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ABSTRACT

Information compiled on the low-level radiocactive waste disposed at the
three currently operating commercial disposal sites during the period 1987-1989
have been reviewed and processed in order to determine the total activity
distribution in terms of waste stream, waste classification and waste form. The
review identified deficiencies in the information currently being recorded on
shipping manifests and the development of a uniform manifest is recommended (the
NRC is currently developing a rule to establish a uniform manifest). The data
from waste disposed during 1989 at one of the sites (Richland, WA) were more
detailed than the data available during other years and at other sites, and thus
were amenable to a more in-depth treatment. This included determination of the
distribution of activity for each radionuclide by waste form, and thus enabled
these data to be evaluated in terms of the specific needs for improved modeling
of releases from waste packages. From the results, preliminary lists have been
prepared of the fsotopes which might be the most significant from the aspect of
the development of a source term model.
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activity disposed at Beatty was in cement-based waste forms, in sharp contrast
to Richland where less than 28% of the activity was in such waste forms. At
Richland, about 70% of the activity was contained in wastes for which mixing with
sorbents or solidification media was not required or not mentioned.

That a substantial portion of the activity disposed during the period 1987-
1989 can be categorized as not requiring any scrbent or solidification media or
had none identified is of great concern from the source term modeling aspect,
Current manifesis provide little information on the actual forms in which this
very large fraction of the total activity sas disposed. Some of this activity
is traceable to activated hardware and compcnents which may possibly have been
disposed in their original condition. However, most, if not all, of the wnaste
would have been placed in containers before disposal. The containers, in turn,
constitute the primary barriers isolating the waste from the environment. A
source term model needs to incorporate infr . ion of the effectiveness of such
barriers; that is, the manner and rate of ge. iation of the containers must be
krnown. The shipping manifests currentiy in use provide little information of
relevance in this area. It is recommended that manifests be revised to include
more information on the containers cnd, specifically, on the material(s) of
manufacture.

The radionuclide inventories at the three sites were analyzed in terms of
those isotopes which are relatively long-1ived (half-1ife greater than about 30
years) and those which are relatively short-1ived (half-1ife less than about 30
years). Over the three year period evaluated, the relatively short-lived
isotopes together comprised over 95% of the total activity.

Only the data available on wastes disposed at Richland during 1989 contained
sufficient detail to allow processing to determine which isotopes were contained
in which waste forms and to what extent they were present in those waste forms.
These data have been evaluated using relationships which take into account the
activity of the isotope, its half-1ife and its radiotoxicity properties. Two
preliminary lists have been prepared of the isotopes which might be the most
significant, based on these criteria alone, in the development of a source term
model. Each 1ist contains twenty isotopes, one group based on relatively short-
lived radionvclides and the other on the long-lived ones.

Thece Tists also indicate which are the most prevalent forms in which each
of these isotopes are disposed. Thus, of the short-lived isotopes, Cs-137 and
Sr-90 are by far the most significant when account is taken of half-1ife and
radiotoxicity. For these two isotopes, most of the activity was in Class B or
C waste and has been disposed in a form which required no sorbent or solidifi-
cation media or for which no such media were noted on the manifest. The
principal waste streams involved were dewatered resins and compacted dry active
wastes. Similarly, when considering only half-1ife and radiotoxicity properties.
Th-232 appears to be ihe most important of the long-lived isotopes for source
term modeling, followed by U-238. The largest amounts of Th-232 (including
natural thorium) were found in dry solid waste (unstabilized Class A) and were
associated with sorbent media. By contrast, only a small portion of U-238
activity was associated with sorbent. Over 25% of the activity was disposed of
in cement-based media and the majority, representing more than 50%, was contained
in wastes for which mixing with sorbents or solidification media was not required
or not mentioned,
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1. INTRODUCTION

Assessment of the performance of radiocactive low-level waste (LLW) disposal
facilities depends, among other things, on the availability of a radionuclide
inventory (source term) evaluation methodoloay which can be applied to specific
waste streams. Methodologies currently in use tend to treat this source term in
a general manner and take little account of the characteristics of the original
waste streams or of the forms in which the wastes are being disposed. These twe
factors, in practice, are often related, in that the characteristics of the waste
stream tend to dictate the form in which the waste is finally disposed. The
final form is the most important factor in determining the release mechanisms and
rates of the individual isotopes. Thus the development of a methodology which
incorporates information on the characteristics of the waste streams and,
particularly, the waste forms will lead to an enhancement of the current ability
to assess LLW disposal facility performance.

Two technical letter reports prepared under this contract with the NRC have
dealt with the identification of significant radionuclides in LLW (Task 1)
(Bowerman, 1990A] and methods of grouping the LLW streams (Task °) [Bowerman,
1990B). Under this task of the contract, one objective is to provide a step-by-
step example of the procedure for taking waste shipment manifest data and
translating it into the form necessary for performance assessment modeling. The
other objective is the selection of the models themselves.

The present report describes the results of a preliminary assessment of
waste shipment manifest data to determine where the emphases should be placed in
constructing a source term evaluation methodology which takes into consideration
waste characteristics (for example, the chemical composition, the disposal form
of the waste and the container system). This assessment is based primarily on
the information published in a report issued by the U.S. Nuclear Regulatory
Commission [Roles, 1990]. The information reported therein was taxen from the
shipping manifests which accompanied LLW disposed at the three currently
operating disposal sites (Barnwell, SC, Beatty, NV, and Richland, WA) during the
period 1987 through 1989, a data base much expanded over that used in preparing
[Bowerman, 1990A] and [Bowerman, 19908]. [Roles, 1990] is essentially a
compilation showing the volume, activity and radionuclide distributions of this
waste; although some evaluation of the data is presented, the report was prepared
primarily as a data source for use by others. The ?resent report is an attempt
to evaluate the data in [Roles, 1990] in terms of the specific needs of the
source term modeler. Although it reiterates some of the observations already
made in [Roles, 1990], it concentrates on the distribution of radionuclides in
the different sorbent and solidification media, and offers recommendations on
which radionuclides and media shouid receive prime consideration in assembling
a source term model. The present report also identifies informational needs not
satisfied in contemporary shipping manifests, thereby supplementing the 1ist of
problems and inconsistencies pointed out in [Roles, 1990].
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2. (COMMENTS ON THE DATA AVAILABLE

