conditions repre-
sentative of the various sites from which data is available are operationally
described by "ratios of initial-to-final resuspension factors", as observed
or expected at each of the given sites.



RESUSPENSION FACTOR MODELS

One of the earliest attempts to devise a simple means of predicting the
extent of resuspension of pollutant from a previously contaminated surface
dates back to 1956. P. S. Harris and W. H. Langham correlated surface de-
position and air concentration measurements of plutonium at the Nevada Test
Site (NTS) by defining a quantity known as the "resuspension factor", Re
(Langham, 1971)

R. = Air Concentration (uCi p]utonium/m%) (1)
Surface Deposition (uCi p]utonium/mz)

From measurements made at two different times following a contaminating event,
under circumstances involving "extensive vehicular traffic", it was concluded
that Rp = 7 x 1071 applied to "disturbed Nevada desert conditions".

In addition, an "attenuation factor", Aps Was calculated to describe the
exponential decline in air concentration with time, due to progressive reduc-
tion of the amount of contaminant available for resuspension. For the condi-
tions previously described, A corresponded to a "half-time", T%, of 35 days

(Langham, 1969, 1971)

. 0.693
35 days

W= 102 = 0.0198 days ! (2)

%
Other values of T!5 have been estimated or proposed, such as T% = 40 days, for
prevailing conditions at NTS (Langham, 1971), and T% = 45 days, by Kathren
(1968), in his lung dose model,

Applying the "attenuation factor" concept, the time-dependent concentra-
tion of resuspended contaminant may be represented by the following expression:

C(t) = c(o) e at (3)



airborne contaminant concentration at time t, uCi/m3

where c(t)

C(o) = initial airborne contaminant concentration, at some
arbitrarily assigned time t = o, uCi/m3
A, = attenuation factor, days B

= 0.0198 days '], disturbed NTS conditions (Langham, 1971)
= 0.0173 days '], prevailing NTS conditions (Langham, 1971)
= 0.0154 days '], proposed by Kathren (1968)

t = time, days

From the definition of resuspension factor, the air concentration C(t)
at a given time, t may be related to the existant surface concentration of
contaminant, Sa(t), by the following version of Equation (1).

c(t) = Re Sa(t) (4)
where Rf = resuspension factor, constant at a given location, for
prevailing conditions, m]
Sa(t) = surface concentration of contaminant at time t, uCi/m2

For some initial time t = 0, Equation (4) becomes

C(o)

R S, (0) (5)

where Sa(o) initial surface concentration of contaminant, at time

t = o, uC'i/m2

Combining Equations (3) and (5), the change with time in the airborne
pollutant concentration can be seen to be proportional to an exponentially
decreasing surface concentration.

C(t) = Clo) e’ =R S (0) et (6)

This expression serves to emphasize an important assumption, implicit in the
concept of a "constant resuspension factor", as expressed by Equations (1)
and (4). That is, the amount of contaminant found in resuspension above some



given surface will represent a constant fraction of the amount of contaminant
available on that surface. Consequently, all other factors remaining equal,
any reduction in the concentration of airborne pollutant must be merely due
to a corresponding reduction in the concentration of contaminant present on
the surface. From Equations (4) and (6), this progressive reduction in the
surface concentration of pollutant must clearly be

5,(t) = s, (0) e at (7)

In reality, such behavior of a surface contaminant would seldom, if ever,
result in maintaining the relationship described by Equation (4), namely that
a time-invariant fraction of pollutant on a surface is resuspended. Such
assumed relationship takes into account only one of the processes whereby
a pollutant becomes unavailable for resuspension, which are commonly grouped
under the general term "weathering" (Anspaugh, 1975). These include not only
the transport of small contaminant-bearing particles downward into the soil
by "percolation”, but also the "cementing" of such particles into or onto
larger ones, on the surface, by the forces of adhesion or cohesion. Whereas
the first of the processes mentioned would undoubtedly result in a decrease
in surface contamination, it is equally clear that the second would not.
Consequently, the surface concentration of contaminant Sa(t) must consist
both of "uncemented" and "cemented" particles, the latter being unavailable
for resuspension.

To justify the continued use of Equation (6), it would be necessary to
postulate that the "uncemented" particles would constitute a constant fraction
"k" (less than 1.0) of the "unpercolated" particles remaining on the surface.
This constant fraction could then be incorporated, conceptually, into the
empirically determined constant resuspension factor, and the relationship
indicated by Equation (6) maintained.

Such a postulate, unfortunately, would imply that a constant fraction
"1 - k" of the "unpercolated" particles on the surface must consist of
"cemented" particles. For this fraction to remain, indeed, constant, the
surface concentration of "cemented" particles would have to decrease in



proportion to the reduction in "uncemented" particles surface concentration.
However, this entails a contradiction since, by definition of the processes
involved, a “"cemented" particle cannot "percolate" into the ground.

