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ABSTRACT

An evalgation of the low-level waste packages generated by Minnesota
Mining and Manufacturing Co. (3M) was made on the basis of 10 CFR Part 61 cri-
teria and on the Technical Position on Waste Form and Waste Classification
(TP). This evaluation was the result of a study initiated by the U.S. Nuclear
Regulatory Commission (NRC), in which 3M participated.

3M produces a variety of radioactive products and wastes., The dominant
radioisotopes are Po-210 and Cs-137. The Po-210 packages are generally Class
A and meet the requirements in 10 CFR Part 61. The Cs-137 and Sr-90 packages
fall into all three waste classifications (A, B, and C). These wastes are
packaged by 3M in 30-gallon or 55-gallon carbon steel drums (Class A) or
30-gallon lined drums (Class B and C). The Class B and greater lead- and
concrete-lined packages have been evaluated with respect to meeting the sta-
bility requirements for waste disposed of in a high integrity container., When
so evaluated, eleven areas of concern were identified with respect to the
regulations and recommendations in the TP.
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CHARACTERIZATION OF THE RADIOACTIVE WASTE PACKAGES OF
THE MINNESOTA MINING AND MANUFACTURING COMPANY

1. INTRODUCTION

The low-level radioactive waste generated by many non-fuel cycle indus-
tries and institutions is not as well characterized as that produced by
nuclear power plants. As part of a program to characterize non-fuel cycle
wastes shipped for commercial shallow land burial, Brookhaven National
Laboratory (BNL) has identified, contacted, and visited a number of non-fuel
cycle waste generators. For selected generators, BNL has performed detailed
evaluations of their low-level radiocactive waste. These evaluations were
performed with respect to criteria in 10 CFR Part 61, "Licensing Requirements
for Land Disposal of Radioactive Waste." These evaluations 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 tle acceptance criteria for disposal, and (2) the
fdentification 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,
two such evaluations have been performed. They are an ?v’luntlon of the Class
B waste packages of the New England Nuclear Corporation 1) and an evalyation
of the large quantity waste packages of the Union Carbide Corporation.

A third generator, the Minnesota Mining and Manufacturing Company (3M),
is the subject of this study. This work has been conducted in cooperation
with 3M in order to provide the Nuclear Regulatory Commission with an evalu-
atfon of 3M's low-level wastes with respect to 10 CFR Part 61 criteria, as
well as the recommendations for Class B and C wastes specified in the Techni-
cal Position on Waste Form [Revision O, May 1983 (TP)]. The relevant sections
of 10 CFR Part 61 used in this study are those on waste classification and
vaste characteristics. These sections, 61,55 and 61,56, respect’ -ely, have
bteen included in Appendix A, The relevant sections of the TP are included as
Appendix B,

3M generates low-level waste in the production of radiopharmaceuticals,
radioactive surgical implants, and radicactive sources. A description of the
processes in which these wastes are generated cc. oe found in Section 3., In
an effort to categorize 3M's wastes according to the waste classification sys-
tem set forth in 10 CFR Part 61, a review of the wastes shipped by 3M during a
recent 19 month period has been performed by surveying the radiocactive ship-
ping records (RSRs) for this period., The results of this survey are given in
Section 2, 3M has provided a description of the waste packages and overpacks
used for their wastes. These descriptions are given in Sections 3 and 4.

As mentioned above, the evaluation of the 3M wastes is twofold., First,
waste packages are evaluated to determine {f they meet the minimum require-
ments for all wastes to be disposed of by commercial shallow land burial, as



well as the stabilicy requirements for Class B and C wastes, as appropriate.
This evaluation includes a consideration of pertinent degradation mechanisms,
as well as the recommendations set forth in the TP for the demonstration of
waste form/package stability. In the case of 3M's Class B and C wastes, the
wvaste form is not monolithic nor is it of itself likely to meet the 300-year
stability or recognizapility requirements of 10 CFR Part 61, Thus, rather
than evaluating waste form stability, the packaging of the waste was evalu-
ated to determine if stability could be provided by the container for the
waste. Cuidelines for such an evaluation are provided in the TP in the form
of recommendations for high integrity containers (HICs). The requirements
and recommendations for each class of waste, as well as the evaluations of
the 3M waste packages are given in Section 5., This evaluation has resulted

in some concerns and recommendations regarding 3M's waste which are provided
in Section 6.

The second part of this study was an identification of those components
of the M wastes which are either hazardous or which could affect the per-
formance of the site in which these wastes are buried. As can be seen from
the package descriptions and evaluations, it was felt that no such concerns
existed with the 3M wastes themselves, Biodegradation of the wooden over-
packs used by 3M may lead to formation of natural organic chelating agents.
Hewever, as indicated in Section 5, it is recommended that these overpacks
not be buried in trenches containing stabilized waste.



2. QUANTITIES OF LOW-LEVEL WASTE GENERATED BY 3M

During previous studies conducted for the NRC, the 3M Corporation was
identified by BNL as a potentially significant generator of low-level
radioactive waste. In a telephone survey conducted by BNL under FIN A-3165,
"Study of Non-Fuel Cycle Wastes," 3M was contacted and questioned about the
low-le c} radicactive waste which it ships to commercial shallow land burial
sites. It was learned that 3M generates several kinds of low-level
radicactive wastes. Much of the waste, about 30%, contains Po-210, which is
used as the radiation source in static eliminator devices. Based on a pre-
liminary review of 3M's Radicactive Materials Licenses, it was expected that
3M waste would contain tritium, radioactive iodine, technetium, ytterbium, and
carbon (medical applications), as well az several other isotopes used in the
manufacture of sealed radiation sources. 4)

BNL has also been conducting a review of the Radioactive Shipment Records
(RSRs) of wastes sent for disposal to eight trenches at the Sheffield,
Illinois, burial site in order to obtain data reguited to develop a source
term for the non-fuel cycle waste at the site.(5 Although 3M is currently
shipping its waste to the Hanford commercial low-level waste disposal site,
the data on waste sent to Sheffield are illustrative of 3M's contribution to
the low-level waste sent for burial. In this study, it was found that 3M con-
tributed large amounts of activity to the waste buried in several trenches.
Based on the RSRs for these trenches, it was found that 3M shipped waste
containing the following isotopes: Co-57, Po-210, Tec-99, Cs-137, Sr-90,
natural thorium, and mixed fission products., Cs-137 and Sr-90 were singled
out for the Sheffield analysis and for these two isotopes, in particular, 3M's
contribution to the waste in the eight trenches considered in this work are
given in Table 2.1. As can be seen from this table, 3M's contribution to the
waste buried varied enormously with time as indicated by the variability of
amount with trench. The major contribution was to Trenches 1 and 2. 1In
Trench 1, 3M wastes accounted for 99% of the Cs-137 buried and 97% of the
Sr-90., Similarly in Trench 2, it accounted for 85% of the Cs-137 and 86% of
the Sr-90. Tndeed, for the eight trenches :onsidered in this study, 3M wastes
accounted for 89% of the estimatad Cs-137 and 88% of the Sr-90,

As a result of more recent contacts with 3M, the RSRs for six waste ship-
ments spanning a period from February 1982 to August 1983 were obtained by
BNL. The information in these RSRs is summarized in Table 2,2. There were a
total of 620 packages shipped, a total shipping volume of 8550 cubic feet, and
a total activity ~f 2299 Ci, A sample RSR and a computer printout of the data
as extracted from 3M's RSRs are given in Appendix C. Most of the activity
(2139 Ci) was in one shipment of 19 packages, RSR 0376, which had a combined
shipping volume of 161 cubic feet, about one-tenth of the combined shipping
volume given on any of the other five RSRs under consideration. Six packages
containing 50 to 786 Ci of Cs~137 account for 2030 Ci in shipment 0376,
According to the classification scheme of 10 CFR Part 61, the specific activ-
ity for Cs-137 in these six packages exceeds the Class B limit, and for the
package with the highest activity, may exceed the Class C limit, The designa-
tion of these six packages as Class C is based on a package volume equal to



the overpack vo'ume, 14.6 cubic feet (0.413 m3). 1If only the capacity of

the primary container, a 30-gallon drum (0.114 m3), is considered in the
calculation of the specific activity, then a Cs-137 activity greater than

534 Ci exceeds the Cla.. . limit. These six packages are all overpacked,
30-gallon lead-lined drums. Another shipment (RSR 8281) consisted of

111 packages with a total volume of 1505.5 cubic feet and a total activity of
26.01 Ci. Nineteen of these packages would be considered Class B under the
present regulations because of their Cs-137 or Sr-90 activities. Two packages
listed in RSR 8105 and one from RSR 8107 would also be ccasidered Class B be-
cause of their Cs-137 activities. One package from RSR 8108, within Class B
limits for tritium and Sr-90 concentrations, was considered by the 34 staff to
be a one-time, unusual event not likely to occur again.

Table 2.1

Contribution of 3¥ Wastes to Sr-90 and Ce~137 Buried ic
Eight Trenches at the Lov-Level Waste Burial Site at Sheffield, Illinols

Amount of lsotope (Ci‘®

§e-a0 - Ca-13°
Treach b Trench Total 1.5 Trench Total
1 393 40s 999.2 101¢
2 859.9 9%¢ 924.5% 1093
7 1.6 3 2.6 3
11 0 - 4.6 5
L4A [+ 11 1.1 6C
3 1] 1 9.0 21
e 0 11 b.i 10
15¢C 0 1 0 1
Total 1255.5 1443 1955.2 220}

8Data taken from Referenmce 5.
bgased on shipments >1 Ci.

Table 2.2

Sumaary of the Six 1M Low-Level Radiosctive Waste Shipments Discussed in Text

No Total Volune Total Activity Activity/Volune
RSR Date Packages (eu ft) (c1) (Ci/eu )
0376 2/05/82 19 160.67 21358.81 13.31
8195 7/12/82 176 1549.%7 18.14 0.01
8107 11/15/82 60 1821.70 19.62 n.01
8108 1/25/83 111 1811.84 75.5%6 0.06
8181 8/21/8} 187 1505.51 26.01 0.02
8300  6/06/83 67 1700.83 21,03 0.01

620 8561,72 7299.17



The species of radionuclides shipped and the number of occurrences in the
packages of each species is summarized in Table 2.3.

Table 2.3

Radionuclide Species Listed in the 3M RSRs

Occurrences Radionuclide

Ag-110m
Ce-141l
Cr-51
Cs~137
C-14
Fe-59
H=-3
In-111
In-11lé4m
I-125
Nb-95
Pm~147
Po-210
22 Sc=46
12 Sr-85
22 Sr-90

1 Tc~99

2 Th-232

1 T1-204
3l Yb-169

-
& ~ ~ W
NP O® W MNUDLO WM WWW

&

20 distinct specles.

815 total occurrences.

Summary
————t—

The 29 packages which would be considered greater than Class A under the
final rule of 10 CFR Part 61 are listed in Table 2.4. From this table, it may
be seen that 18 of the 29 packages containing radionuclide concentrations
within the Class B limit or greater consist of wastes with Cs-137 packaged in
lead- or concrete-lined 30-gallon drums and that Class B concentrations of
Cs~137 and Sr-90 have been packaged in unlined drums and wooden crates as
well, Based on the RSRs, Class A concentrations of radionuclides have “een
packaged in every container type used by 3M (see Section 4) except the
JO-gallon lead-lined drums, which have been used sxclusively for wastes of
Class C and greater.




Table 2.4 /

Summary of Packages Class B and Greater From ¥ Radioactive Shipoent Records

Activities
External Package Per lsotope Total
Vo lume No. of Such by Package Activities® Volume?®
RSR Package Type (n?) Radionuclide Packages (c1) (ci) (e3)
0376 lead-lined, 30-gal 0.413 Cs-137 6 50 2030 2.48
drum in overpack 184
245
250
Si1
788
8105 55-gal drus 0.212 Cs-137 2 1.2 3.0 0.424
1.8
8107 wooden crate 1.1264 Cs~137 1 2.50 .5 1.124
8108 wvooden crate 1.126 H-3 1 37.4 37.6 1.124
Sr-90 0.042
Pm-149 0.100
Cs-137 0.010
Yb-169 0.010
Po-210 0.0001
8281 30-gal concrete- 0.114 Cs-137 12 0.150 14.48 1.254
lined drums 0.424
0.5
0.6
0.6
0.91
1.5
1.5
t.5
2.0
2.0
2.8
30-gal unlined drum 0.114 Cs-137 1 0.5 0.9 0.116
Sr-90 5 0.005 0.025 0.570
0.005
0.005%
0.005
0.010
vooden crate 2.13 Sr-90 1 0.096 0.09 2.13
Cs-137 0.001
Po-210 0.008
Totals for all packages Class B and greater 2008 .2

¥For each package type by RSR.




3. GENERAL DESCRIPTION OF 3M WASTES

Minnesota Mining and Manufacturing (3M) pr duces four categories of
radiocactive materials that can result in radiocac:ive wastes designated for
disposal in a shallow land burial site, These products irclude radiopharma-
ceuticals, surgical implants, labeled compounds for research, and radioac-
tive sources for static eliminators and other applications (e.g., gauging
devices, etc.). A summary of 3M radioactive products or services and the
isotores involved is given in Table 3.1.

Table 3.1

Summary of 3M Radioactive Products and Services

Typical Waste

Package
Isotope Classification Product/Service
Sr-90 } B,C Sources (labeled ceramic microspheres)
Cs-137
Ra-226 Disposal service for new cesium users
Yb-169 A fb-169 DTPA (diethylenetriaminepentaacetic
acid)
Tc-99-‘ Human serum albumin microspheres labeled
with Tc-99m
I-125
Ce-141
Cr-51 A Stock microspheres
Sr-85
Nb-95
Sc=46
Po-210 A Static Eliminators
Yb=169
Fe=359 A Customer requested microspheres
Ca=45
In-il4m

I-125 A Seeds for surgical implants
: ({odine plated on silver wire)

Most of the volume of radioactive wastes resulting from the production
activities at 3M is within the limits specified in 10 CFR Part 61 for Class A
wastes, These wastes are described in Section 3,1 and are evaluated with
respect to their acceptability for disposal in Section 5,1,



The primary emphasis of this report, however, is the evaluation of
Cl.ss B and Class C wastes resulting from the production of radiocactive
sources containing Cs-137, These wastes are described in Section 3.2. A de-
tailed description of the packages/containers used to dispose of these wastes
and a discussion of the acceptability of the wastes for disposal under the
criteria for B and C Class wastes are given in Sections 4 and 5, respectively.