There is a considerable amount of data to be found in [Roles, 1990) but, as
the author points out, there are several factors which lead to complications when
analysis of certain facets of the data are attempted. The root cause of these
complications Ties in the fact that the three disposal facilities do not have a
common manifest information system and that they store the information in
different formats. These differences are discussed in some detail in [Roles,
1990] but, briefly, from the point of view of the present analysis, the two most
important are:

Barnwell (operated by Chem-Nuclear Systems, Inc.) stores manifest
information as summarized across entire shipments whereas Beatty and
Richland (both of which are operated by U.S. Ecology, Inc.) record
individual container information

Waste streams are described differently, depending on the manifest
specified by the disposal site operators. The Barnwell manifest
listed thirteen different options for waste stream descriptions for
the entire three year period. The U.S. Ecology site manifests
contained twelve options in 1987 but nineteen for 1988 and 1989,

The end result of this is that considerably more detailed information is
available on the waste delivered to Beatty and Richland than there is on that
delivered to Barnwell. At the same time, Barnwell received more waste, in terms
of both volume and activity, over the three year period in question than have the
other two sites combined:

e m
Volume Activity
(1987-89) (1987-89)
Facility (cu. ft.) (Ci)
Barnwell 2.991E+6 1.166E+6
Beatty 5.420E+5 6.247E+4
Richland 1.368E+6 1.783E+5

Consequently, some of the analyses described later in this report have, of
necessity, been performed on only a minor portion of the total waste disposed.
Furthermore, as will become evident, the distribution of the types of waste
disposed (and the forms in which they are disposed) varies from site to site and
from year to year, thus imposing yet other restrictions on the validity of any
predictions based on these analyses. However. the major objective of the current
task is to develop a methodology for handling data. The data themselves are of
secondary importance; the main emphasis is on lessons learned during the
transcription of those data to models. The first of these lessons is readily
apparent from the above: a universal manifest reporting system should be
developed and implemented.



3. DATA EVALUATION

The present evaluation was focused primarily on the activity of the waste
rather than the waste volume, With this in mind, the main pu .oses were to
determine which were the predominant waste streams and + “te forms, in what waste
classifications did the wastes fall, and what wers radioactive isotope
distributions within the waste forms, The last of these is , rticularly relevant
in any assessment of what release mechanisms are likely to b. most applicable to
the radionuclides considered to be of significant concern.

3.1 m Classifi

Tables 1 through 3 summarize the information available for each site for the
years 1987 through 1989 on the waste streams, their classifications, their
activity and the fraction of the total activity disposed at that site that this
represents,

Waste streams from twelve different categories \ere disposed at Barnwell
from 1987 through 1989, one of which appeared only in 1989 ("Other"). By far the
most significant contribution (over 79%) to activity over the subject disposai
period came from waste described as "Equipment, components." Practically all of
this waste stream was judged to be Class C. "Resin" waste contributed over 12%
of the total activity, but this activity was spread evenly cver the three
classifications A, B and C. Activity (principally Class B) of “Solid non-
combustibles” comprised about 4.7% of the total while another 1.4% was
categorized as “Combustible plus Noncombustible" (again, mostly Class B). The
remaining waste streams combined contributed less than 2% of the total activity
disposed over the three year period.

Waste streams disposed at Beatty during the period 1987-1989 were divided
into 21 different categories (Table 2), two of which were used only during 1987
("Filter Media" and "Vials") and another twu only in 1989 ("Activated Reactor
Hardware® and "Evaporator Bottoms"). Over 81% of the activity was derived from
waste described as "Dry Solid," 4% from "Non-Cartridge Filter Media" and 3.5%
from "Solidified Resins." "Solidified Liquids" and "Evaporator Bottoms" each
contributed about 3% of the activity but, for the latter, this was accumulated
over just one year (1989). Other waste streams which comprised each at least 1%
of the total activity were "Activated Reactor Hardware" (1988 only), "Compacted
Dry Active Waste" and "Gas." Most of the "Dry Solid" was categorized as Class
B but a tenth portion of it qualified as Class C. A1l the "Activated Reactor
Hardware" was Class C, as was about a third of the "Compacted Dry Active Waste"
and "Solidified Liquids."

The waste disposed at Richland over the same period came from 22 different
waste streams, two of which were used only in 1987 ("Filter Media" and "Vials")
and one only in 1989 ("Evaporator Bottoms”). The major contributors to the
activity over this time period were described as "Dry Solid" (45.9%), "Solidified
Liquids" (24%), "Dewatered Lesins" (13.3%) and ""Activated Reactor Hardware"
(12.4%). The largest proportion of the combined activity of these four waste
streams was Class B, but one of the waste streams ("Activated Reactor Hardware")
was almost 100% Class C,



Camr o, T s hangsd Rl e A R N LSRR g

The following is a summary list of the major waste streams which together
made up about 95% or more of the total activity at each of the three disposal
sites during 1987-89;

Barnwel) Beatty Richland

Equipment , Dry solid......... 81.4% | Dry solid........ 45.9%
components....... 79.8% | Non-cartridge Solidified
L 1L O e 12.4% | filter media..... 4.1% liquids......... 24.0%
Solid Solidified Dewaterad
noncombustibles.. 4.7% resins........... 3.5% PR R s ns5 4 o s 13.3%
Evaporator Activated reactor
bottoms.......... 3.0% hardware........ 12.4%
Solidified
liquids..........

it is obvicus that the waste strcams wnich made the most significant
contributions to the disposed activity varied from site to site, even when
averaged over a three year period.

A similar site-by-site comparison can be made with regard to the
classifications of the waste streams:

Percent of Total Activity at Each Site
Richland

Class Barnwell

63.28
28.25

BS (B, stabilized)
CS (C, stabilized)

[
AU (A, unstabilized) 1.2 10.81 8.47
AS (A, stabilized) 3.96 3.84 0.004
A (total) 5.08 14.65 8.47
1.19
3.73

00 »—

Again, site-to-site variations are apparent. The proportions of Classes A,
B and C waste disposed at Beatty and Richland are not too dissimilar. but the mix
at Barnwell is radically different. Whereas the majority (over 60%) of the
activity disposed at the two U.S. Ecology-operated sites is contained in Class
B waste, the predominant portion (over 83%) of activity disposed at Barnwell is
Class C. There is one further subtle distinction in the Class A wastes. At
Beatty and Richland, most of thi class of waste is unstabilized whereas at
Barnwell, about three quarters of it is stabilized. Apparently, this is because
of a site-specific requirement (more stringent than that required by 10 CFR Part
61) that LLW containing more than 1 microcurie/cc be solidified or stabilized.