The inconsistency described in the preceding discussion can be avoided
by defining a "time-dependent fraction 'k(t)', available for resuspension,
of the surface concentration of pollutant Sa(t)". As direct consequence of
such definition, the functions C(t) and Sa(t) would no longer parallel each
other, as expressed by Equations (3) and (7); the behavior of C(t) would
depend on the product of two time-dependent functions, k(t) and Sa(t).
Furthermore, resuspension factors determined empirically as ratios of air-
borne to surface concentrations would include, implicitly, the time-dependent
fraction k(t). For most practical purposes, this would mean that the general
relationship expressed by Equation (4) is inaccurate, and should be replaced
by a formulation describing the decaying airborne concentration C(t) as the
product of a time-dependent resuspension factor and a time-dependent surface
concentration.

The added complexity of such formulation justifies seeking simpler ex-
pressions, one of which may be introduced by considering an alternative to
the use of "surface concentration" as the contaminant source-term. Note
that the extent to which a given "surface" has been contaminated is deter-
mined by means of samples taken to some depth, which varies according to

technique (Bernhardt, 1976). However, regardless of technique, such sampling
is limited to the top layer of soil, containing that portion of the total
contamination which is presumed to be, at least in part, available for resus-
pension. Thus, "surface concentration" of contaminant should be differen-
tiated from TOTAL activity or contamination present in the soil - regardless
of depth - per unit surface area, since a fraction of the latter may be pre-
sent at depths greater than that of the easily erodible surface layer.

The results of such differentiation should be examined in the framework
of conditions best suited to the application of the resuspension factor con-
cept, i.e. uniform deposition of poliutant over a large - ideally "infinite" -
area. Under such conditions, the net effects of redistribution and losses of



contaminant material by saltation, creep and resuspension would be negligible.
Ignoring, for purposes of this discussion, the effects of radioactive decay,
the only remaining factor of importance is that of "percolation" of contamin-
ant into the soil. As already discussed, this would have significant effect
on the "surface concentration" Sa(t). However, by definition, penetration of
pollutant to greater depths into the soil would not affect TOTAL CONTAMINATION
PER UNIT AREA SA' Thus, once deposition of contaminant has concluded, SA may
be assumed to remain constant.

This suggests an alternative definition for "k(t)", as that "time-depen-
dent" fraction, available for resuspension, of the total contamination per
unit area SA". The obvious advantage of determining such a new “resuspen-
dible fraction" is that it would permit expressing the decay with time of
the airborne pollutant concentration as the product of a constant resuspen-
sion factor and a constant "total contamination per unit area" times a time-
dependent resuspendible fraction of the latter.

Anspaugh et al. (1974, 1975) were of the opinion that such time-depen-
dent fraction could not be realistically determined, and that it would be
more advantageous to define a time-dependent resuspension factor Rf(t)
assuming a constant value for the soil concentration, equal to the total
deposition per unit area SA’ regardless of distribution with depth. Ex-
pressing (4) in this format, it becomes

C(t) = Re(t) S, (8)
where  Rc(t) = R(0) e Mt (9)
with  C(t) = air concentration at time t, uCi/m3
Rf(t) = time-dependent resuspension factor, m ]
Rf(o) = 1initial resuspension factor, at time t = 0
(deposition time), m]
AA = attenuation constant, days -1
SA = total soil activity per unit area, constant, uCi/m2
t = time, days



Using (8) and (9) with values of A corresponding to half-times of 35
days (Langham, 1971) or 45 days (Kathren, 1968), relationships observed for
up to several weeks after a contaminating event may be approximated reason-
ably well. However, Anspaugh et al. (1975) quoted a number of observations
indicating that such models are less accurate for longer periods of time.
These include a half-time of 10 weeks determined by Anspaugh et al. (1973)
from observations made 12-40 weeks after accidental venting of an underground
explosion, a half-time of about 9 months obtained by Sehmel and Orgill, (1974)
at Rocky Flats, and a resuspension factor of 10'9 m'] at a location contamina-
ted 17 years previously. The significance of this last observation can be
best demonstrated by rewriting (9) as follows:

Re(0) = Re(t) e*A” (10)

where Rf(t) 10'9 m']

with t = 17 years x 365 days _ 6205 days
year
_ 0.693
and XA = _T;,_
2

Solving (10) for Rf(o) with 35 days 5_T15 < 45 days results in values of
3.16 x 10%2 m”! f_Rf(O) < 2.275 X 104 m'T, which are clearly impossible,
since it is highly unlikely that Rf(o) should exceed 1.0 m'], with 1072 m"

being the largest value reported to date (Mishima, 1964).

