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Based on the safety assessment framework and site-specific characteristic investigations in
northwest China, an approach to deriving the specific activity limit of 23°Pu is applied to es-
tablish a proposed value. Our analyses, in conjunction with the results of other previous stud-
ies, allow for the following conclusions: (1) As an intrusion scenario with a feature of minimal
site-dependence and pervasive applicability, the drilling scenario can be used as the limiting
scenario for the post-closure period; (2) Given a dose limit of 5 mSv per year, a derived specific
activity of 287 Bqg! (at a disposal depth shallower than 5 m) for 23°Pu is obtained through
the formulation of models and subsequent calculations. It is suggested that both our ap-
proaches to deriving the limit and the results can be effectively applied to establish acceptance
criteria of long-lived transuranic nuclides, for the particular disposal facility; and (3) From
the standpoint of exploring the approach for limit derivation, the intrusion scenario and the
corresponding exposure evaluation can be the focus of concern in the study area. It is implied
that, in arid regions, a leaching scenario may lead to a more complex evaluation, with unneces-
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sary effort, and can be virtually excluded.
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INTRODUCTION

For decades, there has been a widespread adop-
tion of the near surface concept for the disposal of
low-level radioactive waste (LLW), including
long-lived radionuclides, resulting from nuclear activ-
ities, such as the decommissioning of nuclear facili-
ties, environmental regulation and the use of nuclear
technology, in many countries throughout the world
[1-4]. In the context of LLW subsurface disposal, it is
usually accepted that the safety isolation period of the
disposal system is several hundreds of years [5]. After
this period, the activity content of short-lived
radionuclides, e. g., °°Sr and 13’Cs, would be very low,
as a result of radioactive decay; that is, their levels of
radiation could be negligible. Nevertheless, the con-
tent of long-lived transuranic nuclides, e. g., 2>°Pu, re-
mains nearly unchanged over this period. Following
the closure of a disposal facility, gradual processes,
e. g., natural degradation of engineered barriers or dis-
ruptive events, including human intrusion, may in-
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crease the risk of radiological impacts from plutonium
and may lead to radiation exposure of the public. Thus,
it is essential to investigate the activity limit of pluto-
nium and specify the acceptance criteria for near sur-
face disposal facilities, which also relates to an impor-
tant issue in the formulation of a waste-disposal
strategy.

Since the 1980s, much attention has already
been paid to studies on the safe disposal of waste and
the limits of transuranic elements worldwide. Such
studies have provided valuable references for the deri-
vation of transuranic nuclide limits [6-8]. In particular,
the United States Nuclear Regulatory Commission
(NRC) released the 10 CFR 61 series reports in the
1980s; these reports specified regulations for safety
analyses to examine the limit contents of transuranic
nuclides and the methodology for an environmental
impact assessment (EIA) of a specific site [6, 8, 9]. In
addition, the NRC developed several EIA-based soft-
ware packages, such as INTRUDE (intruder dose cal-
culation), GRWATER (calculation of effects of differ-
ent distances from the site), and INVERSE (reverse
calculation, calculated by the dose limit and nuclide
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concentration limit) [8-10]. In Europe, a report, re-

garding the reference levels for the acceptance of

long-lived radionuclides, was released by the Nuclear

Energy Agency (NEA) of Economic Co-operation and

Development (OECD). In that report, the NEA expert

group reached conclusions regarding the limits for

transuranic nuclides, based on intrusion scenario anal-
yses under various conditions (including a mini-
mum-engineered facility in temperate area, a fully en-

gineered facility in a temperate area and a

minimum-engineered facility in an arid area) [7].

More importantly, the International Atomic En-
ergy Agency (IAEA) published a report establishing
radioactivity limits for radioactive waste in near sur-
face disposal facilities in 2003, which virtually was an
application of the ISAM (Improvement of Safety As-
sessment Methodologies for Near Surface Disposal
Facilities) project to derive radioactivity limits for ra-
dioactive waste [11]. To date, issues concerning with
the plutonium isotopes accumulation in near surface
environment, e. g., its long-term storage and disposal,
have been discussed and analyzed extensively. These
include reviews of the environmental transport of plu-
tonium [ 12, 13], evaluations of global fallout from at-
mospheric nuclear weapons tests of the 1950s and
1960s [14-16], analyses of plutonium isotopes in the
air[17, 18], and experimental and modelling studies of
transport mechanisms [19-22]. Nevertheless, reports
on approaches to establishing activity limits for trans-
uranic nuclides, i. e., 2°Pu, as well as their illustra-
tions, are lacking, particularly in China, where limited
general research on the concept of intermediate depth
disposal for radioactive waste is available [23].