3.2 Sorbent and Solidification Media

[Roles, 1990] contains only limited information on the sorbent and
solidification media used at Barnwell, That which is presented treats the waste
in terms of voluwe disposed and cannot be used in any evaluation based on
activity. However, this is not the case at Beatty ard Richland, and Tables 4 and
§ symmarize the data at each site in terms of sorbent or solidification media,
waste class, activity and fraction of total activity disposed.

Over half (59%) of the activity Jisposed at Beatty during the period 1987-
1989 {Table 4) was solidified in "Concrete (2500 psi),” practically all of this
being Class B. About 10% of the activity was associated with a category
described as "Other® (again, almost all being Class B), 9.5% was solidified in
"Structural Concrete” (about half of which was Class B) and B.9% of the activity
required no sorbent or solidification media (a high proportion of this was Class
C).

The same time period at Richland (Table 5) saw more than a half (57.9%) of
the activity not requiring any sorbent or solidification media, with most of the
activity being found in waste classified as "B" or "C." Another 26.8%
(predominantly Class B) was solidified in “Structural Concrete" while 12.3% of
the total activity had no entry in the "sorbent or solidification media" column
("(Blank)"). More than half of the waste in this last category was Class C.

If the various media descriptions are grouped into four simplified
subcategories (“cement-based,"” "sorbents," "none required or noted" and “other"),
the data in Tales 4 and 5 can be reduced to (approximately):

Percent of Total Activity

Media Richland
cement -based 15.2 ot 7
sorvents 0.6 1.5
none required or noted 10.7 70.2
other 13.% 0.6
s = mm

This compilation shows that, even when averaged over a three-year period,
there are few similarities in the activity distributions among the forms in which
the waste was disposed at these two sites. However, from the aspect of source
term modeling, it is apparent that emphasis will need to be placed on cement-
hased waste form. and on waste packages for which no solidification or sorbent
media has been identified. The details of such modeling will be treatid in a
later report.

3.3 Radionuciides

The radionuclides contained in the wastes disposed at each of the three
sites are reported for each of the three years in [Roles, 1990]. Information is
presented on the total activity of each radionuclide and also on the amount of
activity to be found in each waste classification. The data are summarized in
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Tables 6, 7 and 8 in the current report for, respectively, Barnwell, Beatty and
Richland. These tables list the total activity of each radionuclide for the
three year disposal period 1987 through 1989, the percentage of the total
disposed activity that this represents, and the half-1ife of the radionuc)ide as
reported in [Walker, 1977].

In the tables, the same abbreviations are used as in [Roles, 1990]. That
is: U-NAT means natura) uranium; U-DEP depleted uranium; TH-NAT natural thorium;
and TRU an unspecified mixture of transuranic isotopes. U-NAT contains over 99%
U-238 and has been assigned the half-1ife of that isotope (4.47E+9 years). U-DEP
has been assigned the same half-1ife (the depletion refers to the reduced amount
of U-235, present in U-NAT at a level of about 0.7%). Similarly, TH-NAT is
essentially all Th-232 and its half-1ife is thus 1.40E410 years. In addition,
for some elements, the suffix "-NOS" has been attached when the isotopic numbers
were not provided. The alert reader will also note that some isotopes have been
assigned a half-1ife of zerc. These are stable isotopes and the data entries
represent anomalies of some sort. However, the activities reported for these
isotopes are not significant,

The five isotopes at each site which contributed most to the total activity
at that site are listed below:

[ R S ST TS e T T A S T S T L SR I T,
Barnwell Beatty I Richland I
Isotope Percent Isotope Percent Isotope Percent
Fe-55 46.34 H-3 56.19 H-3 62.56
Co-60 32.59 Co-60 23.46 Fe-55 11.64
Mn-54 4,69 Cs-137 9.10 Co-60 9.26
Ni-63 3.78 Fe-55 6.72 Cs-137 4.80
H-3 2.78 Mn-54 1.34 Sr-90 3.51

Not surprisingly, the isotope fractions vary from site to site, reflecting the
differences in the waste streams disposed at each site. However, when developing
source term models, it is perhaps of mare relevance to consider whether the
radionuclides are relatively short-lived (say, half-life of about 30 years or
less) (this would include Cs-137 which has a half-life of 30.17 years) or long-

lived (half-1ife greater than about 30 years). Using this as a basis, two
separate compilations can be made, one for the short-1lived isotopes and the other
for those which are long-lived:



{a) Isotopes with a half-1ife of about 30 years or less

Barnwell

Beatty

Richland

Isotope

Percent

Isotope

Isotope

Percent

Fe-55

46.34
32.59
4.69
2.38
2.78

H-3
Co-60
Cs-137
Fe-5%
Mn-54

H-3
Fe-55
Co-60
Cs-137
Sr-90

62.
11.

.

95.97

Al

All

(b) Isotopes with a half-life of greater than about 30 years

Barnwell Beatty Richland I
Isotope Percent Isotope Percent Isotopc Percent
F Ni-63 .78 Ni-63 0.582 Ni-63 1.28
U-238* 0.108 U-238* 0.22¢ C-14 0.228
Th-232 0.096 C-14 0.092 U-238* 0.036
£-14 0.029 Ra-226 0.085 Th-232%* 0.022
Ni-59 0.016 Am-24] 0.007 Ni-259 0.010
All 4:&2, Al 0. 98 All 1.58

In the above listing, U-238* sionifies the inclusion of U-NAT and U-DEP

alo 2 with U-238; similarly, Th-232** includes Th-NAT with Th-232.