3.1 Class A Wastes

The isotopes in 3M wastes which may be present in concentrations that do
not exceed the limits for Class A wastes are included in Table 3.1. There may
also be generated (from the production of microspheres), some wastes which
contain concentrations of Cs-137 and Sr-90 within the limits set for Class A
wastes. These wastes may include liquids such as giycerol from source leak
tests and contaminated water from cleanup of the areas around the hot cells.

Po-210 Wastes

By volume, the 3M wastes are dominated by Po-210 contaminated materials
which fall into the Class A category. Po-210 is used in the fabrication of
several types of static eliminators. The Po-210 wastes result from isolation
and purification of the isotope, formation of Po-210 microspheres, incorpora-
tion of the labeled microspheres into the static eliminators, and returned
static eliminators.”

The entire production process is performed in a ceries of glove boxes.
3M receives approximately 6000 Ci of Po-210 in the form of irradiated bismuth
slugs [209-Bi (n,y) 210-Po] with an aluminum cladding. The Po-210 is ex-
tracted in a pryochemical exchange-type process in which the bismuth is melted
and sodium hvdroxide (NaOH) is added, Each individual extraction run utilizes
approximately 1,000 Ci. This removes the Po-210 and the residual bismuth
which is disposed of with approximately 100 Ci of the original Po-210.

The Po-210 is then purified and sorbed into ceramic microspheres of
approximately 30 um diameter. The labeled microspheres are fired and then
plated with approximately l-um thick coating of nickel.

To determine leaching behavior, 3M subjects these microspheres to two
different 24-h soak tests. The first involves immersion of 20-mg microsphere
samples in 3 to 4 mL of 3N HC1 solution, To pass this test, microspheres must
release less than 1 x 10°3% of their activity. The second test is identical
to the first except the soaking solution is 1% EDTA (ethylenediamine tetra-
acetic acid) and the pass limit is 5 x 10°4% activity., Mot all microspheres

*Static eliminators are leased by 3M to customers for a one-year period
after which they are returned to 3M for disposal.



are tested, If the tested samples pass Lhe leach tests, the entire sampled
batch is passed.

Microspheres may be put in the static eliminators by silkscreening or
tape transfer. An epoxy spray is used as an overcoat in the silk-screened
devices. This overcoat is applied after incorporation in the device.

The waste resulting from the production of static eliminators includes
the tismuth slugs which are placed in mild steel containers, contaminated
solutions that are eviporated to dryness, labeled "leach-test failed" or waste
microspheres, parts associated with the silkscreening process, dried epoxies,
and assorted beakers, glass, plastics, etc. All of these wastes are placed in
55-gallon or 30-gallon mild =teel drums that are doubly lined with 4 mil wall
thickness polyethylene bags. The wastes are simply placed in the drums and
the polyethylene bags are double taped to seal them., After the drum is
filled, the drum lid is closed with a ring bolt,

Most of the returned static eliminators, which comprise one third of the
volume of 3M Po-210 waste, are disposed of in the same type of waste package
used for production activities (polyethylene lined 55- or 30-gallon drums),
Those static eliminators that will not fit into drums are disposed of in one
or two cubic yard wooden crates.

Finally, there are miscellaneous Po-210 contaminated wastes including
gloves and shoe covers, These are compacted in the polyethylene liners in
30-or 55-ga’lon drums by a plunger-type compactor. The liners rupture in the
drum on compaction., Specific Po-?10 activities and/or concentrations per
waste container are determined from accounting of assay data obtained during
the production process,

Other Class A Wastes

Tritium and carbon~14 labeled radiotracers are used at the IM Research
Center in St., Paul, Minnesota., Waste from these activities results i{n an
annual waste production of 20 to 30, 55« and 30-gallon drums of waste contami-
nated with very low activities of these {sotopes,

Iodine~125 {s used by 3M in the production of surgical {mplant seeds, It
is received in curie amounts per year, typically as an aqueous solution of the
sodium salt, Prior to incorporation { :o seeds, the 1125 may be pre-treated
in one of two ways: deposition on Dowex" resin beads or plating on silver
wire.

The average seed activity 13 0,55 mCi “"compensated”, {.e., the seeds can
be considered point sources of ?-}25 with allowance having been made for self
absorption by the seed capsule, 6 The seeds are leak-tested hefore being
sent out and leak test falled seeds are sometimes { .~luded Iin the waste along

*"Dowex" is a brand name of the Dow Chemical Company. The particular type
of resin was not specified,



with other contaminated materials (I-125-contaminated glass, paper, shoe
covers, gloves, some metals) generated throughout the production process.

Scandium-46, niobium=95, chromium-51, fodine-125, strontium-85, and
cerium-141 are incorporated as gamma labels in carbonized Dowex resin beads
that are used for circulation studies in animals. Production wastes may
contain any or all of these isotopes,.

Kits of radiopharmaceutical ytterbium=169 diechylenetriamine pentaacetic
acid (Yb=169-DTPA) solutions are also made by IM, The typical Yb-169 activity
per kit is 2.5 mCi, There is a production of kits every month, IM indicated
that all wastes from this process are kept at the 3M site, However, in the
survey of RSRs provided by M, it was found that there were 31 instances of
Yb-169 shipped during the 19-month period covered by these records, The exact
character of these Yh-169 wastes is not known at this time, 3M has stated
that Yb=169 disposed of during past years was not in the chelate form, All
chelate form materfal is held at the New Brighton, Minnesota plant, IM now
has & licsnse amendment allowing decav in storage of radioactive material with
half 1ife less than 65 days (Yb-169, t;/p = 32d) and Sc-4é,

Another radiolsotope used in nuclear medicine handled by IM 18 Te=99m,
Te-99m is used to label human serum albumin microspheres which are produced
and sold as part of a kit,

Krypton-85, obtained originally from Oak Ridge National Laboratory, is
repackaged to produce Kr-85 sources in a distillatton-type process, The Ke-85
sources are used for industrial gauging devices. No packages containing Kr-8S
were found on the RSRs provided by 3N, However, the company plans to place
rejected (failed) and returned Kr-835 sources in a steal jacket which can be
sealed by welding and leak tested, If the sources are above atmospheric
pressure, the jackets would be evacuated to compensate for the overpressure,
The steel jackets will be packaged with fiberboard discs in 30-gallon mild
steel drums for shipment and disposal.

IM has stockpiled curie quantities of S$r=90«labeled microspheres, The
waste materials assoclated with their production were disposed of some time
ago so the only currently shipped waste materials that are Sr«9%0 contaminated
are related to manufacture of sources, l.e,, loading, handling and counting of
the microspheres and cleaning and leak testing the finished sources,

Dtg[olol Methods

In general, IM disposes of low activity, Class A wastes In wooden crates
and 5%-gallon or 30«gallon unlined drums. In a few canes, Class A wastes have
baen placed in concrete~lined drums, These wastes can contain any of the
fsotopes just discussed,
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3.2 Class B and Class C Wastes

Most of the 3M Class B and C wastes result from the production of Cs-117
microspheres. These microspheres are produced in a manner similar to those
labeled wi.h Po-210, The cesium, obtained as a CsCl powder from Oak Ridge
National Laboratory, {s incorporated in ceramic microspherea, The micro~
spheres average 60 to 100 um in diamater and are not plated with nickel (as
the Po-210 labeled microspheres are). These microspheres are used to produce
sources. They are placed in stainless steel (or K-monel) cylinders of various
lengths and diameters. The cylinders are closed by welding, cleaned with tri-
sodium phosphate (TSP) and leak tested., Approximately one percent of the
sources are rejected., In addition to falled sources and materials resulting
from the hot-cell fabrication of Cs~137 microspheres, the wastes also consist
of contaminated equipment, paper, plastic vials, HEPA filters, evaporates of
aqueous solutions, glassware, metal, and some failed microspheres, Addition-
ally, contaminated glycerol from source leak tests and water from cleanup of
the hot cell area may be Iincluded, The cesium hot cell waste is primarily in
the chloride form although a few percent of CsNOy may be present,

3.2.1 Wastes Disposed of in Lead-Lined Drums

lnl‘guo' Coatolnctolq!}accd Nastes

Moat of the hot cell wastes are placed in Nalgene containers on t,ngval
from the cell, Estimates of volume percent fractions of these materials ’

were 50% plastic, 10X HEPA fllters, and the remaining 40% glass, paper, metal,
and waste microspheres, The 50% plastic fraction has been further subdivided
into the representative volumes of different types of plastics: 60-70% low
density polyethylene, (30-40%) linear and high density polyethylene and a few
percent (5%) a combination of polypropylene, polynoth¥lgoatono. polystyrene,
polycarbonate, "Teflon FEP", and linear polyethylene, ) This Information

is summarized in Table 3,2, These wastes are placed in 30-gallon steel drums
that are lined with 2 or 3 Inches of lead, Due to limitations imposed by re-
mote hand ling, vold spaces exist in the lead-lined drums, The Cs«137 activi-
ties present in the drums are currently limited only by the radiation risks
assoclated with shipping and handling., The activity was estimated by 3IM to
vary in the past from 10 to A00 Ci of Ca~137 per container, Present practice
is to place no more than 500 C{ of Cs~137 in a container., Typlecally, six pack-
ages per year are produced although the number of waste packages can vary from
one to ten, A full description of the container is given In Section 4,

*Brandname of low denslty polyethylene held by the Nalge Company, a Division
of Sybreon Corporation, Rochester, New York,
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Table 3.2

Volume Fraction of Hot Cell Process Wastes
(Nalgene Container Enclosed Waste)

Material Percent Volume (%)
low density polyethylene 30-35
linear and high density polyethylene 15-20
polypropylene
polymethylpentene
polystyrene 3
polycarbonate
"Teflon FEP"
HEPA filters 10
glass
paper 40
metal

waste microspheres

0Odd-Size Item Waste Packages

On occasion, 3M disposes of contaminated hot cell equipment {tems (e.g.,
oversize oven, e*c.) that do not fit in the Nalgene containers, These {tems
are placed directly in a lead-lined drum for disposal.

Lead "Pig" Filled Waste Packages

Cesium=137 sources are sometimes returned to 3M, These sources are
placed in lead "pigs" and disposed of in a lead-lined drum, Additionally,
leak test reject sources can be disposed of in lead "pigs". Tt was estimated
by IM that enough leak test reject and returned Cs-137 sources are collected
in & two-to-three year period to result in a waste container filled with pigs.
The numbers and activities of sources which could fit in a pig and the number
of pigs that could fit in a lead-lined drum is not known, The Cs~137 loadings
{n these drums are such that some of them are Class B and some are Class C.

3.2.2 Wastes Generally Disposed of in Concrete-Lined Drums

Low activity waste results from the trisodium phosphate used for cleaning
sources., This activity could be on wipes or beakers., The 3IM staff estimates
that this activity is on the order of millicuries but it was not quite clear
how many wipes or beakers this would represent, Only leaky sources will pro-
duce contamination during cleaning.
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Because of their relatively low activity compared to the hot cell micro-
sphere manufacture materials, wastes such as the beakers used for the residu-
als from cleaning the sources after fabrication do not go into lead-lined
drums. These wastes are pleced in concrete-lined 30-gallon drums with a metal
liner inside the concrete (see Section 4 for a description of these drums).

In general, 3M higher activity Class B and C wastes are packaged {n
30-gallon lined drums. Cesium-137 {s the principal contaminant in these
wastes, although Sr-90 may also be present, Strontium-90 wastes with specific
activities in the lower Class B range have been found disposed of in unlined
30-gallon drums and, in one case, in a 75,2 ft3 wood crate,

3.3 Potential Future Waste

In the past, 3M was involved in the production of Pm-l47-containing
microspheres for radioluminous sights for weapons. The Pm-147 microspheres
would be mixed with a binder to make a type of paint., The current inventory
of Pm~147 is approximately 1000 Ci and 3M is no longer in the Pm-147 business.

Additionally, 3M is licensed to have Pu-239 (two sealed sources,
<30 mCi each) and Am-241 (sealed sources, <200 uCi/source, no total limit).
Althou;h 3M might, therefore, be expected to have some transuranic wastes
from the disposal of these sources, thev have indicated that any disposal of
transuranic source material will be by return to the manufacturer,

While the production of Sr-90 microspheres does not presently occur,
future productions may result in larger amounts of Sr-90 wastes. However, the
characteristics of such waste cannot be defined at present. 3M has indicated
that no production of Sr-90 microsphere is anticipated in the near future,

In the past, 3M has offered a radium-226 disposal service for its new
cesium users., 3M has recently disposed of all Ra-226 in {ts {nventory.
Disposal was by placing sources in lead pots in concrete-lined drums, 3IM will
not be accepting any further Ra-226 nor does it have any Ra-226 on hand for
disposal.

3.4 Summary/Conclusion

The largest volume of radioactive waste generated by 3M consists of
wastes containing short-lived (<5 year) radionuclides, Small amounts of tri-
tium and carbon-14 wastes result from research activities at 3M., Production
of Cs-137 and Sr-90 sources results in the generation of Class P and Class C
wastes. The number of Cs~137 high activity (Class B and C) waste packages
(lined drums) shipped for disposal averages six per year although this can
vary from one to ten packages per year.
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4. DESCRIPTION OF 3M RADIOACTIVE WASTE PACKAGE CONTAINERS

3M generates radioactive waste containing a variety of radiocactive {so-
topes, as discussed in Section 3, 3M disposes of this waste in several dif-
ferent types of containers, depending upon the activity., Waste containers
include three varieties of lined 30-gallon carbon steel drums for the higher
activity wastes plus 55-gallon carbon steel drums and four varieties of wooden
crates for lower activity wastes., Additionally, the 30-gallon and 55-gallon
drums may be overnacked in wooden disposal crates which provide Type A packag-
ing for 30-gallon and 50-gallon drums which show signs of damage.

