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An evaluation of the low-level wastes and waste packages generated by
General Electric Vallecitos Nuclear Center (GEVNC) was made on the basis of
10 CFR Part 61 criteria and on the Technical Position on Waste Form (TP). In
sddition, a review has been performed of the handling and storage methods used
by GEVNC for their transuranic wastes, Several options have been discussed
for management of these materials. This evaluation was the result of a study
initiated by the U.S. Nuclear Regulatory Commission (NRC), in which GEVNC

participated,

GEVNC generates radiocactive wastes in hot cell processes which include
examination of reactor fuel and components, and production of sources and
radiopharmaceuticals., These wastes are usually Class B or greater. Class A
wastes result from support activities which include maintenance of the hot
cells, The dominant contaminating radioisotopes are Cs-137 and Co-60, 1In
addition, transuranic wastes result from examination and burnup analyses of
fuel, The latter wastes are all currently stored on-site at GEVNC, The low
activity Class A, Cs~-137 and Co-60 dominated wastes are generally packaged in
55-gallon drums and wooden boxes, while those of higher activity (Class B and
greater) are packaged in 84-gallon extended 17H drums that are grouted with
cement, The Class A packages meet the requirements in 10 CFR Part 61. The
Class B and greater grouted drum packages have been evaluated with respect to
meeting the stability requirements in 10 CFR Part 61 and with respect to the
guidance in the TP, Based on the evaluation, overall, the waste form: of
these packages are expected to maintain their stability, but a few concerns
are identified and testing should be performed by GEVNC to demonstrate waste

form stability.
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CHARACTERIZATION OF THE LOW-LEVEL RADIOACTIVE WASTES AND
WASTE PACKAGES OF GENERAL ELECTRIC VALLECITOS NUCLEAR CENTER

l. INTRODUCTION

The low-level radiocactive waste generated by many non-fuel cycle indus-
tries and institutions is not as well characterized as that produced by nuc-
lear power plants. As a part of a program to characterize non-fuel cycle
waste shipped to commercial shallow land burial, Brookhaven National Labora-
tory (BNL) has identified, contacted and visited a number of non-fuel cycle
waste generators. For selected generators, BNL has performed detailed evalu-
ations of their low-level radicactive waste, These evaluations were performed
with respect to 10 CFR Part 61, "Licensing Requirements for Land Disposal of
Radiocactive Waste” and included (1) an assessment of the chemical, physical,
radiological and biological degradation mechanisms of the waste form and waste
container which may affect the ability of the waste package to meet the accep-
tance criteria for disposal, and (2) the identification of chemical hazards in
the waste packages which by themselves or in conjunction with the radiological
hazards may affect the behavior of the waste packages and the ability of the
site to perform adequately. To date, three such evaluations have been per-
formed. They are evaluations of the Class B waste packages of the New England
Nuclear Corporation(l), of the large quantity waste packages of the Union
Carbide Corporation - , and of the wastes and containersz of the 3M Corpora-
tion{3), A fourth generator, the General Electric Vallecitos Nuclear Center
(GEVNC), is the subject of this study. This study has been conducted in
cooperation with CEVNC in order to provide the Nuclear Regulatory Commission
with an aluation of GEVNC low-level wastes with respect to 10 CFR Part 61
criteria as well as the guidelines for Class B and C wastes specified in the
Technical Position on Waste Form [Revision 0, May 1983] (TP). The relevant
sections of 10 CFR Part 61 used in this study are those on waste classifica-
tion and waste characteristics. These sections, 61.55 and 61.56, respec-
tively, have been included in Appendix A. The relevant sections of the TP are
included as Appendix B, The characterization of transuranic (TRU) wastes
generated at GEVNC has been performed and the evaluation of potential waste
management strategies for the TRU waste stored at GEVNC was also incorporated
into this study.

Radiocactive waste i{s generated at GEVNC during examinatiun of reactor
components and fuel and during the production of radiopharmaceuticals and ra-
dicactive sources. In an effort to categorize the low-level wastes according
to the wuste classification scheme set forth in 10 CFR Part 61, a review of
the wastes shipped from GEVNC has been performed by surveying selected radio-
active shipment records (RSRs) from 1982 and 1983, The results of this survey
are summarized %n Section 2, In addition, information has been included from
a GEVNC report, 4) a letter from GEVNC including a tabular summary of the
waste shipments, 5) and telephone conversations with GEVNC personnel,
Descriptions of the processes in which the low-level and TRU wastes are




generated and of the containers in which these wastes are packaged for either
burial »r storage have been written based on information prosided by GEVNC.
These descriptions are given in Section 3.

There are three parts to the evaluations of the GEVNC low-level waste.
First, waste packages are evaluated to determine if they meet the minimum
requirements for all wastes to be disposed of by commercial shallow land
burial as well as the stability requirements for Class B and C wastes, as ap-
propriate, This evaluation includes a consideration of pertinent degradation
mechanisms, consideration of the requirements given in 10 CFR Part 61, as well
as of the guidance given in the TP for the demonstration of waste form/package
s*ability. The requirements for each class of waste and the evaluation of the
GEVNC wastes in the context of these requirements are given in Section 4. The
second part of the low-level waste evaluation was an identification of those
components of the GEVNC wastes which are either hazardous or which could af-
fect the performance of the site in which these wastes are buried. As can be
seen from the package descriptions and evaluations contained herein, it was
felt that no such concerns existed with the GEVNC wastes themselves. The
third part of this study involved the evaluation of potential strategies for
managing the TRU wastes currently being stored by GEVNC. This assessment was
performed to provide the NRC with background information on the types and
forms of TRU wastes that are generated in processes at this type of facility.
This evaluation is given in Section 5.

The evaluation of the low-level waste packages and the consideration of
the TRU wastes have resulted in some concerns and recommendations. These are
provided in Section 6.




2, QUANTITIES OF LOW-LEVEL AND TRU WASTES GENERATED AT GEVNC

In order to consider the impact of the then-proposed 10 CFR Part 61 on
GEVNC's non-fuel-sycle waste, representatives from GEVNC, NRC, and BNL met in
September 1982.(6)" It was learned that GEVNC generates waste from three
main sources: hot cell activities, liquid waste evaporator operations, and a
research reactor (presently shut down). The hot cell activities consisted
mainly of examination work on reactor components and fuel, the fabrication of
Co=60 and Cf-252 sources, and the manufacture of Xe-133, Cl-36, and C-14
radiopharmaceuticals. The bulk of the waste was from these hot cell activi-
ties and the primary waste radioisotopes were Co-60 and Cs-137. 1In the past,
GEVNC has shipped their waste to Beatty, Nevada, but they now ship to
Richland, Washington. In addition, GEVNC generates TRU-contaminated waste
which is stored on site.

As a result of more recent contacts,(7) GEVNC supplied BNL with the
Radioactive Shipment Records (RSRs) for six waste shipments during the period
from April through August of 1983 as well as an RSR for a shipment in March
1982. Some of the information from these RSRs is summarized in Table 2.1.
There were a total of 62 packages shipped, a total shipping volume of 3629
cubic feet, and a total activity of about 617 Ci, One of the RSRs is repro-
duced in Appendix C, Most of GEVNC's annual waste activity was attributable
to two isotopes, Cs-137 and Co-60, although C-14, Sb-124, and U-235 were also
shipped. [t was found in review of these RSRs that three packages contained
waste for which the specific activity exceeded the Class B limit (according
to the classification scheme of 10 CFR Part 61). These packages were all
84-gallon drums shipped in casks. All other packages listed in the RSRs are
Class A under current regulations. It should be noted that the selected GEVNC
RSRs supplied to BNL did not include all radioactive wastes shipped from GEVNC
for the period covered. The RSR review indicates that GEVNC has shipped
mainly Class A and Class C (and one greater than Class C) waste packages. In
telephone conversations with GEVNC staff, it has been stated that GEVNC does
ship some Class B wastes., In any event, all GEVNC Class B or greater wastes
have been shipped in one type of contairer, the 84-gallon 17H drum grouted
with cement. The waste streams at GEVNC and the detailed RSR information are
discussed more fully in Section 3, A summary of GEVNC radioactive waste
shipments from 1980 through 1983 is given in Table 2,2.

CEVNC also supplied BNL with a tabular summary of waste shipment infor-
mation and with a copy of a report(“) published by GEVNC which included the
results of tests performed on higher activity GEVNC waste packages to demon-
strate the fulfillment of requirements necessary to apply for a certificate of
compliance for these packages. The tabular summary indicated that GEVNC ships
wastes in 55-gallon drums, in wooden boxes, and in cement-grouted 84-gallon
(11,5-cu, ft.) drums. The 55-gallon drums may be shipped in overpacks while
the cement-grouted drums are shipped in the GE Model 1600 shielded shipping
container, (A copy of the U.S. NRC Certificate of Compliance No. 9044,
Revision 6 is Appendix D.) In general, the tabular summary and the RSRs both
indicate that most of the waste volume shipped from CEVNC is Class A (55-
gallon drums, wooden boxes, and occasionally, a cement-grouted drum), As



would be expected, the Class B or greater wastes comprise a much smaller frac-
tion of the total volume shipped,

Several maximum activity values for specific grouted drum packages
were found. The RSR survey yielded 103 Ci and 16.65 Ci for Co-60 and Cs-137,
respectively. The tabular summary indicated values of 189 Ci and 81 Ci for
these two isotopes, respectively, while the report published by GEVNC gave
activity limit totals of 5000 Ci for aged mixed fission products (assumed to
be ~50/50 Cs-137 and Sr-90), and 3000 Ci for Co-60. For the purposes of the
waste package evaluations, it is desirable that the activities used for cal-
culations on radiolysis, dose, etc., be conservatively high, The totals from
the GEVNC report would be used were they not, for Cs-137 and Sr-90, in excess
of the Class C limit for this size container. Hence, for the evaluation in
this report, the activity values for the GEVNC grouted drum packages were
taken as the upper Class C limit for both Cs-137 and Sr-90 or 1500 and 2300
Ci, respectively, while 3000 Ci was retained as the activiey limit for Co-60.

Table 2.1

Sumwaty of the GEVNC Low Level Radicactive Waste Shipments
Information From RSRs Supplied by GEVNS

RSR Date No. Total Volume Total Activity lsotopes Package
Packages (cu, ft.) (c1) Descriptions
0314 3/09/82 10 1144.5 216.05 Co-137 LSA wood boxes
Co=60
U-235
1097 «/18/83 18 135 2.025 Cs-137 55-gallon drume
Co-60
71/06/83 8 795.5 51.895 Ce-137 7 LSA wood boxes
wope ! Co-60 1 cask (Class C)
7 11 175.% 1.7538 Ce-137 2 LSA wood boxes
" e Co-60 9 53-gallon drume
-137
2l6lé 71/27/83 7 681.5 186.801 g:-:o 6 A0S il s
Cs~137
Sb-124 1 cask (>Class C)
C-14
459.5 595.544 Ca-137 4 LSA wood boxes
it i : Co-60 | cask (Class C)
235.5 103.019 Ce-137 2 LSA wood boxes
21619 8/31/83 3 Sah ot
67 3629.0 617.09

35hipped to Beatty, Nevada, disposal site, All others shipped to Richland, Washington.




Table 2,28

GEVNC Radiocactive Waste Shipment Summary for 1980-1983

1980 1981 1982 1983
Total Volume 10,400 12,900 6,500 5,900
Shipped (ft3)
Total Number 12 32 15 19
of Shipments
Activity Total (Ci) 651 1216 .4 639.0 1643.2
Co-60 521 1146 515.8 }095.2
Cs-137 130.5 70.2 123.2 405.4
other 3.5 mCi 100 Ci{ (Sb-124)
(U-235) 42,46 Ci (C-14)

127 mCi (U-235)

Total Packagcob

Drums (55-gallon) 56 96 108 134
Boxes 90 106 54 44
Casks (11.5 ft3) 11 11 4 °

8Information provided by J. Tenorio of GEVNC in conference call with BNL
staff on February 27, 1984,
he vast majority of the waste activity is concentrated in the cask
packages. The 55-gallon drums and boxes contain essentially trace amounts.

The Class A waste packages are subject only to the minimum waste charac-
teristic requirement~ of 10 CFR Part 61 and their evaluation is given in
Section 4.1, As stated earlier, those waste packages which are Class B or
greater are, for GEVNC wastes, all 84-gallon cement-grouted drums, These are
subject to requirements for structural stability in addition ts the minimum
waste characteristic requirements of 10 CFR Part 61 and they are evaluated in
Section 4.2,

An overview of the TRU waste stored at GEVNC has also been provided,”
The TRU waste with activity much greater than 100 nCi/g consists of 9 one-
gallon "paint cans" containing cement-solidified liquid from burnup analyses
of nuclear fuel. The upper bound for the activity in these cans is 3 mCi/g
or about 30 Ci per can. The remaining TRU waste, consisting mostly of
cellulosics and miscellaneous debris with activities in the range of 80 to
100 nCi/g, is stored in 91 liners with approximate volumes of 1.5 cubic feet
(about 2/3 of the liners) or 5.5 cubic feet (about 1/3).

*Information provided by J, Tenorio of GEVNC in conference call with BNL
staff on February 27, 1984,



Summar

Most of the volume of wastes shipped by GEVNC is Class A and is packaged
in 55-gallon drums, wooden boxes, and occasionally, in a cement-grouted
84-gallon drum. Higher activity wastes, Class B or greater, are shipped only
in the cement-grouted 84-gallon drums. Principal contaminating radioisotopes
in Class B and greater wastes are Cs-137 and Co-60. For the purposes of the
higher activity grouted-drum waste package evaluation in this report, Cs-137
and Sr-90 have been taken as waste contaminants at the Class C activity limit
(1500 and 2300 Ci, respectively, for this size container), and Co-60 has been
lnclude? ’t 3000 Ci per package. These values are all based on the GEVNC
report, 4) yhich was the most conservative activity estimate available.

Prior to the establishment of the regulation waste classification scheme of
10 CFR Part 61, GEVNC shipped at least one package of activity greater than
what is now the Clase C limit., Such wastes would not generally be acceptehle
for disposal in a commercial shallow land burial site unless approved by the
NRC or by the appropriate licensing authority.

Other radioisotopes in GFVHC wastes, e.g., Xe-133, Cl-36, etc., have
been stated to be at quite low activity levels compared to the Cs~137 and
Co-60, i.e., these isotopes generally occur in GEVNC Class A waste packages.
The C-14 and Sb-124 packages that were found in the RSR survey were one-time
shipments and have therefore not been considered as a regular component in
the GEVNC waste streams.

TRU wastes which GEVNC has divided into categories of 80-100 nCi/g aad
>100 nCi/g are all presently stored on site.



3. DESCRIPTION OF RADIOACTIVE WASTE STREAMS AT GEVNC

GEVNC is involved in three main activities from which their radiocactive
wastes are generated:

(1) hot cell activities which involve examination work on reactor fuel
and components, fabrication of Co-60 and Cf-252 sources and manufac-
ture of Xe-133, C1-36, and C-14 radiopharmaceuticals., The primary
waste radioisotopes from these hot cell activities are Co-60 and
Cs-137,

(2) operation of a liquid waste evaporator. Liquid wastes from all
non-TRU GEVNC radwaste generating operations and outside sources as
well are evaporated,

(3) non-TRU operations generating solid wastes at other locations on the
GEVNC site, and research reactor work, none of which is being done
presently since the reactor i{s not in operation,

Radwastes from these activities are divided into three waste streams: (i)
hot cell wastes, (ii) support activity wastes and ({i{i) TRU wastes. Hot cell
and support activity wastes and their treatment prior to disposal are de-
scribed in Section 3.1. A detailed discussion of information from GEVNC RSRs
for shipments of hot cell and support activity wastes is given in Section 3.2.
TRU wastes and treatment are presented in Section 3.3.

3.1 Hot Cell and Support Activity Wastes

3.1.1 General Description of Hot Cell Wastes and Waste Packages

Hot cell processes involve examination work on reactor fuel and compo-
nents, fabrication of Co-60 and Cf-252 sources and the production of radio-
pharmeceuticals. Wastes from these operations consist of irradiated metals,
glass, and general cell trash. Radioisotopes identified in these wastes in-
clude Co-60, Cs-134, and Cs-137., Other radioisotopes are present in trace
amounts that are not expected to exceed 1% of the values in Table 1, Column 1
of 10 CFR Part 61, Section 55, These wastes are mainly in solid form. Com-
pactible solid hot cell wastes are placed in one gallon cans and compacted
prior to disposal., The liquid waste volume from hot cell activities was esti-
mated to be approximately 30 gal per year. Liquid hot cell wastes are solidi-
fied with cement in a 2:1 cement to liquid ratio by volume in one-gallon cans,
GEVNC has indicated that, according to the NRC waste classification scheme in
10 CFR Part 61, these hot cell wastes are expected to be Class B or Class C.

The container used for disposal of hot cell wastes consists of
11-1/2-cu, ft, 17H-drum with two inner perforated carbon steel baskets
(84-gallon). These baskets have steel angle ironm spacers attached to the
outer sides and bottom which hold the basket approximately 3/4 inches away
from the drum itself. The waste is prevented, by this basket arrangement,
from having any direct contact with the drum. Figure 3.1 shows two baskets



filled with simulated (non-radicactive) waste typical of hot cell wastes.(“)
There is an open space 1-1/2-in, wide at the top of each drum after the bas-
kets have been inserted. A series of dose rate measurements is made on the
waste-filled container. The highest in the series of readings is used in ap~-
plication of a conversion factor to obtain activities, GEVNC has stated this
factor is generated by a computer code basec on average dose rates and waste
configurations (solidified, compacted, etc.). This procedure is discussed in
Section 3.1.2.

Figure 3,1 Two perforated steel basket liners fiiled with
simulated hot cell wastes,'

The hot cell wastes in the basket and drum assembly are then stabilized
by a cement grouting treatment, The grout consists of 600-1b Portland cement,
600-1b sand and 30-gal water, Cement is poured from the top into the annulus
between the inner basket and the inner drum side., The t ow characteristics of
the cement are such that it penetrates the openings of ti,e baskets and fills
nearly all the void space in apd around the waste materials, The drum is vi-
brated during t”is cement pouring process to ensure effective grouting. Fig-
ure 3.2 shows an 11-1/2 ft° drum in a test stand ready for grouting. The
vibrator is also shown attached to the drum, The cement is usually allowed
to set up for two days. Drums are then checked for free liquid and concrete
hardness and each drum is photographed prior to shipment, Figure 3.3 shows
Following the

the top of a grouted drum of simulated hot cell waste,(4)



grouting prozess, the drums are closed with a ring-bolt-sealed lid, Another
series of dose rate measurements is made subsequent to the grouting for
purposes of limiting the radiation exposure of transportation personnel,

Drums containing simulated waste have been given this cement-grouting
treatment and then sectioned horizontally and vertically to allow inspection
of the concrete-waste matrix, % The concrete in these drums could be seen
to have thoroughly filled the voids in the container.

Figure 3,2 Test stand used for test drum grouting., A vibrator,
located near the middle of the drum, is used to promote

grout penetration.(b)
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Figure 3.3 Top view of a grouted druu of simulated hot cell waste.

GEVNC provided an estimate of the average composition of one of their
higher activity cement-grouted drums. Typical total weights range from 1600
to 2300 1bs of which ~300 lbs is waste. This waste is approximately 40% metal
(ferrous, some aluminum, <10% lead), 10% glass and 507 paper and plastic, The
plastic i{s mainly polyethylene, but the tubing is polyvinyl chloride.

3.1.2 Activity Determination for Radioactive Wastes at GEVNC

The activity contained in GEVNC higher activity radiocactive waste pack-
ages is estimated using dose ra?e to activity conversion factors generated
with the computer code, ISOSHLD 8), combined with actual dose rate measure-
ments for waste packages, and smear measurements from the hot cells, The code
was written to perform gamma ray shielding calculations. The input to the
code consists of an activity loading and an assumed distribution of this ac-
tivity in a matrix (e.g., concrete) and in a specified geometric shape (e.g.,
a cylinder in the case of a drum). The output of the code is a dose rate,

The procedures used by GEVNC to estimate the activity in a waste pack-
age may be separated into four steps.

Step 1: The dose rate is measured at various places around a waste
package and the highest dose rate is recorded.
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Step 2: Smears are taken in the hot cells to determine the fractional
contribution of Cs-137 and Co-60 in the activity.

Step 3: The ISOSHLD code was used to generate a dose rate per curie
vaiue for a unit Co-60 activity level for each of the waste
containers used at GEVNC, The activity content of the waste
is estimated by multiplying the measured waste package dose
rate by this conversion factor. For ungrouted drums, GEVNC
assumes a homogeneous distribution of activity in a matrix
with the density of 0.5 g/cm3, For the grouted drums, GEVNC
assumes a homo-geneous distribution of activity in the drum in
a concrete matrix of density 2.35 g/cm3.

Step 4: The smear data is used to partition the activity into Cs-137
and Co-60 fractions, No other isotopes are assumed to be
present.

The accuracy of this procedure of determining the activity in a given
waste package depends upon the representativeness of dose rate measurement,
the accuracy of the ISOSHLD code for the conditions in which it is being used,
and the correctness of the Cs-137/Co-60 fractional distribution from the smear
measurement. It should be noted that if the Cs is a result of fuel examina-
tion, other fission products, particularly Sr-90, may be present in the waste.
Depending on the concentration of these other radionuclides, the waste classi-
fication may change and some waste could potentially exceed the Class C limit,
It is, therefore, recommended that a more detailed characterization of the
radionuclide inventory in the waste be performed by GEVNC,

The technical correctness of the ISOSHLD code has been experimentally
verified.(8) This was done by testing of the ISOSHLD code output against
the measured dose rates for known radionuclide sources. The code yields con-
sistently correct values. The mechanical correctness of the code can not be
questioned from the point of view of distinguishing between heterogenecous and
homogeneous activity distributions, since the code itself simply converts ac-
tivities to dose rates for an assumed homogeneous source. In practice, GEVNC
uses the highest dose rate measuremen' ‘rom each waste package as the input to
the code. This should result in & co rvative overestimation of the activity
contained in the package. The degree ' f overestimation cannot be quantita-
tively stated on the basis of the information available. However, it might
be advantageous for GEVNC to determine this since they have shipped wastes of
accivities calculated to be in excess of the Class C limit. Depending on the
magnitude of the overestimation, these wastes may not have been greater than
Class C.