This preliminary breakdown indicates the degree to whic
isotopes with relatively short Tives.

primarily of
each of the three sites over

contributed at least 95% of the total activity of
the three year period under examination. Furthermore, most of this activity (at

least B0%) represented the combined ac
and H-3. Of the long-lived radionuclides, more

h the LLW is composed

These radionuclides

tivities of three isotopes - Fe-55, Co-60
than half the activity in this

group was provided by Ni-63 but other significant contributions came from the
uranium-containing wastes and C-14.

3.4 Rudionuclide Distribution in Waste Forms

Ultimately,
aspect of source term modeling,
. tained by the various was
which it is released from the was

te packages.
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the activity of a radionuclide is of less importance, from the
than the manner and degree with which it is
These, in turn, determine the rate at
te package into the disposal site environment



and, subsequentiy, becomes available for trancportation into the biosphere. 1.us
the modeler needs to know not only what are the most prevalent radionuc)ides {ard
how Tong they are 1ikely to remain of ~aacern) but also the media (including the
container) in which they are retained. It 5s at this point that most of the
information available lacks the desired specificity. Of the nine batches of
information (from disposal at each of three sites for ach of three years)
presented in [Roles, 1990), only one, for waste disnnsed at Richland in 1989,
contains sufficient detail to attempt the desired analysis. This represents
about seven percent of the total waste disposed at the three sites during the
period 1987 through 1989.

LLW has been disposed at Richland in nearly forty different forms (see Table
§), including some ten percent or so for which no information has been frovidod
on the form of the waste, identified as (BLANK) in Table 5. To simplify the
analysis of the 1989 data, some of these media have been consolidated into what
might be termed "generic" categories:

"CEMENT" - includes CHEM-NUCLEAR CEMENT, CONCRETE (2500 PS1), DELAWARE
CUSTOM MEDIA, (N TECH CEMENT, STOCK EQUIPMENT CEMENT,
STRUCTURAL CONCRETE, and WESTINGHOUSE-HITTMAN CEMENT

"SORBENT" - includes AQUASET, AQUASET I AND II, AQUASET 11, CELETOM,
CHEMSIL 30, CHEMSIL 3030, CHEMSIL 50, DICAPERL HP200, FLOOR
DRY/SUPERFINE, FLORCO, FLORCO X, HI DRI, OTHER SORBENT,
PETROSET [ AND 11, PETROSET II, SAFE-N-DRI, SAFE-T-SORB,
SOLID-A-SORB, SPEEDI DRI, and ZONOLITE GRADE#4.

The two grot "ngs are based on assumed similarities with regard to retention
of nuclides. While there are data available to provide some basis for the
"CEMENT" grouping, there is little information in the general 1iterature on the
retention abilities of the various "SORBENTS." Such information (for example,
on solution-solid partition coefficients) may be available as proprietary
information held by the sorbent manufacturers but currently this data void
severely restricts the ability to model release of radionuc)ides from the sorbent
media.

By incorporating the media consolidations described above, the 1989 Richland
data were processed to produce Tables 9 and 10 which group, respectively, the
short-lived and the long-lived isotopes. These tables 1ist the sorbent and
solidification media and the waste classifications associated with each isotope,
the total activity of each isotope and each combination of isotope/redia/classi-
fication, and the fraction of the total activity disposed at Richland during
1989.

As it stands at the moment, the shipping manifests do not provide supple-
mental information in cases where the sorbent or solidification media are
described as NONE REQUIRED or (BLANK). Yet, at Richland alone, these two
categories, NONF REQUIRED and (BLANK), consiituted over 70% of the activity
disposed in the period 1987 through 1989. In other words, existing manifests
provide litiie inTormation on the actual waste forms used for over 70% of the
activity disposed at Richland during that period.

10

S



3.5 Waste Containers

It 1s appropriate to highlight at this point that there is limited
information available on the waste containers. The containers provide a critical
barrier between the waste and the environment before disposal (during transpor-
tation and storage) and afterwards. If the container is made of a degradation-
resistant material, allowance can be made for this property in the modeling.
However, the information on containers reported in the manifests appears to
minimal, essentially confined to detailing the number of container: and their
volume and thus complying with one of the requirements of 10 CFR 20.311(b). For
example, the manifest used by U.S. Ecology in 1987 listed the following types of
containers:

Drums (subdivided into the categories "overpack," "5€," "3C," "§,"
and "other")

Boxes (suodivided into "1st size." "2nd size," and "3rd size")
Cask Liners, and

Other,

The only information requested is for the container volume, the number of
packages, and the calculated volume per container type., There is no provision
for identifying the container materials or for amplification of the category
"Other.” As a result of this lack of additional information, the modeler is
forced to make educated guesses about whether the container is made of a
degradation-resistant material or not.

This can be done to some extent using the Tables 9 and 10. For example,
considering the data on (s-137, this isotope is contained in waste of all four
classifications, including both stabilized and unstabilized Class A. In many
instances, a solidification medium is identified and it is reasonable to assume
that these solidifications were carried out in carbon steel drums or liners, the
containers being used as molds while solidification takes place. No claims would
be made that these containers provide enhanced stability of the waste package
over any extended period of time, the stability, when required, being provided
by the solidification medium, However, for a very larae proportion (nearly 90%)
of the Cs-137 activity, no solidification or sorbent medium was deemed to be
required. Practically all of this is either Class B or Class C, meaning that
stability had to be provided. in the absence of a solidification media, it must
be assumed that this stability was provided by the waste containers. That is,
the waste was placed in high integ (ty containers (HICs) which would be made of
degradation-resistant material (or materials). A similar approach might be taken
when there is no entry at all on the manifest for the solidification or sorbent
media (i.e. {BLANK)). HICs may also be used to provide stability when the waste
is mixed in with a sorbent.