1

The obvious implication of the preceding discussion is that half-time
Tli must increase with time, and be considerably greater than 35 or 45 days
at 17 years post deposition. The direct observations of Anspaugh and Sehmel
and Orgill mentioned above, also support this conclusion. Based on these
observations, and on the assumption that T% = 35 days is valid during the
first 10 weeks after deposition, Anspaugh et al. (1974) developed a "time-
dependent" model of the resuspension factor conforming to the following con-
straints: "1) The apparent half-time of decrease during the first 10 weeks
should approximate a value of 5 weeks and should approximately double over

10



4 m'];

the next 30 weeks; 2) The initial resuspension factor should be 10~
and 3) The resuspension factor 17 years after the contaminating event should

approximate 1002 m1." This model can be represented by (11).
-K
Re(t) = Re(0) e TKVE 4 pege) ()
where Rf(t) = time-dependent resuspension factor, at time t, m']
Rf(o) = 1initial resuspension factor, at time t = 0, m'.I
= 107" m!, as specified by Anspaugh et al. (1974)
Rf(w) = final resuspension factor, at time "t = =", m"
= 10'9 m'], as specified by Anspaugh et al. (1974)
t = time from deposition, days

= constant coefficient = 0.15 (da,ys)';5

The "final resuspension factor" Rf(m) = 1079 m'], in the above expression,
reflects the expectation that there would be no further measurable decrease
in the resuspension process after 17 years, which, in 1974, was "the longest
period post deposition for which measurements (had) been reported". At such
time, the mechanical behavior of the aged pollutant deposit would not differ,
presumably, from that of the native soil itself, by virtue of the two having
become intimately associated.

As Anspaugh pointed out, this model "was derived from a composite of
numerous experiments," and "contains no fundamental understanding of the
resuspension process," but intends merely to describe it. Nevertheless, two
basic assumptions are implicit in the model formulation, as follows:

1) The half time T% is time-dependent,

2) The resuspension factor Rf(t) reaches a limiting value, Rf(w), at a
long ("infinite") time after deposition (t = "=").

Should these two assumptions be accepted as valid, some generality may be
attached to Anspaugh's model as expressed by (11), derived as it was frbm
"numerous experiments", and thus, at many locations; "there have not been
measurements at any individual source over such long time-periods" (Anspaugh
et al. 1974, 1975).

11



TIME-DEPENDENT HALF-TIME MODEL BASED ON ANSPAUGH'S
RESUSPENSION FACTOR

There is evident need to model "weathering" processes on a fundamental
basis, particularly, as regards resuspension, in view of the conceptual con-
nection between "weathering" and the time-dependent behavior of the half-time,
T%(t). The present author makes no pretense of providing such a solid founda-
tion, but merely attempts to produce a general empirical model of half-time
as function of time and local conditions, represented by "initial" and "final"
resuspension factors, Rf(o) and Rf(w), respectively. This model is based on
observations and models reported by previous authors, with liberal use of the
assumptions inherent in their development.

An obvious starting point for a tentative model is provided by Equations
(9) and (11). Incorporating into the former the postulated time-dependence
of the half-time and hence that of the attenuation factor A(t), previously
denoted as Ags it may be formally rewritten as '

0.693

T T (%) t 12

Equation (12) may be interpreted as being mainly a definition of T%(t). With
some rearrangement, it becomes

= 0.693 t
Tt = - =R (13)

In m)

Replacing Rf(t) in the above equation with Anspaugh's model as expressed by
(11) results in equation (14)

R(0)\ _ - 0.693 t
T!ﬁ (t’ f )_ ﬁ— R (u)
=) o, [e'K ¢ i ] (14)

12



Note that, in a strict sence, T;5 is no longer a function solely of time but
also depends on local conditions, parameterized by initial and final resuspen-
sion factors as obtained or extrapolated from actual measurements in a given
area. While Anspaugh and his coworkers assigned specifically values of 10'4
m and 1072 m'], respectively, to these factors, both higher and lower values
have been observed. Table 1 (Mishima, 1964) presents resuspension factors
ranging over 11 orders of magnitude, from 102 7! (interiors) and 1073 !
(disturbed exterior conditions) to 10']3 ) (aged deposit). Although some of
these values would be normally quite inappropriate in a study concerning speci-
fically wind resuspension, their use may be allowed for the purposes of devel-
oping a general model. In particular, the ratio of the lowest to the highest
values in Table 1 can be assumed to represent a credible Tower limit of the
ratio Rf(m)/Rf(o) in Equation (14). A tentative upper 1limit for this ratio
may then be provided via the assumption that Rf(o) and Rf(w) must differ by

at least one order of magnitude. Consequently, the value of Rf(w)/Rf(o) in
Equation (14), applied generally, should vary over 10 orders of magnitude,
provided constraints are met.

1001 < Rele) q07T, (15)

where Rf(o) > 10 Rf(w) (assumption)

Using Anspaugh's value for "K" of 0.15 day'%, the constraints imposed on T55
(a value of 35 days during the first 10 weeks, double the value over the next
30 weeks) are clearly met, regardless of the value of Rf(w)/Rf(o), as seen in
Figure 1. In fact, any ratio Rf(w)/Rf(o) 5_10'1 should satisfy this require-
ment.