In summary, from the view of the practice of near
surface disposal and the determination of LLW accep-
tance requirements; it is encouraged to calculate the
activity limit of radionuclides, e. g., 2°Pu, by using
the safety assessment (SA) methodology for near sur-
face facilities [3, 5, 11]. However, for a specific dis-
posal system, an understanding of the derivation of the
proposed limits remains challenging, because of the
complexity of identifying critical site-specific charac-
teristics and the systematic development of scenarios
and conceptual models.

The objectives of this study are to:

(1) Examine the IAEA approach of deriving a limit
for the transuranic nuclide, **’Pu, based on the
characteristics of the specific-site environment
and near surface disposal system in northwest
China.

(2) Identify acritical scenario and an appropriate con-
ceptual model using the SA framework.

(3) Present a proposed value for the site-based radio-
activity limit of **’Pu for reference purposes.

This research improves the understanding of es-
tablishing waste acceptance criteria at the preliminary
planning stage of disposal site development.

APPROACH FOR DERIVING SPECIFIC
ACTIVITY LIMITS FOR TRANSURANIC
NUCLIDES

As an essential strategy to address the waste ac-
ceptance requirement in the context of an environmen-
tal safety case, the SA-based methodology has been
extensively implemented to determine the limits of
radionuclides in a specific waste disposal site [3, 24,
25]. In fact, a synthetic procedure that uses the SA
framework to derive quantitative radioactivity limits
has been recommended. This procedure includes sev-
eral main steps (fig. 1): describing the assessment con-
text and disposal system, developing scenarios, for-
mulating models, and calculating the activity limits,
etc. Details can be found in TAEA reports [11, 26, 27].
Here, we sketch the key information for the purposes
of this research.

For a given assessment context and disposal sys-
tem, it is fundamental to choose reasonable scenarios
and a conceptual model, that directly affects the subse-
quent analysis assessing the radiological conse-
quences. Generally, the methods of developing sce-
narios include expert judgment, which has been
extensively used, and event tree analysis. Depending
on the conceptual model for the corresponding sce-
nario and the understanding of the relevant processes,
mathematical models, as sets of algebraic and differ-
ential equations, can be formulated to calculate the re-
sulting doses/risks for the limiting scenario of the criti-
cal radionuclides.

Assuming a linear relationship between the ac-
tivity and the dose/risk, an activity limit, that meets the
appropriate radiological protection criteria, can then
be calculated for the radionuclide of concern. For the
limiting scenario, the specific activity limit of
radionuclides in the waste is xpressed as follows[11]
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Figure 1. Simplified representation of the approach to
the derivation of the activity limit [11]
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Dose,. C.
Concyy, :70;22’ ! (1)

where Concy, is the specific activity limit of the
radionuclide i in the waste [qug'l], Doseyi, —the dose
limit [Sv per year], C; — the initial specific activity of
the radionuclide 7 in the waste [Bq], and Dose; — the
dose resulting from the initial activity of the
radionuclide 7 in the waste [Sv per year].

APPLICATION CASE

Assessment background
Aim

The aim is to apply the SA-based framework to
derive the activity limit of 2**Pu, following the closure
of a near surface disposal facility that is being designed
for a potential site in northwest China. The proposed
limit can be used as a reference benchmark in the waste
acceptance criteria for long-lived radionuclides that are
disposed in this site-specific system to protect both hu-
man health and the environment.

Radiation protection criteria

For a disposal facility of radioactive waste, it is
widely accepted that SA techniques should be
adopted to assess its performance, as well as impact
on human health and the environment. The estab-
lished regulatory criteria should be satisfied for pur-
poses of reaching an acceptable safety level of dis-
posal activities [26]. In order to achieve the related
safety objective, doses and/or risks (to members of
the public and workers in the long term) are required
to be constrained to reasonable limits and established
as radiation protection criteria [5]. In effect, dose lim-
its and SA techniques for various exposure scenarios
have been extensively discussed and well established
in relevant international standards [5, 25-28]. Details
with respect to those limits and techniques are be-
yond the scope of our study, which can be subjects of
other documents.