The correctness of the partitioning of activity into Cs-137 and Co-60
fractional contributions depends completely upon the correctness of the smear
data., GEVNC conducts periodic smear tests of hot cell waste contamination and
analyzes the data for the Cs-137/Co-60 ratio. The smear samples are taken
from various (essentially random) locations in the non-compartmentalized hot
cell area where fuel examination work is done. CEVNC has indicated that
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materials in the hot cell make up a general mixture and that, =ince the work
is not partitioned according to different steps in processing, there is no
reason to believe that the contamination distributed throughout this hot cell
work area is different from that which occurs in waste materials, The ISOSHLD
ouput is partitioned according to this smear test ratio such that respective
Cs-137 and Co-60 activities can be assigned to the waste drums., On occasion,
GEVNC has some wastes that are only Co-60-contaminated, but these batches are
said to be well tracked. In general, GEVNC feels that their smear test anal-
yses result in a Cs-137/Co-60 ratio that i{s indeed representative of that in
the waste. GEVNC has not specifically performed an analysis to determine if
the ratios obtained from hot cell smears tests are representative of the
radioisotope ratios in their waste packages. As mentioned earlier, it is
recommended that a more detailed characterization of the radionuclide inven-
tory in the waste be prepared by GEVNC., This could include tests to determine
the correlation between the hot cell smears and radionuclide distribution in
the waste.

3.1.3 Support Activity Wastes

The second main waste stream at GEVNC includes wastes from what GEVNC
terms "support” activities, {.e., waste from maintenance of all GEVNC facili-
ties in which radicactivity is handled. These wastes comprise the largest
fraction by volume of GEVNC radioactive wastes. GEVNC estimated that 702 of
the ~12,000 cu. ft. radioactive waste annually shipped for burial is low-level
waste resulting from these "support” efforts., GEVNC has {ndicated that all
packages of these wastes are Class A, Wastes from "support” activities are
divided into two groups: solidified/treated and not solidified. These are
discussed in the following sections.

3.1.3.1 Solidified/Treated Support Activity Wastes

These wastes consist of three types: dewatered resins, solidified
l1iquids, and non-compactible items. Resin dewatering is accomplished by pass-
ing hot air through a mesh-like bucket containing the resins, This treatment
requires about one day. The activity on the resins is occasionally counted,
and a representative radioactivity loading is approximately 0.3 uCi of Co-60
per cubic centimeter. Only rarely are resins solidified with cement, Liquids
originate from cleanup activities, fuel rod "de-crudding", hot water "leach-
outs" from fuel elements, and evaporator bottoms. Generation of liquid wastes
outside the hot cells is approximately 100,000 gals per year. Much of this is
sent to the waste evaporator from which approximately 100-125, 55-gal drums of
waste are generated in a year. All of these wastes are solidified with cement
in a 2:1 (by volume) cement-to-liquid ratio. Many of the fuel rod "de-
crudding” solutions are acidic and are neutralized prior to solidification,
Non-compactible items include equipment components, glass, etc. These items
are manually placed in the waste container, All of this category of waste is
packaged in 55-gal, 17H drums. There are no mixes of materials in these pack-
ages, i.e,, one drum would not contain both dewatered resins and solidified
liquids or non-compactible items. A typical package of this type weighs be-
tween 600 and 700 pounds., All of these drums are lined with 50-mil plastic
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win® o ;
liners in which the wastes are placed, RTV  is applied and then the drums
are ring-bolt sealed,

Non-aqueous chemicals (such as acetone) are present in GFVNC wastes
only in trace amounts since the vast majority of solution processes are per-
formed in aqueous systems., The comment was made that most of the work at
GEVNC is non-destructive so there is actually very little "analysis-type"
liquid waste,

Low-level liquid waste processing is offered as a seryice by GEVNC to
contracted waste generators in the area. [ example was given that liquid
wastes have bevn received from Rancho Seco Nuclear Cenerating Station. Spe~
cific contaminating radionuclides and activities were not given, but it was
stated that typical wastes registered a few thousand counts per minute, These
wastes are sent to the CEVNC waste evaporator and the evaporator bottoms are
then solidified with cement and packaged as are the solidified liquids dis-
cussed earlier,

Non-Solidified Support Activity Waste

These compactible gencral lab wastes are Class A, contaminated wit}
Co-60, Cs~134, and Cs-137, and are generally compacted into 112 cu, ft.
plywood boxes that meet low specific activity (LSA) packaging requirements.
These packages are loaded to minimize void spaces and, on the average

s { o}
’ wveigl

2000 pounds.

[wo other comparatively minor waste types from GEVNC contain Xe-133
and liquid scintillation vials (LSV). The Xe-133 waste arises from repack-
aging bulk

Xe-133 contaminates vacuum pump oil and this waste is generated at the rate

be used

Xe~133 into glass ampules to for nuclear medicine. The

of approximately 25 gal per year. The contaminated oil is solidified wit}
"Envirostone"” (U.S. Gypsum Company). This waste is then considered solidified
liquid and is packaged in a 50-mil plastic liner in a 55-gal, 17H drum in a
manner similar to the solidifi{ed liquids discussed earlier., Waste from liguid
scintillation vials (LSV) is generated at a very low rate. In two vears,
enough LSV waste will accumulate to fill a 55-gal drum in an arrangement in
which the liquid scintillation vials are placed in layers alternating with

dia tomaceous earth, The absorbent is, again, present in a volume twice that
necessary to absorb the LSV volume,

summary of Waste Shipments From GEVN

The material in this section is based on information contained in a tabu-
lar summary and a review of seven RSRs provided by GEVNC, One of the RSRs was
dated 3/9/82 while the rest were selected from the period 4/18/83 to B/31/83.
The first is discussed below, while the latter are discussed {n the following
sections.

.., . . :
RTV i{s a tradename for a sealant that is marketed by the GCeneral Electric

Lompany,




The RSR from 1982 listed waste which was shipped to the shallow land
burial site (SLB) at Beatty, Nevada., It included LSA wastes consisting of
compacted trash shipped in ten boxes of various sizes ranging from 265 ft
to 6 ft3, The two smallest boxes (6 £t3 and 9.5 £t3) contained special
nuclear material, i.e., U-235, The remainder of the boxes (112 £t3 minimum
size) contained only Cs-137 and Co-60 and were all Class A. The boxes con=-
taining U-235 are also Class A, The 9.5-ft) box was listed as containing
10 g with a total activity of 3 x 104 Ci. The 6-ft3 box contained 17 g
of material; however, the activity level listed on the form was illegible.
Since no limit is specified in 10 CFR Section 61.55 for U=235 these two pack-
ages may also be considered Class A.

The following discussion summarizes the {nformation gleaned from RSRs
selected from a five-month period in 1983 and dealing with shipments to the
SLB at Richland, Washington, which is where GEVNC currently ships its wastes,

The majority of waste (by volume) is shipped in 112 ftJ wooden boxes
and congists of compacted trash, There were two instances of 54 ft3 boxes
being used.

The remaining waste is shipped in drums., There are two sizes of drums
» vrently in use; a standard 55-gallon drum, and an extended 17H (x17H)
(~84-gallon) drum., In general, the 55-gallon drums are shipped without the
addition of a solidification agent; however, in the RSRs examined, there were
2 examples of 55-gallon drums in which cement binder was used. One contained
"erud in cement”, and the other had liquid solidified in cement, Otherwise,
the 55-gallon drums (each 7.5 £t3 according to the RSRs) contained trash,
dewatered resins, or liquids absorbed on diatomaceous earth,

Tables 3.1, 3.2, and 3.3 summarize the {nformation contaired in the RSRs.
From Table 3.1, it can be seen that 90% (by volume) of the waste is shipped in
boxes, 8% in 55-gallon drums, and 2% in the extended 17H drums. With one
exception, the only radionuclides listed in che RSRs were Co-60 and Cs-137.
(This appears to be a result of the manner {n which GEVNC est!mates the activ-
{ty distribution in their waste. See Section 3.1.2,) Table 3.1 lists the
numbers, contents, and total activites of hoxes and 55-gallon drums.

Higher activity wastes are shipped in x17H drums which, following em-
placement of the wastes, are filled with a cement grout, The grouted waate in
general corsists of metal oxides for the most part, but according to the RSRs,
miscellaneous trash, i.e., plastics and paper, as well as resins were also
shipped in this manner. Four xI17H drums were shipped during the period
surveyed, Table 3.3 details the waste characteristics and activity loadings
of these higher activity packages. Included is the only package which was
listed as containing radionuclides other than Co-60 and Cs~137. The other
nuc 1ides were Sb-=124 (100 Ci) and C-14 (42,46 Ci) and, as mentioned in
Section 2, this shipment was later clarified by GEVNC to be a one-time event.
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Table 3.1

Summary of RSRs

Totals for 1983 (April--August)

Boxes Drums
qu.pllon 80-.gllon
Total Number Volume Number Volume Number Volume
Shipped (ft3) (£e3) (fe3)
2484,5 ft3 21 2236.0 27 202.5 46.0
Table 3.2
Breakdown of Class A Radiocactivity Loadings and Waste Contents
Package Waste Radioactivity (Ci) e
(No.) Co-60 Cs-137 Total
Boxes (21) compac ted 1.029 0.446 1.475
trash
Drums (15) compacted 1.183 0,426 1.609
(55-gallon) trash
Drums (2) dewa tered 0,036 0.015 0,051
(55-gallon) resins
Drums (8) liquid/ 0.443 0.245 0.688
(55-gallon) diatomaceous
earth
Drums (2) crud/liquids 0.044 0.018 0.062
(in cement)
Totals 2.725 1.150 3.885
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Table 3.3

summary of the Four Grouted Drums Shipped
(From RSRs Covering 4/83 Throughout 8/83)

Shipment Contents® Co~-60 Cs-137 Other Total Class®
Date (ct1) (ct) (c1)

7/27/83 metal oxides/ 31.0 13.3 142,46 186.76 >C
frradiated hardware (Sb=124, C-14)

7/6/83 metal/plastic/ 36.26 15.54 - 51.8 C
resin

8/31/83 metal oxide 103.0 - - 103.0 A

8/24/83 metal oxide 38.85 16.65 - 55.5 C

8The contents are as listed on the RSRs. There is not complete agreement
between the description on the RSRs and that provided by CEVNC as summarized
in Section 3.1,

bBased on comparison with 10 CFR Part 61 requirements,

3.3 Characterization of GEVNC TRU-Contaminated Waste

3.3.1 Description of the Waste and Amounts

Essentially all the TRU-contaminated waste generated by GEVNC arises
from analysis or examination of fuel. Fuel elements are sectioned in a hot
cell, using a diamond wheel cutter. Sections through a U0y fuel pellet are
taken for metallographic examination and a sample roughly 1/2 inch in length
is taken for burnup analysis. The Zircaloy cladding {s removed mechanically,
The sections for metallographic examination are transferred to a metallurgy
cell for polishing, The sample for burnup analysis is dissolved In the hot
cell to a final volume of 100 mL. A small aliquot of this solutfon, such as
0.1 mL, s diluted by a factor of 10 to make up the solution which {s used
for the analytical work,

The "hot" liquid solutions produced by dissolving the samples of fuel
are estimated to comprise roughly 2/3 of the TRU activity in the waste and
this {s contained in 5-6% of the volume., The dilute solutions on which the
burnup analyses are performed contain only ~0,1% of the activity in the hot
liquid waste stream, but make up roughly 2/3 of the total volume, Both types
of liquid waste solution (acidic when prepared) are neutralized and then so-
lidified with cement in a volume ratio of 2:1 cement to liquid, in either pint
or gallon cans.
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The remainder of the waste, approximately one-third of the activity and
1/4 of the volume, consists of solid waste, which is placed in both pint and
gallon cans, without encapsulation in cement, The waste contains the cuttings
from the fuel sectioning (picked up on wipe papers), the cutting wheels,
pleces of Zircaloy cladding, the metallographic polished sections in their
plastic mounts, contaminated glassware and other contaminated equipment,
Another contribution to this waste comes from the polishing operations. It is
made up of particles of fuel and polishing compound which collect in a sump,
The sump is cleaned out occasionally and the sludge is solidified in cement,
The total volume of this waste s quite small, and the TRU level was estimated
by GEVNC to be considerably lower than that in the solidified hot liquid
waste,

All TRU wastes are currently stored at GEVNC in their Hillside Storage
Facility.

3.3.2 TRU Concentrations

According to GEVNC personnel, the TRU concentration in the solidified
waste from the dilute liquid waste stream is in the range of 80-100 nCi/g.
This estimate should have been made quite accurately, since TRU concentrations
in the solution would be determined during the burnup analysis, and known
weights of cement and solution could be mixed to achieve the concentration
range stated, If accurately known weights were not always used, of course,
TRU concentrations in some cases may exceed 100 nCi/g.

GEVNC personnel gave a figure of 3 mCi/g as an upper bound for the
level of TRU activity in any of their waste, This value was for solidified
waste from the hot liquid waste stream, The fuel from which the waste origi-
nated was stated to be mostly ~3% enriched UO;, BWR fuel in the burnup range
of 5,000-50,000 megawatt days per ton (MWD/Ton), with most of it in the range
of 15,000-30,000 MWD/Ton., Since GEVNC had a standard procedure for solidify-
ing its hot solutions, it {s assumed that the TRU {sotope concentrations in
the final cement product were proportional to their concentrations in the cor-
responding fuel sections, which in turn would be approximately proportional to
the burnup. Thus, the TRU concentrations in this waste stream are estimated
to be in the range 0,2-3 mCi/g, with most in the range of 1-2 mCi/g, and to
average approximately 1.5 mCi/g. The exact values of the "average" or of the
individual packages of this waste are not particularly important since they
are so much greater (a factor of some 104) than the Class C limit,

The solid waste would have considerable variation in its TRU content
from container to container, depending on the particular compenents placed in
each container, For example, waste from the metallurgy cell would be very hot
{f it contained any of the polished fuel pellet sections, Otherwise, it would
be much "cooler"., GEVNC did not provide information on the TRU content of
this waste stream except to state that it was >100 nCi/g, Assuming three sec-
tions were taken for metallographic examination when a burnup analysis sample
was taken (GEVNC estimate), that the sections were 1/16-in, thick while the
analytical sample was 1/2-in, long, and that all three sections went in a

17



single pint paint can, the TRU concentration of such a can would approach that
of the hot solidified burnup a~alysis solution from the same pellet,

It is probably nat useful to try to estimate a range for the TRU con-
tent of the solid waste since the variation would be significant and the
amounts connected with the lower end of the range would contribute very little
to the total TRU content of the waste, However, an average TRU content can be
estimated on the basis of the hot liquid waste stream and the relative amounts
of fuel going into each stream, Assuming sample and section sizes as given in
the last paragraph (1/2 in, and 1/16 in., respectively), three sections for
each sample, and 1/64-1in, saw cuts, the solid waste would have approximately
half the TRU content of the solidified hot liquid waste., This is contained in
four times the volume of the latter waste and i{s associated with a weight
estimated by GEVNC (5-6 1b/gal) as 1-1/4 times that of the hot liquid waste
stream, Thus, the average concentration of the solid waste stream {s esti-
mated to be a factor of 2.5 less than that estimated for the kot liquid waste,
These concentrations and other information about the waste strecams are given
in Table 3.4,

Table 3.4

GEVNC T™U Waste [nventory lnformation

Estimated
_Approximate Volume Liner Annual Estimated Average
In Palnt Cana, Storage Liner Vo lume Production, TRU Activity, Activity T™U Content,

Weste stiean Gallone Volume, f¢) Fractlion gel/yr ci Fraction nCi/g
Soltdified ot Liquid 9 1.9 0.06 3 138 0.63 1.5 » 108
From Dissoiving Fuel

Seaples
Soltdified bilute %0 12 0.69% 30 0.01 <104 80-100
Solutions From

Burnup Analysis
Solid Vaste 0} 10 0.29 13 1 0.35 6 x 109

3.3.3 Classification of Waste

Since GEVNC performs no chemical separations on either their hot or
dilute solutions, the isotopic ratios in the solidified liquid and in the
solid waste are the same for any particular fuel. The enrichment and the
usual burnup range quoted for their samples are very similar to those for
commercial LWR fuel, so, to a first approximation, {sotopic ratios in the
GEVNC waste can be considered the same as those for LWR fuel on average.

Thus, Sr=90 and Cs-137 activities would be about 40 times TRU a-uctlvity.(9)
and far lower than the concentration required to put waste which {s Class C by
virtue of its TRU content over the Class C }1,!:.. However, Pu-241 activities
would be about 30 times the TRU a-activity,'?) and this would undoubtedly
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put at least some of the GEVNC waste in the 80-100 nCi/g category (in terms of
TRU activity) over the Class C limit on the basis of other radionuclides pres-
ent in the waste given application of the sum of fractions rule in 10 CFR Sec~
tion 61,55, If the Pu-241:TRU a-activty ratio were, in fact, 30, waste with a
TRU content as low as 60 nCi/g would exceed the Class C limit, How much of
the GEVNC solidified dilute liquid waste would exceed the limit would depend
on specific values of the TRU concentration and the Pu-241:TRU ratio, (The
latter apparently has not been determined.) In any event, none of this dilute
solidified waste would greatly exceed the Class C limic,

The average TRU concentrations of the solid waste and of the solidified
hot ligquid waste, as given in Table 3.4, are a factor of about 104 higher
than the Class C limit, All this waste is thus actual TRU waste, and not TRU-
contaminated waste. It should be pointed out that the waste contains non-TRU
{sotopes in concentrations which are also orders of magnitude greater than t
Class C limit, Plutonium-241 concentrations, about 30 times those of the TRU
{sotopes, are a factor of about 10 over the Class C limit, Cesium-137 and
Sr-90, v?ono concentrations are 40 times higher than the TRU concentra~
tionn.(9 are present in amounts which exceed the Class C limits by 1 to 2
orders of magnitude,

3.4 Summary

GEVNC wastes consist of three main types:

(1) hot cell process wastes - generally Cs~137 and Co~60 at higher ac~
tivities and packaged in B4-gallon cement-grouted drums, typically
Class B or greater,

(2) support activity wastes - relatively lower activity wastes con-
taining a variety of isotopes, may be packaged in wooden boxes,
55-gallon drums or, on occasion, 84-gallon cement-grouted drums,
typically Class A,

(3) TRU-contaminated wastes - two main concentration ranges: 80-
100 nCi/gm and >>100 nCi/gm, currently stored at GEVNC, Wastes in
the first category are Class C on the basis of TRU content but may
exceed the Class C limit on the basis of other isotopes present,
Wastes in the second category exceed the Class C limit by orders of
magnitude on the basis of TRU, Pu-241, Cs~137, and Sr-90
concentrations,
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4, EVALUATION OF GEVNC WASTE PACKAGES WITH RESPECT TO NRC REQUIREMENTS

Low-level radioactive waste must meet the requirements specified in
10 CFR Part 61 {f it is to be considered acceptable for shallow land burial.
The waste must be classified according to the scheme presented in Section
61.55 of the regulation, and also {t must conform to the specificacions re-
garding waste characteristics given {n Section 61,56, In this evaluation
section, a comparison {s made between the requirements for low level waste
and characteristics of the waste being shipped from GEVNC to shallow-land
burial sites. Information about the GEVNC wastes was obtained from GCEVNC
during the course of this work, and may not represent radiocactive waste
which will be shipped from GEVNC in the future,

4,1 Class A Wastes

4,1.1 10 CFR Part 61 Requirements for Class A Wastes

Section 55 of 10 CFR Part 61 gives guidelines for classifying low-level
radioactive wastes (LLW) according to the concentration and type of radioac-
tive species present in the LLW., There are three classes: A, B, and C, and
these are determined for a particular waste package using the criteria listed
in Section 55, The first consideration is whether the package contains any of
the long-~lived radionuclides listed in Table 1 of Section 61.55. Table 1 also
gives limiting concentrations for these radionuclides, and these are repro-
duced here in Table 4,1, in which the concentration limits for Class A wastes
are explicitly presented in units of curies per cubic meter, as well as in
units more amenable to comparison with values reported by GEVNC in their
radioactive shipment records (RSRs). If more than one of the radionuclides
listed in Table 1 is present, then the sum of fractions rule {s applied,

This rule can be represented as follows:

S¥ -;"‘1
RNLl

where RNy = radionuclide concentration in the waste package and, RNLy =
concentration limit for that particular radionuclide from Table 4,1. As long
as SF, the sum of the fractions calculated for the different radionuclides, is
less than 1.0, the waste {s Class A,

Lf the waste does not contain any of the long-lived radionuclides
listed in Table 4.1, then the presence of short-lived radionuclides is consid-
ered next, In 10 CFR Part 61, the concentration limits for Classes A, B and C
of several radionuclides are listed i1n Table 2 of Section 61.55. The limits
for Class A wastes are reproduced here in Table 4.2, 1If none of the radionu-
clides listed in Table 4,2 is present in the waste, it {s Class A, If a com-
bination of the short-lived radionuclides is present, the sum of fractions
rule must be applied, and the calculated value of SF must not exceed 1.0,
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Table 4,1

Concentration Limits of Long-Lived Radionuclides for Class A Wastes®

Concentration Limit

Radionuclide ci/m3 ci/ft3  €1/55 gal drum® C1/x17H drum®
c-14 0.8 0.023 0.17 0.26
c-14 (1AM)d 8.0 0.23 1.7 2.6
Ni-59 (1AM)Y 22.0 0.62 4.58 7.16
Nb-94 (IAM)Y 0.02 0.00057 0.0042 0,0065
Tc-99 0.3 n.0085 0,062 0.098
1-129 0,008 0.00023 n,0017 0.0026
TRU (ty/2>5 yo)¢  10f ve oo -
Pu-241 3sof ae - s
Cm-242 2000 - - e

8Calculated from values given in Table 1, 10 CFR Part 61.

bs5.gallon = ~7.5 £t3,
Cx17H drum = 11,5 fe3,
diAM = {n activated metal.