Nevertheless, Equation (14) has one serious drawback, which becomes ap-
parent upon examination of the denominator in the right-hand side of this
equation. For certain specific values of time t, this denominator will ap-
proach zero and consequently the half-time will tend to + or - infinity (<)
along a vertical asymptote (Figure 1).

13



10' corresponds to line marked 1
10 corresponds to line marked 2, efc.

Time From Deposition (days)/

FIGURE 1. Half-time Tv, as function of time and local conditions (expressed as ratios of initial-to-final resuspension factors, f§(0)/ Ril=}), as

derived (Equation (14)) from Anspaugh’s model of Ry(t).
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T, ++ o ast =» tas+ (16)

%
T;5 +~-o ast -+ tas' (17)
1 Rf(“) 2
where tas * X In 1 - m

For t < tas’ T!5 will be negative. For t > tas’ T% will have a minimum at some
specific time tmin’ which implies that T;5 will decrease with time for values
exceeding tas but less than t_. , and increase thereafter. Thus, every posi-
tive value of t% will occur twice, with exception of T;5 (t_. ). These obser-

min
min
vations are summarized below.

g{zﬁ <0 for t <t .. (18)

dT
ai_ﬁ >0 for t > tmin (19)
o> Tli > - w for0>t > tis (20)
e > Ty 3-T%(tmin) for t, . <t<t .o (21)
T%(tmin) 5_Tli <t for t ipsteate (22)

Equations (16) through (22) illustrate the deficiencies of Equation (14),
formally described as "the time-dependent half-time model derived from Ans-
paugh's model of the resuspension factor". These may be itemized as follows:

1) The discontinuity at t = toe described by Equations (16) and (17), has
no physical parallel.

2) The decrease with time of T;5 indicated by Equation (18) is contrary to
empirical evidence.

3) The minimum value of T;5 at t .. implied by Equations (18), (19), (21),
and (22), contradicts the expectation of there being only one (absolute)

minimum Tli at t = o.

15



4) Tre negative values of T}5 given by Equation (20) are clearly impossible.

5) The behavior of T;5 expressed by Equation (21), beginning with a value
"close to infinity", at some short time after deposition, and decreasing
thereafter, is highly unlikely.

In summa, only Equations (19) and (21) conform to physical reality, thus
limiting the applicability of the model to times t greater than tmin' Note
that the value of tin depends both on the ratio Rf(w)/Rf(o) and the constant
coefficient "K". For a value K = 0.15 / +#ays, the model would be generally
satisfactory with toin % 2 days, for all ratios Rf(m)/Rf(o) 5_10']. However,
smaller values of "K" would result in higher values of tmin’ and a further
decrease in the domain of applicability of the model. Such limitations sug-
gest the need for alternative formulations of a general model. One such ex-
pression is developed in the next section.
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ERRATWM: The expression describing fas , following Equation (17} on page 15, has

been printed incompletely. The correct expression is as follows
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BASES OF PROPOSED INTERIM MODEL OF TIME-DEPENDENT HALF-TIME

Two basic assumptions are implicit in Anspaugh's formulation of the time-
dependent resuspension factor (11). They are: 1) that the half-time T}5 is
time-dependent, T%(t); and 2) that the resuspension factor Rf(t) approaches
a limiting value Rf(w), applicable to "aged" deposits such that "t - =". The
present author proposes to formulate an interim generalized model of Tg as
a function of time and local conditions (as reflected by Rf(O)/Rf(w)) by first
reviewing the facts at his disposal in the 1ight of these two assumptions.

Initial Values of T!5 (t, Rf(o)/Rf(m)). Measurements of half-time T;,2 at several
locations and at various times after a contaminating event suggest that the
half-time increases with time post deposition (Anspaugh et al. 1973, 1974,
1975). Since conceptually "weathering" is the only phenomenon (or group of

phenomena) affecting the resuspension factor, this time-dependent behavior

of the half-time must reflect a dependence on weathering as well. Further-
more, since both weathering and half-time increase with time after deposition,
an initial time following a contaminating event, when the extent of weathering
is small, the half-time is correspondingly short. For the case of "just de-
posited pollutant", at time t = 0, when the process of weathering begins, the
half-time could be extremely small; it would be finite, however, since forces
of adhesion between the contaminant and the native soil become effective upon
contact. Thus,

T% (0) >0 (23)

Values of T%(t) measured within days to several months after deposition
appear to be roughly similar, in spite of the different local conditions under
which these measurements were made (Anspaugh et al., 1973, 1974; Wilson et al.
1960). However, as the related resuspension factors approach final values re-
flecting these and other conditions, the half-times at the corresponding 1o-
cales may differ from each other by one order of magnitude, as will be seen
in the discussion of "Final Values of T%". This would indicate a convergence
of half-time values as time approaches t = 0. Lacking other data, one single
initial half-time at t = 0, valid at all locations under all average condi-
tions (excluding severe disturbances) may be postulated.