In reality, the lack of data often forces tne modeler to adopt a very
conservative approach; that is, to assum ‘*hat tne container material is carbon
steel. Credit can be taken for its resi+ ..o to degradation (primarily due to
corrosion) but this is much less than that for HICs. Such an approach is not
unreasonable in many instances because carbon steel drums and liners are in
common use (for example, as pointed out above, they are often used walds into
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which cement-based mixtures and other solidification media are poured). However,
it is known that a significant number of HICs are in use providing stability for,
mostiy, Class B and Class C wastes. By inference, such containers must be made
of material which is resistant to degradation, in order to ensure that the waste
will remain in a structurally stable form for 300 years. The wastes disposed in
HICs probably include some of those (for example, DEWATERED RESINS) for which the
sorbent or solidification media are described as NONE REQUIRED, but there are no
indications to this effect in the available data. They may a'so be involved when
no media information is provided; i.e., (BLANK). However, the modeler cannot
take full advantage of the projected longevity of the container because the
material of construction has not been identified. (Some allowance can probably
be factored in, for example, by assuming that, when HI(s are used to contain
(lass B and Class C wastes, these will be made of thicker material than is the
case with Class A waste cortainers,)

3.6 Analysis of the Richland 1989 Data

Identification of the most significant radionuclides can be based on any of
several factors, as has been indicated in [Bowerman, 1990A]. For the current
analysis, attention has been focused on three: ths total activity of each
radionuclide, its half-1ife and its radictoxicity. The information on the
activity of each radionuclide (including the portians to be found in each waste
form; are shown in Tables 9 and 10. These two tavies also implicitly include
consideration of half-life, Table 9 being based on relatively short-lived
isotopes (half-1ife equal to about 30 years) and Table 10 being devoted to the
longer-lived isoctopes (half-11fe greater than about 30 years). The third factor,
radiotoxicity, has been evaluated using tho methods suggested in [Bowerma:.,
1990A].

[Bowerman, 1990A] proposes the use of an artificial measure of toxicity,
called the "toxicity indicator® (TI). TI is defined by the equation:

TT = {Tog [1 + t,,,])/ALI,

where t, . is the half-11fe of the isotope in years, and
: ALl is the annual limit for intake by ingestion, in mCi [ICRP,
1979} .

This indicator provides a system for rating the toxicity of individual
isotopes taking into account *heir half-lives. However, it does not take into
account the actual amount of isotope present in a disposal inventory.
Conceivably, an isotone with a fairly high toxicity indicator may be present in
only very small amounts and may be of less concern, in a source term evaluation,
than an isotope with a lower indicator but present in v vv large amounts,
[Bowerman, 1990A] suggests that radiotoxicity analysis can be further refined by
multiplying the T1 of each radionuclide by the total inventory for that nuclide,
thereby producing an "Inventory-Based Toxicity Factor" (I1TOX). This type of
analysis has been applied to the Richland 1989 data, with tha results summarized
in Tabies 11 and 12, for, respectively, short-lived and long-1ived radionuclides.

Nearly one third of the isotopes in Table 11 are listed as having a TI value
of 0.000. In many instances, this is not, strictly speaking, true, the
calculated value actually peing greater than zero but less than C.wou5. Such
values have little meaning in the present analysis and the isotopes concerned

12
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The Tists could be further refined by consideration of the original waste
streams which bore the isotopes. Such an analysis, in which the sorbent or
solidification media category would be subdivided to show the contributions of
the different waste streams to a particular waste form, has not been attempted
because its additional complications are not justified at this stage in mode
development due to a lack of data. However, the nature of the original waste
stream is of relevance in determining the degree to which the radionuclides can
be retained by the waste form. For example, Cs-137 found originally in
evaporator bottoms and solidified in cement is likely tc be bonded differently
(and subject to different release mechanism and rates) from that of the same
radionuclide found in a cement-based solidification of a waste stroam containing
ion exchange resins., Similarly, although release mechanisms of Ni-63 from
activated hardware are probably different from those from compacted dry active
waste, both waste streams may appear under the same waste form category of "None
Regquired." Consequently, although the importance of the character of the
original waste stream is not treated in the current report, the modeling
refinements demanded b, suzh differences will be evaluated at a later stage in
the model development,

The rankings shown in Tables 15 and 16 provide some initial guidance on what
isotopes shouid receive prime consideration when assembling a sour @ term model
and in whut kinds of waste forms they are likely to be found. It should be
understood that the decision to identify twenty isotopes in each group was purely
arbitrary and is not intended to indicate that only these isotopes should be
included in a source term model. In particular, it is emphasized that the
preceding analysis is concerned only with identifying which radionuclides should
be included in a source term model based on their contributions to the activity
and toxicity of the total disposed inventory. It does not take into account the
mobility of the radionuc)ides within the waste and after release from the waste
form.

15
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4. SUMMARY AND RECOMMENDATIONS

An attempt has been made to evaluate information derived from LLW shipping
manifests in terms of the specific needs associated with the development of a
source term model. The information examined resultec from disposal at three
sites (Barnwel', SC, Beatty, NV, and Richland, WA) during the period 1987 through
1989 and is contained in [Roles, 1990]. DOuring the evaluation, emphacis was
placed on the activity of the wastes (as opposed to their volumes), on
determining the distribution of radionuclides in the different sorbent and
solidification media, and on identifying informational needs not satisfied in
contemporary shipping manifasts. Summary and recommendations follow.

l. Currently, there is no common shipping manifest information
practice, a factor which hinders considerably the ability to
evaluate the data reported. This problem has been highlig ted
previously in [Roles, 1990) and it is recommended that efforts
be made to develop a uniform manifest. It is recognized that
this may not be a simple task as the sited States and compacts
probably will have their individual requirements.

2. Not unexpectedly, site-to-site variations in the activity
distribution among waste streams and waste classifications
were noted, even when the information was averaged over a
three year period. At Barnwell, about 80% of the activity
came from disposal of activated equipment and components,
practically all of which were designated Class C waste. By
contrast, at both Beatty and Richland, C(lass B wastes
contributed most of the activity, with the largest
contribution being made by the "dry solids" waste streams.

3. Activity-based analyses of the forms in which the waste has
been disposed were performed only on the Beatty and Richland
data, the information available in this area from Barnwell
being restricted to waste volumes. About 75% of the activity
disposed at Beatty was in cement-based waste forms, in sharp
contrast to Richland where less than 28% of the activity was
in such waste forms. At Richland, about 70% of the activity
was contained in wastes for which mixing with scrbents or
solidification media was not required or not mentioned.

4. The fact that over 70% of the activity disposed at Richland
was categorized as not requiring any sorbent or solidification
media or had none identified is of great concern from the
source term modeling aspect. Under current manifest practices
there is very little information on the actual forms in which
this very large fraction of the total activity was disposed.