Three types of lined 30-gallon drums are used, There are two which are
lead-lined and one which is lined with concrete, The lead-lined drums are
lined with either two or three inches of lead. They are purchased by 3IM from
Allied Metal.” Diagrams of these drums provided by 3M are shown in Figures
4.1 and 4,2, The concrete~lined drum is fabricated by 3M; no dlagram of this
drum was available. Houzv’r. 3M provided a description of the fabrication
process for these drums. %) This fabrication process {s summarized below.

a. The concrete used in these drums is "4000 Lb concrete"
which is mixed to a "3 inch slump,”

b. The concrete i{s poured to a depth of 3 inches in the bot-
tom of a 30-gallon carbon steel drum and allowed to "set
up." A 22-inch long, galvanized, 26 gauge, rheet metal
sleeve liner {s next placed on this 3-inch base such that
there is a 3-inch gap between sleeve and drum. Finally,
the annulus between the sleeve and the inner wall of the
J0-gallon drum is filled with concrete and allowed to
set, There is no reinforcing steel placed in the
concrete,

¢, The lid for this container consists of a 3-inch thick con~
crete disc which just fits inside the sleeve., There is no
"step" on the 1id, it is simply placed on top of the waste
ftems in the drum. The outer drum lid i{s ring-bolt
sealed,

d., These drums generally sit for weeks or months before they
are used -~ thus the concrete has quite a long time to
air cure.

The lead-lined containers have been stated by the manufacturer to meet
the DOT transportation specifications for Type A packaging.

*Allied Metal, 249 Fornoff, Columbus, OM 43207,

15



jo weileiq

.Ld!N .ﬁ:uﬂv CONAQW‘?M 27

‘peuyl-pee]

eIy
ru ™ d’)“ o -

T g 2o~E2 wonw> el
| 75 faSnw) w - WY Ok ML NS 4T
‘.tJl'!cJo.'Q.t\ﬂ“.

5r7 Owe WOWD 20 NN

sy - LI3wswve TWLS

T o8 o#s 0% ¥

e e sa— - 1 1

& o900 28 007
g, 805 e §
04 ANYIWAND] Sem’ -

b oyoor ¥

s s

i T e ¢ W

LANL AW WINIWLNGD DRGNS TIILS i LA
o &~ Wi ¥® O%

3iNNa A

3‘1 .
P - 5 Sy




"peuRI-pEI “u
¥-¢ ‘maap uwo
1198-0¢ 943 jo weaBejq v
2an31 3

17



The characteristics of the three lined 30-gallon drums are the main ones

of concern as these drums generally contain B and C class wastes.

Further,

the wood and carbon steel containers would not, of themselves, meet the
stability requirements for Class B and C wastes as given in 10 CFR Part 61,

The disposal volume of a 30-gallon drum ts & ft? according to I4's

r~dioactive shipment records (RSRs).

posal volume is approximately 14,7 rel,

Overpacked with a wooden crate, the dis-
The actual interior volumes of the

2«in., and 3-in, lead-lined drums are 2.1 and 1.6 !t’. respectively, as cal~
culated from the interior measurements of thase drums shown in Figures 4,1 and

4.2.
.

30-gallon drums,

The interior volume avallable in the concrete-lined drum is taken as 1.6
Table 4.1 summarizes these and other specifications for the lined

Table 4,1

Information on Lined Containers Used by 3IM for
Disposal of Class B and C Radloactive Wastes

Welght of Lined Volume
Empty Package® Instde Package?
Container® Lining® (1n) (£ed)
J0-gal mild 2-in, lead 1700 2.1
stegl drum
30~gal mild J«in, lead 2100 1.6
steel drum
30-gal mild J«in, concrete 425 1.6
steel drum

ApOT 17H 30-gallon drums,
steel ring and bolt,

The 114 is fastened to the drum with a

PLead 1s poured into the drum around an ll-gauge steel liner to form

the bottom and sides of the lining,
With lining 144 in place and the drum

into place upon closure,

The lining 11d 1s not sealed

114 bolted on, there is a space between the lining 1id and the

drum 144,

This space is approximately 1/2-inch wide,

CNo estimate of expected or allowed variation in these welghts was

available.

dealeulated from dimensions of the lined volumes for the lead-

lined drums given in Flgures 4.1 and 4,2.

The lined volume in

the Y«in, concrete~lined drum i» assumed to be the same as that in

the J«in, lead-lined drum,
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The lining lide of the lead-lined drums are stepped (see Figures 4,1 and
6.2), They fit snugly into the lined drums and the step assures that there (s
no direct path (such as would be the case for a lining 1id with no step) for
radiation from the inside of the lined drum to reach the outside, The lead
1ids are not secured onto the top of the drum. They are held in place by the
presence of the outer carbon steel drum 1id which s secured to the drum with
4 bolt-ring seal, Given dimensions in Flgures 4.1 and 4,2, the fact that the
drum 11d {s ralsed and the height, 28.75 in., for a standard L7H Y0-gallon
drum, one can caleculate as ~ 1/2 lach the space between the drum lid and the
lining 1id for both lead-ilined drums, If these lined drums are inverted, the
lining 1id could be pactially dislodged. Such dislodgement of a lining 114
would probably result Iin increased radiation levels in certain directions
around the waste package, If the wvaste Inside the lined drum were to shift
position while the lining 1id was out of position, the lining 1id migh net
fall back into place upon righting the drum.

Sesmery

IM ships vastes In wooden crates, 55-gallon carbon steel drums, Y0-gallon
concrete~lined (3«inch lining) or 30-gallon lead«lined (2« and 3«inch lining)
drums, Wastes that are Class A have been disposed of by IM In any of these
containers except ' leal iined drums, Class B and C wastes are generally
disposed of in elither the concrete-lined or lead«lined Y0-gallon drums,
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5.  EVALUATION OF 3IM RADIOACTIV( WASTE PACKAGES

The "Licensing Requirements for Land Disposal of Radicactive Wastes "
10 CFR Part 61, establishes minimum requirements for those wastes disposed of
in & shallow land burial sfte, WVastes are classified by thelr radionucliide
specific concentrations.” Yastes containing only the long«lived
radionuc lides listed In Table 5.1(a), in which the concentration does not ex~
cend 102 of the value listed in Table 5.1(a) are Class A, Vastes whose con-
centration exceeds 10% of the values listed but does not exceed the maximum
values are Class C wastes, If vastes do not contain the long-lived
radionuciides listed under Table 5.1(a), then the waste classification i»
determined from Table 5,1(b) in the following manner, Class A wasteas are
those wastes in which the concentration of the short«lived radionuclides does
not exceed that given in column 1, Class B limits ave listed in column 2 and
Class C limits in column 3, Any wastes whose concentrations exceed the concen
tration limits {n Table 5.'(a) or column ) of Table 5,.1(b) are generally not
acceptable for near surface disposal,

If the wastes contain mixtures of long-lived and short-lived
radionuclides, the classiflcation {s determined from Table 5,1(b), glven that
the concentration of the long lived radionuclides does not exceed 10X of the
value given in Table 5,.1(a), When the concentration of the long-lived
radionuclides exceeds 10% of the value given (n Table 5.1(a) but does not
excoed the limit given in column 3, the waste is Class C an long as the cons
centration of any short«lived radionuciides does not exceed the limits for
Class C wante. [column 3, Table 5.1(0) ],

The minimum waste form requirements that must be met by all wastes (Class
A, B and C) are set forth in 10 CFR Part 61 Section 56(a) (see Appendix ),
These requirements include the stipulation that wastes contalning Liquids munt
be packaged with enough adsorbent material to absord twice the volume present,
For solid wastes containing liquid, the amount of free liquid should in ne
cane axceed 1,0% of the volume, Class B wvaste nust meat these requirements
and in addition, must be stablilized, The stablility requirement (s meant to
ensure that the waste does not compronise the Integrity of “the disposal unit
and thereby lead to the Infileration of water” as well as limit sxposure te
the inadvertent intruder by rendering wastes recognizable,

At present, the means by which the stablility requirements for Class B ond
C wantes can be met are by the wvaste form Lteelf, by processing the waste o &
stable form, or by placing the waste in a contalner (high Integrity contalner,
MIC) or structure that provides stability, Structurally stable waste will
maintaln both Lts physical dimensions and form under expected disposal condl-
tlons (e,.g., overburden, microblal action, the presence of water) and under
internal stress such as chemical changes and radlation, In addition te the

*In all canes when the waste contains mixtures of radlonuelides the total
concantration (s determined by the sum of fraction rule [10 €PR Part 41,
Section 61.%%(a)7).
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In geueral, for Class B an? _ waste, liquids must be solidified. The
waste must be recognizable and maintain structural stability for 300 years.
In principle, these requirements can be met by a waste form, a HIC, or both.
There are no leach or releasc requirements specified in 10 CFE Pa.t 61 al-
though a waste form or package that limits the release of radionuclides offers
distinct advantages in ensuring the health and safety of the public. Perform-
ance recommendations such as that pertaining to leachability index are
specified in the TP (see below).

Class C waste must meet all the criteria for Class B waste, In addition,
it must be intruder protected either by disposal at a greater depth or by use
of engineered barriers (e.g., concrete covers) whoss lifetime is 500 years.

In addition to 10 CFR Part 61, the NRC has providei guidance in the form
of a Technical Position on Waste Characteristics ard Waste Form (a copy is
included as Appendix B). The Technical Position specifically outlines test
me thods and criteria for waste forms "acceptable to the NRC staff for imple-
menting the 10 CFK Part 61 waste form requirements.” The Technical Position
specifically provides a guideline for mechenical stability of ~clidified
wastes, outlines procedures for determining the sensitivity o. 1idified
wastes to radiation, bicdegradation and thermal degradation, liwmits the amount
of free liqrid, and the leachability o stabilized waste. In addition, the
Teconical Position also addresses the use of high integrity containers (HICs)
for the disposal of Class B and Class C wastes. A HIC should have a design
goal of a minimum lifetime of 300 years, Tests are recommended to determine
its resistance to corrosion or degradation from chemical effects, resistance
to radiation damage and biodegradation, and tests to determine its mechanical

stability. It is recommended that a HIC have closures designed for a positive
seal that will last the lifetime of the container., Pass've vents to release
internal pr-ossure are allowed. The amount of free liquid present should not
exceed one percent of the waste volume, and voids should be eliminated to the
extent practicable.

5.1 3M Class A Waste Package FEvaluation

The 3M wastes resulting from the production of radiopharmaceuticals,
surgical implants, labeled compounds for research, Pn-210 sources for static
eliminators and returned static eliminators are all Class A wastes. The
largest volume of the Class A wastes is due to production of static elimina-
tors and those staetic eliminators that have been returned to 3M.

In all of these wzstes, the radionuslides have half-lives of less than
5 years. The Class A lix!t in *his instance is 700 Ci per cubic meter (147 Ci
in a 55-gall~a drym,. If the total nou-decay-correctad annual Fo-210
inventory of 600C Ci were disposed of, this wvould be the equivalent of about
forty 55-gallon Clsss A druus per yaar Approsims tely one-third of the total
radioactive wasts volune is Po-210 contaminated materfai, This is solid
waste, packaped in 5%-cr 50-gallon Arums cr wooden crates, No hazardous,
pyrocphoric or expiorive wastes are sreseut Similarly, wastes generated in




the production of microspheres for surgical implants and other biomedical
applicstions consist primarily of general trash (glass, paper, plastic).

There is no indication from past shipping records that these wastes have ex-
ceeded the Class A limits and no conponents of the wastes appear to compromise
the acceptability of these wastes for disposal as Class A waste,

The 20 to 30 drums of H-3 and C-14 wastes shipped annually consist of
trace-contaminated general trash. Past shipping records” do not indicate
the shipment of wastes containing these radionuclides in which the concen=-
tration exceeds the limits for Class A wastes.

The Yb-169 wastes are presently stored at 3M pending a license amendment
allowing their disposal. In the event that these wastes constitute future
shipments to a shallow land burial facility, steps should be taken to ensure
the minimum requirements are met. 10 CFR 61 requires that chelating agents
present in waste in concentrations in excess of 0.1% be identified. Thus,
any amount of chelating agents (e.g., DTPA) in these wastes in quantities
exceeding 0.1% by weight should be identified by 3M.

The Kr-85 in 3M wastes is not specifically listed in Part 61 and Kr-85 is
therefore, a Class A waste, However, since it is a gas, this waste must be
packaged so that the internal pressure does not exceed 1.5 atmospheres and the
total activity does not exce:d 100 Ci per package. 3M does, in fact, plan to
repackage any Kr-85 wastes to ensure the pressure 1imit as not exceeded.

Contaminated liquid wastes such as glycerol frum source leak tests and
water from cleanup around the hot cell area may be disposed of as Class A
wastes. Both of these types of liquid have been stated to be atsorbed on an
excess of diatomaceous earth prior to disposal.(lo) 3M's Cuality Assurance
Program for waste packaging dictates that in a 30 gallon drum filled with
diatomaceous earth no more than 10 gallons of liquid are to be disposed of.
This is based on tests at 3M indicating that this provided twice the absorbent

volume necessary for the liquid.

Radium-226 sources represent a special case. The following guidance
concerning this waste has been taken from 10 CFR Part 61.