In this study, it is appropriate to specify the limits
in accordance to existing references toward compara-
tive analyses of the results. Hence, during the post-clo-
sure period of the disposal facility, the dose limits are
set as follows [5, 11, 28]: for the relevant critical
groups of the public, the average effective dose satis-
fies a dose constraint of not more than 0.3 mSv per
year; for situations of human intrusion (e. g., on-site
residence, over the long term), the average annual ef-
fective dose equivalent shall not exceed 1 mSv per
year; and for situations of human intrusion (e. g., con-
struction over the short term), the limit shall not ex-
ceed 5 mSv per year in a single acute exposure.

Assessment principle and time scales

According to the actual site and disposal system
and to the appropriately conservative principles, pa-
rameters and conditions for the evaluation are estab-
lished to achieve relative conservativeness and signifi-
cance for reference. Assuming an operation period of
50 years, the control period following the closure of
the disposal facility shall be 300 years. During this pe-
riod, site management and control shall be conducted
to prevent human intrusion.

Disposal system description

In the preliminary siting stage, based on the cur-
rent investigation data and the conceptual design, both
information relevant to the background conditions of
the waste and the site characteristics are provided as a
basis for deriving the limit. In the future, the quality of
the information will be improved with further investi-
gations. Nevertheless, some exact information regard-
ing the site is not listed here for confidentiality rea-
sons, as observed for other details.

Waste characteristics

LILW is a form of polluted sand that tends to sus-
pend and spread within the atmosphere due to
wind-force action. The radionuclides in the contami-
nated sands are mostly found in sparingly soluble
glassy waste forms, in which 23°Pu, as the critical
radionuclide of major radioactive contamination, has a
distinctly higher specific activity. The preliminary in-
vestigation indicates that the resuspension coefficient
ofthe small granular sandy soils increases by orders of
magnitude when itis disturbed in a strong wind field.

Environmental setting

The pre-selected site is located in a remote area
in northwest China, that includes relatively flat terrain
without destructive geological phenomena, e. g., land-
slides and collapse. The area is of a typical continental
arid climatic zone, i. e., hot and dry with intense evap-
oration. The average annual precipitation is 25 mm,
and the average evapotranspiration rate is 3000 mm.
Under these extreme climatic conditions, a diversity of
vegetation is absent and plant cover is sparse. Mineral
resources are not found in the region of the site. The lo-
cations of historic heritage sites and local settlements
are far from this area. Presumably, the surrounding
area will be less affected by human activities in the fu-
ture.

There is no perennial river in the region, although
there are floods of short duration during the rainy sea-
son. In terms of environmental hydrogeology, the
vadose zone, at a depth of more than 20 m, and the satu-
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rated zone below the disposal system consist of sand-
stone layers, where groundwater is composed of bed-
rock fissure water in structural zones. Regionally, the
site lies in the groundwater system of a runoff area,
where the groundwater chemistry types are largely
Cl-SO,-Na type.

Disposal scheme and engineering barriers

For a specific near surface disposal facility, the
concept of multiple barriers, i. e., a suitable combina-
tion of engineered barrier (e. g. waste packages or con-
tainers, backfill layers, the facility structure including
the overlying cap) and natural barrier (the geological
media around the facility), is commonly deployed to
realize the requisite levels of safety and to implement
the multiple safety functions of the overall system [3,
5, 25].

Currently, a rudimentary concept for near sur-
face disposal is considered for the LLW in this study.
Table 1 briefly lists the conceptual design of the dis-
posal facility. It is noted that the issue concerning
waste packages remains an open question, because
costs of different waste packages vary considerably.
Thus, from the perspective of reducing the fees of dis-
posal, an option of unpackaged wastes is suggested
with a preliminary cost-benefit analysis.

Scenario analysis and development

Operational period

Although radiation exposures/risks could result
from the normal/abnormal operations, for instance, ra-
diation exposure during the transportation process,
physical damage to waste packages, leakage, and fire,
such exposures/risks are normally considered to be
controllable through several measures, e. g., limiting
the exposure time and accessible distance and devel-
oping scientific and rational procedures. Most impor-
tantly, such external exposures during the operational

Table 1. Conceptual design of the disposal facility for LLW

period do not apply to plutonium, whose risks/impacts
are recognized from inner exposures and include in-
gestion and inhalation [29]. Thus, the various scenar-
ios during the operational period are not used as the
constraint conditions of the limit calculation for pluto-
nium.