TRy = a-emitting transuranic nuclides (half-1ife greater than 5 years).
funits are nanocuries per gram,

Table

4.2

Concentration Limits of Short-Lived Radionuclides for Class A Wastes®

Concentration Limit

Radionuclide ci/m3 ci/ft)  c1/73% gal drum® Ci/x17H drum®
All 7%th

tl/2 ¢ 5yd 700 19.8 145.6 227.9
H-3 40 1.13 8.32 13.0
Co-60 700 19.8 145.6 227.9
Ni-63 1.5 0.099 0.728 1.139
Ni-63 (1AM)® 35 0.99 7,28 11.39
Sr-90 0.04 0.0011 0.008 0.013
Cs-137 1 0.028 0.208 0.32

8Prom Table 2 in 10 CFR Section 61.55,

bss.gallon = ~7,5 £,
Cx17H drum = 11,5 ft3,

d{.e., all radionuclides with half-1{fe less

CIAM = in activated metal,

than 5 years.

22



1f a combination of both long-lived and short-lived radionuclides is
present in a waste package, the waste can be labeled (C.ass A provided the
limits listed in both Table and Table 2 are not exceeded,

The waste characteristics requirements for Class A wastes are given in
10 CFR Section 61,56, These requirements deal with the chemical and physical
nature of the waste package. Section 61,56 specifies that cardboard and fiber-
board boxes cannot be used for packaging wastes. Liquids are required to be
solidified or packaged in an amount of absorbent sufficient to absorb twice
the volume of liquid. 1In solid wastes containing liquid, the liquid may not
exceed one percent of the volume,

Chemical stability with respect to detonati»n, explosive decomposition,
and explosive reaction with water is also required of the wastes. Generation
or containment of toxic gases, vapors or fumes which could be harmful to
people is disallowed, as well as pyrophoric materials. If pyrophoric mate-
rials are present in the waste, these must be processed so as to be nonflam-
mable. Hazardous, biological, pathogenic and infectious materials in wastes
must be treated so that the potential hazards from these materials are reduced
as much as possible,

Requirements for gaseous radiocactive wastes are also prescribed. These
must be packaged so that the internal pressure does not exceed 1.5 atmospheres
(~7.4 psig) at 20°C, and the total activity is limited to 100 Ci per
container,

4.,1.2 Evaluation of Class A Waste Shipments From GEVNC

4.1.2,1 Support Activity Waste

As discussed in Section 3, waste from support activities is packaged
in 55-gallon drums or wooden boxes while hot-cell waste is packaged in an
B84-gallon extended 17H drum which is grouted with cement, GEVNC further sub-
divides support activity waste into two groups: '"stabilized" and "not stabil-
{zed." The "stabilized" wastes are solidified with cement and packaged in a
55-gal drum or x17H drum, These wastes can include dewatered resins, non-
compactible items, and soliditied liquids. "Not stabilized" waste is
compacted into 112 fr3 plywood boxes.

The major radiocactive contaminants in support activity and hot-cell
waste streams are Co-60 and Cs-137, As mentioned in Section 3, small amounts
of Xe-133 in pump oil are generated, and this {s packaged in accordance with
10 CFR Part 61 requirements, Other radionuclides may be present in low-level
liquid waste processed as a contract service to waste generators in the area.
However, specific information is not available regarding which radienuclides
and activity levels are present in this portion of the waste streams, Based
on information supplied from GEVNC, these wastes are not greater than Class A
and, given the absence of more specific informatior, they are not considered
in this evaluation.




The presence of hazardous chemicals, e.g. acetone, appears to e a
minor concern. since these are only present in trace amounts,

From the description of the waste streams given in Section 3 and a
review of the RSRs provided by GEVNC, it appears that all wastes shipped in
wooden boxes or 55-gallon drums meet the minimum Class A raquirements with
respect to radionuclide levels and waste characterisztics, Liquids are either
solidified in cement or absorbed on diatomaceous earth, in both cases in a 2:1i
ratio to the liquid volume.

4.,1.2,2 Hot Cell Wastes

Hot cel’ wastes in general are packaged in 84-gallon extended 17H
grouted drums and shipped in GE model 1600 shipping casks. These wastes con-
tain higher activity levels than support ectivity wastes and are considered
for the most part to be Class B or Class © wastes. However, as mentioned in
Section 3, it appears that at least one of this type of package met the radio-
nuclide concentration limits for Class A waste (see Table 3.3). In such a
case, this package appears to meet 10 CFR Part 61 minimum waste requirements.

4,2 Class B ar ! Class C Wastes

4,2.1 10 CFR Part 61 Requirements for Class B and Class C Wastes

The method for determining whether waste is Class B or Class C is de-
tailed in Section 61.55 of 10 CFR Part 61. As with Class A vastes, the pres-
ence of long-lived radionuclides is the first consideration. Class B wastes
may not contain any long-lived radionuclides. If long-lived radionuclides are
present in excess of the Class A concentration limits given in Table 4.1, the
waste may be considered Class C provided the limits given for this class are
not exceeded, These limits are ten times the values given in Table 4.1.

If short-lived radionuclides are present in & waste package, the guide-
lines based on Table 2 of 10 CFR Part 6] must be followed. The radionuclide
limits for Class B and Class C wastes are reproduced h:re in Table 4.3. If
more than one radionuclide of either type, i.e., short- or long~lived, is pres-
ent, then the sum of fractions rule must be applied as with the Class A
wastes,

If the Class C limits of either long-lived or short-livad radionuclides
are exceeded, the waste is generally considered not acceptable for shallow
land burial,

The general characteristice for Class A wastes discussed earlier also
apply to Class B and Class C wastes, {.e., the waste may not contain free
liquids (in excess of 1%), pyrophoric or explosive materials, or materials
which will generate significant quantities of zar-,
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Table 4.3

Concentration Limits of Short-Lived Radionuclides for Class B and Class C Wastes®

Concentration Limit

Class B Class C

Radfonuclide Ci/m3  cC1/fe}  C1/55-gal® ci/x17n¢ ct/md  ci/fed  C1/5%-gal®  CL/x17H drus®
ALl with

t1/2 ¢ 57‘ e e - - 3 - - -

H=) . - - - - - - -

Co-60 L] .- .- - L] .- - .-

NL-63 70 1,98 14.5 22.7 700 19.8 143.6 227.8

Ni-63 (1a)f 700 19.8 145.6 227.9 7000 198 16456 2279

Sr-90 150 4,24 3.2 48,8 7000 198 1456 2279

Cs-137 44 1.24 9,15 14,2 4600 130 957 1497

8Calculated from Table 2 in 10 CFR Section 61.55.

b5s.gal = ~7,5 fed,

Sx17H drum = 11,5 fe3,

di.e., all radionuclides with half lives less than 5 years,
®No limits,

fIaM = in activated metal,

In addition to the minimum requirements on waste characteristics given
in 10 CFR Section 61.56(a), minimum stability requirements are specified in
10 CFR Section 61.56(b). These relate to structural stability, minimization
of free liquid content and void spaces in the waste.

Structural stability means *hat the waste will maintain its form and
physical dimensions for a minimum of 300 years under exrected disposal condi-
tions, which may include weight of overburden, moisture, microbial activity,
radiation effects and chemical changes, Stability can be provided by the
waste form itself by processing to a stable form (e.g., by solidification in a
binder) or by placing the waste in a container which can provide structural
stability. The limits on free liquid are 1% of the volume if a container is
used, and 0.5% of the volume if the waste is processed to a stable form. Void
spaces in waste packages must be minimized to the greatest extent possible.

4,2,2 Evaluation of Class B and Class C Wastes from GEVNC With Respect to
10 CFR Part 61 Requirements

4,2,2.,1 Minimum Requirements

From the description of the support and hot cell activity waste
streams and based on the review of the RSRs from GEVNC given in Section 3, it
appears that only waste generated in hot cell activities contains sufficient
levels of radionuclides to be considered Class B or Class C. Some of these
may even meet Class A radionuclide concentration limits (see Section 4.1.2.2).

Table 3.3 lists the packages of this type shipped during the period
4/83 through 8/83. The right-hand column of Table 3,3 indicates the waste
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class for each of these according to the specifications given in 10 CFR
Part 61. It i{s apparent that the wastes from hot cell activities may go from
Class A to unacceptable (greater than Class C).

It should be noted that the one package which fails to meet the
Class C limit does so because it exceeds the concentration limit for C-14,
Further information regarding this particular package was obtained from GEVNC,
and it was reported that the C-l4 contaminated waste consisted of aluminum
nitride pellets which had been encapsulated. According to the RSR, the waste
was grouted hot cell waste, However, the aluminum nitride pellets were used
for the production of C-14, which requires a high neutron flux, such as that
in a reactor. Thus, the possibility exists that some waste generated at the
GEVNC research reactor prior to its shutdown is still being shipped. At pres-
ent, C-14 is not a major concern in wastes from hot-cell activities (see
Section 3).

All hot-cell wastes are packaged according to the description given
in Section 3, i.e., the wastes are placed in metal baskets, the baskets are
placed in B84-gellon extended 17H drums, and the drums are filled with a cement
grout. Simulated waste packages processed in this manner have been prepared
by cevnc(4), Sectioning of these simulated packages has made it possible tu
observe the absence of free liquids and void spaces in the cement matrix. As
noted in Section 3, liquid wastes are solidified in paint cans before the cans
are placed in the inner metal baskets. Assuming the radioactive waste pack-
ages correspond to the simulated ones, it appears that the solidification of
hot cell wastes in cement as practiced at GEVNC meets the free-liquid and
void-space requirements given in 10 CFR Section 61,56(b) for Class B and
Class C wastes. In addition, based on the information provided by GEVNC that
any and all hazardous chemicals in these wastes are present in trace amounts,
it is concluded that the general requirements in 10 CFR Section 61.56(a) which
cover non-radiological hazards are fulfilled also.

The structural stability requirements for Class B and Class C wastes
may not be so readily fulfilled, however. In 10 CFR Section 61.56(b) the
statement is giv n that "a structurally stable waste form will generally main-
tain its physical dimensions and form...." More specific guidelines are
listed in the Branch Technical Position on Waste Form (TP), and these are dis-
cussed in more detail in Section 4,2.3. Some general considerations of the
waste package and its structural stability with respect to 10 CFR Part 61 will
be given here. In particular, the issue of maintenance of monolithic form and
physical dimensions will be discussed from the viewpoint of potential degrada-
tive effects of spalling and cracking of the concrete as a consequence of cor-
rosion of the internal steel components.

4,2,2.2 Structural Stability

The grouted drum package can be treated as having three components.
The outermost is the carbon steel drum itself, the second is comprised of the
internal perforated mild steel baskets embedded in concrete, and the third is

26



the waste itself solidified in cement, A discussion of the potential failure
modes in which structural stability may be compromised is given in the follow-
ing sections.

4,2,2,2.,1 Carbon Steel Outer Container

The outer container is au 84-gallon 17H carbon steel drum with a
ring-bolt seal. Gause, et al.(1) have considered the stability of carbon
steel drums in a trench enviroment. As they point out, it is not possible to
accurately estimate the drum lifetime at a disposal site from existing data on
carbon steel corrosion in soil., They have, however, estimated a time to pit-
ting of from 2.5 to 9.6 years and a container lifetime of from 10 to 120 years
depending on soil conditions. Thus, the carbon steel drum is expected to pro-
vide stability for only a relatively short time compared to the period over
which structural stability is required.

4.,2.2.2.2 Perforated Mild Steel Baskets Embedded in Concrete

The perforated mild steel baskets embedded in concrete may be con-
sidered analogous to reinforced concrete with an overpack of 0.75 inches. A
possible degradative process that could take place in this section of the
waste package involves corrosion of the metal followed by spalling of the con-
crete, The spalling is a result of the pressure generated by the greater
volume occupied by metal oxide versus that occupied by the non-corroded metal.
It has been found that formation of rust on steel rembers embedded in concrete
is ncco-pnn%ed by a volume increase which can give rise to pressures up to
300 kg/c-z. 10) This corresponds to ~4300 psi which is in excess of the
typiczl gange of compressive strengths for concrete at 28 days curing
time.{11) The issues of (1) whether or not such corrosion can be expected
to occur and (2) the rate at which it occurs, are discussed in the following
sections.

Factors Affectig‘ Corrosion of Steel Embedded in Concrete

Reinforcing steel in concrete is covered by a passivating film
which must be penetrated before corrosion of the steel can take place, Chemi-
cal factors which strongly influence the depassivation of the film and, con-
sequently, the onset of corrosion include:

(1) chloride ion

(a) the apparent threshold level of chloride at the
steel surface in concrete that will cause breakdown
of the passive film is between 0,025 and 0.035%
chloride by weight of concrete 12,13) for a con-
crete with a cement factor of 700 lb/yd. GEVNC's
cement is ~1500 1b/yd and it has been assumed that
this level of chloride is necessary in this case as
well,
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(b) for corrosion o reinforcing steel to occur in
a saturated, aera“ed Ca(OH), solution, the
threshold concentiition of chloride ranged
from 0.02 to 0.03 »,(14,15),

(2) pH

(a) the high pH of concrete is generally the major
factor in determining the behavior of steel
embedded therein; typical Portland cement con-
crete pHs are 12 or above. This high pH say
be a corrosion-inhibiting factor.

(b) the possibility exists for pH cells to be set up
between regions in the concrete, e.g., between
the outer surface where contact with water may
have lowered the pH and nearer the metal surface
where the pH may still be high. This may or may
not be a mitigating factor in any given
reinforced concrete structure.

It has also been shown that the interaction of pH and chloride
influences the threshold chloride levels necessary for the initiation of cor-
rosion, and once such initiation has occurred, the presence of oxygen is
critical in supporting corrosion. Of course, the presence of chloride and
oxygen at the metal surface depends in part on the permeabiltiy of the con-
crete., In other words, it is necessary that both initiators and supporters of
corrosion diffuse through the concrete before reaching the reinforcing steel.

Conditions Expected in the GEVNC Grouted Drums and at the Hanford
Burial Site

The concrete overpack on the metal perforated baskets is
0.75-inches thick, which, were the chemical components necessary for
initiation and propagation of corrosion (chloride and oxygen) present in
sufficient quantities, would probably not present a significant barrier to
these chemicals. Diffusion of chloride ion to a reinforced concrete rebar has
been documented to occur in less than one year for councrete 4-in, thick,

The question of whether chloride is present in sufficient quanti-
ties to bring about initiation of the steel corrosion has been considered from
two points of view:

(1) the viewpoint of outside the package--once breach
of the outer carbon steel drum has occurred, the
grouted drum will be subjected to exposure to the
trench soil enviromment which includes chloride.
and
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(2) the viewpoint of inside the package--chlorides
in the GEVNC wastes, or chloride present in
the grout mixture itself may both be potential
sources of corrosion-initiating ion,

The chloride concentrations given earlier as the threshold for cor-
rosion initiaticrn in a Ca(OH); solution (0.025 to 0.035 M) have been used
for comparison here because it is believed these values are conservatively
low, It has been suggested that the amount of chloride needed to cause corro-
sion in concrete is significantly in excess of that needed in Ca(OH); solu-
tions of similar pH due to the presence of a lime-rich layer on the surface of
the steel in concrete, which effectively acts as a source of "reserve alkalin-
ity"” and thereby inc(easca the chloride ion concentration necessary for pas-
sive film breakdown,(16,1

Hanford soil (as mentioned in Section 2, GEVNC ships their wastes
to the Hanford, Washington site) has bezn gound to have chloride present at
1.6 x 101 mg-eq per 100 grams of soil. 18) An idea of a possible chlor-
ide ion concentration that might contact these wastes at the burial site can
be arrived at by assuming 100 mL of water were to contact 100 grams of soil,
deplete the soil completely of its chloride content, and then enter the
grouted drum concrete monolith, The effective chloride concentration in this
100 miL would be ~0.002 M, or over than an order of magnitude lower than the
threshold value of 0.025 M. In addition, even were the chloride present in
sufficient quantities in Hanford soils, there is evidence that annual evapora-
tion potential at that site exceeds total precipitation 19) g0 that water
transport of chloride to the waste form should be precluded.

GEVNC believes that chloride concentrations in their wastes are
insignificant, Chloride concentrations in the grouting mixture would arise
from the chloride present in tap water used to prepare the mixture., A table
of results from GEVNC tap water analyses is given (Section 4.2,2.1 and
Table 4.4) and shows a maximum chloride value of ~60 mg/L (January 1983).
This converts to ~0,002 M chloride concentration in the tap water which,
of course, is subsequently diluted further as the water is mixed into the
grouting material, It can be seen that this also is below the threshold
chloride concentration and, thus, concern about the tap water concentrations
exceeding the chloride threshold for corrosion initiation can be eliminated,

Additionally, constituents of concrete, specifically tricalcium
aluminate (C3A), can reect with diffusing chloride, ther?ba reducing "free
chloride" available to implement the depassivation step.(? ) The amount of
C3A in concrete is dependent on the type of cement and, for normal Portland
cement, C3A constitutes 45% of the cement mix,

In summary, it appears that the initifation of corrosion of the per-
forated steel basket in the grouted drum package may not occur due to insuffi-
cient chloride ion concentration, Were depassiviation of the embedded metal
to occur, the possibility of continuation of the corrosion to the extent
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necessary to bring about spalling is dependent on the presence of sufficient
oxygen and water. Oxygen should be present in sufficient amounts unless
conditions of the burial trench were to become anoxic (this is expected to be
unlikely at Hanford), but water is expected to be extremely scarce at the
Hanford site.

Rates of Corrosion of Steel in Concrete

General information available on the rates of corrosion of steel in
concrete is given here for completeness. Growth of Fe30,; on steel as a
function gf time and of the permeability of the concrete is given in work by
Tuuti.22) Corrosion of reinforced steel to the extent that failure of the
concrete cover occurred has been studied tu alt water solutions for natu-
ral(23) and impressed voltage situations, 24) The times to failure were
~345 and 7-8 days, respectively. Steel, embedded in concrete and stored on
the ocean floor for fifteen years as part of a low level radiocactive waste
package, was found to have corroded, but not to a sufficient extent that spai-
ling of the concrete occurred,(25) This may have been due to the fact that
in seawater environments, a reaction can occur at ‘uter surfaces of the con-
crete, and in the pores, whereby Mg(OH); is precipitated within the pores
due to its decreased solubility product over Ca(OH);. This evidently leads
to a decr assd permeability, and thus diffusion rate, in concrete immersed in
seawater,(26 Additionally, the level of oxygen on the ocean floor is sig-
nificantly lower than at the surface and this lack of oxygen also may lower
the steel corrosion rate,

Sunacrz

The structural stability of the grouted drum monolith is subject to
compromise should spalling of the concrete occur as a consequence of corrosion
of the embedded steel perforated baskets, This corrosion must be initiated
and propagated, Conditions for this to occur depend on several chemical
constituents; particularly chloride ion, oxygen, and water., It is anticipated
that insufficient chloride is present both at the waste package burial site
(Hanford) and in the package itself for initiation of the corrosion of the
steel to occur., Spalling of the concrete overpack due to corrosion of the
perforated baskets is thus not expected at the Hanford site.

4,2.2.2.3 WVastes in Concrete

The third component of the waste package is comprised of the waste
itself solidified in cement, The waste can consist of paint cans containing
solidified liquids, compacted paint cans containing compactible solid items,
and miscellaneous solid items such as plastic and rubber tubing, metal pieces,
paper, other plastics, etc. This inner level of the waste package may be con-
sidered analogous to reinforced concrete due to *the presence of metallic
ftems, or it might also be treated as an analogue to a concrete mix containing
a rather unique aggregate. This latter consideration may be the more signifi-
cant with regard to the long-term structural stability of the inner component
waste form,
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In general, the properties of concretes are dependent on a number
of varfables. Among these are relative proportions of cement, aggregate, and
water, the type of cement, type of aggregate, gradation of aggregate pais§-28
cles, and distribution of aggregate particles within the cement matrix, '“’>» )
Aggregates used in concretes are generally of a mineral type, with a gradation
of sizes from fine to coarse (usually no greater than 3 inches in the largest
dl-nnslon).(za) Chemical characteristics of the aggregate, particularly at
the surface, influence the strength and durability of the concrete mix as a
result of cemeunt-aggregate surface interactions.

The GEVNC wastes which are packaged in the extended 17H drum ob-
viously constitute an inhomogeneous mixture of items. Extremely limited in-
formation is available on the properties, i.e., strength and durability, of
cement forms containing cellulosic:, plastics, and metals other than steels
and aluminum, Some concerns that should be addressed are:

(1) the influence of size, geometry, and distribution of
the waste items on the waste form properties;

(2) whether, given the inhomogeneity of the waste stream,
there is a limiting waste/cement binder ratio as has
been found with other waste streams, e.g., ion-
exchange reains;(zg)

(3) whether chemical reactions between cement and the
different waste materials can occur, and whether
these could compromise the overall inregrity of
the waste form,

These points have been raised to indicate that an evaluation of the
stability of the waste is not possible given the information currently avail-
able. Stability and monolithic form are provided initially by the outer car-
bon steel drum and perforated metal basket. After the cement grout has set,
the outer drum need not be considered since stability can be provided by the
waste form {tself. A mai rr question then appear: to be whether the basket
embedded in cement can p: yvide the required stability as discussed earlier,
since it is not clear thac the different types of waste encapsulated in cement
matrix provide stability in the absence of the metal basket,

The requirement for structural stability has been addressed in
terms of the different components of this package.