It appears that there are two types of radium wastes to be con-
sidered: (1) small concentrated sources of radium such as ra-

diation sources or luminescent dials, and (2) wastes which con-
tain small amounts of radium incidental to other radioisotopes,
such as radium contained in wastes from uranium separation pro-
cesses. The former is not subjeci to regulatien by the Commis-
sion, .since radium is a naturally-occurring isotope and is not

*\ one-time shipment of H-3 sources (copper tritide) was made, However,
this is not expected to occur in the future.
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included in the provisions of the Atomic Energy Act of 1954, as
amended. The Environmental Protection Agency has a program for
collection of radium sources. This program may be phased out
in the next few years, Such sources are expected to be trans-
ferred to the Department of Energy for storage and disposal.

As for radium incidental to other types of waste, the Commis-
sion has made provisions for disposal of small quantities of
uranium tailings as Class A waste. For purposes of this provi-
sion, a small quantity is defined as 10,000 kilograms contain-
ing not more than 5 millicuries of radium-226, This cencentra-
tion is typical of uranium mill tailings (0.5 nanocuries per
gram). The quantity of radium-226 is that contained in

15C pounds of natural uranifum at equilibrium with its daughter
products. 10 CFR Part 40 permits any person to possess and use
under general license 150 pounds of source material per year,
Permitting the disposal of such a quantity in a near-future
disposal facility is judged to be acceptable. For larger
amounts, specific approval would be required.

It would appear that, depending on the amount disposed, small quantities
would be acceptable for near surface disposal; larger quantities may require
specific approval by the states regulating the commercial dispcsal facilities.
In addition, site specific regulations may have to be met. As mentioned
earlier, 3M has already disposed of their Ra-226 inventory.

Summary/Conclusion

The largest volume of waste shipped by 3M would be categorized as
Class A. The radiolisotopes contained in this waste generally have half lives
of less than 5 years (except Kr-85) although there are some wastes contami-
nated with trace amounts of C-14 and H-3, These wastes appear to meet most of
the minimum requirements for Class A wastes, i.e., no free liquid, no hazard-
ous pyrophoric or explosive components of the wastes and no cardboard or
fiberboard packages. With respect to liquid wastes, 3M's Quality Assurance
Program for waste packaging dictates that in a 30 gallon drum filled with
diatomaceous earth no more than 10 gallons of liquid are to be disposed of.
This is based on tests at 3M indicating that this provided twice the absorbent
volume necessary for the liquid. The future disposal of Yb-169 waste r.ay
necessitate identification of any package that contains chelating agents in
excess of 0.1%, and Kr-85 waste should be packaged in a manner consistent with
the requirements of 10 CFR Part 61.

5.2 3M Class B and C Waste Packq;g Evaluation

5.2.1 3M Lead-Lined D-ums - 10 CFR Part 61 Requirements

As was discussed in Section 3,2, the 3M wastes of activities high
enough to be classed as B or C according to the classification scheme of
10 CFR Part 61 fall into three main categories:
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a. wastes in Nalgene containers (from hot cell processes,
principal radioisotope Cs-137),

b. outsize item wastes (furnaces and contaminated
equipment from hot cell processes too large to
fit Nalgene containers), and

¢c. source-filled lead "pigs" (returned and reject sources
placed in lead pigs, principal radioisotope Cs-137).

According to the survey of 3M RSRs, all wastes over Class B are pack-
aged in 2-or 3~-inch wall thickness lead-1ined drums. The minimum waste
characteristic requirements in 10 CFR Part 61 Section 56 (see Section 5 -
Introduction) are, in general, met by the 3M lead-lined drum waste packages,

Summary/Conclusion

M Class B and C waste packages appear to meet the minimum requirements
in 10 CFR Part 61 Section 56,

5.2.2 3M Lead-Lined Drums - Technical Position Recommendations for High
Integrity Containers

As can be seen from the earlier discussion (Section 3,, all of the 3M
Class B and C wastes disposed of in the lined drums are non-monolithic and do
not qualify as stabilized waste. For the purpose of this evaluation, the 3M
container design was reviewed for consistency with the high integrity
container guidelines in the TP.

The recommendations for high integrity containers as outlined in the
Technical Position on Waste Form (Appendix B) are considered individually
below as they pertain to the 3M 30-gallon lead-lined drum Class B and/or C
waste packages.

5.2.2.1 Free Liquid Fraction and Process Control

Maximum allowable free liquid in a HIC should be less than one per-
cent of the waste volume [as measured by the method of ANS 55.1 (Appendix D)].
1M has indicated that there are no free liquids in the wastes which are dis-
posed of in lead-lined drums. All hot cell manufacturing process liquids/
solutions are evaporated to dryness prior to disposal.

S:2.2.2 Desisp Goal of Minimum 300-Year Container Lifetime

A design goal for minimum 300-year maintenance of structural integ-
rity of the high integrity container is required under 10 CFR Part 61. The
30-gallon 2-and 3-inch lead-lined drum manufacturer has conditlona1%¥ sti-
mated the service life of the lead lining as several hundred years. The
carbon steel components of the container (outer drum and inner liner) are ex-
pected to corrode at a higher rate than the lead. Physical conditions speci-
fied by the drum manufacturer as potentially destructive to the structural
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integrity of the container relate to drop or puncture processes. It is ex-
pected that the lifetime of the container used as a radiocactive waste con-
tainer to be huried in soil will vary with the magnitude of chemical degrada-
tion mechanism effects., The handling procedures exercised at 3M and at the
burial site as well should preclude occurrences that violate stipulations
imposed by the drum manufacturer. Thus, effects likely to affect the drum
lifetime lie beyond the scope of design planning by a manufacturer whose
purpose has been to supply a lead-lined container and not necessarily to
supply a container that needs to meet requirements set for a high integrity
container.

5.2.2.3 Consideration of Corrosion and Chemical Effects - Wastes and
Environment

The corrosive and chemical effects of both the waste contents and the
disposal trench environment must be considered in regard to their impact on
the ability of the high integrity container to meet the performance recommen-
dations of the TP. The three main potentia! types of wastes that 3M generates
(of activity and distribution to be categorized as Class B and/or C waste)
liave beer. discussed earlier (Section 5.2.1). The corrosive and chemical ef-
fects of these wastes can be considered with respect to the package condition
(1) at burial {i.e., assumed to hav> undergone no radiolysis) and (2) subse-
quent to radiation exposure. The corrosive and chemical effects of the wastes
independent of the radiation-induced effects are discussed in the following
section. GSimilarly, the effects of the disposal trench environment on the
waste package (again, independent of the radiation-induced effects) are dis-
cussed in the succeeding section. The discussion of corrosive and chemical
effects in relation to the radiation exposure is given in Section 5.2.2.7.

(1) Effect of Wastes, The initial situation is one in which there
is only solid-solid contact between waste components, i.,e., closed hot cell-
process-waste-filled Nalgene containers, oversize pieces of contaminated
equipment, or lead pigs filled with waste sources., Chemical effects from the
materials external to the Nalgene containers (i.e., effects from contaminated
equipment and lead pigs) should be minimal., Inside the Nalgene containers
there may be remnants of solutions evaporated to dryness which, were they to
come in contact with water, might produce acidic or otherwise corrosive solu-
tions. Specifically, resulting from the cleaning and leach testing of labeled
microsphere sources, there are expected to be hydrochloric acid, trisodium
phosphate and EDTA (ethylenediamine tetraacetic acid) residuals. It should be
noted that the amounts of these materials are generally quite small compared
to the other wastes and the likelihood of their becoming wet is uncertain
since, in addition to the barrier presented by the outer waste container and
the two polyethylene liners, the Nalgene containers are known to be friction
sealed. In general, then, it is expected that degradative chemical effects of
these types of wastes at the time of disposal should be minimal. The presence
of radioactive contaminants in the wastes will, however, lead to the occur-
rence of radiolysis and the discussion of the effects of such radiolysis is
part of Section 5.2.2.7.
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(2) Effect of Disposal Trench Environment, The 30-gal lead-lined
waste package as shipped by 3M consists of three components: an overpack, a
carbon steel drum, and a lead inner container. The anticipated lifeiime of
each of these barriers should be considered in assessing whether the container
will last for 300 years once it is buried. In addition, since each of these
barriers is made from different material, the interactions between these bar-
riers will also be considered where applicable.

Ovorgack

All of the overpacks for the 3M radiocactive containers are wooden
boxes (see Section 4). In the case of the 30-gal lead-lined drums, the over-
pack (crate) has a volume of approximately 0.31 m3 and the drum itself has a
volume of 0.16 m3. The crate is constructed mainly from plywood. Civen the
materials of construction, it is anticipated that the crate is susceptible to
biodcgradation(lz) and little or no credit can be given to it to supply sta-
bility beyond a few years. Degradation of the wooden crate is likely to be
relatively complete and to result in the production of humic acids, as well as
a decrease in the package volume of approximately a factor of two. Subsidence
resulting from this volume change would be expected during the period of
active site maintenance, Further, some of the products of biodegradation can
act as chelating agents which might affect wastes buried near the 3M wastes,
as well as the 3M wastes themselves. In light of consequences of the biode-
gradability of the overpacks, it is recommended that the crates be removed
piior to burial.

Carbon Steel Outer Container

Waste packed in lead-lined drums at 3M is, in actuality, in a double
container, a carbon steel outer drum and a 3-in. lead liner (see Figures 4.1
and 4.2). Gause et al.(2) have considered the stability of carbon steel
drums in a trench environment. As they point out, it is not possible to accu-
rately estimate the drum lifetime at a disposal site from existing data on
carbon steel ccrrosion in soil. They have, however, estimated a time to
pitting of from 2.5 to 9.6 years and a container lifetime of from 10 to 120
years depending on soil conditions. In the case of the 3M drum, corrosion i=
likely to be accelerated due to the presence of humic acids from the degrada-
tion of the wooden overpacks should the crate be buried with the waste. Once
pit penetration takes place, it is likely that a galvanic couple between the
outer carbon steel drum and the inner lead liner may occur. Given the rela-
tive difference in electrode potentials between these two materials, the lead
may be cathodically protected by the iron (in the outer drum). Hence, the
corrosion of the drum is most likely to be enhanced. This, of course, will be
mitigated b¥ the decreased corrosion rate of the lead container (see below).
Romanoff(13 gives some data on the protection of steel pipes provided by a
lead coating. The effects of this galvanic coupie cannot be quantitatively
estimated, and hence, will not be considered furcvaer, Certainly, there is no
evidence that the carbon steel drum will provide either stability or cintain-
ment for an appreciable length of time relative to the requ/red design life-
time of 300 years for the container.
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Lead Liner

As with the carbon steel outer container, the corrosion in soil of
the lead liner cannot be estimated with accuracy in the absence of data from
site specific testing of contalner materials and designs. Romanoff(l3 pro-
vides the results of field tests of commercial lead coupons in 38 different
soils. A maximum penetration of greater than 120 mils in 11.65 years was re-
ported (>0.024 cm/yr). A minimum penetration of (2.2 x 10-3 em/yr) was also
rcportzd. The Romanoff data have been found conservative; Gilbert and
Porter(l4) report a maximum depth of attack on lead sheet as 1.7 x 107
cm/yr. Taking the Romanoff data and assuming these pit penetration rates can
be extrapclated linearly with time, these rates would imgly that, for the
3-in. lead-liner, it would take between less than 3 x 10 years and 3.5 x
103 years to breach the liner by pitting. For the 2-in., lead container,
this range is reduced to less than 2 x 102 to 2.3 x 103 years,

In terms of uniform corrosion, the data in Romanoff yields a rate of
4.6 x 1074 to 1.3 x 10-2 g°cm‘2'yr‘l. For lead, with a density of
11.34 g/cc, these rates result in an average thickness loss due to uniform
corrosion of 4.1 x 10=3 cn-yr'l to 1.1 x 10-3 cm-yr'l. For a
3-in. liner, this implies a lifetime of between 7 x 103 yr and 2 x 103 yr,
while for a 2-in. liner, a lifetime of 5 x 103 and 1 x 105 yr is implied.
Given the ranges of uniform and pitting corrosion rates and the fact that, for
a time, the lead may be cathodically protected by the carbon steel drum, it
would appear that a 3-in. thickness of lead and possibly the 2-in. thickness
of lead have the potential to provide stability over the 300~-yr design life-
time. Fur*her, containment over much of that period could also be provided by
either a 2- or 3-in. thickness of lead. (This latter conclusion is design
independent. For a discussion of containment, see Section 5.2.2.12 below.)
It must be stressed that the range estimates made in this section are based on
several assumptions including linear extrapolation of the Romanoff soil corro-
sion rate data and application of non-site-specific and non-container-specific
data to the particular case of the lead-lined drum. On the basis of this
analysis, it appears likely that the lead lirers may provide stability over
the design lifetime. However, 3M should provide an analysis of container
lifetime based upon anticipated burial =ite conditions and container design.

5.2.,2.4 Mechanical Strength

The mechanical strength of the high integrity container must be suf-
ficient to withstand horizontal and vertical loads equivalent i» those brought
about by a soil cover of density 120 1b/ft3, The maximum load to which the
3M lead-lined drums may be subjected (Hanford burial site) is rhat from a soil
column 45 f¢t. high.(15¥ This leads to the lcads on the different drum com-
ponents summarized in Table 5.2. The yield s'rengths of these materials gen-
erally increase with decreasing temperatures so the actual yield strengths at
the ambient temperature of the trench should be somewhat greater than those in
Table 5.2. The loads have been calculated for the components individually,
i.e., for the lead, the pressure experienced was calculated neglecting tne
presence of any carbon steel, and for the pressure on the carbon steel, the
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lead was neglected. The container as a whole should be able initially to
withstand greater pressure than the individual component strengths given in
Table 5.2 due to mutual support effects, not only from the carbon steel and
lead but also, to some extent, from the wastes themselves.