17



T, 3 0, [Rf(o)/Rf(«»)]1 t

T,(0) for all i =1,2,3... (24)

where [Rf(o)/Rf(w)] conditions at location i

i
i = generalized location index
T%(O) = initial half-time, independent of location

Values of T, (t, Re(0)/Re(=)) Within One Year After Deposition. Several values
of half-time have been reported. Anspaugh et al. (1973) determined a half-time
TBE = 38 days from a least squares fit to averaged measurements made from 3 days
to roughly 8 weeks after a nuclear cratering event, Project Schooner (Figure 2).

T v T 1 T 1 T ¥ 1 T T 1
@ AVERAGE OF STATIONS 3 AND Ii

M@ AVERAGE OF STATIONS 25,27 AND 29

19w AR ACTMITY pCi/m?

L A 1 A 1. A L 1 ] ! 1 1
HW)  ,00 300 400 SO0 600 0 B8OV 900 1000 HOO 1200 (300
HOURS POST SHOT

-3

FIGURE 2. Tungsten-181 air activity as a function of time at five downwind
stations within six miles that were closest to the 1ine of maximum deposition
from Project Schooner. Data were normalized to the first sample taken after
70 hours had elapsed following the detonation [From Anspaugh et al. (1973)].
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Wilson et al. (1960) obtained a half-time value of 35 days as a "best apparent
fit" to median data obtained between approximately 3 and 23 weeks after a non-
critical high explosive detonation involving plutonium, Operation Plumbbob
(Figure 3). Olafson and Larson (1961) reported the measurement period as
beginning 18 days after the event and continuing to 160 days. Stewart (1967)
described the decay in the average airborne concentration as having a half-life
of about 37 days. Following other experiments, Langham (1971) reported
"attenuation factors" of 35 and 40 days estimated at the Nevada Test Site,
although the time periods to which these are strictly applicable are uncertain.

Interpreting this data somewhat loosely, it would appear that a half-time
of 35 to 38 days, applicable to various conditions, should be expected between
3 and 160 days after deposition.

35 days E_T%(t]) < 38 days (25)

where 3 days < t; < 160 days, time after deposition

and T%(t]) = empirically determined half-time, days, presumed
to apply to a contaminant deposit present in the
soil for a time t.I
t] = time post deposition, days

In addition, Anspaugh et al. (1973) calculated a half-time of 76 days over
a period extending from roughly 11 to 45 weeks after the accidental venting of
an underground nuclear explosion (Baneberry venting, Figure 4). When corrected
for background variation, the half-time was found to be 66 days.
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FIGURE 3. Median weekly air concentrations, corresponding to three
isopleths, from Project Plumbbob [From Wilson et al. (1960)].
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T (ty) = 66 days (26)

where 77 days 5_t2 < 315 days, time after deposition

and T%(tz) = empirically determined half-time. days, presumed
to apply to a contaminant deposit present in the
soil for a time t2
t2 = time post deposition, days
* STATION 4
10° .

RELATIVE ACTIVITY/ m?
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FIGURE 4. Least-squares fit to gross-gamma air activity levels 3 to 11 months
following Baneberry venting [From Anspaugh et al. (1973)].

For the purposes of the interim model, the values expressed in (25) and
(26) will be considered to apply generally. Additional data, when available,
will serve to corroborate, extend or even reduce the time periods over which
these half-times are expected to apply.
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Values of T12 {t, Rfjg)[Bf(w)) After One Year From Deposition. Sehmel and
Orgill (1974) reported an "average weathering half-life...from April 1971
to October 1972... of about 9 months" from measurements made at sampling
station S-8, Rocky Flats, near an area contaminated with plutonium from
leaking drums in previous years. The age of the deposit, however, is un-
certain. It can only be determined to be within a very broad range of time
values, as the following review of the pertinent facts should indicate:

1) Drums containing cutting oil contaminated with plutonium "were
placed in outside storage from 1958 until 1968. Initial leakage was de-
tected in 1964" (Krey and Hardy, 1970). Apparently the drums contaminated
the adjacent soil for a period of four years, from 1964 to 1968. However,
the possibility that leaks had developed earlier and gone undetected should
not be excluded.

2) A contour representation of plutonium-239 distribution at Rocky
Flats shows a "hot spot as defined by the contours, just adjacent to the
area where the leaking drums had been stored" (Volchok, 1971). Thus, there
is little doubt that the plutonium concentrations measured by Sehmel and
Orgill "near the original oil storage area" have the leaking drums as the
original, though not necessarily immediate, source (Figure 5).