(1) The carbon steel outer drum is expected to corrode
totally within 120 years after burial., It cannot
be relied upon to supply structural stability for
the required period.

(2) The perforated metal baskets embedded in concrete

can be considered analogous to reinforced con~
crete and, as such, are expected to be able to
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supply structural stability for a significant
time. A principal failure mode, spalling of the
concrete due to pressures generated through the
rusting of the embedded steel, hi¢s been consid-
ered and determined to be unlikely given the
absence of sufficient chloride to initiate the
corrosion process. If some other chemical(s)
capable of initiating the corrosion of the bas-
kets were present, the probability of causing
spalling is quite low due to the scarcity of
water, which is needed in the corrosion process.

The component made up of the waste items themselves
embedded in concrete is difficult to evaluate with
respect to structural stability. Since many of the
waste items are steel, this component could also be
considered similar to reinforced concrete and,
hence, also subject to spalling but, it is believed
that this can be ruled out on the same basis as in
(2). However, the heterogeneity of the concrete/
waste {tem matrix may be the limiting factor in its
ability to provide structural stability. Normal
monoli thic concrete forms with conventional size
aggregate are expected to provide stability, but the
behavior of concrete in which there are randomly-
distributed, heterogeneous objects of sizes quite in
excess of the concrete aggregate particle size
cannot, at this time, be predicted.

4.2.3 Evaluation of GEVNC Class B and C Wastes With Respect to the Guidance
in the Technical Position on Waste Form

The evaluation of the CEVNC extended 17H cement-grouted drum waste
packages with respect to the guidelines of the Technical Position on Waste
Form follows. Each of the guidelines has been considered individually, and
where it has occurred that there is overlap of factors being considered,
reference to the pertinent section(s) has been made. It should be noted that,
for the purposes of evaluation of the GEVNC waste packages themselves, two
guidelines from the TP do not directly apply (process control program and sam-
ple testing size). These are, however, included for completeness.

Given the expectation that the carbon steel outer drum used for the
GEVNC Class B and C grouted drum packages will not last beyond 120 years af ter
burial, the waste form has been taken as the concrete-waste monolith that
fills the carbon steel drum, including the perforated baskets and the wastes
themselves. For the purposes of several calculations involved in the evalu-
ation, the isotopes present in the package have been cons idered sequentially
at conservatively high (Class C limit) values of Cs-137, Sr-90, and Co-60.
The values used have been based on statements made in a GEVNC report(“) to
the effect that a grouted drum package may contain 5000 Ci of aged wixed




fission products or 3000 Ci of Co-60 (See Section 2). Given that a reason-
able activity distribution for aged mixed fission products is 50/50 Cs-137 and
Sr-90, the 5000 Ci was halved to derive the individual isotope activities, but
this proved to be in excess of the Class C limits, Therefore, Class C limits
were taken for Cs-137 (1500 Ci) and Sr-90 (2300 Ci) for this size package, and
for Co-60, GEVNC's estimate of 3000 C{ was used.

4.2.3.1 Process Control Program

The TP states that radioactive waste generators should implement
and maintain a process control program to demonstrate periodically that the
solidification system is functioning properly and waste products continue to
meet the 10 CFR Part 61 stability requirements. Waste specimens should be
prepared such that they are representative of the waste streams to be
solidified,

The GEVNC waste streams that result in those wastes that are packaged
in tne cement-grouted extended 17H drum are the hot cell process wastes and
the "support” (principally, clean-up and maintenance) wastes. In general, the
hot cell process would be classified as Class B or greater (and hence, are
required to have stability) while the "support"” wastes usually are disposed of
in packages with activities in the Class A range. As was discussed earlier,
no GEVNC wastes of activity high enough to exceed Class A limits are disposed
of in regular 55-gallon drums or wooden crates.

The handling of radiocactive wastes at GEVNC i{s subject to quite spe-
cific guidelines in the form of written instructions, However, it is not
clear that these instructions constitute a full process control program in-
cluding explicitly stated directions and weight/volume ranges for the mate-
rials used in the cement grout mixture, It is known that GEVNC uses a set
grout mixture which consists of 600 lbs of Portland cement, 600 lbs of sand
and 30 gallons of water (tap water - sample analysis is given in Table 4.4)
per batch. 5) The amount of variation that can be tolerated in these values
has been detailed in the GEVNC Radioactive Products and Services Operating
Procedure, but it is not clear that the mix itself has been thoroughly
characterized with regard to its use in a Class B or greater waste package.

The process for packaging of GEVNC Class B and greater wastes in-
volves (1) placement of waste items in the two steel perforated baskets,
(2) placement of the baskets in the extended 17H drum, (3) introduction of the
cement grout mixture, (4) vibration of the drum during (3) to ensure effective
dispersal of the grouting material throughout the waste package, (5) setting
and hardening of the grout, (6) inspection of the waste for free water, (7)
testing of the grout for hardness, (8) photographing of the waste package, and
(9) placement and ring bolting (clamp ring) of the drum l1id. A simulated
grouted drum package has been tested for its ability to inhibit dispersal of
the waste materials. During this testing, a sample package was subjected to a
30-ft, drop which res?lged in crumbling of one corner and a "single fracture
across the diameter." 4’ (It is presumed that this crack represented the
plane between the two perforated steel baskets,) Additionally, the grouted
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cylinder containing simulated wastes was cut into four sections for examina-
tion of the degree of grout penetration. The zrout was found to have pene-
trated practically every space in the matrix. (4)

Table 4.4

GEVNC Tap Water Analysis (1983)

Influent Nonradisactive Constituents

(mg/L)

Chlorides Chromium Copper Lead Mercury Zine pH
January 59.4 0.002 <0.0001a 0,005 0.0001 0,005 %
February <0.,5 0.003 0.0029 0.01 0.0006 0.008 8.25
March b 0.008 0.0035 0.0006 0.0002 0,038 b
April 2.0 0.005 0.0031 0.003 0.0002 0.010 7.9
May 3.0 0,001 0.0026 0.013 <0.,0001 0.035 8.15
June 3.2 0.0038 0.0046 0.0004 0,0004 0.0117 7.85
July 4.0 0.001 0.0029 0.002 0.0002 0.006 8.75
August 5.4 0.008 <0,0001 0.01 0.0004 0.046 7.4
September 2.35 0.01 0.0012 0.012 0.0003 0.011 7.3
October 2.0 0.013 <0,0001 0.034 0.00015 0.016 9.6
November 2.0 0.001 0.0001 0.01 0.0007 0.05 9.3
December 3.5 <0.005 <0,0017 <0,001 <0.0001 <0.01 8.9

8¢ {ndicates less than the detection limit for the measurement me thod.
brost sample.

Summar

At GCEVNC there are explicitly written handling instructions, but it
{s not clear that there is a full process control program. GEVNC has estab-
lished procedures to ensure » uniform cement grout is obtained, It has not
been demonstrated that these procedures will ensure compliance with the recom-
mendations given in the TP, Ideally, the proceus control program implemented
by the generator would be one such that the end-process waste packages were
consistently structured according to a design that produced a package/waste
form with the required stability,

4,2,3,2 Compressive Strength

The TP states that solidified waste specimens should have compressive
strengths of at least 50 psi when tested in accordance with ASTM C39, Con-
cretes of varylug compositions are expected to have compressive
strengths of 2650 to 4000 psi at 28 days. Typically, the GEVNC grouted drum
concrete is allowed to set for two days prior to hardness testing and 1t ie
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not known whether 28 days elapse prior to shipping of these packages to the
burial site. It is expected, huwever, that concrete alone would have a com-
pressive strength of at least 50 psi. The GEVNC grouted drum package has one
potentially significant influencing factor, namely, the presence of "non-
concrete" waste materials in the concrete monolith, The waste materials them-
selves (as outlined in Section 3) may be metal, paper, glass, or plastics
which Lave been placed in metal paint cans and compacted prior to grouting.
These items may or may not represent locations of potential cracking or non-
adhesion of the grout such that there may be failure upon compression. Such
questions can only be answered by actual testing of representative waste forms
and, as mentioned earlier, performance of such testing is planned by GEVNC.

4.,2,3.3 Radiation Stability

The TP states that waste form specimens should remain stable after
being exposed in a radiation field equivalent to the maximum level of exposure
expectad from the proposed wastes to be solidified. Specimens should be ex-
posed to a minimum of 108 rad and specimens should have a minimum compres-
sive strength of 50 psi following irradiation.

GEVNC has indicated that "aging" tests have been performed on cement
cylinders in which the grout mixture has been duplicated. Apparently, no
metal, glass or plastic waste items were present in the test samples. The
cylinders were exposed to a dose of 108 rad and no breakdown was observed.
Thus, it may be expected that the grouting mixture is stable to this radiation
dose., However, two important factors must be considered before it can be con-
cluded that the GEVNC grouted drum waste packages are expected to have radia-
tion stability:

(1) The maximum accumulated doses which GEVNC wastes may experience
are on the order of 10° rad and thus, the effects of this dose
on a representative waste form must be tested, and

(2) the presence of waste items, particularly of paper and plastics,
may influence the behavior of the grouted waste cylinder in a
radiation field because the radiolysis products of these mate-
rials have the potential to be degradative.

Activity loadings and expected accumulated doses at 300 years based
on these loadings which may occur in the GCEVNC grouted drum packages are given
in Table 4.5, The procedure and assumptions made for the dose calculations
are discussed below.
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Table 4.5

Kadionuc lide Activi ties and Accumulated Doses for GEVNC Grouted Urum Vaste Packages

Vastebd Upper®
Upper® Shipment Class C
Activity Summary Activity g? v weat? n‘. n'. n““l.
Radlonuclide Limit Limie Limit D(300 yr) B¢ £) P(30¢ yr) P(300 yr) (300 ye) ( t)
(c1) (ct) (c1) fhedd e’ ndd 7 L %5
Aged M¥P 5000 none given R
taken as 50/50
Ce-13? 2500 81 1500 1.2x10? 1.%x10% 2.7x10%  7.2x108  9.2x108 x.t-lo:
51-90 2500 none given 2300 1.1x10%  nqoe 1.1x10%  1.0x10%  none 1.0x100
Co-60 3000 189 not 1.2x108 1.25x10% 1,4x10? 1,2x108  1.2%x107 1.4x10
speciflcally
set

Syslues from GEVNC Report Reference 4.

balues from Waste Shipment Summary, Attachment to Reference 5.
€10 CP Part 61 Values extended to 84-gallon contalner,
dcalculated for activity values from (a).

€Calculated for activity values from (¢).

Radiation Dose Calculations(30)

The equation used for the beta dose calculation is

913(300 yr) = | A Cy Ey x 8,76 x 103 hryr-l
Ag (1 -e=Mt)
where

A 1is a proportionality constant equal to 2,1 x 103 rad-cm3
MeV-mCi-em=3,

Cy Ls the activity density of the ith radionuclide in the waste form
in mCi-cm™3,

Ey is average beta energy of the ith radionuclide in Mev.

Ag is the decay constant for the ith radionuclide in yr-l,

t is the time period of interest (for these calculations, 300 yrs).
Pertinent values for all of these parameters for the radionuclides concerned
are given in Table 4.6, Substitution of the parameters given in Table 4.6 and
of appropriate values of Cy (given in Table 4.7) for the corresponding

activity limits, ylelds tne total accumulated beta dose for 300 years. The

waste activity has been assumed to be homogeneously distributed throughout the
container.

36



Table 4.6

Dose Calculation Parameter Values for
Principal GEVNC Waste Radionuclides

Aoty Ey ¥
Radionuc lide (yr*l) (yr) (MeV) (rad:em?h-lmci-l)

Co-60 0.132 5.25 0.09 12.8

Sr-90 0.025 28 0.200 no y

Cs~-137 0.023 30 0.195 3.3
Table 4.7

Activity Densities for the
GEVNC Waste Radionuclides

Radionuclide cyq8 ceb
(-cs’c-3) (-Ct}c-3)

Cs~137 7.7 4.6

$r-90 7.7 7.1

Co-60 9.2 9.2

8Based on values in Reference 1.
bBased on values in 10 CFR Part 61.

The equation used for the gamma dose calculation is

D¢Y(300 yr) = Cyyg x 8.76 x 103 h + ye~!
A

(1 - oMt

where
€y has the same meaning as before (see Table 4.7)

[{ 18 the gamma dose constant for the ith radionuclide (see
Table 4.6)

g 1s the geometry factor for the particular three-dimensional
structure under consideration, conservatively taken as 160 em(31)
for the 84-gallon extended L7H drum used at GEVNC,

Ay is the decay constant for the ith radionuclide,
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Tissue equivalency has been assumed. Substitution of the appropriate
values from Tables 4.6 and 4.7 yields the 300-year accumulated gamma dose for
the particular radi.nuclides considered (given in Table 4.5).

Radiatlion Exposure Tests

As can be seen in Table 4.5, the total accumulated duse for each of
the radionuclides individually exceeds 109 rad. 1In general, if the Class C
limit activities of these radionuclides are expected to be present, the mini-
mum radiation testing accumulated dose should be at least 109 rad.

Radiolysis Effects

The radiation exposure experienced by the waste materials in the
GEVNC grouted drum package may lead to several gaseous and liquid radiolysis
products., The effect of the radiation dose on the metal and glass waste com-
ponents is expected to be minimal, but the effects on paper (cellulosic) and
plastic materials may be significant and is discussed in the following
sections.

Radiolysis of Cellulosic Components of GEVNC Grouted Drum Packages

As mentioned in Section 3, the average composition of a GEVNC grouted
drum package includes ~50% by weight paper and plastic. Given ~300 lbs of
waste per grouted drum, this represents ~150 lbs or 68 kg of paper and plas-
tic, For the purposes of the radiclysis calculations to be performed here, it
{s assumed that the paper and plastic component of the waste is divided 50/50
into paper (cellulosics) and plastics. Additionally, this material has been
taken to have a density of 1 g/cn3 and the accumulated doses corresponding
to radionuclide loadings at the Class C limit have been used.

Gaseous Radiolysis Products

Radiolysis of the cellulosic component of these wastes i{s expected to
result in hydrogen, carbon dioxide and carbon monoxide gas production. The
amounts expected have been calculated based on the G value (total gas) of
0.63 molecule/100 eV,(32) and on the total accumulated radiation dose (y and
8) for a package containing only Cs-137 at the Class C limit (~2 x 10% rad).
The total doses expected for packages with Sr-90 or Co-60 alone or, in combi-~
nation with Cs-137 such that unity is not exceeded on application of the sum
of fractions rule for Class C wastes, are all on the order of 1-3 x 109 rad.

Given the total accumulated y and 8 dose of 2 x 107 rad, 1t is ex-
pected that ~9 moles or ~200 L(STP) of gas would be generated by radiolysis
over the 300-year period. Given the porosity of concrete, and the lack of a
gas-tight seal on this package, this gas production is expected to be of
little consequence., There is, however, one conern as discussed below.
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Should any water be present in the vicinity of COj production by
radiolysis, a solution of carbonic acid in a localized region could result.
Carbonic acid has been shown to enhance the corrosion of rebars in reinforced
concrete.(33 Thus, it may be expected that the corrosion of ferrous metal
waste items in the vicinity of cellulosic waste items all placed in the
grouted drum package could be aggravated as a consequence of penetration of
the concrete by water. However, the extremely high pH of concrete makes this
unlikely.

Liquid Radiolysis Products

It has been found(34) that radiolysis of cellulosics may also lead
to the production of carboxylic acid group-containing molecules., The G-value
for this is 3.6 molecules/100 eV and the major acids produced are: formic
(G = 2.3, 647), g}ucgronie. 2-ketohexanoic, and 3 unspecified "5-ketohexanoic
or uronic acids." There is a potential for acceleration of metal waste
component corrosion by these components,

It has been assumed that the G-value of 3. 6 applies to both y and B8
radiation exposure. The accumulated dose of 2 x 10% rad should yield a
total of ~50 moles of organic acids, of which ~30 moles would be formic acid,
This organic acid production may be of significance in regard to acceleration
of the corrosion of metal waste components and, consequently, potential accel-
eration of cracking/spalling of the concrete waste form., Formic acid (anhy-
drous or 10-85% solution) tn ontact with carbon steel leads to corrosion
>50 mils penetration/year. 35 Since it is possible that cellulosic wastes
may be in direct contact with metal wastes (i,e., not physically in contact
with concrete and, hence not necessarily neutralized by the high pH-producing
hydroxide in the concrete) in the grouted drum package, this corrosion effect
of the organic acids produced by radiolysis, and particularly of the formic
ecid, has the potential to be degradative., The quantitative effect of
low=-molecular-weight organic acids on concrete does not seem to have been
documented., Acids such as acetic, citric, malic, and lactic, but not oxalle,
have been found to atzacg concrete, often having "a marked action" within a
few months to a year. When compared to acetic acid in its effect on
concutz5 gotmlc acid has been described as corroding concrete more
slowly, On the other hand, {t has also been described as being more
destructive.(27) There i{s thus no consensus on the possibility of signifi-
cant damage to the concrete grout as a result of attack by organic acids pro-
duced in the radiolysis of the cellulosics in these wastes, The presence of
water is not clearly indicated as a necessity for these destructive interac~
tions to occur,

Radiolysis of Plastics Component of GEVNC Grouted Drum Packages

The plastics fraction of these wastes (taken as 50% of the paper and
plastic component, ~68 kg average per drum) w?u}d be expected to generate gas,
predominantly hydrogen, in a radiation fleld. The gaseous products ex-
pected to be produced at the total y and £ accumulated dose (2 x 109 rad)
based on thc G-value for polyethylene [3.,7 molecules per 100 eV
absorbed'37)] should amount to approximately 107 L of gas (STP),
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As mentioned earlier, the porosity of the concrete in this package
and the lack of a gas-tight seal on the outer drum should allow escape of this
radiolytically-produced gas.

Su-a.rz

The radiation stability of the GEVNC grouted waste packages is predi-
cated on the stability in a radiation field of each of the waste package com~
ponents: concrete, metal and glass, and paper and plastics, The grouting mix
concrete has been tested by GEVNC in a radiation field to 108 rad with no
signs of degradation evident, The higher activity loadings that these pack-
ages may contain, however make testing at higher (~10% rad) doses necessary,
In addition, the effects of the radiation field on the waste components them-
selves must be considered, The cellulosics component of these wastes may re~
sulc in production of up to 200 L (STP) of gas (H;, CO;, and CO) and
~50 moles of organic acids., The plastics component may result in production
of up to 107 L(STP) of gas (predominantly hydrogen). The gases are expected
to escape the waste package, The presence of COj; gas and water (should it
be present) may lead to carbonation and, {f neutralization by the hydroxide
in the concrete is incomplete, consequently, to accelerated corrosion of the
ferrous metal components of the package (and, subsequent to this corrosion
to cracking/spalling of the concrete), The organic acids produced through
radiolysis of the cellulosics may be destructive in contact with either the
concrete or carbon steel waste components or both,

6.2.3.4 Blodg‘gndation Fffects

The TP states that specimens for each proposed waste stream formula-
tion should be tested for resistance to blodegradation, GEVNC has indicated
that biodegradation testing {s planned for the grouted drum waste form, but at
this time, no information on this testing is avallable,

Blodegradation of the GEVNC concrete-grouted package materials has
been considered from two points of view (1) outside the container, {.e., in
the trench soil environment, and (2) inside the container, f.e., in the wastes
themselves., In neither case is biodegradation expected to be a primary prob-
lem, f.e,, direct biodegradation of the concrete and carhon steel is not ex-
pected since neither material supplies a carbon source, 1In addition, the high
pH of concrete precludes most microbe growth, From both viewpoints, however,
biodegradation by-products may be of concern with respect to corrosion of the
container., A discussion of the complexity of the composition and behavior of
a system of microorganisms which may exist efther in the soil or in the wastes
and also of the dglfcrcnt chemicals they may consume or produce has been given
in Cause et al,(2 For the case at hand, (t should be noted that:

(1) from the point of view of the soil environment, the considera~

tion of corroslon of the container from outside (see Section
4,1) has been based on published measured corrosion rates for
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metals in soils which contained microorganisms (i.e., not
sterilized) and thus the effect of microbial activity on corro-
sion is reflected in this soil corrosion data.
and
(2) from the point of view of biodegradation of the wastes, there is
the potential for self-sterilization within the first year for
wastes at contamination levels at the upper Class C limit,

The consideration of sterilization of the wastes by radiation from
waste radioisotopes must include several factors as summarized below.

(1) Sterilization has been shown to occur at accumulated doses up to
5 x 106 rn? S;hat necessary for sterilization of sporulating
bacteria); 3 the dose rate effect has not yet been totally
established.

(2) At dose rates greater than 104 rad/h, it appears that the
sterilization effect is independent of the dose rnto.(3°) and
the exact lower bound on dose rate has not been determined.

(3) For the Class C limit Cs-137 activity considered for the GEVNC
grouted drum packages the initial dose rates (8" and v) are in
excess of 103 rad/h. These dose rates will decrease exponen-
tially at a rate dependent on the radlonuclide decay constant,

Since the lower limit for sterilization to have dose rate independ-
ence is not known, Lt ls possible that those packages which produce a dose
rate within an order of magnitude of the known 104 rad/h upper threshold may
also effectively sterilize the wastes once the necessary accumulated dose has
been reached.

For the upper Class C activity limit GEVNC grouted drum waste pack-
ages, biodegradation may not occur until

(1) The radiation dose rate has fallen below the "threshold" of
103 rad/h and

(2) the waste package has been re-lnoculated with microbes from
outside the package.