Table 5.2

Comparison of Soil Stress to Yield Strengths for
3M Lead-lined Waste Package Components

Soil Stress

Vertical® Yield Strength
Lead (2-1in.) 0.6 MPa, 87 psi
Annulus
Lead (3-in.) 0.5 MPa, 73 psi Lead (20°C) 6-8 MPab
Annulus 900~1200 psi

Carbon Steel (2-in) 14 MPa, 2000 psi
(outer drum and

inner steel liner)
Carbon Steel (27°C) 250-290 MPa®

Carbon Steel (3-in) 15 MPa, 2200 psi 36,000-42,000 psi
(outer drum and
inner steel liner)

acalculated wall stress, Total vertical load experienced by the lid
“area" of the container is actually impressed upon the ring-shaped area
representing the wall.

breterence 16.

CReference 17.

The “act that the values for the lead yleld strength and the calcu-
lated loads t. be experienced are within an order of magnitude of each other
becomes of p~t:ntial concern for two reasons:

(1) The carbon steel outer drum and, possibly, the carbon steel inner
liner will be subject to corrosion degradation at a rate much
greater than that experienced by the lead. (This is due both to the
lead's greater corrosion resistance and to its "galvanic" protection
at the expense of the carbon steel mentioned in Section 5.5:2.9;:)
Thus, the lead may be expected to outlast the carbon steel compo-
nents and, at some point, be subjected to all or nearly all of the
soil load. In other words, the degree of conservatism resulting
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from the fact that the container components will initially reinforce
each other becomes compromised at some later time when the lead
will, essentially, need to withstand the soil load pressures alone,.

(2) The lead yield strength represents a uniaxial property that is not
independent of the three-dimensional structure of the material,
i.e., it cannot read:ly be used to address the issue of multiaxial
stresses on a columnar or annular structure. Geunerally, cylindrical
structures are subject to failure under pressure by bending or buck-
ling. An engineering judgment of this effect indicates that this
design, i.e., 3 inches of lead, should not fail due to buckllng.'
However, 3M, should they wish to complete the mechanical strength
analysis, would need to consider bending and/or buckling pressures
in conjunction with the effects of corrosion and/or long-term creep
on specific portions of the container design.

In summary, the carbon steel container components should initially be
of sufficient mechanical strength, but the strength of the lead components has
aot been determined Ly a structural analysis.

5.2.2.5 Polymeric Material Creep Test Data Extrapolation

The recommendation for polymeric material of design mechanical
strength extrapolation from creep test data does not explicitly apply to the
3M Class B and C lead-lined containers, It is known, however, that lead will
creep, and, therefore, creep should be considered in a container evaluation.

5.2.2.6 Thermal Load Effects

The effects on the 3M lead-lined waste packages of the thermal loads
of processing, storage, transporation, and burial should be minimal. Over the
temperature range -40°C to 60°C specified for testing in Section C2(g) of
the technical position, carbon steel is expected to be unaffected. For lead,
the recrystallization temperature is near 0°C, 15) yhich means that below
this temperature, the lead will become harder and less ductile such that more
force is required for deformation. From the point of view of handling and
storage, at temperatures below 0°C, the lead should essentially become
stronger but also more brittle and thus more susceptible to cracking. In the
burial trench, the lower temperatures to which the package will be subjected
(~10°C) should serve mainly tc increase the ability of the lead to withstand
pressure and, given the improbability of sudden stresses, there should be
little likelihood of negative structural effects.

In summary, independent consideration of the 3M container components
leads to the conclusion that there should be little thermal effect in regard
to the carbon steel and also in regard to the lead so long as it is not sig-
nificantly stressed at temperatures below its recrystallization temperature.

*Telephone conversation between M, Reich and R, E, Barletta, February 10,
1984,
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Ideally, 3M should consider the effects of low temperature recrystallization
in its analysis of the container stability.

5.2.2.7 Radiation Effects on Containers and Wastes

The materials and components of the 3M wastes packaged in the 2~inch
and 3-inch lead-lined drums which might yield radiolysis products of concern
are the polymer/plastics «nd cellulosics. This means that the types of pack-
ages for which ~adiolysis products must be taken into consideration would be
those containing Nalgene-emplaced wastes. The approximate composition of
these hot cell wastes has been given (by volume) as 50% polymer/plastic,

10% HEPA filtcrz ’nd 40% glass, paper, metal and waste microspheres (see
Section 3.2.1).'7

The 3M hot cell waste packages containing polymers/plastics have been
stated to contain 10% or less by volume polymer/plastic material, The remain-
ing volume is void space. Since voic space is not to be included in waste
classification, this means that the Class C activity limit for such a package
would, at most, be that corresponding (for a 3-im. lead-lined drum) to a vol-
ume of 2.6 ft3 (lining volume plus 10% internal volume) or ~340 Ci, In ad-
dition, assuming a waste material demsity of 1 g/cn3, the mass of polymer/
plastic material present in such a package would be 4.5 x 103 g (10% of
4.5 x 104 em? internal volume).

Packages of waste cellulusic materials and having greater than 30 Ci
of Cs-137 hold 1 x 103 g of cellulosics. It has been assumed that void
space is minimized in such packages. For the purposes of the radiolysis cal-
culations in this section, the cellulosics have been taken as occupying the
total internal volume and the upper Class C limit Cs=-137 activity for a
30-gallon container, ~520 Ci, is assumed.

Packages containing HEPA filters have been stated to contain activi-
ties that do not exceed 30 Ci of Cs-137 and, given that a worst case calcu-
lation for radlolysis of cellulosics can be made based on the information
percaining to the cellulosic-containing packages of activities >30 Ci, these
HEPA filter packages will not be considered further.

The information used in the radiolysis calculations for the two types
of Nalgene-emplaced waste packages is summarized in Table 5.3. It should be
noted that, for the purposes of waste package classification and activity
assumptions in this section, the total waste package volume has been used
exclusive of void space, i.e., the lead-lining has been included with the
pertinent waste volume to yield the total "package" volume, For the activity
density values, i.e., the radioactivity distributior throughout the waste
material (Cqy in Table 5.3), a homogeneous distribution has been assumed and
only the waste-occupied internal volum< of the package has been included.
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Table 5.3

3M Nalgene-Emplaced Waste Package Summary
(3-in. Lead-Lined Drum)

Package Volume Total Mass of c
(void space Activity Material ___ -1
exc luded Iaternal Volume (c1) (g) (mCi/em3)
fe3 cm fe3 cm?
(1) polymers/ 2.6 7.4x10% 1.6 4.5x10% 340  4.5x103 7.6
plastics
(2) cellulosics 4.0 1,1x10% 1.6 4.5x10% 520 1x103 12

The accumulated dose for 300 yezrl has been calculated according to
the method given in Dougherty and Adams. 18) The pertinent value of the
gevmetric Y f.ctot was based on extrapolation of g values from Hine and
Brownell, (19

The gamma (y) dose can be calculated from the general equation:
DI(t) = D{(=) (l-e-rit)
where

Dz(t) is the absorbed gamma dose at time t due to decay of the
ith radionuciide

and

DI(w) is the total absorbed gamma dose due to decay of the ith
radionuclice and is equal to

CyT4g x 8.76 x 103 h + yr-l

Aq

where C§ fs the it" radionuclide activity density
(mCi/em?), 7{ is the gamma ray constant of the ith
radionuclide (rad em?h mci-1), g is a geometric factor
which assumes tissue equivalency (cm), and A\; is the decay
constant of the ith radionuclide (yt'{)
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or, in this case,

Dg (%gg yr) = Ccg-137 (Cs-137 8 x 8.76 x 103 h + yr-l (1-e"PCs-137%)
. -, A
Acs-137

For the types of packages considered, i.e., (1) the polymer/plastics and
(2) the cellulosics, the activity densities, Cy, are 7.6 (mCi/em3) and
12 (mCi/em3), respectively. Other pertinent parameter values are:

Teg-137 = 3.3 (rad em? h mci=1)
B = 101 (em)

Acs-137 = 0.023 (yr-1)

t = 300 yr

Substitution yields 9.6 x 108 rad accumulated y dose for the polymer/plas-
tics and 1.5 x 109 rad accumulated y dose for the cellulosics.

The 8~ dose for these two package types can be calculated from the
general equation:

peB(t) = DgB(=) (1 - e=}t)
where

Di8(t) is the absorbed beta dose at time t due to decay of the
i1th radionuclide.

018(”) is the total absorbed beta dose due to decay of the ith
radionuclide and is equal to

ACy By x 8.76 x 103 h » yr-l

A
where

Cqy is the activity density of the ith radionuclide

(mCi/em3), E& {s the average beta energy of the ith
radionuclide (MeV), and A is a proportionality constant which
equals 2.1 x 103 rad cm3 Mev-lh~lmCi-! when Cy and

Ey have the units given. Finally, Ay is the decay con-

stant of the ith radionuclide (ye~1)

34



or, in this case,

DB(300 yr) = A Ces-137 ib.-137 x 8.76 x 103 h . yr-1 (’ 'Ac5-137‘)
Cs~-137 1c'-137 S

Again, the Cs-137 concentrations have been taken as 7.6 mCi/cm and 12 Ci/cm3
for the polymer/plastics and the cellulosics, respectively. The values of the
other parameters are:

A = 2.1 x 103 (rad cm3 Mev-lh-lmci-l)
Zes-137 = 0.195 (MeV)

A = 0,023 (yr~l)

t = 300 (yr)

Substitution yields 1.2 x 10% rad accumulated B dose for the
polymer/plastics and 1.9 x 10° rad accumulated 8 dose for the cellulosics.

The plastics fraction of these wastes (see Table 3.2) would be ex-
pected to generate gas, predominantly hydrogen, in a radiation field(l),
The gaseous products expected to be produced at the total y andiR areumulated
dose (2 x 10 rl?) gased on the G-value for polyethylene (3.7 molecules per
100 eV absorbed){20) should amount to approximately 200 mL of gas (STP) per
gram of plastic, Assuming a waste density of 1 g/cm3, for a 3-inch
lead-lined drum and total accumulated dose absorbed by the plastics, this
would result in 9 x 102 liters of gas (STP).

Hydrogen, carbon dioxide, and carbon monoxide total gas production
from radiolysis of the cellulosic component of th? v’ltes has been calculated
based on a G (total gas) of 0.63 molecule/100 ev,.(21 Given this G value,
the total gas production (over 300 years) for the cellulosic waste fraction is
50 L of a mixture of Hy, COj, and CO gases.

Were the lead-lined drums sealed, these volumes of gas produced over
the 300-year period would result in a pressurization equivalent to ~21 atm
inside the polymer/plastics drum and ~2 atm inside the cellulosics drum (all
gases taken as originally at STP). The lack of a seal on the 3M lead-lined
waste drums allows the gases produced by radiolysis to escape the container
and, thus, no such pressurization is expected tu occur. Thus, there are no
deleterious effects anticipated due to radiolytic gas production,

The other radiolysis products that might be of concern with respect
to the 3M wastes are the organic acids produced from the radiolysis of cellu-
losics. The G value for organic carboxylic acid group-containing molecules is
3.6. The major acids reported for radiolysis of c2llulosics are: formic (G =
2.3, 64%), glucuronic, 2-ketohexanoic and 3 unspecified "S-ketohexanoic or
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uronic acids”.(22) There is a potential for acceleration of container cor-
rosion by these compounds. For the cellulosic waste package, with the y dose
calculated earlier, 1.5 x 109 rad, there should be a production of ~6 moles
of organic acids, of which 64% or approximately 4 moles, would bhe formic acid.

Assuming this G value (3.6) holds for B radiolysis as well, the B8
dose (2 x 109 rad) should result in production of ~& moles of crganic acids,
of which ~5 moles would be formic acid. The total organic acid production
from B and y radiolysis of cellulosics might thus be expected to produce up to
14 moles of organic acid of which ~9 moles would be formic acid.

In order to illustrate the magnitude of effect that such an amount of
vrganic acid could produce, the following assumptions have been made:

(1) the inner carbon steel liner used for.the 3M lead-lined drums
has been taken tc be composed totally of irom,

(2) in the primary metal dissolution/oxidation step, i.e., the iron-
ecid interaction, it has been assumed (as a conservative case)
that iron is taken from the zero oxidation state to the +2
state, i.e., two acidic groups are utilized per iron atom,

and

(3) the acid has been assumed to contain only ome carboxylic func-
tional group per molecule, and to interact as in (2) above
independent of the presence of water.

Given these assumptions, for 14 moles of acid ~7 moles of iron shculd be con-
sumed, This corresponds to ~420 g of iron. Given the density of iron as 7.86
g em=3, and the thickness of the carbon steel liner (11 gauge) as 0.3 cm,
this amount of acid could, as a worst case, result in dissolution of

~175 em? of liner. The drum inmer bottom area has been calculated as

~800 em2 (3-in. wall thickness lead-lined drum). Were the organic acid
localized at the drum bottom, this woula mean that ~20% of the liner bottom
area could be effectively corroded., It would be expected that the lead could
also be attacked by the acid once the carbon steel liner is breached, If it
{s assumed that ~50% of the organic acid is consumed in penetrating the carbon
steel liner and 50% remains available to attack the lead, a estimate of
potential damage may be made. Given assumptions similar to those made above
[(2) and (3)] except that it is lead that is corroded by reaction with acid,
4 moles of lead should be corroded. This amount of lead would correspond to
a circular area ~9 cm? (1% of the total bottom area) and 3-inches thick (for
the 3-inch wall thickness lead-lined drum), and ~13 em? (~2% of the total
bottom area) and 2-inches thick (for the 2-inch wall thickness lead-1lined

drum).