3) As implied by 2) and Figure 5, the leaking plutonium was subse-
quently dispersed. According to Martell (1970), it was "redistributed by
winds, mainly in the period between spring 1967, when Dow started to move
the drums for reprocessing, and September 1969, when a four-inch thick as-
phalt slab was placed over the contaminated area." Therefore, the 1971-1972
observations of Sehmel and Orgill cannot be related directly to the original
contaminated area in the immediate vicinity of the drums, since this source
was no longer in existence as of 1969. By elimination, the immediate source
of the plutonium concentrations measured by these researchers was that con-
taminant redistributed by wind in the preceding years. Martell states that
most of this redistribution took place in 1967-1969, 19 months to 4 years
prior to the first measurement of Sehmel and Orgill. However, as mentioned
in 1), leakage and possibly redistribution started much earlier, at least
as early as 1964.
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The difficulty of assigning a proper "weathering age" to material redistribu-
ted continuously from a source, no longer in existence, which had been subject
to continuous deposition of pollutant over an uncertain period of years should
be obvious. The task increases in complexity considering that, in all proba-
bility, deposition did not proceed uniformly with time, and that redistribu-
tion most certainly did not. However, one additional fact further complicates
the issue, as described below.

4) Sehmel and Orgill began their data collection in April 1971. How-
ever, "In mid-March 1971, a ditch was dug east of the original oil storage
area and west of sampling station S-8" (in the area of heaviest contamination)
following which they observed "increased airborne activity" (Figure 6), due to
the fact that "ditch digging significantly increased the availability of plu-
tonium for resuspension" (Sehmel and Orgill, 1974). The resulting "resuspen-
sion source change" may be equated to a "source freshening" (present author's
expression), suggesting that the measured half-life of nine months could, in
fact, correspond to a much fresher source than what the as yet undetermined
chronological age of the deposit would indicate.
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# [~~~ REPORTED AIRBORNE
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1970 wn m
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FIGURE 6. Airborne Plutonium at Sampling Station S-8. Adapted from Sehmel
and Orgill (1974).
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In conclusion, very limited use may be made of the 9-months half-time
subject of this discussion. To include all possibilities (even the most pes-
simistic ones), the age of the deposit corresponding to this half-life must
be tentatively assumed to be between 19 months or less and an admittedly ex-
treme 14 years or more from deposition.

T%(t3) = 270 days (27)

where 19 months (or less) < t3_5 14 years (or more)

empirically determined half-time, days,
presumed to apply to a contaminant de-
posit present in the soil for a time t3

and T%(t3)

t3 time post deposition

Such a wide range of weathering ages does not permit using (27) as a constraint
for the interim model. For modeling purposes, the observations of Sehmel and
Orgill may be construed as furnishing proof that half-lives of 9-months do, in-
deed, exist, and are assumed to apply generally (given sufficient time) under
all conditions Rf(o)/Rf(w).

"Final" Values of T, (t, Re(0)/Re(=). Postulating that the function Rc(t) =
Rf(O) exp {-[0.693/T%(t)] t} approaches a 1imiting value Rf(w) at "sufficient-
ly large" values of time t is equivalent to assuming that, as t "approaches
infinity", the time-dependent weathering half-1life T!5 also approaches infinity,
but along an oblique asymptote defined by Equation (28).

T, [ty Re(0)/Re(=)) = —92—3‘2‘5} (28)
111[15;(;7—]

In a strict sense, this implies that Tli is not solely a function of time, but
depends also on average local conditions, parameterized by the ratio of ini-
tial and final resuspension factors, Rf(o)/Rf(m). Referring to Table 1, it
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may be assumed that Rc(0) can be as high as 1072 w7, and that values as low
as 1013 ! are possible for Rf(w). Furthermore, regardless of the actual
values of Rf(o) and Rf(w), it would not seem unreasonable to assume that, for
a specific locaility, the final resuspension factor should be at least one
order of magnitude smaller than the initial resuspension factor -

Rf(w) < 10'] Rf(O). Thus, the presently applicable range of values

Rf(O)/Rf(w) can be adequately expressed by (29).

10! < Re(0) 4Tt (29)
ReT)

Applying this expression to (28) produces a range of values of Tli for long
times after deposition.

0.02736 t < lim T%.i 0.30097 t (30)

t+oo

That is, at some given time t, "long after deposition”, half-times at various
localities may differ from each other by as much as one order of magnitude, or
more.