The intervals over which the waste package may experience the
103 rad/h or greater dose rates are glven for the particular waste {sotopes
in Table 4.8,

Both the v and 8" dose contributions have been included in these
calculations. Inclusion of the 3" dose implies the assumption that the
87 emitting activity and the microbes are homogeneously distributed through-
out the wastes. For each of these radionuclides (Co-60, Cs~137, and Sr-90) at
the activities given in the table, the necessary accumulated doses for self-
sterilization are reached within the first year. To be specific, at a dose
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rate of 103 rad/? ;ooo hours or 210 days are needed to reach the necessary
accumulated dose 3s of 5 x 10°% rad (self-sterilization). Thus, as long

as the dose rate remains at 107 rad/h or greater, a self-sterilization

may require 210 days. This is important in reference to the potential inocu-
lation of the waste form from outside following breach of the outer carbon
steel drum used in the GEVNC grouted drum package. As was mentioned earlier,
the estimated period to first pitting of carbon steel drums in a trench envi-
ronment has been given as 2.5 to 9.6 years and drum lifetime estimates range
from 10 to 120 years depending on the soil conditions.(l) once the package

{s buried, there is expected pitting and eventual total corrosion of the outer
drum within the time period from 2.5 to 120 years, Essentially, the drums
with activities given earlier will initially be self-sterilized until filrst
pitting and then, even given the possibility of influx of water aud the intro-
duction of any microbes that may be present therein, the packages should re-
main sterilizing (this is assuming, of course, virtually total containment of
the activity in the waste form, which for Cs-137 contaminated packages, may be
questionable given the high diffusivity of this isotope in many concretes)
until 23, 44, and 64 years have elapsed for Co-60, Sr-90, and Cs~-137 packages,
respectively.

Table 4.8

GEVNC Grouted Drum Upper Class C Activity Dose Rate

Radionuclide/Activity Loading Interval With Dose Rate >107 rad/h
(c1) (yr)
Co~60/30008 23
$r-90/2300% bl
Cs-137/15000 64

fpctivity given in Reference 3.
bypper Class C limit values.

In general, self-sterilized packages should experience minimal ef-
fects from blodegradation., Following the interval during which the waste
radionuclide activities are high enough to render the packages sterile, how-
ever, the wastes may be subject to inoculation from outside. There could thu
be a replenishment of the microogranism population responsible for blodegrada:
tion. For the GEVNC grouted drum packages, the microorganisms may me tabolize
the cellulosics and, possibly, the plastic portions of the wastes, The
by-products of this metabolism could potential ly degrade the concrete and/or
the metal components of the waste form and thereby lead to fallure.
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Several uncertainties exist which preclude the assignment of quanti-
tative degradative effects of biodegradation. These include:

(1) when inoculation from outside the package will occur,

(2) likelihood that microorganisms, even should they enter the pack-
age once it is no longer capable of self-sterilization, will
find, in addition to a location immune from the extremely
alkaline pH of the concrete grout, a sufficient carbon source
and other necessary growth-sustaining conditions.

(3) the degree to which the rates of biodegradation are dependent on
the particular types of microorganisms, the ambilent gas condi-
tions (anaerobic vs aerobic), the amount of water present, the
type and amounts of nutrients present, etc,

Su-aarz

GEVNC grouted packages may be capable of self-sterilization at least
initially, depending on the radionuclides and activities, It {s expected that
the high pH of the concrete will {nhibit microblal growth, but a description
of the effects of biodegradation cannot be quantitatively given,

4,2.2.5 Leach Tocttu.

The TP states that leach testing should be pzr:grnod for a minimum of
90 days in accordance with the procedure in ANS 16,1,(3 Specimen sizes
should be consistent with the samples prepared for the compressive tests
(Section 4,2,2,2), Leaching tests should be carried out in a variety of
leachants besides demineralized water; specifically, it {s prc{s;sod that
syntheslzed seawater leachant be used., The leachability index should be
greater than 6,

GEVNC has indicated that leach testing on the grouted drum waste
forms {s planned but no data is yet available,

The establishment of the leach testing procedure to be used on the
GEVNC grouted drum waste form should include consideration of three factors:

(1) The heterogeneity of both the waste compositions and sizes in
the GEVNC wastes will probably make it difficult to ensure that
the leach test samples (and all test samples, for that matter)
are indeed representative of typical hot cell p¥tcess waste
forms.

(2) Each particular grout mixture has characteristic radionuclide
retention characteristics which makes testing necessary unless
the grout mixture exactly duplicates that of a previously tested
solidification medium, Example published Cs~137 leach rates for
various cement mixtures are:
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(a) 2 x10°2 « 12 x 10°2 g/em? day for Cs-137 contami-
nated liquid wastes in a cement waste form with a 3:4 solu-
tion: cement ratio and 7.5% bentonite clay added, (40)

(d) 1072 - 10°3 g/em? day for Ce=137 gn vastes cemented
with ordinary Portland cement, (4l

(¢) 10°7 g/em-day for Cs-137 in hydrofracture grout”
made of cement: fly ash: Attgpulglto-l&bs Grundite in a
2.5: 2.5: 1.0: 0.5 ratlo, (42

A process control program could address this {ssue. Length of
curing time has also been found to affect the leach rates, par-
ticularly at initial stages.

(3) The presence of waste items that are relatively large with re-
spect to the components of the solidification medium may change
the aggregate character of the concrete, for example, the ad-
hesion interface between waste {tem and concrete may be af-
fected such that crevices or channels develop between the two
phases. Such inhomogeneities may signficantly influence leach
test results.

Aside from these lssues, the physical distribution of the waste
radionuclide activity in the grouted form may be expected to influence the
amounts of material released (n the leaching tests. For the GEVNC hot cell
process wastes, the radionuclide contamination is in and on the solid waste
components themselves and not homogeneously distributed throughout the cement
grout mixture during Lts preparation., The guldance in the Technical Position
that waste forms should have a leachablility index greater than 6 ls presumably
directed toward monoliths containing uniformly distributed activity., The ap-
plication of this guidance to a non-homogeneous waste form may be based on the
assumption that the regulatory purpose is limitation of radionuclide releases
from wastes, It should be determinable which waste form has better radionu-
clide retention characteristics through comparison of the leach test results
for two different waste forms, one with a homogeneous activity distribution
and a leachability index greater than 6, and the other heterogenous (or, con-
taining concentrated point sources) and not having a known or even
specifically-defined leachability index.

*Portland cement Type I. Fly ash (a pozzolanic material) obtained from the
coal-fired Kingston Steam Plant, Kingston, TN, Attapulgite-150 is the trade
name of a clay product from the polygorskite group of clay minerals (with the
general formula 5 Mg0+8510,+9H;0). Grundite {s the trade name of a
¢lay product from the Lllite group of clav minerals [with the general formula
(OM) 4 Ky(Aly FPeg Mgy 'Mgg) (Slg.yg:Aly) 0309 from Grundy County, Illinois,




An {dea of the expected form of the leach test results for the two
types of waste forms just mentioned may be obtained through consideration of
the following discussion.

The assumptions pertaining to the leaching conditions are:

(1) the leaching is diffusion-limited and heunce, the transport of
material is driven by the concentration gradient,

(2) there is essentially infinite leaching solution available and/or
the concentration of the diffusing substance in the leaching
solution is zero, and

(3) the radionuclide activity initially exists as point sources in
the heterogeneous package.

The heterogeneous waste form, with Lts point sources of activity,
will tend toward homogeneity. Each of the sources of activity will be
initially surrounded by a reglon in which the radionuclide concentration is
much less. Thus, due to this concentration gradient, activity will diffuse
radially away from the source. Given sufficient time the activity will dis-
tribute Ltself throughout the form. In time, release can occur from portions
of the forms that did not initially contain the radiolsotopes of interest,
Modeling the release from such a form is dependent upon the particular activ-
Lty distribution in & given package and may not be possible in a generic
sense, Hence, leach testing of this form i{s required.

It should be noted that there is a potential for the release observed
from such a leach test to be initially low due to the initial depletion of
activity in the surface of the form. It is important that leach test results
which may, at filrst glance, appear more favorable for the heterogeneous waste
form not be misinterpreted such that the waste stabilization medium L
credited with the better radionuclide retention abilities, The leach test
results may be simply reflecting the "induction” period for this type of
activity distribution,

A more pragmatic approach to the question of the leaching behavior of
the GEVNC grouted drum package leads to the two statements:

(1) The fluldity of the GEVNC groucing mixture and the existence of
smearable contamination on the waste items will lead to spread
(homogenization) of the radlonuclide activity throughout the
package during the grouting procedure, and

(2) that activity which is not dispersed by the grout (l.e., not
smearable) will likely remain as a fairly intact point source
(e.g., activated metal) and, In any case, probably be rather
slow to leach,
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Summary

Leach testing should be performed on representative samples of the
GEVNC grouted drum packages. The tests must be thoroughly and rigorously
designed and the results of such tests must be carefully interpreted to ensure
that the true behavior of the wastes and grouting material is understood. It
i1s not clear that the heterogeneity of the GEVNC grouted drum monolith will
lead to increased cumulative radionuclide release through leaching as compared
with a homogeneously distributed waste form,

4.2.3.6 Immersion Testing

The TP recommends that waste specimens should maintain a minimum com~
pressive strength of 50 psi as tested using ASTM C39 or ASTM 1074, following
immersion for a minimum period of 90 days.

The immersion testing of the GEVNC grouted waste forms is planned but
has not yet been completed, The actual behavior of these forms under such
condi tions cannot be predicted but the observations may be made that:

(1) the presence of water may influence the corrosion of the
metallic waste items (elther directly or in conjunction with
corrosive products of radiolysis discussed in Section 4.2.2.3)
and, consequently enhance the spalling/cracking of the concrete
(reinforced concrete samples immersed in aqueous chloride solu-
tions have been found, depending on conditions, to spall or
crack after periods of from 7-8 days(24) po 345 days'2IN
and

(2) water may cause swelling of the waste cellulosics and some of
the waste plastics as well. This may lead to cracking and
crumbling of the waste form. Incorporation of waste Ltems of
sizes much different from the cement components may affect the
strength/integrity of the concrete.

4.2.3.7 Thermal undnuu

Do;ndulo’ of concrete with changes in temperature is caused by sev-
eral factors.(27,43) rhese include the breakdown of the concrete structure
due to the different thermal expansion coefficients of various constituents
embedded in the concrete, from stresses caused by temperature differences
between the surface and interior parts of concrete structures during tempera-
ture changes and from freeze-thaw cycling when water is present in concrate,
By far, the most damaging conditions occur when concrete saturated with water
undergoes repeated freezing and thawing. Dry concrete per se is not affected
by frost., Procedures used by GEVNC to grout thelr uduuz ’nu are designed
to ensure that no free water remains in the grouted drums, (4
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In general, temperature changes cause stresses to develop in concrete
due to differences In thermal expansion coefficients between the binder and
bound solids., The binder in the GEVNC grouted waste {s cement mortar composed
of a 1:1 mix (by weight) of Portland cement and sand, The bound solids in-
c¢lude metal avticles, compacted l-gallon cans, glass and other hot cell trash
(cellulosics, etc,) placed in the perforated steel baskets, ?h, !h’tlll ex~
pansion coefficient of mortar {s typically 8«10 x 10°6 per °F 27,43
(L.e,, 14-18 x 10°5 per °C), While for carbon steel it is approximately
11 x 10°% per °C, for glass about 8-10 x 10°¢ per °C, for rubber about
80-110 x 10*® per °C, for lead about 27 x 10°6 per °C, and for stain-
less steel it s approximately 1720 x 10°6 per ‘C.(“ Steel rein-
forcement of concrete s a common practice and materials with thermal expan-
slon coefficlents similar to that of steel would presumably cause no problems
due to thermal cycling, Thus, glass and stainless steel should not be af-
fected by thermal cycling, but lead might cause some problems for "large"
temperature expansions. (It is not known how large a temperature change would
be required before expansion of a plece of lead would significantly damage the
surrounding mortar,) No quantitative estimates of tolerable temperature varia-
tions as therral expansion coefficlents for concretes have been found, GCene
erally, differential thermal o?rgyaloa of aggregate in concrete is not con-
sidered to be a major concern, Solid rubber objects might cause some
degradation of the surrounding mortar upon thermal cycling due to rubber's
relatively large thermal expansion coefficlent, However, it seems doubtful
that tubing or hollow rubber objects would cause a problem,

Thermal stresses may also arise from temperature dif ferences between

the interior and the surface of concrete structures, The largest stresses
occur for larga, rapld temperature changes, Stresses are intially incorpo-
rated into concrete from the heat generated by the setting of the wet cement,
For normal Portland cement structures not over a few feet in thickness, the
heat generated by retting is dissipated rapidly enough that excessive tempera-
ture differences between the inner and outer partions of the structure do not
ocecur, Therefore, it 1s not expected that large stresses will be Incorporated
into the GEVNC grouted drum, which is a relatively small structure and whose
internal volume {s largely occupled by waste, from the heat generated by the
setting mortar, External temperature changes, which cause differential tem-
perature effects thtgugh a concrete structure have been sald to be important
In some climates. 28) pifferential toa"‘atxxc effects were considered to
be of concern In concrete paving slahs, vh Curbing stresses caused by
temperature differences between the upper and lower surfaces of a concrete
slab result in cracking when slabs are made too long between expansion joints,
The separation between expansion joints tolerable for reinforced eoacn”
slabs  was found to be 15-80 ft compared to 1520 for plain concrete,
It may follow that the reinforced structure of the GEVNC grouted waste, which
{s primarily attributable to the concrete/steel basket layer, should help pro-
tect the waste form from cracking and degradation due to temperature gradients
from environmental temperatures changes,
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It {s not expected that thermal effects would compromise the stabil-
fty of the grouted drum waste, In particular, the reinforcement of the
grouted drum provided by the steel baskets, which contain the waste, should
help stabilize the wvaste form against degradation due to thermal cycling.
However, thermal cycling testing of representative waste forms should be
performed,

4.2.3,8 Free Liquid

The TP states that wvaste specimens should have lass than 0.5 percent
by volume of the waste specimen as free liquid as measured using the method
described in ANS 55.1., Free liquid should have a pH between 4 and 11,

GEVNC has indicated that grouted drum packages are checked for free
liquid prior to closure of the ring~bolt 1id., The method used by GEVNC s
believed to be a visual inspection such as that in Section 4.2 of ANS 55,1,
The check described in Section 4.3 of ANS 55,1 that involves breach of the
container by drilling and then observation of the opening for flowing or
dripping of free liquid from the breach has not been carried out, The test
described (n Section 4.4 of ANS 55,1 Involving sectioning of the waste con-
tainer contents has been completed by GEVNC for a simulated waste package and
has indicated total penetration of the grout and no free liquid, In general,
GEVNC solidifles waste solutions prior to emplacement in the grouted drum
package, Thus, free liquids, should they exist in this package, would be ex-
pected to result from excess water used in the grout mixture,

Summary

The CEVNC simulated grouted drum waste form has been found to contain
no free liquids by visual inspection and observation following sectioning of
the waste form (Sections 4,2 and 4.4 of ANS 55.1)., The test involving breach
of the container by drilling and subsequent checking for draining of fluids
(Section 4.3 of ANS 55.1) has not yet been performed,

4.,2.3.,9 Toothl:lcq!lgflllo

The TP Indicates that 1{f small, simulated laboratory size specimens
are used for the testing recommended In the Technical Position, test data from
sections or cores of the anticipated full-scale products should be obtained to
correlate the characteristics of full-size products with those of simulated
laboratory slze specimens,

As was discussed in the section on leach testing (Section 4,2,2.9),
the production of representative samples other than full«scale may be d1ffi~
cult for the case of GEVNC grouted drum packages, The presence of the various
waste Ltems In their different slzes, degrees, locations of cortamination
(smearable, Integral to the material, e.g., activated metals, ete,), and com-
positions (glass, metal, paper) leads one to belleve that the local behavior
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of different areas in the form may strongly depend on the type of waste {tems
present, A consequence of this observation is that Lt may become difficult to
Justify the representativeness of small-scale sample size waste form
specimens,

Sl..f!

Testing of the GEVNC grouted drum waste form must be carefully
planned to include assurance that samples are indeed reprerentative. It is
likely that full-scale sample testing may be required since sampling of a
heterogeneous waste form {s naturally subject to question with respect to
representation of "typlcal” waste forms,

4.2,3.10 Homogeneity of Compressive Strength

The TP states that waste samples from full-scale specimens should be
destructively analyzed to ensure that the product produced i{s homogeneous to
the extent that all regions in the product can be expected to have compressive
strengths of at least 50 psi,

Testing of this type has not yet been performed by GEVNC, As was men-
tioned in earlier sections (4,2,2.2, <5 and «6) the cement grout itself would
be expected to have a uniform compressive strength of at least 50 psi but the
grout/waste ftem combination may have properties that differ significantly
from those of the grout alone, Glass and metal waste components would prob-
ably have sufficient compressive strengths, but the compressive strengths of
plastic and cellulosic wastes in the concrete matrix cannot easily be
predicted,

swnx

The testing to determine whether the grouted drum waste form has suf-
ficlent homogeneous compressive strength should be performed by GEVNC, Aside
from the difficulties of setting a representative test specimen size, there
may be problems in determining the necessary scale on which the destructive
testing recommended here should be performed ({.e., should waste {tems
themselves be destructively analyzed?) Testing to show that sufficlent
aggtogatlon and adhesion of the concrete grout occurs in the vicinity of the
different types of waste items may make possible assvrance that the waste form
has the necessary uniform compressive strength (given that individual waste
ftems such as paper and plastic do not compromise this property).

Section Summary

The guidance given in the TP has been considered as {t pertalns to
the CEVNC grouted drum waste package, and concerns and Information gaps have
been identified, In most instances, concerns can be addressed through testing
and this 1 recommended In several cases, OGEVNC has very detalled waste
hand ling procedures, but It is not clear that they have a process control pro-
gram in which specific (nstructions, complete with limits of error and value
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ranges, etc, are given, Compressive strength testing should be performed on
representative waste forme. The radiation stability of these waste forms
needs to be tested at 10% rad tor wastes with the highest Class C activities
of contaminating radioisotopes. Radiolytic production of gases is not ex-
pected to be a problem since gases shwul!d escape the package. There is a con-
cern about the effect of carbonic and organic acids which may result from
radiolysis of the wastes. Bilodegradatlon by-products may be able to affect
the waste form stability but quancitative discussion of effects is not possi-
ble since several information gaps exist, Self-sterilization may occur in
some of the higher activity packages; this could extend the time during which
the package is not subject to biodegradation. Biodegradation testing should
be performed. Leach testing should be performed on represenatative samples of
these waste forms., 1t is not clear that the heterogeneity of the GEVNC waste
form activity will lead to Increased cumulative radionuclide releases compared
to tose (rom a homogeneously distributed waste form., Thermal degradation of
the waste form is not anticipated but thermal cycling testing should be per-
formed. Free liquid testing should be completed. The establishment of repre-
sentative testing samples may require significant justification but this needs
to be done before recommended testing can be performed. Homogeneity of com-
pressive strength throughout the waste form should be tested as well.
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5. TRU WASTE

At present, GCEVNC stores all TRU-contaminated waste with a level of TRU
fsotopes >10 nCi/g. According to 10 CFR Part 61, wastes with a level between
10 and 100 nCi/g could be disposed of as Class C low-level waste, provided
that any other nuclides listed in Tables 1 and 2 of 10 CFR 61 which might be
present were not in concentrations such that Class C limits were exceeded.
Those wastes containing such other radionuclides in excess of the Class C
limits or having TRU isotopes present at levels >100 nCi/g, would be con-
sidered "not generally acceptable” for shallow land burial, under Section
61.55 of 10 CFR Part 61,

Section 61.58 allows for authorization by NRC of other provisions for
waste exceeding the Class C limits, providing the Commission finds reasonahle
assurance of compliance with the performance objectives given in Subpart C of
10 CFR Part 61 (Sections 61.40 through 61.44). Section 61,7 (b) (5), recog-
nizing that there may be instances where waste with concentrations greater
than permittted for Class C would be acceptable for near-surface disposal
"with special processing or design,” provides for evaluation of such waste on
A case-by-case Lasis. It is under these sections, then, that the GEVNC waste
containing >100 nCi/g of TRU {sotopes would have to be considered by NRC for
near-surface disposal,

DOE has recently begun progrnna‘“""’ to develop a concept for treat-
ing wastes with radioactivity levels greater than the Class C limit. The con~-
cept is known as greater confinement disposal (GCD), and includes such alter=
natives as Improved waste form, deeper burial, and underground engineered
barriers. These alternatives address the need expressed in Section 61.7 for
special processing or design to enable waste to be considered by NRC on a
case-by-case basis. So far as is known, however, there is as yet no move to
provide GCD facilities at any of the commercial LLW burial sites, and no
proposed rules regarding GCD have been issued by NRC,

This section of the report, then, reviews methods proposed in the litera~
ture for treating TRU wastes, and discusses their applicability to GEVNC's
stored waste, In Section 5.1, alternatives relevant to near-surface disposal
are considered, Specifically, waste forms potentially suitable for TRU waste
are discussed in Section 5.1.1, and decontamination methods useful for treat-
ing TRU waste are described in Section 5.1.2, Section 5.1.3 discusses the
options for dealing with combustible organic waste., GCD options are con-
sidered in Section 5,2, 1In Section 5.3, possible alternatives for handling
GEVNC's specific waste streams are discussed,

5.1 Near-Surface Disposal

For standard shallow land buvial of waste exceeding Class C limits, NRC
may allow other provisions for the waste classification, but it is clear from
Section 61,7 (b) (5) that the waste should be accepted for noar-surface
disposal only after special treatment -~ "with special processing or design,"”
Alternatively, wastes could be treated to reduce the TRU levels to either
Class C or Class A, and be disposed of as standard LLW, MHowever {n the
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process, a secondary TRU waste stream of potentially higher concentrations
would be produced and would have to be disposed of. Possible alternative
waste forms and special treatments are discussed below in Section 5.1.1 and
5.1.2.