5. Some of the activity referred to in Item 4 is found in
activated hardware and components which may have been disposed
in their original condition, However, much of the wacte would
have been placed in containers before disposal. The
containers, in turn, cons: itute the primary barriers isolating
the waste from the environment. A source term model needs to
incorporate information of the effectiveness of such La. viers;
that is, the manner and rate of degradation of the containers

17
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TABLE ]

BARNWELL WASTE STREAM CLASSIFICATION AND ACTIVITY
FOR 1937 THROUGH 1989

ACTIVITY FRACTION OF
WASTE STRCAM CLASS (Ci) TOTAL ACTIVITY

AIR FILTERS A .39005000£+2 .33770450F -4
AIR FILTERS CS . 11900200€ +2 .10302995E -4
Subtotal (AIR FILTERS) .50905000€+2 44073446 -4
BIOLOGICAL A . 14894000E+2 .12895195¢€-4
Subtotal (BIOLOGICAL) . 14894000 +2 . 12895195€-4
COMBUSTIBLE + NONCOMBUSTIBLE A 47140E+4 .40813716E-2
COMBUSTIBLE + NONCOMBUSTIBLE BS . 11326E45 .98060279E -2
COMBUSTIBLE + NONCOMBUSTIBLE cs . 14926000£+3 . 12922900E-3
Subtotal (COMBUSTIBLE + NONCOMBUSTIBLE) .16189260E+5 . 14016628E -
EQUIPMENT, COMPONENTS A .61110500E+3 .52909347E-3
EQUIPMENT, COMPONENTS BS .35851400E+4 .31040069E -2
EQUIPMENT, COMPONENTS cs .91740E+6 . 79428306E40
Subtotal (EQUTPMENT, COMPONENTS) 9215962446 T9791616E+0
CARTRIDGE/MECHANICAL FILTERS A 12769000 +4 . 10449315E-2
CARTRIDGE/MECHANICAL FILTERS BS .15410E+4 .13341946E-2
CARTRIDGE/MECHANICAL FILTERS (8 .49780E +4 43099423 -2
Subtotal (CARTRIDGE/MECHANICAL FILTERS) . 77259000 +4 .£6890686E -2
FILTER MEDIA A . 15721000E +4 .13611210E-¢2
FILTER MEDIA 8S . 74720000E+3 .64692424E-3
FILTER MEDIA cs . 14342700E+4 .12417880E -2
Subtotal (FILTER MEDIA) .37535700E+4 .32498333E-2
INCINERATOR ASH .00000E+0 .00000E+0
INCINERATOR ASH B . 70000000E -4 .6060585E-10
Subtotal (INCINERATOR ASH) . 70000000¢ - 4 .6060585E-10
OTHER (1989) BS .46220000E+2 .40017182E-3
Subtotal (OTHER) .46220000E+3 .40017182€E-3
RESIN A .47920E+5 .41489039¢E -1
RESIN BS .57870E+5 .50103729¢€-1
RESIN csS 3790045 .32813743¢E-1
Subtotal (RESIN) .14369E+6 .12440651E+0
SOLID COMBUSTIBLES A .14667000E +2 .12698658E -4
SOLID COMBUSTIBLES BS .13000E+3 .11255373E-3
Subtotal (-OLID COMBUSTIBLES) .14466700E+3 . 12525239E-3
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TABLE 1 (cont.)

BARNWELL WASTE STREAM CLASSIFICATION AND ACTIVITY
FOR 1987 THROUGH 1989

ACTIVITY FRACTION OF
WASTE STREAM CLASS (Ci) TOTAL ACTIVITY

SOLID NONCOMBUSTIBLES A .B7820000E+3 .76034378E -3
SOLID NONCOMBUSTIBLES BS S2119E+45 45124524 -1
SOLID NONCOMBUSTIBLES s .88926000E+3 .76991951E-3
Subtotal (SOLID NONCOMBUSTIBLES) . 53886460E+5 46654788 - |
SOLIDIFIED LIQUIDS A . 16839000E +4 14879172€-2
SOLIDIFIED LIQUIDS BS . 14697000E +4 127246377 -2
SOLIDIFIED LIQUIDS s .43361500E+4 .37542299¢ -2
Subtotal (SOLIDIFIED LIQUIDS) . 74897500E+4 .64B46104E -2

Grand Total

1,155,003 .85]
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TABLE 3 (cont.)

RICHLAND WASTE STREAM CLASSIFICATION AND ACTIVITY
FOR 1987 THROUGH 1989

ACTIVITY FRACTION OF

WASTE STREAM CLASS (mC1) TOTAL ACTIVITY
FILTER MEDIA (1987) AS A4B607964E+5 0.27214056E -3
FILTER MEDIA (1987) AU 218378345 .68213133E-4
fILTER MEDIA (1987 BS 2B469952E+6 . 15939422E-2
Subtotal (FILTER MEDIA) 34549127646 . 19342959¢ -2
GAS AU 213382000 +3 . 11946580E - §
Subtotal (GAS) .21338200E+43 11946580€ -5
NON-AQU. LIQUID IN VIALS/SORBENT AU C195000E+2 .10186802¢ - 6
Subtatal (NON-AQU. LIQUID/VIALS/SORBENT) . 18195000E+42 . 10186802E -6
NON-COMPACTED DRY ACTIVE WASTE AU 1051239146 .58B55543E -3
NON-COMPACTED DRY ACTIVE WASTE BS 1154366746 .64629331£-3
NON-COMPACTED DRY ACTIVE WASTE CS .401B00BSE+5 22495554E -3
Subtotal (NON-COMPACTED DRY ACTIVE WASTE)  .26074067E+6 . 14598042€ -2
OTHER AS . 204BB000E+2 . 11470580€ -6
OTHER AU . 78630405E+5 .44022667€-3
UTHER BS .96340000E+3 .53937707¢-5
OTHER Cs . 14640000E+3 819647126
Subtotal (OTHER) .79760693E+45 . 44655480 -3
SOLIDIFIED CHELATES AJ 4476662345 .25063411€-3
Subtotal (SOLIDIFIED CHELATES) A4766623E45 250634]11E-3
SOLIDTFIED LIQUIDS AS 1242853045 .69583394¢€ -4
SOLIDIFIED LIQUIDS AU 1962076747 . 10985044€ - |
SOLIDIFIED LIQUIDS BS 40040 +8 .22417180E+0
SOLIDIFIED LIQUIDS s .85874833E+6 48078593 -2
Subtotal (SOLIDIFIED LIQUIDS) 4287335348 . 24003429E+0
SOLIDIFIED OTL AS .63731200E+3 . 35680756
SOLIDIFIED OIL AU .68661920E+4 38441629 -4
Subtotal (SOLIDIFIED OIL) . 75035040€ +4 42009737 -4
SOLIDIFIED RESINS A> 2702922646 .15132805€E -2
SOLIDIFIED RESINS AU . 79098391E45 44284678 -3
SOLIDIFIED RESINS BS 15194467647 .B5069001E-2
Subtotal (SOLIDIFIED RESINS) . 18688374E+7 10463027 -1
SORBED AQUEOUS LIQUIDS AU .92809172E+6 . 51960909¢ -2
Subtotal (SORBED AQUEOUS LIQUIDS) .92809172E+6 . 51960909¢E - 2
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TABLE 3 (cont.)