* It should be emphasized that such a high resuspension factor applied to
disturbed interior conditions, and may be extremely unrealistic for the case
of outdoors pollutant resuspension by wind. Nevertheless, the use of such an
unlikely high value may be justified in developing a general model, as intended
by the present author.
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PROPOSED INTERIM MODEL OF TIME-DEPENDENT HALF-TIME

A simple generalized model of the weathering half-life of the resuspen-
sion factor, as a function of time (t) and of average local conditions
(Rf(o)/Rf(w), is presented. The model is based on the facts and assumptions
discussed in the previous section, using them as constraints, when applicable.
It is of the general form

T(t, Re(0)/Re(=)) = AIn (148 +ctd) + QLQ%%ﬁ%)

(31)
In m
Where A = constant coefficient, days
B = constant, dimensionless
C = constant coefficient, day'D
D = constant exponent, dimensioniess
Rf(o) = initial resuspension factor, m'], at a given location
Rf(w) = final resuspension factor, m']. at the same location
t = time, days

The second term of the expression serves to meet the requirement that Rf(t)
approach the expected Rf(w) at long times after initial contamination. The
first term of the equation forces T%(t) to the observed or expected values

at deposition and shortly thereafter. The specific choice of constants A,

C, B, and D, will obviously determine what these values are and/or when they
are attained, according to the model. Referring to (23), (25), (26) for ex-
planation of the symbols used, a group of relationships may be roughly sketched.

T;E(o) = fO (AsB)

T,i(t]) f, (A,C,D)

T,(t,) = f, (A,C,D)
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Note that the constant B has no role other than determining TE(O) since, as
T%(O) is assumed to be small, it is expected that B << 1.

By making judicious choices of constants, a range of initial values
T%(O) may be postulated while satisfying the model constraints. Two sets of
such constants are presented in Table 2 as examples of applications of the
general model (31).

TABLE 2. EXAMPLES OF CONSTANTS USED IN GENERAL MODEL

Case 1 Case 2
A (days) 28 36
B (dimensionless) 4 x 10'2 4 x 103
C_(days'D) 1 1
D (dimensionless) 1/3 1/4

Using "Case 2" constants in (31) with a range of ratios R (0)/R (=) from 10!
to 10]] results in the family of curves shown in Figure 7 The relevant fea-
tures of the model in the present application are summarized below.

T%(O) = 3,5 hours att=20 (32)

T%(l) = 25 days at t = 1 day (33)

35 days < T (t;) < 38 days (34)
Where 5 days g_t] < 12 days

T (ty) = 66 days (35)

Where 60 days < t, < 276 days
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Comparing (32), (34), (35) with Equations (23), (25), and (26), it is seen
that the constraints imposed by the latter three expressions are essentially
met. The same applies for the conditions of "Case 1", for which the model
produces the following results:

T;E(O) =]day att=0 (36)
T%(l) = 20 days at t = 1 day (37)
35 days 5_T%(t]) < 21 days (38)

Where 10 days < t, < 21 days

Tls(tZ) = 66 days (39)
Where 67 days < t, < 309 days

A family of curves corresponding to various ratios Rf(O)/Rf(w) can be obtained,
analogous to those of Figure 7. Figure 8 shows two of these curves, for the
upper and lower limits of the range of values presumed possible for
Re(0)/Re(=), 10'" and 10!, respectively.

The extent to which the model conforms to the requirements set by (28)
can be gaged by first examining the latter. Clearly, this equation is equiva-
lent to

liT, %(t, Re(0)/Re(=)) = oéisg) (40)
In
Re()

Taking the partial derivative of the general model (31) with respect to time t,
results in

D-1
T (t, RAO)/R(=)) = ACDEY' + 0.693 (41)
3 f£10)/Re
3 14B+CED Re

In 'E;(;)
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As t increases, the first term in (41) grows progressively smaller, vanishing
entirely for values of t "approaching infinity".

K

lim &, (41) 0.693 (42)
t>o & n Re(0)
Rf‘°>

Clearly, the constraint expressed by (40) is met. Therefore, as time in-

creases, the half-life T;5 approaches one of the oblique asymptotes indicated
by (28). Two such asymptotes are shown in Figure 8.
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APPLICATION

The primary application of the model is in describing time-effected
changes in the magnitude of airborne contamination through the dependence of
the rate of change of the resuspension factor on the modelled variable, the
time-dependent weathering half-life. Figures 9 and 10 depict the behavior
of the resuspension factor as a function of time for different ratios
Rf(O)/Rf(w), as predicted by Equation (12) and the present model (31) of
T%(t, Rf(o)/Rf(w) (Case 2).

The intent in modelling the time-dependent behavior of the weathering
half-life was to provide a simple predictive tool of reasonable accuracy and
flexibility enabling it to meet a wide range of average local conditions.
However, the present author lacks the necessary data to determine the degree
to which the predictive ability and thus usefulness of the tool may have been
marred by the inevitable "trade-offs" between flexibility and accuracy. For
this reason, examples of the model applicability are 1imited to a comparison
of the behavior of the half-time and resuspension factor as functions of time
as predicted by the model with those predicted by or derived from other models
(Figures 11 and 12). Table 3 describes the salient features of these models,
specifically Langham's (1956-1971), Kathren's (1968) and Anspaugh's (1974), as
well as those of the present model (Case 1), including constants used in the
latter for comparison purposes.
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TABLE 3.