However, emphasis should be given to the fact
that scenarios for operational period, including gas re-
lease, explosion, flooding, criticality incident, and di-
rect irradiation, efc., may need to be developed and
screened as the constraints of the limit calculation for
all relevant radionuclides [11]. As clearly stated
above, those scenarios for operational period, as well
as associated doses/risks to worker and public, are ex-
cluded from this study, which can be explained and
justified for other radionuclides in future articles.

Post-closure period

In view of the environmental characteristics,
waste characteristics and radionuclides of concern,
along with the experience of transuranic nuclide limits
in other countries, potential post-closure scenarios are
preliminarily listed (tab. 2), upon which the limiting
scenario will be screened.

Because of the adverse ecological environment
and the harsh climatic conditions in this area, even if
inadvertent or intentional human intrusion occurs dur-
ing the post-closure period, it can be inferred that
on-site house construction, residence and agricultural
scenarios would be unlikely, which means that internal
exposures under these scenarios would be less likely
to occur. In the case of a leaching scenario, as the cov-
ering layers of approximately 3 m covered the upper
surface of the wastes and the disposal units equipped
with a waterproof layer, impermeable layer and retar-
dation layer, even if precipitation infiltrates into the
disposal units, the water is commonly considered to
not be of a gravity moisture amount that is capable of
freely flowing as undergoing complex distribution of
moistures. Then, while the limited water is in contact
with the wastes, the radionuclides within the wastes

Type of waste

LLW including the long-lived radionuclide, i. e. *’Pu

Explanation

Disposal structure
walls, drains, top and bottom plates.

Unpackaged wastes are emplaced in concrete units
upon which several overlying layers are designed.
The disposal units (concrete units) consist of side

As the integrated barrier, providing containment and
isolation of the radionuclides associated with the
waste.

Overlying cap or
layers

concrete as a top plate.

Seven layers as a cap from the top down: 20 cm of a
pebble layer for anti-wind erosion, 50 cm of a
primary soil layer, 50 cm of gravel as a drainage
layer, 80 cm of clay as an impermeable liner, 20 cm | minimize the possibility of exposure of wastes with
of quartz sand for water flow, 50 cm of clay as a
block layer, and 40 cm of waterproof-reinforced

As measures to enhance mechanical stability, to
prevent the infiltration of water into wastes and to

erosion. In short, to block the release of radionuclides
to the biosphere through potential paths.

disposal facility.

20 cm of a pebble layer; wooden fences and
Intrusion prevention | permanent warning signs are placed around the

As the arrangement to discourage or prevent
inadvertent and/or intentional human intrusion.

Drainage design

A collection tank, pump and drainage network with
1% slope are established nearby the final cap.

As the step maintaining the low permeability barrier
and encouraging run-off events to restrict infiltration
ones.
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Table 2. Potential exposure scenarios and radiation exposure pathways during the post-closure period

Scenarios Radionuclides releases and transfers Exposure pathways
The perturbation of contaminated sands and the
a1 atmospheric transfer of resuspended dusts and/or Internal exposure by inhalation of resuspended particles
Drilling h . S ] - ! .
aerosols particles resulting from drilling into the and ingestion of contaminated soils.
disposal facility with the occurrence of human intrusion.
Excavation The release, transfer and exposure pathway remained nearly the same as under the drilling scenario. However,

exceptions may occur in the existence of a cover of less than 5 m.

Post-drilling

Wastes can be brought to the surface and spread in
on-site areas. Atmospheric transfer and resuspension of
aerosols particles may occur herein.

Internal exposure by inhalation of aerosol particles.

Post-excavation

Except for the greater amount of wastes brought to the ground and the cover of less than 5 m in this case, the
transfer and exposure pathways are similar to those under the post-drilling scenario.

On-site house or road construction with inadvertent

Construction intrusion. The potential excavation of wastes and the Internal exposure by inhalation of radionuclides.
transfer of dust and particles.
The site is assumed to be used for irrigated agriculture,

Aericulture where crop roots are assumed to penetrate the cover. Internal exposure by ingestion of contaminated foods

g The transfer of radionuclides may occur through the and inhalation of resuspended particles.

food chain.