RICHLAND WASTE STREAM CLASSIFICATION AND ACTIVITY
FOR 1987 THROUGH 1989

ACTIVITY FRACTION OF
WASTE STREAM CLASS (mCi) TOTAL ACTIVITY
SORBED NON-AQUEOUS L1QUIDS AS .B3484900(+3 A6740545¢E -5
SORBED NON-AQUEOUS LIQUIDS AU .20268480£ +4 A1347678E -4
Subtotal (SORBED NON-AQUEOUS LIQUIDS) . 28616970L+4 .16021733E -4
VIALS (1987) AU 1187100042 .66461960E -7
Subtotal (VIALS) 1187100042 .66461960€ -7

Grand Total

178,613,448 .337
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TABLE 4 (cont.)

BEATTY SORBENT AND SOLIDIFICATION MEDIA AND ACTIVITY
FOR 1987 THROUGH 1989

ACTIVITY FRACTION OF
SORBENT OR SOLIDIFICATION MEDIA CLASS (mC1) TOTAL ACTIVITY
PETROSET 1 AND 11 AU .64226000F +4 . 10280820 - 3
Subtotal for PETROSET I AND 11 .64226000€ +4 . 10280820¢E -3
PETROSET 11 AU .39158810€ +4 .62682512€-4
Subtotal for PETROSET 11 .39158810E+4 .62682512E-4
SAFE-N-DRI AU .20859500F +4 .33390336E -4
Subtotal for SAFE-N-DRI . 20859500E 44 -33390336¢ -4
SAFE-T-SORB AU 25098900143 401 76453E-5
Subtotal for SAFE-T-S0RB . 25098900E+43 401764535
SPEEDI DRI AU . 25235600E+3 .40395272€-5
Subtotal for SPEEDI DRI . 25235600E+3 .40395272€-5
STOCK EQUIPMENT CEMENT AU .82610000€+2 13223594E-5
Subtotal for STOCK EQUIPMENT CEMENT .82610000E+7 13223594E-5
STRUCTURAL CONCRETE AS .32878286E+6 52629117€-2
STRUCTURAL CONCRETE AU 16177838E+7 .25896281E-1
STRUCTURAL CONCRETE BS .28615801E+7 .45806048¢ - ]
STRUCTURAL CONCRETE S .10989709E+7 17591810E-1
Subtotal for STRUCTURAL CONCRETE .59071178E+7 .94556751E-1
WESTINGHOUSE -HITTMAN CEMENT AS . 17445384E+7 27925274E -1
WESTINGHOUSE -HITTMAN CEMENT AU 1025451 1E+7 .16414659E - 1
Subtotal for WESTINGHOUSE-HITTMAN CEMENT . 27699895E+7 .44339933E -1
ZONOLITE GRADE#4 AU .11101B96E+5 JAT771089E-3
Subtotal for ZONOLITE GRADE#4 .11101896E+5 A7771089E-3
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TABLE §

RICHLAND SORBENT AND SOLIDIFICATION MEDIA AND ACTIVITY

FOR 1987 THROUGH 1989

ACTIVITY FRACTION OF

SORBENT OR SOLIDIFICATION MEDIA CLASS (mCi) TOTAL ACTIVITY
(BLANK) AS 19607911646 .J0977847E-2
BLANK) AU 39184112847 L21937940¢ -]
BLANK) 8s ,53337931¢E+7 29862214E-1
(BLANK) €S 12526599648 J0132454( )
Subtotal for (BLANK) ,21974883E+8 1230303940
AQUASET AU 61129590E45 L342245178-3
Subtotal for AQUASET 61129590E+45 3422451783
ACUASET 1 AND 11 AU L 415444B0F 44 23259435 -4
Subtotal for AQUASET I AND 11 . 41544480F +4 .23259435¢€ -4
AQUASET |1 AU 488012708 +4 .27322281E-4
Subtotal for AQUASET 11 4BBO1270F+4 27322281E-4
ASPHALT AS .57400860F +4 32136919 -4
ASPHALT AU .23776590E+5 .13311758E-3
Subtotal for ASPHALT 29516676645 .16525449E -3
BITUMEN (ATI & Waste Chem) AU 11107810646 .62189105€-3
Subtotal for BITUMEN (AT! & Waste Chem) 11107810E+6 .62189105¢€-3
CELETOM AU . 31929500E+3 7876313E-5
Subtotal for CELETOM .31929500E+3 AT876313E-5
CHEM-NUCLEAR CEMENT AS .37636926E+5 21071720 -3
CHEM-NUCLEAR CEMENT AU 75718620E+4 4239245]¢ -4
CHEM-NUCLEAR CEMENT (Y . 14640000F+3 .B1964712E-6
Subtota) for CHEM-NUCLEAR CEMENT 4535518845 .25392930F-3
CHEMSIL 30 AU . 44502200E+3 .25139316E-5
Subtotal for CHEMSIL 30 .44902200E+3 .25139316£-5
CHEMSIL 3030 AU 45127812645 . 25265629 -3
Subtotal for CHEMSIL 3030 A5127812E+% 25265629 -3
CHEMSIL 50 AU . 35180220E+4 . 19696288 -4
Subtotal for CHEMSIL 50 .35180220¢+4 .19696288¢ - 4
CONCRETE (2500 PSI1) AS ,31487100E+3 . 17628627E-5
CONCRETE (2500 PSI) AU .38748068E+6 .c1693813f-2
CONCRETE (2500 PSI) BS . 15005601 E+6 .B4011600F-3
CONCRETE $2500 PS1) CS 65306742645 .36563171E-3
Subtotal for CONCRETE (2500 PSI) .60315830E+6 .33768919f-2
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TABLE § [cont.)