It should be pointed out tha " . container is relatively unimportant for
TRU waste, since no container car .e expected to last more than a small frac-
tion of the hazardous lifetime of the long-lived TRU activity. This applies
not only to regular containers, but also to HICs, both those preseantly li-
censed and any that are likely to be. Thus, HICs probably should not be con-
sidered as an option for near-surface disposal of TRU waste in forms which are
thought to be unsuitable for use in regular containers, since they will prob-
ably not provide adequate long-term containment of TRU activity.

5.1.1 Waste Form Considerations

DOE work on waste form develonmant for immobilization of TRU waste was
discontinued in 1981, Waste forms developed up to that time were evaluated
for NRC in a BNL report on alternative tecunologies for geologic disposal of
TRU wastes. 46) The waste form evaluation included comparisons of ease of
preparation, ability to incorporate reasonable loadings of a wide variety of
TRU wastes, physical and chemical durability, radiation s"ability, and leach-
ability. This last was treated as the single most important property, and the
report assessed the different waste forms on the basis of their ability to
pass the 10'5/yr release rate criterion required of the waste in a high-
level waste (HLW) geologic repository. This was a conservative approach,
since it was the repository as a whole which had to meet that criterion. Thus
if a waste form could meet it, whatever the other engineered barriers and the
geology could add would be a bonus. The emphasis on waste form rather than
engineered barriers and geology is particularly apt for near-surface disposal
since the container is not a factor in the case of TRU waste, there is very
little in the way of engineered barriers, and the geological pathway to the
surface is short.

5.1.1.1 Forms Involving Conventional and Relatively Simple Processing

Much of the earlier work on waste forms specifically applied to TRU
waste was based on rather simple concepts. These generally involved mixing
solid TRU waste, such as incinerator ash, dried sludge, scrap metal or used
filters, in a steel drum with a liquid or slurry and lettirg the mixture set.
The principal binder or encapsulants were bitumen, urea formaldehyde resin,
and ordinary hydraulic cement.

In the NUREG/CR-2333 evaluation.(so) waste forms prepared with
bitumen and urea formaldehyde were considered unacceptable for use in a geo-
logic repository because of gas production from radiolysis and biodegradation.
The same would apply to vinyl ester-styreme polymer, which was not considered
in NUREG/CR=-2333 because it had not been used as a TRU waste form. GCas gen-
eration may not be a problem for shallow land burial, and these organic forms
may be considered capable of providing suificient stability for Class C
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wastes. However, in view of the adverse effects of radiolysis and biodegrada-
tion over the long term (i.e., periods >> 300 years), it is doubtful if any
organic waste form could be relied on to provide the very long-term
performance required for waste with concentrations of the long-lived TRU iso-
topes exceeding Class C limits. Use of urea formaldehyde, in any case, hLas
been discontinued as a waste form because of production of excessive amounts
of free standing liquid, expressly forbidden by Section 61.56 of 10 CFR

Part 61.

In NUREG/CR-2333, ordinary cast concretes or hydraulic cements were
considered to have excellent leachability with respect to Pu loss, but genera-
tion of gas (particularly hydrogen) due to radiolysis of pore water was con-
sidered a weakness. For this reason, it was recommended that further work on
cement as a TRU waste form for repnsitory emplacement be restricted to spe-
cially prepared concretes with essentially no unbound water. Experimental
work with some of these special concretes had shown acceptably low levels of
gas generation in a number of tests before the programs were discontinued,

In fact, gas generation from concrete appears not to be a serious
problem for shallow land burial, at least under circumstances which can be
readily envisaged. 1In that case ordinary cast concrete might be a suitable
TRU waste form if TRU leach rates were deemed low enough to meet the perform-
ance objectives of Section 61.41. This would, of course, have to be demon-
etrated with the particular formulation of concrete to be used, but is is
worth noting that one formulation containing actual TRU waste has demonstrated
a release rate of <10~7 yr.(51> Aside from SYNROC, which was primarily a
HLW form, it was the only waste form reviewed in NUREG/CR-2333 which was
Jjudged to have met that release rate criterion.

5.1.1.2 More Advanced Ceramic and Mineral Phase Waste Forms

Several waste forms were reviewed in NUREG/CR-2333, which required
considerably more advanced technology than simply mixing waste and binder at
or near ambient temperature. These included iron-enriched synthetic basalt
(at one time the reference form for immobilization of DOE's stored TRU waste
at INEL), borosilicate glasses, specially prepared concretes and cementitious
forms, synthetic monazite, and SYNROC. This last form had been developed for
use with HLW, but testing (including leach testing) had been done with samples
containing TRU isotopes in concentrations comparable to those found in actual
TRU waste. Borosilicate glass was, of course, being considered for the refer-
ence HLW form, however certain formulations were developed specifically for
application to TRU waste streams.

It was concluded in NUREG/CR-2333 that the more advanced forms gen~
eraliy had not undergone sufficient testing, particularly leach testing, to
demonstrate suitability as forms for immobilizing TRU waste in geologic
repositories. However, certain SYNMROC formulations apparently met the release
rate and other criteria applied in NUREG/CR-2333, even though it had been
developed as a high level waste form.
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While the more advanced forms developed specifically for TRU waste
were judged as not completely demonstrated for geologic disposal, it is possi-
ble they could be considered suitable for shallow land burial of reasonable
amounts of TRU waste. Certainly SYNROC is in that category since it appears
to be acceptable for geclogic disposal. They are all generally quite stable
with respect to thermal degradation, biodegradation and to expected amounts of
radiation, and can assuredly be described as having received "special process-
ing or design,” as required by Section 61.7 (b) (5) for case-by-case
evaluation by NRC. In fact, the fault of most of them may be that they re-
quire too much "special processing” in their preparation, and might, there-
fore, be considered too expensive.

5.1.2 Decontamination Processes

One possible alternative has been mentioned (Section 5.1) of treating a
TRY waste stream exceeding Class C limits by reducing or removing surface con-
tamination so that the waste can be treated as Class A, or at least Class C.
At the same time, the removed TRU contaminant gives rise to a secondary waste
stream. Although this requires disposal, it will be in a much more compact
form than the original and one which should be easier to treat.

Decontamination processes are generally designed for use with metals.
Some can be applied to ceramics, and even to rubber and plastics, but such
applications are limited. Methods developed up to 1981 were reviewed in
NIREG/CR-2333. Since that time, the only DOE-sponsored work connected with
TRU isotope contaminants has been carried out under the Civilian Nuclear Waste
Treatment Program. Relevant processes from these sources are described in the
following sections.

5.1.2.1 Electrolytic Methods

These are applicable only to contaminated metals. The general method
of operation in electrolytic decontamination is to remove the contamination
along with a surface layer of metal. This layer is removed by passing an
electric current through a suitable electrolyte in a cell in which the piece
to be decontaminated is the anode. Depending on the choice of electrolyte and
the current-voltage conditions, the metal can be relatively uniformly dis-
solved and the surface left in either a highly polished state or in a somewhat
roughened condition. Strong acids, usually #4PO,, alone or in combina-
tion, are used to achieve a highly polished surface, and the process is called
electropolishing. In tems of contamination removal, it can be considered as
one type of electrodecontamination. Another type, producing a roughened sur-
face, uses mildly basic strong salt solution as the electrolyte.

A great deal of research and development work has been done on these
electrolytic methods, both in the U. S. and in other countries, and the tech-
nology is in a well-developed state. Decontamination to well below the
10 nCi/g level is routinely achievable, so that the decontaminated metals 1is
Class A low-level waste. However, at the “ime of the NUREG/CR-2333 review,
satisfactory treatment of the secondary TRU waste stream from electropolishing
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had not been demonstrated. TRU isotopes in basic electrolyte precipitate as
hydroxides along with the dissolved meta' being decontaminated, and can be
easily filtered to provide a small volume of secondary TRU waste. Since there
has been no DOE effort in electrolytic methods since that time, the basic
electrolyte must be considered the more attractive from the strictly waste
management point of view.

An electrolytic method developed in the U.K., which does not involve
removal of metal from the contaminated surface was described in NUREG/CR-2333,
This was called electro-cleaning, and involved removal of surface contamina-
tion by microbubbles of electrolytically generated gas, with no metal dissolu-
tion. To the extent this method was applicable to a given waste stream, it
would be preferred over use of either of the dissolution processes, since it
would give an even smaller secondary TRU waste stream. The current status of
development of the electro-cleaning method is not known.

5.1.2.2 Vibratory Finishing

Vibratory finishing i{s an industrial process used for surface finish-
ing of both small and large metal pieces. Its first waste management applica-
tion was to pretreat metal surfaces for subsequent electropolishing. It was
shown to have general applicability, removing scale, rust, grease, paint, and
organic films of all kinds. 1In the process it was found to remove most of the
TRU contamination, and was therefore developed as a decontamination method in
its own right. Early work used ceramic cutting media, but this contributed
relatively large proportions of both ceramic and metal particles to the secon-
dary waste stream. By the time of the review carried out in NIREG/CR-2333,
metal media were used almost exclusively, particularly case-hardened carbon
steel and stainless steel ball cones, which have the substantial advantage of
producing no secondary waste due to media wear.

The process is carried out in a liquid, commonly 10% NaOH solution,
from which the secondary waste can be easily filtered. The method is appli-
cable to rubber and plastic as well as metal (unlike electrolytic methods),
and experience has been tha: the presence of rubber and plastic pieces facili-
tates processing of metal pieces. Decontamination to <10 nCi/g has usually
been obtained. Recently in the Civilian Nuclear Waste Treatment Program, the
vibratory finishing process has been applied to decontamination of Zircaloy
cladding hulls with similar good results.(52)

5.1.2.3 Chemical Decontamination

Removal of radioactive contamination from solid surfaces by treating
with various chemical solutions is standard practice at U.S. and foreign nu-
clear installations, particularly as applied to decommissioning operations and
cleaning contaminated equipment. Some procedures have been developed for use
with TRU-contaminated equipuent, but the principles are the same regardless of
the nature of the radioactive contaminant. In general, the aim is to remove
only the oxide layer from a contaminated metal surface, with the expectation
that any contamination would have been held in the oxide layer and would be
removed along with it.
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In some instances, contamination might penetrate deeper than the
oxide layer and a layer of metal might have to be removed in order to remove
the contamination. Electrolytic methods could remove a surface layer of
metal, but removal is not uniform with irregular shaped pieces. A method
developed by HEDL(33) for treating Pu-contaminated stainless steel used
strong nitric acid solutions containing 0.1 M Ce(IV) at somewhat elevated
temperatures (approximately 90°C). While the process was very effective in
removing Pu contamination, it employed rather aggressive conditions and pro-
duced a secondary waste stream requiring considerable treatment prior to
disposal.

The milder treatments which do not remove metal have the advantage
that they are simple to use, since application of the cleaning solutions and
collection of the contaminants do not require highly specialized equipment.

The method can be applied to "washing" of large structures and pieces of equip-
ment, or to immersion of smaller pieces. Good results with cleaning Pu glove
boxes and cell liners after 12 years of service were demonstrated at

SRL(5“), and their process could presumably be adapted to small metal

pieces. Chemical treatment consisted of washing with alkaline permanganate
and oxalic acid solutions, with intervening water flushes, all at ambient tem-
perature. Two cycles reduced the contamination level to <10 nCi/g.

It can be concluded that relatively simple treatment may be capable
of reducing TRU contamination levels on metal surfaces to the point where the
metal is Class A waste. The SRL procedures, for example, achieved this with
the use of relatively small amounts of innocuous chemicals. Use of various
complexing and chelating agents which are included in standard procedures for
certain other types of contamination and contaminated equipment is not recom-
mended; in fact, their use could presumably only be permitted if the secondary
waste were treated to ensure their complete destruction before disposal.

5.1.3 Cellulosics and Other Combustible Waste

Properties of TRU waste in temporary storage at INEL and still being
generated by DOE were reviewed in NUREG/CR-2333 with particular attention to
leachability and gas generation. Leach data for this existing stored waste
was minimal and covered a range of many orders of magnitude. More work had
been planned by DOE, but was not done. In any case, it would be difficult, if
not impossible, to obtain data quantitatively relating leachability to some
standard waste due to the very wide range of materials, especially organics,
making up the waste. On the basis of the available information, it was con-
cluded thet "no credit can be given to as-generated TRU waste as a major bar-
rier in the controlled release of actinides."(so) Thue, while containment
of activity from this type of waste in a geologic repository might be possible
because of the major barrier imposed by the geology, it could rot be expected
in a shallow land burial situation, where the pathway to the surface is short
and the possibility exists for relatively rapid migration due to chelates.

Production of gas from radiolysis of pore water in concrete has been
mentioned (Section 5.1.1.1). In general, gas generation from contaminated
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cellulosics and other organics constitutes more of a problem, for a given TRU
activity level, since they are subjected to production of gas from bilodegrada-
tion as well as from radiolysis. Gas production from radiolysis is in direct
proportion to the amount of radioactivity present, whereas that from biodegra-
dation is not connected with the level of contamination. Thus biodegradation
can be, and has indeed often been found to be, the cause of the greater pro-
duction of gas. This will, of course, depend on the exact nature of the or-
ganic waste, and the conditions (temperature, moisture, etc.) to which the
waste Is subjected. The particular mixture of gases, as well as the amounts
formed, will also vary considerably in biodegradation.

Because of the problems associated with contaminated organic TRU-
contaminated waste as a waste form, particlularly those connected with leach-
ability and gas generation, it was recommended in NUREG/CR-2333 that combus-
tible TRU waste not be accepted in geologic repositories. Such waste is not
excluded from shallow land burial as Class A Waste, provided it is not capable
of generating quantities of toxic gases harmful to persons transporting,
handling, or disposing of it. For any combustible TRU-contaminated waste
(other than Class A), it would undoubtedly be advisable to process the waste
(by incineration or acid digestion) to an inorganic form, as recommended in
NUREG/CR-2333 for geologic disposal. For actual TRU waste (TRU content
>100 nCi/g) avoidance of combustible organics would be even rore important due
to the more stringent long-term stability requirements for waste exceeding
Class C limits, As discussed in Section 5.1, use of HICs for disposal of any
TRU waste, including combustibles, is considered unacceptable.

5.2 Greater Confinement Disposal (GCD)

This term refers to disposal in such a manner that confinement of the
disposed radionuclides will be greater than that provided by standard shallow
land burial. It is meant to be applied to non-high-level wastes considered
unacceptable for shallow land burial, i{.e., those that contain such high con-
centrations of radionuclides and/or quantities of long-lived radionuclides
ths . standard shallow land burial would result in a dose to a member of the
general 9ublic exceeding the performance objectives given in 10 CFR Section
61.41,(47) Emplacement in a deep geologic repository is ruled out by its
high cost. Thus GCD has been proposed as a safe alternative t? shallow land
burial, and an economic alternative to deep geologic disposal. 46)

DOE for several years has been involved in work with GCD concepts, and
criteria were ?ublished in 1981.(45) More recently, a generic study has
been completed 47) which analyzes the costs and risks of a number of GCD
alternatives, comparing them with those for standard shallow land burial and
HILW burial in a geologic repository. The results are summarized in Table 5.1.
They indicate that risks for all the GCD options analyzed are likely to be
several orders of magnitude less than those for regular shallow land burial,
while costs should be within a factor of 2 or 3 greater.
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Table 5.1

Generic Cost Plus Risk Comparison Alternatives?
(Taken From Table 7 of Reference 47)

Facility Type Cost ($10%) Health Risk ($106)b Total {$106)¢

SLB reference facility 8 5000 5000
Deep trench L4 : 15
Improved waste form 27 0.06 27
Engineered structure:

concrete-walled trench 22 0.009 22

intruder barrier 15 1 16
Augered shart:

southeast region 19 0.4 19

southwest region 19 0.004 19
Hydrofractured 24 <0.01 24
HLW repository >>50 <0.01 >>50

@Based on disposal of 10,000 m3 of warm GCD waste and 62.5 m3 of hot GCD
waste at a facility co-luocated with a SLB facility for LLW that meets 10 CFR
Part 61 or equivalent criteria for near-surface disposal.

PAll health risk estimates have been rounded to one significant digit.

The total is the ranking parameter which is the sum of cost plus health risk.
::a:s and ranking parameter values have been rounded to two significant

gits.

dFor liquid waste.

It is emphasized that this study was generic, and that the particular al-
ternative to be chosen for a given site would have to be based on a site-
specific analysis. One factor which is of great importance is the depth of
the water table,(“7) and alternatives requiring greater depths will not
necessarily be better at any given site. A point about the study which should
also be kept in mind ie that the two reference waste streams whose composi-
tions were used for analysis of most of the options (all except hydrofracture)
contained insignificant amounts of a-activity (<1 nCi/g). There is thus some
doubt as to the relevance of the analyses of these options for TRU wastes con-
taining relatisely high TRU concentratiouns. The third reference waste stream
had & TRU concentration well above the Class C limit, 1ts composition was
used for analysis of the hydrofracture option, so that anlaysis, at least,
should be relevant for TRU waste.

A study has been reported by Pacific Northwest Taboratories (PNL)(%3)
on possible "TRU advanced disposal systems” for burial at Hanford of some of
the TRU waste for which there will not be room in the Waste Isolation Pilot
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Plant (WIPP). 1t identifies several techniques, including grouting and in
situ vitrification, which were considered to provide "greater confinement"
against intrusion than that provided by shallow land burial. An example
systems analysis was performed with assumed performance objectives and
Hanford-specific disposal systems, waste forms, site characteristics, and
engineered barriers. Preliminary waste disposal criteria for Pu-239 were
determined by applying the Allowable Residual Contamination Level (ARCL)
method. The dependence of exposure on depth for Pu-239-contaminated soil
derived from this analysis was such that allowable soil concentrations of
Pu-239 were 0.5 nCi/g between the surface and a depth of 1 m, 2200 nCi/g at a
depth of 5 m, and 10,000 nCi at a depth of 10 m.

The two general options for GCD are exemplified by the 2nd and 3rd alter-
natives in Table 5.1, namely deeper burial and im;.oved waste form. The other
alternatives in that table involve special combinations of deeper burial with
engineered barriers. Field work has been commenced by DOE on several GCD
concepts at two sites, one in Nevada (arid),(hs) and one at Savannah River
Laboratory (SRL) (humid).(49) Work at the Nevada Test Site(48) is de-
signed to demonstrate the use of large diameter bore holes (3 m diameter, 37 m
depth), and is in the nature of a relatively long-term test, with instruments
in the shaft and in monitoring holes to monitor migration of tracers and
radionuclides, At SRL, the emphasis is more on actual disposal of waste being
generatcd.(aq) It has been found that 95% of the activity of this waste is
contained in 5% of the volume, and this high activity fraction will be dis-
posed of by GCD in boreholes and concrete-lined trenches.

5.3 Specific Applications to GEVNC TRU-Contaminated Waste

Three different waste streams containing TRU isotopes were identified and
described in Section 3.3. Each is characterized by a particular form and a
range of TRU isotope concentrations. Possible methods of dealing with each
type of waste to allow for its disposal are discussed below. This discussion
does not constitute a set of recommendations to GEVNC for disposal of their
waste, but describes some possible options.

5.3.1 Waste Containing 80-100 nCi/g of TRU Isotopes

This waste stream accounts for about 2/3 of the total waste volume and
an insignificant fraction of the total activity in the current inventory (see
Table 3.4). All the cement-solidified dilute burnup analysis solutions bLe-
long in this category, and essentially no other waste, As discussed in Sec-
tion 3.3.3, It is likely that a good deal of this waste exceeds the Class C
limit significantly, but not to a zreat extent, because of its Pu-~241 content.
Specifically, applying the sum of fractiors rule (10 CFR Section 61.57) would
probably yield a value significantly >1, but <1.8, for a good deal ot ihe
waste. That part of it would thus be officially TRU waste, rather than simply
TRU-contaminated LLW, but it is close enough to Class C LLW that it could be
expected to be considered by NRC as a special case for near-surface disposal
(see Section 5).
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At least some formulations of ordinary hydraulic cement(51) have been
shown to have excellent Pu leach resistance, as discussed in Section 5.1.1.1.
If the GEVNC formulation can be shown to behave similarly, there is reason to
expect that MRC would consider the form acceptable for near-surface disposal
of this low concentration TRU waste. An even stronger case could be made if
the small waste form, preferably without paint cans, were placed in a larger
container, such as a 30-gal or 55-gal drum, and made into a solid monoli thic
form by encapsulation in concrete. Documentatation of the waste form's good
leach performance would presumably be required. In addition, in order that
this waste be accepted as Class C stabilized waste, data would have to be pre-
sented by GE to show that the properties of the waste form were consistent
with 10 CFR Part 61 and the TP for Class C stabilized waste.

As far is known, no work is being done at commerical LLW burial sites
on development of GCD methods and no facility for GCD is in the active
planning stage at these sites (or elsewhere). This situation will presumebly
continue until NRC indicates a need for such a facility, and provides guide-
lines and criteria for its construction and operation. Some non-DOE waste
(e.g., the GEVNC waste under discussion) exceeds Class C limits, and more will
undoubtedly be produced. It is probable that some fraction of it will be
considered unsuitable for regular shallow land burial but acceptable for GCD.
The volume of this fraction may not be large enough to warrant building a
special GCD site, but one or more facilities at existing LLW burial sites may
be required. This need, in term, implies a need for criteria for GCD
disposal.