Residence The intruders lived in on-site houses and consumed Internal exposure by ingestion of contaminated foods
foods and/or meat yielded from the contaminated soils. | and/or meat and inhalation of resuspended particles.
Infiltration of rainfall through the cover or lateral
migration into the disposal units can lead to leaching . : -

Leaching and movement of radionuclides from the waste. Internal exposure by ingestion, e. g., drinking

and enter the groundwater and the biosphere.

Radionuclides may migrate through the vadose zone

contaminated groundwater.

would rarely be leached and dissolved into the waters,
because they are mostly in insoluble glass. Thus, it is
believed that the radionuclides would be less likely to
travel through the vadose zone and enter the ground-
water and biosphere. That is, internal exposures, e. g.,
human drinking contaminated groundwater would be
unlikely over a long period of time under the leaching
scenario. Therefore, several scenarios, i. e., the con-
struction, residence, agriculture, and leaching scenar-
ios, can be ignored when evaluating the limit level.
More importantly, many scholars from the NRC,
OECD/NEA, have previously assumed a variety of
human intrusion scenarios and evaluated the relevant
risks. It is proposed that an approach based on human
intrusion analysis has the most potential for deriving
the activity limits of radionuclides; it is also implied
that a groundwater migration scenario, based on the
total inventory of radioactivity at a given disposal site,
is normally adapted to obtain the limits on the total ac-
tivity rather than the specific activity [3, 30-34]. Al-
though a specific activity limit can be derived by di-
viding the inventory through groundwater exposure
by the waste volume in the disposal facility, the de-
rived limit could be 2 to 3 orders of magnitude greater
than that obtained for human intrusion exposure path-
ways [31]. Basically, Pu moves slowly downwards in
the soil, into the groundwater due to its strong affini-
ties for solids and limited mobility under natural con-
ditions, regardless of the mechanisms of its transport,
e. g., colloid forms, microbial activity and desorption,
which may enhance or inhibit the mobility of Pu in the
subsurface depending on its complex speciation and
additional hydrogeological characteristics [19, 21, 29,
35-38]. That is, compared to groundwater migration

and well-water drinking, human intrusion cases,
which are minimally site-dependent and of general
use, may present a restricted condition in the deriva-
tion of limits of radionuclides.

According to the aforementioned analysis, the
drilling case, which is one of the more likely human in-
trusion scenarios herein, is used as the constraining or
limiting scenario to obtain the activity limit of 2°Pu,
and it is assumed that the intruders can drill to pene-
trate through the waste cover layers and into the dis-
posal units. Here, an excavation case is included in the
mentioned drilling case because they are both assumed
quite similar in terms of radionuclide releases and ex-
posure pathways. For the excluded post-drilling and
post-excavation cases, it is more easily inferred that, as
an extension of the processes of drilling and excava-
tion, there are fewer resuspended particles and less
risk/dose with less perturbation of the wastes. Thus, a
conceptual model, illustrating a source term release
and exposure scene against the drilling scenario, can
be developed (fig. 2).

Model formulation

Based on the previous conceptual model to illus-
trate source term release and the exposure process for
the post-closure drilling scenario, the following mod-
els can be used to derive a quantitative limit for >3°Pu
in the near surface facility.

Source term model

Because of the perturbation of drilling, the con-
centration of radionuclide in the surrounding air, Cy;,
[Bqm™], is given by
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Figure 2. The conceptual model for the post-closure
drilling scenario

CAir = CSoil CDust (2)

where Cs,; is the specific activity of the radionuclides
in the soil [qug’l], and Cp, — the concentration of re-
suspended dusts or aerosols in the surrounding air
[kgm ],

Exposure model

The dose due to the intruder drilling can be ex-
pressed as
DTotal :Dlnh +DIng (3)

where Dty is the total dose resulting from the expo-
sure in the drilling scenario [Sv per year], which is
equivalent to Dose; in eq. (1), Dy, and Dy, are the
doses due to the inhalation of dusts or acrosols and the
ingestion of contaminated soils [Sv per year], respec-
tively

Dy =Cpir Oy Inhg DCyy “)

where O, is the annual duration of the human expo-
sure in the drilling activity (days per year), Inhg — the

Table 3. Model parameters of the selected drilling scenario

human respiration rate [m’3 d’l], DCly, — the dose con-
version factor for inhalation (SvBq ™).