PREVIOUS MODELS, IMPLICIT OR DERIVED,

INCLUDING NUMERICAL VALUES

COMPARISON OF PROPOSED MODEL (CASE 1) OF THE TIME - DEPENDENT WEATHERING HALF - TIME T55 WITH
AND CORRESPONDING MODELS OF THE TIME - DEPENDENT RESUPENSION FACTOR,

LANGHAM'S | KATHREN'S ANSPAUGH'S PRESENT PROPOSED MODEL
MODEL MODEL MODEL (CASE 1)
RESUSPENSION -0.693 t -0.693 t 015 o °-§f3' —
FACTOR T _T_— da s'/? ~328in{1.04~ t3 ' +
Ry(t) Ry(o)e '* Rio)e " Ry(o)e y +Rg(x) Ry(o)e n days'/s in :r(ozl
Ryx)
-0.6931
HALF-TIME 35 days 45 days 015 \— t' 0.693 1
Ty, (1) (constant) (constant) in [em“ + ::T(‘;)] 28 days In (1.0 + v, ) * ln[ﬁ—'(o—ﬂ
(derived) Ayt
INITIAL
VALUE 10°*m ™ 10*m-* 10 “*m™ )
Rf(o) Values employed in present proposed model for
purposes of comparison with each of the preceding
FINAL models. With these values, the model acquires the
VALUE 0 0 10-%m -1 following forms:
R¢(=)

RESUSPENSION

®

107¢m'e™o o190 CTTA ¢

®

_[ 0.693t
10-8m -'e L28days In (1.04+day"/2t'5)

FACTOR MODELS, WITH
SPECIFIC VALUES EMPLOYED BY
THEIR AUTHORS. SEE FIGURE 11.

©)

107 m"'e"0 0154 ey 1t

@

i 0.693t
10-4m e |28daysin (1.04-day'/st'h)

®

10-*m re-orsan ¥ 410 -9m -1

®

) 0.693t
10-4m e |28days In (1.04+day"/n"s) +0.0602¢
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with which these expressions are compared. See also Table 3.
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As clearly shown in Figure 11, the proposed model (Case 1) produces a
time-dependent resuspension factor that behaves similarly to Anspaugh's model,
for the same conditions Rf(o) and Rf(w). One obvious difference is in the
rates at which both models approach the limiting value Rf(m). Anspaugh's
model includes the "assumption that there may be no further measurable de-
crease in the resuspension process after 17 years which is the longest period
past deposition for which measurements have been reported". No such assump-
tion is made in the present proposed general model, according to which the
limit value Rf(w) may be approximated before or after 17 years, depending
functionally on the ratio Rf(O)/Rf(w) (Figure 9).

The versatility of the proposed model is further illustrated in Figure
11 by comparing it with Kathren's and Langham's model. With Rf(w) = 0, as
implied in the latter two models, the proposed model matches their behavior
fairly closely.

Figure 12 shows the time-dependent behavior of the model (Case 1), com-
paring it with that of the half-time derived from Anspaugh's model and the
values used by Langham and Kathren. Again, the values Rf(O) and Rf(m) were
chosen to be those of the models with which the comparisons are made, respec-
tively. Besides having certain advantages, evident upon examining the graph,
the model has one obvious drawback, that of having inflection points at t < 1.0
day and at t > 100 days. These were not intended to represent any fundamental
notions of the time-dependent behavior of the weathering half-life, but reflect
merely the limitations of the model, when shown logarithmically. The first
inflection point is due to the requirement that T;5 be other than 0 at time
t = 0. The second inflection point occurs when both terms of (31) approach
comparable values and the second term begins to exert dominance.
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SUMMARY AND COMMENTS

The proposed generalized model is based on several simple assumptions and
limited empirical data, obtained at various locations and under different con-
ditions, as reported by a number of researchers, some of whom interpreted the
data differently. The model is intended to be general, that is, able to con-
form to different average conditions, when these conditions are expressed as
initial and final resuspension factors. This generality is achieved primarily
through the second term of the Equation (31), which includes the ratio
Rf(o)/Rf(w). Additional flexibility is provided by the first term of the ex-
pression, which can be adapted to fit a number of empirical observations with-
out materially altering the general model. At present, Equation (31) used in
conjunction with the constants of "Case 1" appears to best accommodate the
existing data. Additional data, when available, may serve to further refine
the model.

The model has limitations and deficiencies, but the greatest drawbacks to
be encountered in using it are those of the resuspension factor concept per se,
it being best suited for large (ideally "infinite") areas, uniformly contamina-
ted, where average local conditions are maintained or vary uniformly with time,
unaltered by unscheduled severe disturbances. The degree to which any model
of the resuspension factor (or of the weathering half-1ife) is successful is
clearly linked to the extent to which the above requirements are met.
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