5.3.2 Solidified Hot Liquid Waste Stream

Inventory information for this waste stream is given in Table 3.4. The
waste represents 6% of the total volume and about 2/3 of the TRU activity in
the current inventory. The only waste in this waste stream is that obtained
by cement solidification of the hot liquid waste arising from dissolution of
samples of irradiated fuel used for burnup analysis. As discussed in Section
3.3.2, the TRU content is estimated to be in the range of 0.2 to 3 mCi/g, with
most of it in the range 1 to 2 mCi/g (1 to 2 x 106 nCi/g). Plutonium-241
concentrations are probably some 30 times these levels, so both TRU and Pu-241
activities are of the order of 104 times the respective Class C limits.

Also Cs-137 and Sr-90 concentrations are 1 to 2 orders of magnitude higher
than the Class C limits. It seems clear that this waste, while not equivalent
to HLW, is so much more radioactive than the hottest low-level waste generally
acceptable by MRC for land disposal that it {s not expected to be considered
acceptable for disposal at a commercial LLW site, even as a special case.

One possible option for dealing with the waste would be to arrange for
{ts transfer toc DOE, DOE has several possible alternatives for handling it,
which are not available to non-DOE generators. These include emplacement in
the Waste Isolation Pilot Plant (WIPP) and storage at a facility such as that
at INEL until a suitable GCD facility operated by DOE became available.
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The present inventory of 9 gallons could presumably be repackaged, with-
out paint cans, in one or two 55-gallon drums lined with 6 in. or more of ce-
ment, which could then be filled with cement. Dilution of the activity to
this extent would probably be acceptable, but would still leave it about 103
times the Class C limit. However, the procedure would provide a significant
barrier of nonradioactive cement for the waste, and might be acceptable for
one of the GCD options, It will, of course, be some years before any suitable
GCD option is likely to be available at a commercial burial site and criteria
are not yet available to judge the adequacy of this waste form.

The current inventory of this waste stream is already solidified, but
for hot liquid waste produced in the future the option exists of treatment to
prepare one of the special waste forms discussed in Section 5.1.1.2. A suit-
able SYNROC formulation or iron-enriched synthetic basalt should provide good
long-term stability, and SYNROC in particular has been shown to have very low
leach rates for Pu. These qualities address the concern for "special process-
ing or design" expressed in 10 CFR Part 61. Thus such waste forms might qual-
ify for regular land burial at somewhat greater depth than normally used at
commercial LLW burial sites. At least a good case could be made for their
disposal with some form of GCD. However, the applicable criteria do 1ot exist
at present to determine the acceptability of processed wastes for GCD,

From the preceding discussion, it can be concluded that no acceptable
method of disposing of waste containing very high levels of TRU activity
appears to exist in the private sector. When the concepts for a high level
waste repository were described in the original version of 10 CFR Part
50(55), it was considered that TRU waste would be emplaced in a licensed HLW
resgositorv, along with the HLW. Although the present version of 10 CFR Part
60(32) deals only with HLW, it does not explicitly rule out emplacement of
TRU waste in an ALW repository. In fact, waste with levels of TRU activity
such as those in the GEVNC waste may still be required to be emplaced in a
geologic repository. However, if not, it seems clear that if such waste is to
be disposed of at commercial sites, development of suitable GCD alternatives
at one or more of these sites will be necessary.

5.3.3 Solid WVaste

The principal components of this waste stream are described in
Section 3.3, In temms of activity it represents about 1/3 of the total In
ventory while contributing about 1/4 of the volume. The bulk of the activity
is concentrated in the sections of fuel pellets used for metal lographic exami-
nation, and in the cuttings formed when they are removed from the fuel ele-
ments by a diamond cutting wheel. The cuttings are cleaned up with paper
wipee. The remainder of the activity is assoclated with pleces of Zircaloy
cladding, pieces of discarded equipment, including the diamond-encrusted brass
cutting wheels, used glassware, and the small amount of sclidified sludge
resulting from polishing operations,




The solid waste varies widely in its TRU content, but on average is a
factor of only 2.5 lower than that of the solidified hot liquid waste (see
7able 3.4). Thus much of it will be at a high enough level that the same
situation exists for it as for the solidified hot liquid waste discussed in
Section 5.3.2, i.e., there appears to be no way of disposing of it at a com-
mercial site. In its present form (loose scrap in paint cans), it would be
even less acceptable than the solidified hot wastes. ‘lowever, since it is
loose, it should be possible to sort it into its comp.ients and to devise
me thods of treating it to obtain some acceptable waste forms for shallow land
burial. Some of these possible methods as they apply to the mixed waste and
to different components of the solid waste stream are discussed below. On the
basis of the information on this waste stream at our disposal, there seems to
be no reason why the methods could not be applied to the present inventory.
They could obviously be applied to future waste generated, and it might be
advantageous to do so. At least the waste could be segregated into its sepa-
rate components as it was generated, in case the option to treat components
separately was chosen at a later time.

5.3.3.1 Encapsulated Mixed Solid Waste

The solid waste could be encapsulated in cement as is (without the
paint cans, or at least without the 1ids) in cement-lined 55-gallon drums as
described in Section 5.3.2 for blocks of solidified hot liquid waste. Al-
though there is a larger volume of solid waste, the dilution factor upon en-
capsulation would be similar, so the TRU concentration would still be some
102 to 107 times higher than the Class C limit. As is the case with the
solidified hot liquid waste encapusluated in this way, it might be acceptable
for one of the GCD options.

5:3:.3.3 Fuek_Pellet Sections

This component of the solid waste stream contains the largest frac-
tion of the activity and would be easy to separate from the rest of the waste.
An apparently simple method of treating the polished sections would be to re-
move them from their plastic (presumably Lucite) mounts and dissolve them as
the larger samples for burnup analysis are dissolved. The resulting acidic
solution could be neutralized and cement solidified in the same way as the
burnup analysis solutions have been handled. Alternatively, this solution
could be treated to convert the radioactive isotopes intc a chemical form from
which one of the special waste forms discussed in Section 5.1.1.2 could be
prepared. The discusslon of special waste forms included in Section 5 3l
applies here also,

5.3.3.3 Paper Wipes with Fuel Cuttings

The second largest fraction of activity in the solid waste is that
arising from cutting the fuel pellets. The small particles of fuel end up
mostly on paper wipes, which could easily be separated or kept separate, from
the rest of the waste. As discussed in Section 5.1.3, it is advisable to ex-
clude organic combustible waste from Class C LLW. When encapsulated in a




solid waste form, it would almost certainly detract from the form's long-term
stability due to its decomposition by radiolysis and biodegradation. There is
even more reason to exclude it from waste forms containing highly active TRU
waste, where long-term Stability is crucial.

In any case, organics can easily be destroyed by such metliods as
incineration and acid digestion, so it seems reasonable to require this treat-
ment for the paper wipee. Considering their small volume, incineration might
be impractical, but ashing in a crucible could presumably be substituted, and
the ash could be incorporated in cement or in one of the special waste forms
discussed in Section 5.1.1.2. Acid digestion would also be easy to apply on a
small scale, particularly to cellrlosics, but would leave the TRU isotopes
dissolved in sulfuric acid solution. Treatment to prepare special waste forms
would still be feasible, and preparation of ordinary hydraulic cement would be
straightforward. In fact, for the latter form, the acid solutions from this
stream, from the dissolving of the fuel pellet sections and from the hot
liquid waste stream could all be combined if desired.

Hiscellansous Solids

Surface-contaminated solids (other than wipe papers) account for most
of the volume in the solid waste stream but only a small fraction of the TRU
activity, perhaps 10%. It is possible that a great deal of this waste could
be decontaminated to levels where it would be Class A or Class C LLW, and thus
could be sent to shallow land burial. In the process, a secondary TRU waste
stream would be produced, but with TRU concentrations much less than those in
the solutiuns resulting from processing burnup analysis samples, metallo-
graphic examiration sections, or wipe papers. This secondary waste stream,
when converted to a solid waste form, would still have TRU levels much lower
than waste forms prepared from the hot liquid wastes, quite possibly in a
range where the waste could be considered on a case-by-case basis by NRC for
near-surface disposal.

specific components of the GEVNC solid waste and possible trcatments
are listed below and presented in tabular form in Table 5.2. Although results
obtained with decontamination procedures will vary with the exact nature of
the waste, the methods considered have all been shown to be capable of re-
ducing TRU levels to <10 nCi/g on actual (rather than simulated) waste. To be
applicable to the GEVNC waste, they would have to be capable of operating on a
small scale, since the amounts of waste involved are relatively quite small.

antaqug}ed E]uirment Made of Steel

a. This could be decontaminated electrolytically by one of the
me thods described in Section 5.1.2.1. E£lectrolytic methods
can readily be applied on a small scale. Use of basic elec-
trolyte would be preferable from the point of view of dis-
posing of the secondary waste.

Chemical decontamination methods, such as those discussed in
Section 5,1.2.3, can also be applied on a small scale.




Vibratory finishing (Section 5.1.2.2) works well with metals
and also plastics, but might not be feasible for the GEVNC
waste, depending on the shapes and sizes of the waste to be
decontaminated and its amount. Adapting to the small scale
required might be impractical.

Zircaloy Cladding

a. Chemical decontamination is applicable on the small scale
called for here. A simple treatment with HNOj in a beaker
might be suitable to dissolve any fuel still adhering to the
cladding.

The volume of waste is so small that vibratory finishing
would almost certainly be impractical for this waste by
itself.

Diamond Cutting Wheels

a. These are made of brass and could probably be decontaminated
readily by simple treatment with HNOj.

Since the number of wheels entering the waste stream i{s ex-
pected to be small, the remarks under 2b apply here also.

Plastic Metallographic Section Holders

It is quite likely that chemical decontamination would work
for this waste. If it were not satisfactory, the plastic
could be ashed, or decomposed by acid digestion. All of
these treatments are suitable for small-scale work,

The plastic pieces could also be treated by vibratory finish-
ing, but again the small volume of waste might make this
me thod unsuitable.

Contaminated Glassware

a. The only obvious and simple way of decontaminating glass
waste is probably by chemical treatment, which cen readily be
applied to whatever volumes are generated.

An alternative method of handling glass waste might be to
pulverize it and incorporate the powder in cement or another
suitable waste form,

Overall Waste Stream

a. Although chemical decontamination is applicable te all kaown
components of the solid waste, several different agents would




almost certainly be required for efficient treatment of the
different materials. This effectively necessitates that each
component be handled separately. As pointed cut in Section
5.1.2.3, chelating agents should not be used unless they are
completely rem ved from the secondary waste stream.

All the components except glass can be decontaminated by
vibratory finishing. The method would probably be imprac-
tical for any one component, but if they were combined, it is
possible the waste volume might be large enough to make the
me thod feasible.

ntamination Method
Vibratory

Fianlshine®
Finlshing

ndicated Might be lmpractical for small amounts
e feasible L{f all combined

Summary of Qﬁ}ions

The GEVNC solidified dilute burnup analysis solutions can proba*ly be
handled at a commercial LLW burial site. The remainder of the waste, both
current inventory and that produced in the f iture will require some other
treatment., Most of its radicactivity will _robably not be able to be handled
by shallow land burial, even on a special case-by-case basls. On the other
hand, most of its volume could be decontaminaied and disposed of as LLW at a
commerical disposal site.




The solid waste in both the current inventory and that resulting
from future operation could be sorted into components. Sections of
fuel and wipes of fuel cuttings contain the bulk of the activity in
a small volume, and could be treated as discussed in Sections
5.3.3.2 and 5.3.3.3. Possible methods for treating the contaminated
solids, which account for only about 5% or less of GEVNC's total TRU
activity, have been described in Section 5.3.3.4. The object of all
these methods is to convert the solid waste volume to Class A waste,
with production of a secondary waste stream which can readily be in-
corporated into a solid waste form exhibiting long-term stability
and low TRU leachability. The levels of TRU activity in such secon-
dary waste might be low enough that it could also be considered for
near-surface disposal on a special case basis.

It was pointed out in Section 5.3.3.3 that all the hot waste so lu~-
tions resulting from dissolving fuel sections (for burnup analysis
and metallograhic examination), and from acid digestion of paper
wipes, could be combined. This would allow treatment of
of GEVNC's total TRU activity in one waste stream. The TRU concen-
trations of a waste form prepared from such solutions would be sev-
eral orders of magnitude higher than the Class C limit, but no
greater than those in the current solidified hot ligquid waste.
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« O more

As discussed in Section 5.3.2, there appears presently to be no ae-
ceptable meihod in the private sector for disposing of wastes con-

taining such high levels of TRU activity. One possible option would
be to arrange to transfer them to DOE. If this option is not avall-
able, they would either have to be emplaced in a future licensed

geologic repository, or in a suitable GCD facility at a LIV burial
site once such a facility has been developed. Both of these alter-
natives appear to be some distance in the future.

The potential need for GCD facilities for non-DOE wste was pointed
out in Section 5.2. Guidelines and criteria would have to be deve-
loped by NRC for construction and overation of such facilities.
Criteria would also have to be developed for the types of waste and
waste forms to be handled by GCD.
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respect to the guidelines given in the TP for waste forms. In addition, this
waste package was evaluated to see if {t met the minimum requirements for
wastes given in 10 CFR Part 61.

6.2.1 Minimum Requirements

The Class B and C waste packages evaluated appear, in general, to meet
the minimum requirements for waste given in 10 CFR Part 61 Section 56,

Stability Requirements

Spalling and cracking of the concrete/basket/waste monolith in the
GEVNC high activity waste package as a consequence of the pressures generated
in corrosion of embedded steel was considered for the GEVNC package as gen-
erated and in its trench environment., This spall’ g/cracking process is a
potential failure mode that is not directly addressed in the Technical Posi-
tion. Such spalling and cracking could lead to loss of monolithic form of the
waste, It was determined that insufficient chloride was present in the wastes,
grout, or trench environment to allow initiation of the metal corrosion proc-
ess, If other agents capable of initiating the corrosion of the baskets were
present, the probability of these causing spalling is quite low due to the
scarcity of water at the Hanford site, If these packages were disposed of in
a humid site, an assessment of the expected corrosion rates in the presence of
these agents would be necessary before conclusions about lifetime stability
could be drawn,

Guidelines in the Technical Position

The GEVNC grouted drum concrete/basket/waste monolith has been evalu-
ated with respect to the guidance on processed waste provided in the TP. A
ma jor factor that enters into this evaluation is that very little actual test-
ing in accordance with the TP has yet been performed by GEVNC and, the deter-
mination of proper representative test sample sizes is not straightforward be-
cause GEVNC has heterogeneous waste,

The TP guidelines have been considered individually as they apply to

the GEVNC high activity Class B and C waste form and the evaluation summaries
are given as follows:

¢ GEVNC high activity wastes are packaged according to a well-defined
procedure which cannot strictly be called a process control program
since it lacks specific information on weights/volumes., It does,
however, provide tolerances for the grout mixtures, It has not been
demonstrated that this procedure will ensure compliance with the
recommenda tions given in the TP, The variability in the waste
streem 18 considered a limiting factor in production cf consistently
uniform processed waste packages,

The compressive strengths of the concrete grout and of the waste
etal and glass are all expected, individually, to exceed 50 psi.




The compressive strength of compacted paper and plastics present in
the wastes is not known. However, the compressive strength of a
monoli th produced by combination of these materials cannot be simply
determined by means other than actual testing.

The radiation stability of the GEVNC grouted waste monolith is de-
pendent on the radiation stability of the individual components.

The concrete, metal and glass waste {tems are expected to be stable
in a radiation field., GEVNC has run tests on the grout mixture con-
crete to 108 rad exposure in which no signs of degradation were
evident, but testing of reprecentative waste samples should be
performed at 10% rad since this is the dose that occurs with the
Class C waste activity limits,

The waste plastics and cellulosics are expected to undergo radioly-
sis. The radiolysis products are expected to include both gases
(Hy, CO, and CO;) and liquids (organic acids). Gaseous radioly-
sis products should, under normal conditions, escape the package,
The liquid organic acids may attack the concrete and/or metal waste
items depending on the distance between these materials, The large
amount of acid-neutralizing hydroxide present in concrete is ex-
pected to reduce the capacity of radiolysis-produced acids to
compromise the waste form stability.

The high pH of the concrete will tend to inhibit microbial growth,
The potential exists for radiation self-sterilization of the high

activity grouted waste forms, Acids are the principal biodegra-
dation by-products expected to be waste form-degradative but acid
neutralization will occur in the concrete (until {ts capacity is
exceeded) and, thereby the potential effects of these acids may be
lessened.

Leach testing should be performed on representative GEVNC waste
samples. Leach tests of these forms must be carefully designed and
their results carefully interpreted to ensure appropriate assignment
of leaching properties. The leachability index of the grouting
material and/or the form itself should be determined by GEVNC
through testing.

Immersion testing should be performed on these waste forms,

The presence of free liquid in the waste package has been ruled out
on the basis of observations during tests performed by GEVNC, How-
ever, the check by breach-drilling of the container for drainable
free Iiquid has not yet been done and it should be performed.

The establishment of test sample size for the GEYNC heterogeneous
high activity grouted waste monolith must ensure that samples are
indeed representative, It may be found that only full-size testing
is appropriate and justifiable,




e The homogeneity of compressive strength throughout the waste form
monolith is questioned on the basis of the heterogeneity of waste
ftems. Testing must be done to show that this monoli th has the
necessary strength throughout,

Conclusions and Recommendations

¢ Regarding GEVNC's TRU-contaminated waste, the solidified dilute
burnup analysis solutions can probably be handled at a commercial
LLW burial site. The remainder of the waste, both current inventory
and that produced in the future, will require some other treatment.
Most of its radioactivity will probably not be able to be handled by
shallow land burial, even on a special case-by-case basis. On the
other hand, most of its volume could be decontaminated and disposed
of as LLW at a commercial disposal site. In order to accomplish
this, sorting of the solid waste into its components would be
necessary.

Combining all the hot waste solutions resulting from dissolving fuel
sections and from acid digestion of paper wipes would allow treat-
ment of 95% or more of GEVNC's total TRU activity in one waste
stream. The TRU concentrations of a waste form prepared from such
solutions would be several orders of magnitude higher than the lass

limit, but no greater than those in current solidified hot liquid
waste,

There appears presently to de no acceptable method in the private
sector for disposing of waste containing such high levels of TRI

activity ne possible of tion would be to arrange to transfer then

to DOE. [f this option is not available, they would either have to

be emplaced in a future licensed geologic repository, or in a suit-
v

able GCD facility at a LLW buiral site once such a facility has been

developed.

It is recommended that guidelines and criteria be developed by N8
for construction and operation of GCD facilities. Criteria shouls
also be developed for the types of waste and waste forms to be

handled by

Evaluation of Additional Hazards in the GEVNC Wastes
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PART 61 ¢ LICENSING REQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE

disposal site belore they leave the site
boundary

§ $1.54  Alternative requirements for
design and operations.

The Commission may, upon request or
on its own initiative, authorize
provisions other than those set forth in
§§ 61.51 through 01.53 for the
segregation and disposal of waste and
for the design and operation of a land
disposal facility on a specific basis, if it
finds reasonable assurance of
compliance with the performance
objectives of Subpart C of this pant.

§ 0155 Waste classific ation.

{a) Classification of waste for near
surface disposal

(1) Considerations. Determination of
the classification of radicactive waste
involves two considerations. Firet,
consideration must be given to the
concentration of long-lived
radionuclides (and their shorter-lived
precursors) whose potential hazard will
persist long after such precautions as
institutional controls, improved waste
form, and deeper disposal have ceased
10 be effective. These precautions delay
the time when long-lived radionuclides
could cause exposures. In addition, the
magnitude of the potential dose is
limited by the conceniration and
svailability of the radionuclide at the
time of exposure. Second, considerstion
mus! be given to the concentration of
shorter-lived radionuclides for which
requirements on institutional controls,
was!s form, and disposal methods are
ellective.

(2) Classes of waste. (1) Class A waste
is waste that is usually segregated from
other waste classes at the disposal site.
The physical form and characteristics of
Class A wasle mus! meel the minimum
requirements set forth in § 61.58(a). If
Class A waste also meets the stability
requirements set forth in § 01.58(b), it is
not necessary o segregate the waste for
disposel.

(i) Class B waste is waste that must
mee! more rigo’ ous requirements on
waste form to ensure stability after
disposal. The physical form and
characteristics of Class B waste must
meet both the minimwan and stability
requirements set forth in § 01.58.

\m) Class C waste is waste that not
only mus! mee! more rigorous
requirements on wasle lorm o ensure
stability but also requires additional
measures a! the disposal fecility to
:.r:ucl agains! inadvertent intrusion.

¢ physical form and characteristics of
Class C waste must meet both the
minimum and stability requirements set
forth in § 01.56.

(iv) Waste thal is not generally
acceptable for near-surface disposal s
waste for which waste form and
disposal methods must be different, and
in general more stringent, than those
specified for Class C waste. In the
absence of specific requirements in this
part, proposals for disposal of this waste
may be submitted to the Commission for
approval, pursuant to § 01.58 of this

rn

(3) Classification determined by long-
lived radionuclides. If radicactive waste
contains only redionuclides listed (n
Table 1, classiflication shall be
determined as follows:

(i) If the concentration does not
exceed 0.1 times the value in Table 1,
the waste is Class A.

(ii) If the concentration exceeds 0.1
times the value in Table 1 but does not
exceed the value in Table 1, the waste s
Clams C.

iii) If the concentration exceeds the
value in Table 1, the waste is not
nerally acceptable for near-surface
isposal.

(iv) For wastes containing mixtures of
radionuclides listed in Table 1, the total
concenlration shall be determined by
the sum of fractions rule described in
paragraph (a)(7) of this section.
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(4) Classification determined by short-
lived radionuclides. If radicactive waste
does not contain any of the
radionuclides listed in Table 1,
classification shall be determined based
on the concentrations shown in Table 2.
However, as specified in paragraph
(a)(8) of this section, If radicactive
waste does not contain any nuclides
listed in either Table 1 or 2, it is Class A.