Dlng = Csoil Ulng DCIng (5)

where Uy, is the inadvertent soil ingestion rate (kg per
year), DCyg — the ingestion dose conversion factor
[SVBq'].

Derivation of limit value

Following these model equations, the specific
activity limit of 2*°Pu can be generated based on a
drilling scenario with human intrusion. Model param-
eters are summarized in tab. 3. In an effort to address
the uncertainty as much as possible, the significant
data, i. e., Cp,q are briefly examined by in situ mea-
surement. However, other parameters have to be de-
fined in an attempt to evaluate the empirical values
from publications and the supposed values combined
with the site conditions, as only limited investigations
can be currently carried out.

Especially, the dose conversion factors (or com-
mitted effective dose coefficients), DCy,, and DCy,,
herein, depend on many factors, such as the activity
median acrodynamic diameter (AMAD), lung absorp-
tion types, exposure receptors and chemical forms of
the radioactive particles [39-44]. To date, China has is-
sued two valid standards (i. e., GB 18871-2002 and
GB/T 16148-2009) on specific topics regarding radia-
tion protection and internal doses [45, 46], both of
which explicitly provide recommendations and guid-
ance in terms of the dose conversion factors for inges-
tion and inhalation of radionuclides. Note that the first
standard (GB 18871-2002) was based on the IAEA
safety series No. 115, that was published in 1996 and
subsequently superseded by the IAEA safety standard

Parameter |Value in calculation Explanation
Ce. 1 Bake™! As the initial specific activity of the radionuclide in the waste, C;, which has no effect on the
Soil axe calculation result of the limit value herein, Cyy is set to a unit activity concentration.
Cpust 6.3 mgm™ In situ measurement under a perturbation condition.
0 120 davs per vear Assumed the drilling event is seasonal due to the severe cold winter and severe hot summer.
Out ys pery Thus, the intruder exposure is limited to a total duration of 120 days during a single year.
Inh 72 mid! From the ICRP Publication 89 [50], 3.0 m*h™ for adults (male) performing heavy exercise is
R adopted. This value represents the worst-case scenario.
U 120 o per vear RESRAD uses a daily intake rate of 100 mg for deriving limits for radionuclides in soil [44].
Ing gpery Here, Ury, is assumed to be a conservative value of 1000 mg per day.
According to the above-mentioned standards [45-47], the values for workers can be 3.2-107
DCyy 32104 SyBg! | (M, 5 pm), 8.3-10°(S, 5 um), 4.7-10° (M, 1 um) and 1.5-107 (S, 1 pm) SvBq ' for Pu-239%*.
' 4 Considering the broad range of AMAD in the field, 3.2-10™* SvBq™" is proposed for a
conservative case.
DC 2.5.107 SYBq™" According to the related standards [45-47], the values of 2.5-107 (M) and 9.0-107 (S) SvBq" for
tne ; q Pu-239 are suggested for workers, among which the greater value is employed conservatively™.

* M (moderate) and S (slow) denote the lung absorption types; 5 um and 1 pm denote the AMAD. Since the lung absorption type S is listed in the
investigated results as the relatively insoluble glass, those values associated with M type are considered to be conservative. More information
with regard to absorption types can be found in the above-mentioned literature.
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No. GSR Part 3 (2014 edition) [47]; and the second
one (GB/T 16148-2009) was mainly revised with ref-
erence to the [AEA safety standard No.37 [48], as well
as the ICRP Publications [39, 41-43, 49]. In practice,
the technical contents of the Chinese standards are
equivalent to the ones of the above international-orga-
nization standards and provisions, as well as proved to
be suitable for China's national conditions [45]. Thus,
according to the above-mentioned standards and refer-
ences, the values of DCy,, and DCy,, in this study can
be chosen with available information of site-specific
investigation, such as, the AMAD of plutonium aero-
sols with a range from a couple of tenths of a micron to
adozen, even dozens, of microns depending on the ex-
perimental location, and the lung absorption type S
(slow) for 2**Pu.