It should be noted (see also Section 5.2.2.3) that, given the rela-
tive difference in electrode potentials for lead and iron, there is a possi-
bility that galvanic protection of the lead liner may occur at the expense of
the carbon steel.
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In summary, given 2!l the assumptions made earlier, the organic acids
produced by radiolysis of the cellulosic fraction of these wastes could cor-
rode part of the bottom area of the carbon steel liner used in the 30-gallon
lead-1ined drume. In addition, there is conceivably enough acid present to
corrode through ~1-2% of the lead drum bottom for the 3-inch and 2-inch wall
thicknesses,

The interaction behavior of formic acid with the three main waste
package materials of concern can be summarized as follows:

(1) with lead, corrosion due to formic acid (10-100% concentration,
25-100°C) is so significant that it is recommended lead not be
used for any coyponont parts where there may be contact with
formic acid.(

(2) with carbon steel, formic acid enhances corrosion (see above)
such that carbon steel is "not recommended" as a lining material
for use with formic acid.(24

(3) with polyethylene (the Nalgene container material, which is low
density polyethylene, has been assumed to behave similarly to
polyethylene), formic acid (anhydrous) interacts in a non-
destructive manner at least over the temperature range
60-~140°F (15-60°C). Alec polyethylene is resistant to
attack by formic acid in 10-85% aqueous solution (considered
because of the water influx potential of the package; water has
not been given as a major y-radiolysis product of the materials
considered) oyer the temperature range 60-160°F
(15-71°¢), ¢

The procedure for packaging the Nalgene-emplaced wastes has the ef-
fect that all cellulosic materials are contained in Nalgene. Thus, radiolysis
preduction of formic acid from the cellulosics should occur inside the Nalgene
vessels., At the same time, the Nalgene itself (being low density polyethyl-
ene) is undergoing radiolysis to give off gas (mainly hydrogen) as discussed
earlier. There is a possibility, depending on the condition and behavior/
stability of the Nalgene vessels, that the formic acid produced in the inter-
ior may find its way to the carbon steel inner liner and, eventually to the
lead itself.

Even though the Nalgene containers may not be damaged either during
handling, packaging or by any waste components (e.g., a piece of glass), the
potential dsmage due to irradiation of the Nalgene is of concern. King
et al,(25) have tabulated absorbed radiation doses that may damage poly-
ethylene. For what has been termed "threshold damage" to tensile strength
and uhear strength, polyethylene can have absorbed a total dose of
1.7 x 10° ergs*g™" or 1.7 x 107 rad. Changes in other properties such
as elongation, elastic modulus, and impact strength do not occur until higher
absorbed donea (between 2.1 x 109 and 3.6 x 1010 ergs g~! or 2.1 x 107
to 3.6 x 108 rad). The calculated total cumulative doses to the 3M (Class C
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upper limit assumed) Nalfcnc-omplacod cellulosic wastes has been piven earlier
as 3 x 10% rad or 3 x 10 1 erg g'l. This accumulated dose Is two orders

of magnitude higher than that required to produce threshold damage to the
polyethylene and it is thus expected that over the 300 year period, the poly-
ethylene (Nalgene) material could suffer mechanical damage due to irradiation
from the Cs-137.

Summary

Radiolysis has been considered for the plastic and cellulosic compo-
nents of the 3M wastes., It is assumed that the radiolysis effects on metals,
glass and ceramics that may be present are minimal, Hydrogen gas is the
principal radiolysis product of polyethylene and the total amount of gas pro-
duced has been calculated for the polyethylene component of the 3M waste pack-
age containing Nalgene-emplaced wastes (contaminated with Cs-137 at the upper
Class C activity limit) as totalling approximately 900 liters (STP) over the
300 year period. Hydrogen, carbon dioxide and carbon monoxide gas produc~
tion from radiolysis of the cellulosic component of these wastes totals ap-
proxirately 50 liters of gas (STP) over the 300 year period. The lack of a
gas-tight seal on the lead-lined drum leads to the expectation that this gase-
ous material will escape the container and, consequently no pressurization is
anticipated, Were the drum sealed such that all the radiolysis gas products
were retained, pressures of ~21 and ~2 ata (0°C), for the polymer/plastics
and cellulosics containers, respectively, would be expected to build up over
the 300-year period.

Liquid radiolysis products include several organic acids which result
from radiolysis of cellulosics. The total organic acid production expected
over 300 years is ~14 moles of which formic acid comprises 64% or ~9 moles.
The polyethylene-formic acic intersction behavior is not destructive and there
is a potential for containment of this acid by the Nalgene if no damage has
occurred in packaging/handling and until the irradiation damage to the Nalgene
compromises its ability to contain. However, should the formic acid be able
to contact the carbon steel liner, and/or the lend itself, enhancemen: of con-
tainer corrosion from within may occur. This could affect the lifetime esti-
mates for the lead-lined containers such that a 300-year lifetime could not be
guaranteed,

5.2.2.8 Biodegradation Effects

Biodegradation of the 3M lead-lined package container materials has
been considered from two points of view (1) outside the container, i.e., in
the trench soil environment, and (2) inside the container, i.e., in the waste
themselves. In neither case is biodegradation expected to be a primary prob-
lem, {.e., direct biodegradation of the lead and carbon steel is not expected
since neither material supplies a carbon source. From both viewpoints, how-
ever, biodegradation by-products (e.g., organics acids ) may be of concern
with respect to corrosion of the container. A discussicn of the complexity of
the composition and behavior of a system of microorganisms which may exist
either in the soil or in the wastes and also of the different chemicals they
may consume or produce has been given in Gause et al. For the case at
hand, it should be noted that:
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(1)

and

(2)

from the soil environment, the consideration of corrosion of

the container from outside (Section 5.2.2.3) has been based on
published measured corrosion rates for metals in soils which
contained microorganisms (i.e., not sterilized) and thus the ef-
fect of microbial activity on corrosion is reflected in the soil
corrosion data of Pomanoff discussed above. Romanoff has stated
that organic acid-rich soils are more corrosive to lead than
inorganic soils. It was concluded that this behavior was a con-
sequence of the lack of protective film formation due to the
high solubility of certaln organic salts of lead. Lead acetate
was cited as an example.

from the point of view of biodegradation of the wastes, there
is the potential for self-sterilization within ~3 months for 3M
wastes (in 30-gallon lead-lined drums) that have Cs-137 con-
tamination levels of ~200 Ci per package.

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

(1)

(2)

(3)

Sterilization has been shown to occur at accumulated doses up to
5 x 106 ra? éghat necessary for sterilization of sporulating
bacteria); (2 the dose rate effect has not yet been totally
established.

At dose rates greater than 104 rad/h, it appears that thg
sterilization effect is independent of the dose ratc,(2° and
the exact lower bound on dose rate has not been set,

For the Class C limit Cs-137 activity considered for the 3M
3-inch wall thickness lead-lined drum (~520 Ci), the initial
dose rate (£~ and y) has been calculated as 3 x 107 rad/h.
This dose rate will decrease exponentially at a rate dependent
on the Cs-137 decay constant,

The times to accumulated sterilization dose independent of dose rate
affects have been calculated (Table 5.4), Both the y and B~ dose contribu-
tions have been included in these calculations, Inclusion of the B8~ dose
implies the assumption that the B~ emitting activity and tle microbes are
homogeneously distributed throughout the wastes.

Since the lower limit for sterilization to have dose rate independ-
ence has not been definitively set, it is possible that those Cs-137 activi-
ties 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, Those activities in Table 5.4
for which the initial dose rate is of the order of 103 rad/h are 260, 500,

and ~520 Ci.

The low:r activity limit for this type of container at which the

103 rad/h dose rate can be achieved is ~200 Ci. Thus, for waste packages
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Table 5.4

Time to Sterilization Dose Accumulation for
Different Cs-137 Package Activity Levels

30-Gallon Drum Time® to Sterilization Dose
Cs-137 Package Activityb 5 x 10° rad®
(ci) (yrs)
5 14
26 2
50 1
260 0.2
500 ~]1 month
(~520)4 ~1 monthd

apetermined by extrapolation of plot of e t vs time for
set accumulated dose, geometvy, distribution, and Cs~137
activity.

byalues taken over the entire Class B and C ranges for
this type cf package.

CMaximum dose pub.ished for sterilization of sporulating
bacteria.

dUppcr Class C limit values for this size container,

(in 30-gallon lead-lined drums) containing >200 Ci of Cs-137, it should be
expected that self-sterilization may occur in less than 3 months, Self-
sterilization of those packages whose activities are such that 1 to l4 years
elapse before the necessary accumulated dose has been reached (50 to 5 Ci in
Table 5.4) must be viewed with skepticism. Based upon the analysis presented,
n~ 3M waste package will remain self-sterilizing after ~50 years, the time
required for the dose rate of a IM package containing the upper class C limit
concentration of Cs=137 (~520 Ci) to fall below 103 rad/nhr.

Implicit ia the generalization that a self-sterilizing package should
experience minimal effects from biodegradation of the wastes themselves are
the assumptions that:

(1) There i3 no inoculation from outside the wastes such as might
occur with water influx into the packages,

and,

(2) There is no significant (from the standpoint of corrosive or
degradative chemical production) biodegradation occurring in the
wastes prior to the time at which the self-sterilization is

complete,
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Both of there assumptions require careful consideration in the case
of the 3M lead-lined drum waste package, First, there is, as mentioned in
other sections (5,2.2.,4,-7-,12), no seal on this container such that there is
a4 guarantee of no water influx, Rainwater containing microorganisms could
thus, potentially, enter this type of package (at any time, but particularly
siguificant times with respect to changes in container degradation behavior
would be subsequent to the self-sterilization period) and thereby replenis!
the microoganism population responsible for biodegradation. Second, the rates
of bilodegradation are dependent on a great number of factors including the
particular types of microorganisms, the ambient gas conditions (anaerobic vs
aerobic), the amount of water present, the type and amounts of nutrients
present, etc,

Summary
It would be very difficult to indicate whether biodegradation pro-
cesses going on in the wastes could contribute significantly to the degrada-
tion of the container prior to the self-sterilization time, It might be that
those packages containing activities at levels such that the self-
sterilization interval is much shor:er than the time to expected water influx
hsve a greater chance of experiencing extended container integrity simply
ause, for some unspecified time, the container is not ‘subjected to the

fects of biodegradation from within,

IP[‘arrmen! of Transportation (DOT)

¢ h e ———t——

lhe high integrity container should be capable of meeting the

re
and

ents for a Type A package as specified in 49 CFR Section 173,411
According to a statement from the manufacturer of the 30-gallon 2- and
wall thickness lead-lined drums, these containers are constructed to

Type A requirements,

[ifting Loads to Whic! mtainer N be Subjected
AdR i W ——— -t i B AR WP D

The high integrity container and the assoclated lifting devices
be designed to withstand the forces applied during lifting operations,

ninimum, the container should be designed to withstand a 3-g vertical

vertical lifting load which the 30-gallon lead-lined drums are

support corresponds to approximatel 5 ‘ ince the
and 3-in, lead-~lined drums weigh 1700 and 2100 1lbs, additiona

support is needed for containers to withstand a 3-g vertical lifting

uch a lifting load woulid be equivalent (for empty drums) to 5100 and
IR

for these twe container types, respectively, ' As indicated in

RSRs, tyrical saste loads for these packages welig} 30 lbs. Essentially,
.

n, &4 waste~filled 3

3 3 1 A

-gallon nch lined drum would weigh ~2400 lbs,
container in this package woul then need be capable of withstanding
ffting load of 72 lbs. This is 3700 1lbs in excess of the lifting load

se ontainers are designed to withstand,.




5.2.2.11 Design for Avoidance of Water Retention on Container Surfaces

The 30-gallon lead-lined drums, being cylindrical structures, have
flat surfaces on the top and bottom, There is also a raised ring around the
top of the outer carbon steel drum where the drum lid sits, and a similar ring
on the bottom., Thus, if placed vertically, this container would be expected
to collect and retain water on its upper surface. The lead lining itself also
has flat upper and lower surfaces so that it is expected that water collection
and retention would occur on its upper and lower surfaces as well, In addi-
tion, the lead liner has an opening around its 1id which allows water essen-
tially free access to the drum contents,

5.2.2.12 Container Closure

The 30-gallon lead-lined drums as shipped by 3M have a closed outer
carbon steel drum, There is a standard ring-bolt seal which is not designed
to be gas tight., The inner lead-lining is not sealed, the 1id has a step
design and the lining is closed by simple emplacement of the 1id (see
Section 4). This design should allow for relief of internal pressures, but no
guarantee could be given that influx of moisture could not ocrur (especially
once the outer carbon steel drum has corroded away).

In addition to the possibility of material (water, soil, microbes,
etc.) influx to this container and to the wastes, there is the possibility of
physical displacement of some of the wastes themselves. This conld bhe a
consequence of the dislodgement of the drum's lead-lining lid which may occur
when the drum is placed in any position bevond the horizontal (!.e.,, such that
the drum cylinder axis and the line of the trench bottom fium an {ncluded
angle between 90 and {80°), This possibility was discussed in Section 4,

The significance of this lid-dislodgement increases with time as the outer
drum corrodes away.

5.2.2.13 Prototype Testing of Containers

Prototype testing would be performed on high intagrity container de-
signs to demonstrate the csntainer's ability to withstand the proposed condi-
tions of waste preparation, handling, transportation, and disposal.

At this time, no prototype testing to demonstrate this container's
ability to withstand the proposed conditions of waste preparation, handling,
transportation and disposal has been performed,

’ Y

) 0 - T
' .2.2.14 Quality Assurance Program

High integrity containers should be fabricated, tested, inspected,
prepared for use, fi{lled, stored, handled, transported, and disposed of in
accordance with a quality assurance program. The quality assurance program
should also address how wastes which are detrimental to high integrity con-
talner materials will be precluded from being placed into the container,
Special emphasis should be placed on fabrication process control for those
high integrity containers which utilize fabrication techniques such as polymerx

molding processes,




The type of quality assurance program followed by 3M personnel is de-
pendent on the activity of the wastes: (1) one program is followed for DOT
Type A quantities and, (2) another program is followed for wastes of activi-
ties greater than DOT Type A quantities. The Cs-137 activity for Type A
packages (10 CFR Part 71) is <3 Ci, According to 10 CFR Part 61, 3 Ci of
Us~137 in one of the 30-gallon lead-lined drums would correspond to Class B
waste, For 3M wastes, this would fall into the category of wastes which (given
their non-stabilized condition) have been evaluated as needing to be disposed
of in a high integrity container. 3M therefore has, at this time, no unified
quality assurance program for application to their Class B and C wastes. They
could possibly be processing some Class B wastes along with Class A wastes if
both were to be categorized as DOT Type A. With respect to the higher activ-
ity packages, it is known that as a part of a quality assu-ance procedure, 3M
personnel inspect all lead-lined drums for discontinuities in the lead linings
prior to use. 7)  These inspections involve inserting a radiation source in
the lining center and monitoring of the outside for any radiation that would
escape through openings (were they present) in the lining.