(i) If the concentration does not
exceed the value in Column 1, the waste
Is Class A.

i) If the concentration exceeds the
value in Column 1, but does not exceed
the value in Column 2, the waste is
Class B.

ilf) if the concentration exceeds the
value in Column 2 but does not exceed
the value in Column 3, the wasie is
Class C

47 FRS7446

(iv) If the concentration exceeds the
value in Column 3, the waste is not
generally acceptable for near-surface
disposal.

{v) For wastes containing mixtures of
the nuclides listed ‘n Table 2, the total
concentration shall be determined by
the sum of fractions rule described in
paragraph (a)(7) of this s~ction
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(5) Classification determined by both
long- and short-lived radionuclides. If
radioaclive wasle coniains @ mixture of
radionuclides, some of which are listod
in Table 1, and some of which are listed
in Table 2, classification shall be
determined as follows:

(i) If the concentration of a nuclide
listed in Table 1 does not exceed 0.1
limes the value listed in Table 1, the
class shall be that determined by the
concentration of nuclides listed in Tuble
2

(ii) If the concentration of 8 nuclide
listed in Table 1 exceeds 0.1 times the
value listed in Table 1 but does not
exceed the value in Table 3, the wast
shal' be Class C, provided the
concentration of nuclides listed in Talle
2 does not exceed the value shown in
Column 3 of Table 2.

(8) Classification of wustes with
radionuclides other than those listed in
Tables 1 and 2. If radicactlive waste
does not conluin any nuchides listed in
either Table 1 or 2, it is Class A

(7) The sum of the fractions rule for
mixtures of radionuclides. For
determining classification for waste that
contains a mixture of radionuclid 2s, it is
necessary to determine the sum of
fractions by dividing each nuclide's
concentration by the appropriate li
and adding the resulting values. The
appropriate limits must all ve taken
from the same column of the same table
The sum ef the fractions f
mus! be lese than 1.0 if the waste clusy
is 1o be determined by that column
Exumple: A waste contains $r-90 in a

or the column




PART 61 « LICENSING FEQUIREMENTS FOR LAND DISPOSAL OF RADIOACTIVE WASTE

concentration of 50 Ci/m* and Cs137 in
a concentration of 22 Ci/m* Since the
concentrations both exceed the valu.s
in Column 1, Table 2, they must be
compared to Column 2 values. For 8¢-3°
fraction 50/150 = 0.33; for Ca-127
fraction, 22/44 =0.5; the sum of the
fractions = 0.83. Since the sum. is less
than 1.0, the was'e is Class 3.

(8) Determinatipn of concentrations in
wastes. The concentration of a
radionuclide may be determineJ by
indirect methods such as use of sca''y
fuctors which relate ine inferred
concentration of one radionucliue to
another that is measured, r&
radionuclide material sccountability, if
there is reasonable assurance that the
indirect methods can be correlated wiith
actual measurements. The concentration
of a radionuclide may be average.' over
the volume of the waste, or weight of the
waste if the units aie expressed as
nanocuries per yram

§01.58 Waste characteristics

(a) The followng renuirements are
minimum requirements 5. all classes of
waste and are intended Lo facilitate
handling at the dispes ! site and provide
protection of health acd safety of
personnel at the disposal site.

(1) Waste must not be packaged for
disposa! in cardbosz:d or fiberivoard
boxes

(2) Liquid waste must be solidified ot
packaged in sufficient absorbent
material to absorb twice the volume of
the liquid.

(3) Solid waste containing liquid shall
contain as little free standing and
noncorrosive liquid a « is reasonably
achievable, but in no case shall the
liquid exceed 1% of i.e volume.

[4) Waste must no! be readily capabie
of detoration or of explosive
decomposition or reaction at normal
pressures and tem peratures, or of
explosive reaction. with water

(5) Waste musi not contain, or be
capable of generating, quantities of loxic
gases, vapors, or fumes harmful to
persons transporting, handling, or
disposing of the waste Tlis does not
apply to radioactive gasc Jus waste
packaged in accordancs with paragraph
{a)(?) of this section

(8) Waste must not be pyrophoric.

rophoric materials contained in waste
shall be treated, prepared, and packaged
to be nonMammable.

(7) Wasiz in a gaseous form mus! be
packaged at 8 pressure that do- = not
exceed 1.8 # imospheres at 20°C. Total
activity must not exceed 100 curies per
container

(8) Waste containing hazardous
blolog!cal, pathogenic, ot infectious
material must be treated to reduce to the

December 30, 1982

~ converted into a

mazimum extent practicable the
potential hazard from the non-
radiological materials.

(b) The requirements in this section
are intended to provide stability of the
waste. Stability is intended to ensure
that the waste does not structurally
degrade and affect overall stability of
the site through slumping, collapse, or
other failure of the dizposal uniy and
thereby lead 1o woter infiitration
Sisbility is also a lactor ' |'miting
expostie ' an inadvortont intiuder,
s:nos ity *ovides a recognizable and
nondisnireible waste.

(1) Waste must have saucturel
stability. A structurally stable waate
form will generally maintain (s phys cal
dimensions sn its form, urder the
expected disposal conditiuns such »s
weight of overburden ar.d compact! )n
equipment, the presence of moisture,
and microbiai activity, and iiiernal
factors such as radiation effects and
chemical char ges. Structural stability
can be provided by the waste form
itself, processing the waste to a stable
form, or placing the.waste in a disposal
container or stiucture that provides
stabi .7y afler & ~posal

(2; Notwithstanding the provisions in
§4 01.58(a) (2) and (3), liquid wastes, or
waster :omainin? liquid, must be

orm (hat contains a»
little free standing and nuscorrosive
liquid as is reasonably achizvable, but
in no case shall the ‘lqui® a«cerd 1% of
the volume of the wa:'e when the wasle
is In a disposal container ¢ 2signed to
ensure stability, or 0.5% of the volume of
the waste for “vaz'~ nrocessed to a
stable form.

(3) Vol spaces within the waste and
between the waste and i's package ma!
be reducad to the exteut practicable

§ 81.57 Labeling.

Each package of waste must be
clearly 'abeled to identify whether it s
Class ' waste, Class D waste, or fluss C
wrste in dccordance with § 61.58

§ 758 Alternative requirements for waste
cidssification and characteri itles.

The Commissic 1 may, bpon 1 quest or
on Its own initiative, authoris® <ther
provisions for the i'assif cat'ch and
characteristics of wa e on & specific
basis, if, after evaluation of tha specific
chavncteristica o ixe wuste, disposal
site, ond me'di0d! of disposal, it finds
reay .~ ne 2 ssurance of compliance
with ‘i pec "~ *raance objectives in
Subpart C of this part.

§ 61.59 Institutional requirements.

[8) Land ownership. Disposal of
radioactive waste received from other
persons may be permitted only on land
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owned in fee by the Federal or a State
government.

(b) Institutional control. The land
owner or custodial agency shall carry
out an Institutional control program to
physically control access to the disposal
site following transfer of control of the
disposal site from the disposal site
operator. The institutional control
rrognm must also include, but not be
imited to, carrying out an
environmental moaitoring program at
the disposal site, periodic surveillance,
minor custodial care, and other
requirements as determined by the
Commission; and administration of
funds to cover the costs for these
activities. The period of institutional
conirols will be deiermined by the
Commission, but institutional controls
may nol be relied upon for more than
100 years following transfer of control of
‘he disposal site to the owner.

Subpart E—~Financlal Assurances

§81.81 Applicant qualifications and
assurances.

Fach applicant shall show that it
either possesses the necessaiy funds or
hes reasonable assurance of obtaining
the necessary funds, or by a
combination of the two, o cover the
estimated costs of conducting all
licensed ac’ivities over the planned
operating i ¢ of the project, including
coste of construction and disprsal.

§61.82 Funding for disposal sits closure
and stalsviion,

(a) The aprlicant shall provide

! assurance that sufficient funds will be

available to carry out disposal site
clesure 8~ 1 stabilization, including: (1)
secontamination or dismantiement of
land &' 1posal facility structures; and (2)
closure and stabilization of the disposal
site 8o that following transier of the
disposal site to the site owne:, the need
for ongoing active maintenance is
eliminated to the extent practicable and
m\lJ minor custodial cere, surveillance,
and monitoring are required. These
assurances shall be based on
Commission-approved cost estimates
refllecting the Commiasion-approved
plan for disposal site closure and
stabilization. The applicant’s cost
estimates must take into account total
caniial costs that would be incurred if
an lndependent contractor were hired to
perform the closure and stabilization
work.

(b) In order to avold unnecessary
duplication and expense, the
Commission will accept "aancial
sureties that have been ~oisolidated
with earmarked financie’ or surety
arrangements eglablished 'o meet




APPENDIX B

TECHNICAL POSITION ON WASTE FORM

2. Stability Guidance for Processed (i.e., Solidified) Class B and C
Wastes

a. The stability guidance in this technical position fqr processed
wastes should be implemented through the qua]1f1cat1on of the
individual licensee's process control program. Generic test
data may be used for qualifying process control programs.
Through the use of a well designed and implemented process
control program, frequent requalification to demonstrate
stability is expected to be unnecessary. However? process
control programs should include provisions to per10q1c¢11y
demonstrate that the solidification system is functioning
properly and waste oroducts continue to meet the 10 CFR Part 61
stability requirenents. Waste specimens should be prepared

based on the proposed waste streams to be solidified and based
on the range of waste stream chemistries expected. The tests
identified may be performed on radiocactive or non-radioactive
samples.

Solidified waste specimens should have compressive streggths of
at least 50 psi when tested in accordance with ASTM C39~.
Compressive strength tests for bituminoys products should be
performed in accordance with ASTM D1074".

Many solidification agents will be easily capable of meeting
the 50 psi limit for properly solidified wastes. For these
cases, process control parameters should be developed to
achieve the maximum practical compressive strengths, not simply
to achieve the minimum acceptable compressive strength.

The specimens for each proposed waste stream formulation should
remain stable after being exposed in a radiation field
equivalent to the maximum level of exposure expected from the
proposed wastes to be solidified. Specimens for each ;ruoosea
waste stream formulation should be exposed to a minimum of 10
Rads in a gamma irradiator or equivalent. If the maximum level
of exposure is expected to exceed 10 Rads, testing should be
performed at the expected maximum accumulated dose. The
irradiated specimens should have a minimum compressive strength
of 50 psi folloying irradiation as tested in accordance with
ASTM C39 or ASTM D1074.
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TECHNICAL POSITION ON WASTE FORM

Specimens for each proposed waste stream formulation should be
tested fgr resistance to biodegradatioi in accordance with both
ASTM G21” and ASTM G22°. No indication of culture growth should
be visible. Specimens should be suitable for compression
testing in accordarce with ASTM C39 or ASTM D1074. Following
the biodegradation testing, specimens should have compressive
stg;:gths greater than 50 psi as tesied using ASTM C39 or ASTM
D1074.

For polymeric or bitumen products, some visible culture growth
from contamination, additives or biodegradable components on
the specimen surface which do not relate to overall substrate
integrity may be present. For these cases, additicnal testing
should be performed. If culture growth is observed upon

completion of the biodegradation test for polymeric or bitumen
products, remove the test specimens from the culture, wash them
free of all culture and growth with water and only light
scrubbing. An organic snlvent compatible with the substrate
may be used to extract surface contaminants. Air dry the
specimen at room temperature and repeat the test. Specimens
should have observed culture growths rated no greater than 1 in
the repeated ASTM G21 test, and compressive strengths greater
than 50 psi. The specimens should have no observed growth in
the repeated ASTM G22 test, and a compressive strength greater
than 50 psi. Compression testing choyld be performed in
accordance with ASTM C39 or ASTM D1074.

If growth is observed following the extraction procedure,
longer term testing of at least six months should Le perform,d
to determine bivdegradation rates. The Bartha-Pramer Method
is acceptable for this testing. Soils used should be
representative of those at burial grounds. Biodegradation
extrapolated for full-size waste forms to 300 years should
produce less than a 10 percent loss of the total carbon in the
waste form.

Leach testing should be performed for a ménimum of 90 days in
accordance with the proccdure in ANS 16.17. Specimen sizes
should be consistent with the samples prepared for the ASTM C39
or ASTM D1074 compressive strength tests. In addition to the
demineralized water test specified in ANS 16.1, additional
testing using other leachants specified in ANS 16.1 should also
be performed to confirm the solidification agents leach
resistance in other leachant media. It is preferred that the
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synthesized sea water leachant also be tested. In addition, it
is prefgrable that radioactive tracers be utilized in
performing the leach tests. The leachability index, as
galcu]ated in accordance with ANS 16.1, should be greater than

Waste specimens should maintain a minimum compressive strength
of 50 psi as tested using ASTM C39 or ASTM D1074, following
immersion for a minimum period of 90 days. Immersion testing
mav be performed in conjunction with the leach testing.

Waste specimens should be resistant to thermal degradation.
The heating and cooling chambers used for the thermal

degradation testing should conform to the description given in
AST R553, Section 3. Samples suitable for performing
compressive strength tests in accordance with ASTM C39 or ASTM
01074 should be used. Samples should be placed in the test
chamber and a series of 30 thermal cycles carried out in
accordance with Section 5.4.1 through 5.4.4 of ASTM B553. The
high temperature limit should be 60C and the low temperature
limit -40C. Following testing the waste specimens should have
compressive strengths greater than 50 psi as tested using ASTM
C39 or ASTM D1074.

Waste spzcimens should have less than 0.5 percent by volume of
the waste specimen as free liquids as measured using the method
described in ANS 55.1. Free liquids should have a pH between 4

and 11.

If small, simulated iaboratory size specimens are used for the
above testing, test data from sections or cores of the
anticipated full-scale products should be obtained to correlate
the characteristics of actual size products with those of
simulated laboratory size specimens. This testing may be
performed on non-radioactive specimens. The full-scale
specimens should be fabricated using actual or comparable
solidification equipment.

waste samples from full-scale specimens should be destructively
analyzed to ensure that the product produced is homogeneous to
the extent that all regions in the product can expect to have
compressive strengths of at least 50 psi. Full-scale specimens
may be fabricated using simulated non-radioactive products, but
should be fabricated using actual solidification equipment.
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APPENDIX C

SAMPLE RADIOACTIVE SHIPMENT RECORD FOR WASTES FROM GEVNC
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APPENDIX D

CERTIFICATE OF COMPLIANCE FOR RADIOACTIVE MATERIALS PACKAGES

Form NRCE18 U.S. NUCLEAR REGULATORY COMMISSION
(112710
10 CFR 1 CERTIFICATE OF COMPLIANCE

For Radioactive Materials Packages

Lia C.ﬂﬂﬂtga‘l‘zﬂ\ba Lib) H.viciog No. Lic) ".g‘yg’azhm/ﬁ'{oos?o I!.hl 'nr Nol1.le) Tﬂ‘ Na. Pages

2. PREAMBLE

2.1a)  This certificate is issued 1o satisty Sections 173.393a, 173.394, 173,395, and 173.396 of the Department of Transportatiaq Hazardous
Materials Regulations (49 CFR 170-189 ana 14 CFR 103) and Sections 14619102 and 146-19-100 of the Department of
Transportation Dangerous Cargoes Reguiations (46 CFR 146-149), a3 amended.

200  The packaging and contents described in item § below, meets the safaty standards set forth in Subpart C of Tide 10, Code of

Federal Regulations, Part 71, “Packaging of Radicactive Materials for Transport and Transportation of Radioactive Material Under
Cartain Conditions.™

21c)  This certificate does not reiieve the consignor from compliance with any requirement of the regulations of the U.S. Degariment of

Transporiation or other applicable regulatory agencies, including the government of any country through or nto which the package
will e transported.

3. This certificate is issued on the basis of a safery analysis report of the package design or application—

2la)  Prepared by (Name and address): 3.tb) Tite and dentification of report or application:
General Electric Company General Electric Company application dated
P. 0. Box 460 January 8, 1969, as supplemented.

Pleasanton, CA 94566

3le) Oocket No. 71-9044

CONDITIONS

This certificare is conditional ypon the fuifilling of the requirements of Subpart O of 10 CFR 71, a3 applicable, and the conditions specified
n item S below.

S. Description of Packaging and Authorized Contents, Model Number, Fissile Class? Other Conditions, and References:

(a) Packaging
(1) Model No.: GE-1600
(2) Description

Steel encased lead shielded shipping cask. A double-walled steel
cylinder protective jacket encloses the cask during transport. It is
bolted to a steel pallet. The cask fs closed by a lead-filled flanged
plug fitted with a silicone rubber gasket and bolted closure. The
cavity is equipped with a drain line and the physical description is

as follows:

Cask height, in 67.5
Cask diameter, in 38.5
Cavity height, in 54.0
Cavity diameter, in 26.5
Lead shielding, in 5.0
Protective jacket height, in 81.4
Protective jacket width, in 68.0
Packaging weight, 1bs 23,050
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APPENDIX D, Continued

CERTIFICATE OF COMPLIANCE FOR RADIOACTIVE MATERIALS PACKAGES

Page 3 - Certificate No. 9044 - Revision No. 6 - Docket No. 71-9044

$.

10.

1.

12.

13.

14,

(b) (1) Coatents (continued)

(vi) Solid nonfissile irradiated metal hardware, reactor control rods
{(blades), and reactor start-up sources.

(c) Fissile Class 111
Maximum number of packages (i) Contents 5.(b)(1)(i), 5.(b)(1)(ii),
per shipment or S5.(b)(1)(iii):
Two (2): or
(ii) Contents 5.(b)(1)(iv):
One (1)

The U-235 equivalent mass is determined by U-235 mass plus 1.66 times U-233 mass
plus 1.66 times Pu mass.

For packaging of neutron sources, the cavity drain line shall be closed with a plug
with a melting temperature of 200°F and the cask cavity shall be filled with water

with a 5-inch air space within the cask cavity. When needed, sufficient antifreeze
in the cask shall be used to prevent damage to any component of the package due to

freezing.

For packaging of other than neutron sources, the cask shall be delivered to a
carrier dry and the cavity drain line shall be closed with a plug which will main-
tain its seal at temperatures up to at least 620°F.

. Shoring shall be provided to minimize movement of contents during accident condi-

tions of transport.

Prior to each shipment the silicone rubber 1id gasket(s) shall be inspected. This
gasket(s) shall be replaced if inspection shows any defects or every twelve (12)
months, whichever occurs firts. Cavity drain line shall be sealed with appropriate
sealant applied to threads of pipe plug.

For packaging of neutron sources, measurements shall be made to determine that the
dose rate does not exceed 1,000 mrem/hr at 3 feet from the surface of a dry cask
with no additional shielding within the cask.

The cuntents described in 5.(b)(1)(v) shall be transported on a motor vehicle,
railroad car, aircraft, inland water crafts, or hold or deck of a seagoing vessel
assigned for sole use of the licensee.

The package authorized by this certificate is hereby approved for use under the
general license provisions of 10 CFR §71.12(b).

Expiration date: December 31, 1980.
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APPENDIX D, Continued

CERTIFICATE OF COMPLIANCE FOR RADIOACTIVE MATERIALS PACKAGES
Page 2 - Certificate No. 9044 - Revision No. 6 - Docket No. 71-9044

5. (a) Packaging (continued)

(3) Drawings

The packaging is constructed #n accordance with the following General
Electric Company Drawing Nos.:

(b) Contents

212E255, Rev. 3 135C5598, Rev. 1
10603986, Rev. 1 10603973, Rev. 1
174F237, Rev. 1

(1) Type, form and maximum quantity of material per package

Plutonium in excess of twenty (20) curies per package must be in the form
of metal, metal alloy or reactor fuel elements; and

(i)

(i1)

(iii)

(iv)

(v)

Byproduct material and special nuclear material as solid metal or
oxides. Decay heat not to exceed 600 watts. The radioactive material
shall be in the form of fuel rods, or plates, fuel assemblies, or
meeting special form requirements of 10 CFR §71.4(0).

500 gm U-235 equivalent mass; or
Neutron sources in special form.
500 gm U-235 equivalent mass. Decay heat not to exceed 50 watts; or

Irradiated Pu0, and U0, fuel rods clad in zircaloy or stainless
steel. Decay heatl not to exceed 600 watts. Al]l fuel rods shall be
contained within a closed 5-inch Schedule 40 pipe with a maximum
useable length of 39-5/8 inches.

1,200 gm fissile material with no more than 300 gm fissile material
per 5-inch Schedule 40 pipe.

Irradiated UC and ThC fuel particles clad in graphite and contained
within a standard HTGR hexagonal cross-section graphite block.

Decay heat not to exceed 600 watts. Each graphite block shall be
contained within a sealed cylindrical inner container constructed in
accordance with General Atomic Company Drawing No. 021583, Issue A,
with three, 1/2-inch by 4-1/2-inch radial fins to provide centering
within the cavity.

1,400 grams U-235 equivalent mass in each inner container with no
more than one inner container per package.

Process solids, either dewatered, solid, or solidified in a secondary
sealed contai.er meeting the requirements for low specific activity
radiocactive . iterial.
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- APPENDIX D, Continued

CERTIFICATE OF COMPLIANCE FOR RADIOACTIVE MATERIALS PACKAGES

Page 4 - Certificate No. 9044 - Revision No. 6 - Docket No. 71-9044

REFERENCES

General Electric application dated January 8, 1969.

Supplements dated: February 12, 20, and 27, and March 10 and 24

1970; January 29 and March 12, 1971; July 3 and November 15

Nuclear Plant Services supplement dated: July 7

, 1969; November 20,
, 1973; and August 26, 1980.

, 1975.

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

Charles E. HacDonald 2 ief ;

Transportation Certification Branch
Division of Fuel Cycle and
Materials Safety
Date: 0CT 03 1363
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