RESULTS AND DISCUSSION

In this study, a derived specific activity limit of
287 Bqg! for *’Pu is obtained using eqs. (1)-(5),
where a dose limit of 5 mSv per year is specified for an
intrusion scenario.

For transuranic nuclides, i. e., long-lived al-
pha-emitting radionuclides, limits of 400 Bqg ! on av-
erage and up to 4000 Bqg ™! for individual packages,
for a particular disposal facility, have been adopted in
some countries [ 1, 6]. In addition, based on analyses of
intrusion scenarios, under various conditions for
long-lived transuranic elements (such as U, Pu, Am,
and Np), the OECD/NEA expert group also gave sug-
gestions for the concentration limits. They suggested
the range of 10 to 1000 Bqg~! when a disposal depth is
less than 5 m, where a maximum upper limit is recom-
mended, and the range of 1000 to10000 Bqg™' when
the disposal depth is greater than 5 m and less than
20 m [7]. These imply that our derived activity limit of
239pu, 287 Bqg ™!, is reasonable in the case of the intru-
sion scenario analysis.

Specifically, for 23°Pu, specific activity limits of
370~1100 Bqg ! are proposed in the literature of the

NRC, DOE, OECD/NEA, and W. E. Kennedy (tab. 4)
[6, 7,9, 30]. It is generally assumed that the activity
limit of each radionuclide is proportional to the dose
limit resulting from the corresponding scenario. Then,
if the dose limits used for the OECD/NEA and DOE
are both 5 mSv per year, with a disposal depth of less
than 5 m, we may reasonably reach an activity limit of
500 Bqg ' and 1035 Bqg !, respectively. Overall, our
derived value, based on the conservative case, is
roughly approximate to those literature-values. If
some conservative parameters, such as Inhp and
DC,,,, are set with relatively smaller values and the
same dose limit Dosey;,, is used, the calculated Dy,
will decrease correspondingly, and then the derived
limit (i. e. Concy;,,,) will increase to the same levels as
the literature values above. Again, as the previous dis-
cussion implies, the approach for deriving the limit of
23%Pu, including limiting scenario development,
model formulation, as well as the results, can be effec-
tively applied to identify and evaluate the establish-
ment of limits for long-lived transuranic nuclides for
the particular disposal facility in northwest China.

CONCLUSION AND SUGGESTION

Examining the SA-based methodology imple-
mented widely, the establishment of a limit of
long-lived transuranic nuclide, 2*°Pu, for a particular
disposal facility in northwest China, is presented. Based
on our site-specific analysis, the drilling case, one of the
human intrusion scenarios that are minimally site-de-
pendent, is the highest potential prospective for deriv-
ing the radionuclide activity limit and is identified to be
the limiting scenario for the post-closure period. The
analysis, as well as formulation of models with proper
parameterization, allow us to conduct the limit calcula-
tion. Then, a derived specific activity of 287 Bqg™! (ata
disposal depth less than 5 m) for 2*’Pu is proposed in the
case of a dose limit of 5 mSv per year.

As the discussion implies, the approach for de-
riving the limit of 3°Pu is effective and appropriate to

Table 4. Comparative analysis of the derived limits of *’Pu [qu'I]

Depth <5 m* | Depth >5 m* Comment
Four intrusion scenarios are used, where intruder building and agriculture are the
NRC 370 3700 limiting scenarios and inhalation exposure is mainly considered, with a dose limit of
5 mSy per year.
W. E. Kennedy 1100 11000 The scenarios are similar to those of the NRC with the dose limit of 5 mSv per year.
The dose limits used are 5 mSv per year for building scenario and 1 mSv per year for
OECD/NEA 100 5000 residence and agriculture scenarios. The main internal exposure of inhalation is
identified.
Six intrusion scenarios are considered as follows: Drilling, excavation, post-drilling,
DOE 207 28490 post-excavation, farm and residence. The dose limit is 1 mSv per year.
. The limiting scenario is identified as intruder drilling and the dose limit is 5 mSv per
This study 287 year. The details are as described previously.