5.2.2.15 Summary of Recommendation Conclusions in Evaluation of Lead-Lined
Drums as High Integrity Containers

The 3M lead-lined package has been evaluated for consistency with the
high integrity container guidelines in the Technical Position on Waste Form.
It should be noted 3M has not claimed that the lead-lined drums they use for
these wastes are high integrity containers.

e The guidelines in the TP (letters refer to the order in the TP)
for a HIC that are met by the 3M lead-lined drum waste package
are:

(a) that referring to <1% free liquid volume and the need for a
process control system, and

(1) that stating the need for the HIC to fulfill DOT Type A
package requirements,

e TP guidelines that may require more analysis, testing, modifica-
tion of structure, etc. to be met by the 3M lead-lined drum waste
packages follow,

(b) The recommendation for a design goal of 300-year maintenance
of structural integrity - the 3M lead-lined drum, as pres-
ently represented, has not been specifically designed to
maintain structural integrity for 300 years. To meet this
guideline, 3M should provide an analysis of container stabil-
ity based upon the container design and contents as well as
anticipated burial site conditions,.

(c¢) The recommendation that the corrosive and chemical effects of

wastes and environment be considered in regard to their im-
pact on the performance of the HIC - the corrosive effects of

43



(3

(k)

(L)

the environment (which include soil corrosionm and all that it
entails) have the potential to compromise the 300-year con-
tainer performance ohjective, It may be necessary to modify
the container design to minimize and/or counteract these ef-~
fects.

Several points which are of note with respect to package
performance are:

(1) The wooden overpacks that are currently part of the 3M
waste package will be expected to contribute, through
their biodegradation, to the corrosive ef fects of the
environment on the HIC and, potentially, to adversely
affect site pertormance as well;

(2) The lifetime of carbon steel outer drums is expected to
be in the range of 10 to 120 years;

(3) The lead lined drums themselves are subject to corrosion
from the outside. The effects of this corrosion should
be considered in a design end structural analysis.

The guideline that the HIC be able to withstand a 3-g lift-
ing load - as presently constructed, the lead-lined drum is
able to support approximately 3500 lbs, For the empty two-
and three-inch lead-lined drums, a 3-g lifting load would
correspond to 5100 and 6300 lbs, respectively, According to
the drum manufacturer these loads (and of course, waste-
loaded package loads as well) are in excess of the weight
limit that can be supported by the present lead-1lined drum
sackage design. Any proposed modification in drum design
should ensure that the 3-g lifting load can be supported by
this package.

The recommendation that the HIC design be such that water re-
tention on the container surface is avoided - the lead-lined
drums, as presently construc ‘ed, may allow for water reten-
tion; additionally, the lead lining, in not being sealed, 1is
vulnerable to water influx. A Jesign modi fication may be
required to minimize water contact time with the container.

The recommendation that the container be sealed over the
lifetime of the container - tLhe 3M lead-1ined drums have two
closures: (1) the outer carbon steel drum, and (2) the inner
lead liner. As these waste packages are presently con-
structed, (1) is sealed and (2) is not. A package design
meant to provide for a seal over the lifetime of the con-
tainer would have to include some design modifications re-
sulting from analysis of the expected behavior and lifetimes
of the container components. As gas generation is expected
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(m)

from the package components, the effects of radiolytic and
biogenic gases on seals should be considered by 3M in their
design analysis,

The recommendation that protoiype testing of the container
be performed. 3M should conduct such tests on a final
package design.

TP recommendations about which only qualified conclusions can be
drawn with respect to the 3M lead-lined drums include areas of
concern and areas about which additional information is necessary.
These are given below,

(d)

()

(g)

(h)

The recommendation that the mechanical strength of the HIC be
sufficient to withstand the loads expected in the trench en-
vironment - the outer carbon steel drum is expected to have
sufficient mechanical strength, but is not expected to last
the entire required package lifetime. The strength of the
lead liners may be sufficient, 3M should provide a mechani-
cal strength analysis which includes consideration of bending
and/or buckling pressures in conjunction with consideration
of effects of corrosion and/or long-term creep on specific
portions of the container design.

The recommendation that the HIC withstand thermal load ef-
fects - these effects are not expected to be significant,
however the mechanical strength analysis discussed in (d)
above should inclnde evaluation of the effects of low
temperature recrystallization in lead.

The recommendation that radiation effects on the HIC be con-
sidered - the radiation effects on the HIC materials them-
selves are expected to be minimal. However, the radiolysis
of the wastes leads to gas and liquid (organic acid) produc-
tion. The gases expected to be generated over a 300-year
period could lead to pressurization of the drum (up to 21 atm
for the Cs-137 Class C limit polymer/plastics package), were
it sealed. The liquid organic acids produced in radiolysis
of cellulesics could, were they to come in contact with the
HIC materials, contribute to the overall package corrosion
and, hence, to a decrease in expected package lifetime. For
quantitative estimation of these effects, 3M should provide
an analysis of the expected waste package behavior over time
with respect to radiolytic degradation.

The recommendation that biodegradation effects on the HIC
package be taken into account - what have been termed
"secondary” biodegradation effects, i.e., those relating to
biodegradation by-products, may be influential in corrosion
of the drum from within [such effects are expected to have
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contributed to the corrosion effects of soil as discussed
earlier, see (c) above], but for quantitative estimates of
these effects to be made, further information on the IM waste
and soil biodegradation by-products and rates may be needed.
Self-sterilization of some high activity packages is possible
and this may lead to inhibition of biodegradation effects
unless the material is re-inoculated.

(n) The recommendation that a quality assurance program be insti-
tuted to apply to all HIC packages - the quality assurance
program currently used by 3M may or may not be adequate to
ensure packaging consistent with the stability requirements.
A detailed quality assurance and process control program to
ensure that the objectives of the waste classification and
stability objectives of 10 CFR 61 are being met for each
package should Le provided by M.

5.2.3 3M Concrete-Lined Drums - 10 CFR Part 61 Requirements

As noted in Section 3.2.2, concrete-lined drums have generally been
used tor wastes which require more shielding than that provided by a regular
carbon steel drum, but less than that provided by a lead-1lined drum, In the
RSRs surveyed for this report, the concrete-lined drums were considered to be
those with weights between the weight of an empty concrete-lined drum (425 1b)
and an empty lead-lined drum (2100 1b)., (The weights of the empty drums are
taken from Table 4.1). It was found that the only wastes with specific ac-
tivities above the Class A range which were disposed of in concrete-lined
drums were lead, glass, paper, and plastic containing Cs-137 with specific
activities in the Class B range. For example, the concrete~lined drums have
been used for disposing of the residuals from cleaning sources after fabrica-
tion. This type of waste packaged in concrete-lined drums will, in general,
meet the minimum requirements of 10 CFR Part 61, Section 56(a) for all classes
of waste but, as discussed below, does not necessarily meet the structural
stability requirements of Section 61.56(b). (See Appendix A for these re-
quirements).

5.2.4 3M Concrete-Lined Orums - Technical Prsition Recommendatioas for Hlih
Integrity Containers

The 3M concrete-lined package has been evaluated for consistency with
the high integrity container guidelines in the Technical Position on Waste
Form. It should be noted that 3M has made no claims to the effect that the
concrete-lined drum is a high integrity container,

The guidelines for high-integrity containers (H1Cs) as outlined in the
Technical Position on waste form are considered in the following sections
individually as they pertain to the M Class B wastes packaged in 30-gallon
concrete-lined drums, Where the analysis is the same as that given in the
preceding discussion of 3M lead-lined drums, reference is made to the appro-

priate section.
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5.2.4.1 Free Liquid Fraction and Process Control

As in the case of the wastes packaged in lead-lined drums (Section
5.2.2.1), the 3M staff have indicated that no free liquids have been disposed
of in the concrete-lined packages.

5.2.4,2 Design Goal of Minimum 300-year Container Lifetime

As in the case of the lead-lined drum, the concrete-lined drum was
not designed with a goal of 300-year mainterance of structural integrity. As
already noted, the purpose of the concrete is to shield wastes which do not
require the greater amount of shielding provided by lead. Factors influencing
the container lifetime will be considered again as the remaining Technical
Position recommendations for HICs are addressed in the discussions below,

5.2.4.3 Consideration of Corrosion and Chemical Effects - Wastes and
e e ST C8° —11€CRS - wWastes and
Environment

The non-radiolytic corrosive and chemical effects of the wastes and the
external environment are similar to those discussed in Section 5.2.2.3 in
connection with the lead-lined drum. The chemical nature of the wastes in
the concrete-lined drums is, in general, similar to that in the lead-lined
drums and would thus be expected to have a minimal degradative effect on the
inner wall of the container, The effects of radiolysis are discussed in
Section 5.2.4,7,

The lifetime of the carbon steel outer drum wall cannot be accurately
estimated from existing data on carbon steel corrosion in soil, In the dis-
cussion in Section 5.2.2.3 of corrosion of the carbon steel outer drum wall of
the lead-lined container, pitting time estimates of 2.5 to 9.6 years and con-
tainer lifetime estimates of 10 to 120 years were noted for this component,
Blodegradative corrosion is implicitly included in these estimates. The gal-
vanic acceleration of the carbon steel corrosion by lead (which is not in-
cluded in these lifetime estimates) does not apply to the concrete-lined drum.
Even without this galvanic effect, the carbon steel drum is unlikely to pro-
vide either stability or containment for a length of time on the order of the
300 years specified as a design goal for the container lifetime,

The deterioration of concrete as a result of cxposufe to aggressive
chemicals has been reviewed in an NRC report by Gause et al, 2) Three fac-
tors were considered to be significant in the corrosion of concrete:

1) the type of cement,

2) the kinds of aggressive chemical agents, in particular,
sulfa'es and the products of biodegradation, and

3) the availability of water in the burial environment,
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It was concluded that at a dry site such as Hanford, to which 3M's
waste is currently being shipped, it is likely that buried concrete will re-
main dry and, consequently, not subject to degradation by corrosion, At a
wetter burial site, however, the long-term stability of the concrete component
of a waste package is likely to be compromised, although without site-specific
data, it is not possible to accurately estimate the lifetime of a 3-inch
concrete annulus.

Both waste-specific and disposal site-specific corrosion and chemical
tests need to be performed in order to confirm the suitability of the proposed
container materials to meet the 300-year design lifetime goal.

5.,2.4.4 Mechanical Stton‘th

The concrete-lined drnm, like the lead-1ined drum, must have a me-
chanical strength sufficient to withstand the load of a 45-ft column of soil
with a density of 120 1b/£t3, equivalent to a load of 5400 1b/£¢2
(0,25 MPa). As in Section 5.2.2.4, the loads were calculated for each compo-
nent individually and a vertical srientation of the drum, the most conserva=
tive case, wes assumed. The whole-package vertical load on the 3-inch concrete
annulus is about 70 psi (~0.5 MPa), the same as that on the 3-inch lead annu-
lus. The whole-package vertical loads on the 26 gauge (0,014 in) carbon steel
{nner liner and on the 18-gauge (0,048 {n) outer drum wall are about
~11000 psi (75 MPa) and 3600 psi (~30 MPa), respectively. These calculated
loads and the maximum loads allowed on the materials making up these compo-
nents are summarized in Table 5.5. It may be concluded that the mechanical
strength of each ccmponent {ndividually is sufficient to withstand the severe
whole-package load in a vertical orientation,

Table 5.5

Soil Load on Components of Vertically Emplaced Concrete-Lined Drum

Component Load Mechanical Strength®
7-in concrete annulus 0.5 MPa, 70 psi 3650 to 4000 psi(18-30 MPa)
compressive strength at
28 days
18-gauge steel outer 30 MPa, 3600 psi
drum wall

10,000 psi (210 MPa)
minimum yleld strength

26-gauge carbon steel 75 MPa, 11000 psi
inner liner

apata from Reference 29.
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While the conclusion of this first order mechanical strength analysis {n-
dicated that this package will sustain the soil overburden, a detailed struc-
tural analysis should be provided by the waste generator {f HIC certification
is requested for this container. This analysis should consider all relevant
failure modes (e.g., failure due to buckling stress) as well as the impact of
any anticipated package degradation (e.g., since carbon steel/soil corrosion
rates suggest complete degradation of a carbon steel drum within 120 years,
no credit should be given to the outer carbon steel drum at 300 years),

5.2.4.5 Phlzggrte Material Creep Test Data Extrapolation

As in the case of the lead-lined drum (Section 5,2.2.5), this recom-
mendation is not applicable since the drum {s not constructed of a polymeric
material,

5.2.4.6 Thermal Load Effects

The effects of the thermal loads of processing, storage, and trans-
portation on the concrete-lined drums, unlike lead-lined drums, could poten-
tially be signi le’lt because of possible detrimental effects ou the concrete.
As noted by Lea 30 y In vet concrete, the water enclosed in the pores of the
material will, on freezing, expand and thereby set up severe internal stresses
and force the particles of mortar apart, Freezing and thawing will have no
significantly damaging effects on any concrete not sufficiently saturated with
vater, (The quautlta(tv‘ meaning of "sufficiently saturated” will not be dis-
cussed here, See Lea'30) oo 611 to 621). According to the 3IM staff, the
concrete-lined drums generally sit for weeks or months n!toz sbo concrete is
poured, allowing sufficient time for "set up" prior to use. 8)  Because of
the absence of significant free liquid in the wastes when packaged, as well as
the presence of the funer carbon steel lining, the concrete is not likely to
absorb water during processing, storage and transport, It {s therefore ex-
pected that no significant changes in the material design properties of the
concrete will result from thermal cycling testing as specified in Sections
Ca(g) and C4(f) of the Technical Position. After burial, water may come in
contact with the concrete because of corrosion of the outer drum container,
but the depth of burfal will preclude freeze-thaw d’.rodntlon since the temp-
erature of the trench will remain above lroocta..(z In order to verify the
resistance of the package to thermal cycling damage, it is recommended that
thermal cycling testing in accordance with the TP be conducted on concrete
with a composition and curing history like that used in the drums. Alterna-
tively, equivalent data, {f available, should be obtained about such concrete,

5.2.4,7 Radiation Effects on Containers and Wastes

The products of the radiolysis of plastics and paper are of concern,
Since simulated concrete waste forms have been y-irradiated to 10!0rad with
no adverse effect on their compressive otron.th."l direct radiation damage
to the concrete is not considered a problen, As in Section 5.2.2.7, tweo
principal types of waste packages will Le considered, polymer/plastics and
cellulosics, for assessment of the radiation effects on wastes.
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The dose at 300 years is calculated in the same manner as in Section
5.2.2.7. Packages have been assumed to contain the same types of materials
with only the Cs-137 cocentration changed, The only pertinent parameter with
a value different from that in the earlier dose calculations {s thus Cy, the
radionuclide activity concentration, which, for the Class B Cs~137 concentra-
tion limits leads to 0,07 w'i/emd and 0,11 mCi/em3 for the (1) polymers/
plastics, and (2) cellulosics respectively, Accumulated y doses would be:
(1) polymers/plastics ~9 x 10& vad and (2) cellulosics ~1.5 x 107 rad.