RICHLAND SORBENT AND SOLIDIFICATION MEDIA AND ACTIVITY
FOR 1987 THROUGH 1989

ACTIVITY FRACTION OF
SORBENT OR SOLIDIFICATION MEDIA CLASS (mCi) TOTAL ACTIVITY
DELAWARE CUSTOM MEDIA AS 13151900643 L73633313€-6
DELAWARE CUSTOM MEDIA AU 41909759645 .23463943E -3
Subtotal for DELAWARE CUSTOM MEDIA 42041278E45 (2353757763
DIATOMACEOUS EARTH AU .12984000E+2 126932948 -7
Subtotal for DIATOMACEOUS EARTH . 12984000E+2 L T2693294E-7
DICAPERL HP200 AU .40326600F+3 ,22577583¢E -8
Subtotal for DICAPERL HP200 .40326600£413 .22577583€-5
DICAPERL HP500 AU .13075000£+2 L13202774E-7
Subtotal for DICAPERL HP500 . 13075000E+2 .73202774E-7
[NVIROSTONE AS 59349280 +4 L332277776-4
ENVIROSTONE AU .64291008E+5 350944941 -3
ENVIROSTONE BS .35625151E+6 L19945391€-2
ENVIROSTONE s ,29524000E+3 .16529550E -5
Subtotal for ENVIROSTONE 4267726846 ,23893648E -2
FLOOR DRY/SUPERFINE AS .43283369E+5 L 24232984E -3
FLOOR DRY/SUPERF INE AU L 17255894E4+7 .96610275€ -2
FLOOR DRY/SUPERF INE BS .69179393E45 .38731346E-3
FLOOR DRY/SUPERF INE cS . 19534682E46 .10936848F -2
Subtotal for FLOGR DRY/SUPERF INE .20333990E+7 .113B4355E-1
FLORCO AU .47282000E+2 ,26471690¢ -6
Subtotal for FLORCO .47282000E+2 .264716%90E-6
FLORCO & FLORCO X AU .31770900E+3 17787518E-5
Subtotal for FLORCO & FLORCO X .31770900£+3 .17787518E-5
FLORCO X AU .12930000E+2 . 72390965¢€ -7
Subtotal for FLORCO X . 12930000£+2 .12390965E-7
HI DRI AU ,33894]110E45 .18976236E-3
Subtotal for H! DRI 338941 10E+5 .18976236(-3
LN TECH CEMENT AS .13765309E+6 J7067595€ -3
LN TECH CEMENT BS 60951577846 ,34)24853¢-2
LN TECH CEMENT cs .15591722E6+6 .B7293104€-3
Subtotal for LN TECH CEMENT .90308608E +6 50560923k -2
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TABLE 5 (cont.)

RICHLAND SORBENT AND SOLIDIFICATION MEDIA AND ACTIVITY
FOR 1987 THROUGH 1989

ACTIVITY FROCTION OF
SORBENT OR SOLIDIFICATION MEDIA CLASS (mCi) TOTAL ACTIVITY
STOCK EQUIPMENT CEMENT AU .17530000E+1 .98144905¢ -8
Subtotal for STOCK EQUIPMENT CEMENT ,17530000E +1 .98144505¢ -8
STRUCTURAL CONCRETE AS .52914069(+5 .29624907E-3
STRUCTURAL CONCRETE AU 21513525E+47 120447408 )
STRUCTURAL CONCRETE Bs .44790945( +8 .25077028E+0
STRUCTURAL CONCRETE cS .B6674862(+6 .4B526504F -2
Subtotal for STRUCTURAL CONCRETE 4786196048 26796392840
WESTINGHOUSE -HITTMAN CEMENT AU . 184B6030E+5 .10349741€-3
Subtotal for WESTINGHOUSE-HITTMAN CEMENT 1848603045 .10349741E-3
ZONOLITE GRADE#4 AS 58887150641 . 32969046 -4
ZONOLITE GRADE#4 AU .21929751E+5 A2277771E-3
ZONOLITE GRADE#4 BS 21718323846 12159400€-2
Subtotal for ZONOLITE GRADE#4 .24500170E+6 13716867E-2
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TABLE 6 (cont.)

RADIONUCLIDES DISPOSED AT BARNWELL
1987 THROUGH 1989

TOTAL

HALFLIFE ACTIVITY PERCENT OF
1SOTOPE (YEARS) (CY) TOTAL ACTIVITY
PO-218 .5803E -5 .60000F - 2 0.000000519
AM-242 1829E-2 .40000E - 2 0.000000346
SN-117M . 3800E - 1 .30000€ -2 0.000000260
W-187 2728E-2 . 20000E -2 0.000000173
$1-NOS .0000E+0 .20000E -2 0.000000173
P-33 6900E - 1 . 20000 - 2 0.000000173
HG-203 . 1280E+0 . 20000€ -2 0.000000173
U-237 . 1800E -1 . 10000k - 2 0.000000087
RH-103 .0000E+0 . 10000E -2 0.000000087
PA-234 . 7648E-3 .10000€ -2 0.000000087
PA-233 . 7400E -1 . 10000€ - 2 0.000000087
LA-14] .4490F -3 . 10000€ -2 0.0000G0087
AU-195 .5040£40 . J0000E -2 0.000000087
YB-169 .8800E - ] .380COE -3 0.000000033
(5-144 3171E-7 . 35000€ -3 €.000000030
NE-93 .0000€+0 . 32000€-3 0.000000028
CR-57 .6659E -6 .20000E -3 0.000000017
DY -NOS .0000E+0 . 10000€ -3 0.000000009
ND-147 3001€E-2 .90G00E -4 0.000000008
TH-228 913641 69999E -4 0.000000006
AM-24<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>