* When the depth of waste disposal is less than 5 m which is defined as “Normal Residential Intrusion Zone” by the OECD/NEA expert group, the
intrusion scenario that limits the activity content of radionuclides is intruder residence. Then, when the depth is greater than 5 m and less than
20 m, it is just assumed that the wastes remain more stable due to the greater depth and then the limits of radionuclides can be increased by

one order of magnitude.
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be applied at the site in northwest China. Note that, ac-
tually, our derived value of 287 Bqg™! in the conserva-
tive condition is broadly consistent with referenced
levels (370~1100 Bqg™) in the literature, when the
depth of the waste disposal is less than 5 m, as dis-
cussed in last section. Furthermore, with a depth
greater than 5 m and less than 20 m, it is implied that
the limit can be increased by one order of magnitude.

Essentially, from the perspective of the limit der-
ivation based on the SA processes, the appropriate sce-
narios and a conceptual model, as the fundamental
prerequisite, can strongly affect the subsequent com-
plexity and efforts of modeling and calculating. Much
attention has been paid to focus on the intrusion sce-
nario and the corresponding exposure effects rather
than the leaching scenario (i. e., groundwater pathway
migration and internal exposure after nuclide leach-
ing) in arid regions, due to the pervasive applicability
of the specific activity derivation, as well as the
site-specific characteristics of severer drought and
minimal precipitation.
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Honr-Cjy /bY, Cjao-Bej CJYHI, Hun-lllear BAHT, JIu-Tanr XY, Kyej IIYO

OJPEBUBAIBE T'PAHULE 3A CIIEHUO®OUYHY AKTUBHOCT
INIYTOHUIYMA 3A OJJATABE ITPU NOBPIIMHU 3EMJ/BE
Crynuja cny4aja na norenuujannoj noxkanuju y Cesepo3anagnoj Kunu

Ha ocHOBY 3aKOHCKMX OKBHpa 3a MPOLEHY 0e30eJHOCTH M WCIUTHBamka KapaKTEepPUCTHKA
nokanuje 3a ofnarame y CeBeposanagHoj KuHu, mpuMemeHa je MeTofa 3a oApebuBame rpaHuyHe
BpeHOCTH cnenucuyuHe akTuBHOCTH ~>°Pu. Hamle ananuse, 3ajefHO ca ApyruM oGjaBILeHHM CTylUjaMa,
noBope o crenchnx 3akibyuaka: (1) Kao ymasHm cueHapmo ca ofjjimkaMa MAHAMAJTHE 3aBHCHOCTH Off
JIOKaldje W OMIITEe MPUMEHJbUBOCTH, CLIEHAPHO OyIIemha ce MOXKe KOPUCTUTH Kao orpaHmdaBajyhu cie-
HapuWo 3a NMepHoj HaKOH 3aTBapama; (2) C 003MpoM Ha TpaHWYHY BPETHOCT J103¢ O 5 mSvV FOAHIIHbe,
opmynanujom MofieNIa ¥ HAKHATHUM IIPOPavYyHUMA U3BEIEHA j€ BpEAHOCT cnenuduyne akTuBHOCTH >>?Pu
on 287 Bqg™!' (npm gy6uHama opnarama mumhuM of 5 m); IPEIOpPyYeHo je 1a ce o6a Hallla IPHUCTYIIA 3a
onpebuBame rpaHUYHE BPETHOCTH U TOOMjabe pe3yliTaTa MOTy e(pUKacHO IPUMEHHUTH 3a ofpebuBame
KpUTepHjyMa IpUXBaTama AyroxXnsehrnx TpaHcypaHCKUX HYKJIHfa ofipebeHor objekra 3a ofnarame; u (3)
Ca craHOBMINTA HMCIUTHBaKa MPUCTYNA 3a OfjpebuBarbe IpaHUYHUX BPEJHOCTH, YIIa3HU CUEHAPHO U
oxrosapajyha mporeHa n3arama MOTy OUTH y (POKyCy pa3MaTparma HCIATHBaHe Jokanuje. [logpasymena
ce, y CYIITHAM 06J1acTAMa, 1a CIIEHAPHO IypeHa MOKe TIOBECTH O KOMIUIEKCHUjUX IPOIIeHa, ca HeIIOTPEOHO
YIIOKEHHUM TPY/IOM, T€ C& MOKe MPaKTUIHO U30CTABUTH.

Kwyune peuu: oonazarbe ipu ospuiunu 3emsme, upovera 6e3beOHocitiu, UayimoHujym, oopebusarse
2paHuyiHe 8pedHoCiU