Also accumulated B~ doses would be: (1) polymers/plastics ~1 x 107 rad and
(2) cellulosics ~1.7 x 107 rad, Total y and B accumulated doses are then:
(1) 2 x 107 rad and (2) 3 x 107 rad. The resulting gas production (sTr)
over 300 years is expected to be ~9L for the polymer/plastics packages and
~0,5L for the cellulosics packages, If confined to the drums, there could
result a pressurization of 1,2 atm for the polymer/plastics packages (there
would be no significant pressurization for the cellulosics packages), Mow-
ever, as in the case of the lead-1ined drums, the lack of a long-term gas-
tight seal preclucdes any such pressurization,

As a result of the radiolysis of the cellulosics, it is expected that
1 x 10°% moles of carboxylic acid will be produced per gram of cellulosic
material of which 64% or about 7 x 105 moles per gram or ~0.1 moles per
container will consist of formic acid, Because of the lack of a positive
seal, water intrusion may occur prior to fatlure of the outer drum, With the
same conservative assumption used in Section 5,2.2.7 for the dissolution of
fron by an organic acid, it is found that up to 20 em? of the carbon steel
{nner lining may be destroyed. (This number is obtained by assuming that all
of the radiolytic acld reacts with the carbon steel inner lining and none s
consumed by reaction with the waste or with the concrete, This might occur,
for example, {f the drum were emplaced In the dlsposal trench horizontally,)

On the other hand, it may be assumed that all the radiolytic acld
reacts with the concrete (e.g., vertical emplacement of the drum). The quan-
titative effect of low-molecular-weight organic acids on concrete does not
seem to have been quantitatively documented but acids such as acetle, citrie,
malic, and lactic, but not oxalic, have been found to nttnsk concrete, of ten
having "a marked action” within a few months to a year.'0) When compared
to acetic acid in its effect on corgr te, frrmic acld has been dooctl?cd both
as corroding concrete more slowly, 2) and as being more destructive, 30)

Corrosion of concrete by acids generally occurs as a result of ex-
change reactions between the hydrogen fons of the acid a?d he cationic com=
ponents of the concrete, especially the ca?* tn Ca(OW),, 32) the
Ca(OW)3 in the concrete generally reacts with the attc?ktgg aclds to form
wvater-soluble salts which may subsequently be leached, 32) An estimate of
the effect on the concrete could be made {f thz c’(ou)z content of the con-
crete were known, If 64 weight percent of ca0'30) {n Portland cement is
taken as typlcal (changes in the mercentage composition of the cement as a
result of hydration during curing have bcen neglected), and it is assuned
that all of the Ca0 is potentially avallable as Ca(OH)y [which is con=-
sistent with experimental concrete waste from leach studies in which very
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basfc (~ pH 12, solutions resulte? froa immersion of concrete samples in
distilled Jater).( 3 then ~3 g of T80 enuld be converted to a leachable

form by »eaction with the 0.1 aole of organic scid that may be radiolytically
generated, thus affecting 4.4 i( s)cennnt in the concrete. If the density of
the concrete iz aboat 2.3 g/enm then (ncg)ecting the presence of ag-
gregate) i¢ may be estimate! that about 2 cm? of concrete may be affected by
reaction with the radiolytically geserated organic acid and by the subsequent
lelchlng of the soludble reacstion products. This represents much less than 1%
(3 x 10°%7) of the toral cooerete lining volume and may thus be considered
fretipgnificant,

The most l1tkely situation ‘s attack by the radiolytically generated acids
on Loth the steel ani :oncrece components of the drum since both steel and
coucrete are initially exposed to the wnstes in the drum., (There is no steel
barrier between the 3-f{unch (oncivte baze at the bottom of the drum and the
contents of the arum.)

There is thos the possib!lity of damage to the inner carbon steel and
concrete drum components as a resu't of attack by radiolytically generated
orgenic acids, However, the magnitude of the darage is expected to be quite
small,

t may be concirded tuat pressurization of the container by
radiolytically generated gas «ill not be a problem because of the lack of a
gas-tight seal. Tne corrosive und chemics]l efiects of the radiolytic waste
degradati-n products may cavse some damage to the components of the drum, but
only a very crude quantitative assessment is possible at the present time,
Based on this assessment hcwever, the efiect of these products on the concrete
is expected to be minim«)l., Compatibility testing of the container materials
witl the radiolytir waste degradation products ray be required,

5.2.4.8 Btode‘raﬁatlon Effccts

Much of the discussion of blodegradetion of lead-lined drum materials
is applicable to the concrete-!ined drum materials, {.e,, direct biodegrada-
tion of the concrete and carbon stoel 1o not expected to be significant but
the by-products of the biudegradation of ocher materials may be of concern
with respect to corrcsion of the container., The corroslfon rates for metals in
soils discussed in Sections 5.2.2.3 and 5.2.4.3 include the effects of biodeg-
radation by-products. The indirect effects of biclogical processes on the
chemical corzo,ion of concrete have beer summarized in another NRC report by
Gause et al. Seif-sterilication of the waste package will not b» signif-
fcant for Cs-137 {n the concreta-lined drum, in parcicviar in the lower con-
centration Class B range. The celluivsics, largely peper, are likely to be
the most significant of the biodegradabl: weste componects in the drum, but
their bilodegradation products are not '{kely to contribute to internal corro-
sion of the drum prior to susceptibility of the drum co intrusion of ground-
water. In the absence of site-specific data for external corrosion of the
drum and of both site- and waste-specific data for internal corrosion of the
drum, a quantiative assessment of the c¢ffects of blodegradation on container
stability is not poseibla at this tiwve,
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The nature of the 3M waste biodegradation products and their effects
on the container materials must be determined for such an assessment, The
biodegradation products of the cellulosic waste components are of particular
concern in this respect. In order to quantify these effects, the compatibil-
ity of the container materials with the biodegradation products of the waste
may need to be tested.

5.2.4.9 DOT Type A Requirements

It is not clea® whether, as recommended in the TP, the concrete-lined
drums meet DOT Type A requirements and, in particular, whether the concrete
liner will maintain its physical integrity as a result of the required free
drop test. Such information is necessary for the assessment of the
concrete-lined drum as a HIC.

5.2,4.10 Lifting Loads on Containers

There is no information on the design lifting load, if any, for the
concrete-lined drum, It is, therefore, unclear whether the recommendation
that containers be designed to withstand a 3-g vertical lifting load is
followed. Such a lifting load would be equivalent to 1275 1b for an empty
concrete-lined drum and 2721 1b for the heaviest filled concrete-lined drum.
(An empty concrete-lined drum weighs 425 lbs and, based on the RSRs, the
heaviest filled concrete-lined drum weighs 907 lbs.) Design lifting load
{nformation must be supplied in order to determine whether this container
i{s in accord with the TP guideline.

5.2.4.11 Water Retention on Container Surface

The outer carbon steel drum cf the concrete-lined container is as-
sumed to be similar to that of the lead-lined container. Thus, if emplaced
vertically in the trench, this conteiner would also be expected to retain
water on its upper surface. The concrete-lined container would thus not be
in accord with this TP recommendation.

5.2.4.12 Container Closure

The concrete-lined drum, like the lead-lined drum discussed in
Section 5.2.2.12, is not designed to be gas tight or water tight (the porosity
of concrete would prevent its being gas tight), thus allowing for relief of
{nternal pressure, but also allowing fcr the influx of water and the subse-
quent loss of waste materiais through gaps between the concrete 1id and the
concrete liners, In addition, as a result of the concrete drum fabrication
process (Section 4), there may be a seam separating the bottom 3 inches of
concrete from the concrete annulus. This seam may also allow the entry of
water and the release of waste materials., It has been noted 34) that
special procedures (e.8: sandblasting) may be required where bonding and
water-tightness are desired at construction joints, i.e., the contacts between
newly placed concrete and existing concrete surfaces. At 3M no such special
procedures are used. Cracks in the concrete, if any exist or occur, may pro-
vide similar pathways for water and waste material, The drum design does
allow for inspection of the contents without compromising container integrity.
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It may be concluded that the concrete-lined container is in accord
with the recommendations of the TP regarding inspectability and passive
venting, but the entry of moisture and loss of waste materials is not
minimized in the present design of the drum,

5.2.4.13 Prototype Testing

See Section 5.2.2.13, above.

5.2.4.14 Quality Assuraunce Program

See Section 5.2.2.14, above.

5.2.4,15 Summary of Conclusions in Evaluation of 3M Concrete-Lined
Drum as a HIC

The 3M concrete-lined package has been evaluated for consistency with
the guidelines in the Technical Position for high integrity containers. As in
the case of the lead-lined drums, 3M has not claimed that the concrete-lined
drums which they use for disposal of radicactive wastes are HICs, The evalua-
tion is summarized below (letters refer to order in the TP):

e The 3M concrete-lined drum is in accord with the following
guidelines given in the TP for a HIC:

(a) Free Liquid Fraction and Process Control
(d) Mechanical Strength
e Further analysis and possible modification of the drum design may

be required because the 3M concrete-lined drum is not in accord

with the following TP HIC guidelines:

(b) Design Goal of Minimum 300-year Lifetime:
The 3M concrete-lin1ed drum has not been specifically designed
to maintain structural integrity for 300 years, Such a de-
sign gnal would require an analysis and evaluation of the
container stability, based upon des”’gn, and contents, as well
as anticipated burial site conditions. ‘

(h) Water Retention on Container Surface

A design modification may be necessary to minimize water
retention on the surface of the drum.

(L) Container Closure
Some changes in the design of the drum may be necessary to

provide for a seal over the lifetime of the container (see
lead-1ined drum section).
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(m)

Prototype Testing

Such testing should be performed in a final package design.

Present information is insufficient to determine whether the 3M
concrete-lined drum is in accord with the following guidelines:

(c)

(f)

(g)

(h)

(1)

(1)

Corrosive and Chemical Effects of Waste Containers and Trench
Environment

The corrosive effects of the environment have the potential
to compromise the 300-year container performance objective.
It may be necessary to modify the container design to mini-
mize and/or counteract these effects. This is very dependent
on the type of burial environment (see Section 5.2.4.3) and
given the dryness of the Hanford site, the 3M package may be
minimally affected by the cnvironment.

Thermal Load Effects

In order to verify the resistance of the concrete to thermal
cycling damage, it is recommended that thermal cycling
testing be conducted on the package.

Radiation Effects on Container and Waste

Quantitative estimation of the corrosive and chemical effects
on the container materials of the radiolytic waste degrada-
tion products needs to be improved through an analysis of the
expected waste package behavior over time. Based on the
first order assessment performed here, these effects are not
expected to compromise this container integrity.

Biodegradation Effects.

Corrosive and chemical effects on the container materials of
the biodegradative producte of the wastes need to be
quantitatively assessed.

DOT Type A Requirements.

The concrete-lined drum should be tested in accord with the
DOE Type A package qualification as specified in the DOT
regulations.

Lifting Load.

The container needs to be made capable of withstanding a 3-g
vertical lifting load.
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(n) Qualiity Assurance Program

As for the lead-lined drums, it is unclear whether the qual-
ity assurance program currently used by 3M addresses the con-
cerns of the TP. The 3M quality assurance program needs to
be concerned with approprilate packaging of wastes in accord-
ance with waste classificition and stability objectives of

10 CFR 61.

The following TP HIC recommendation is not applicable to the 3M
concrete-lined drum:

(e) Polymeric Material Creep Test Data Extrapolation,
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6. CONCLUSIONS

The waste generated by 3M during the production of sources and radio-
pharmaceuticals h-s been characterized. It was found that 3M produces wastes
which can be classified as Class A, Class B, and Class C according to the
waste classification system of 10 CFR Part 61. The wastes generated by 3M may
represent a significant contribution of activity to wastes shipped for shallow
land burial, For example, it has been estimated that 3M's wastes accounted
for 89% of the Cs-137 and 88% of the Sr-90 buried in eight trenches at the
Sheffield site. Even for those trenches, however, 3M's contributions varied
enormously by trench,

A review of RSRs for waste shipped by 3M to Hanford spanning the period
from February 1982 to August 1983 indicates that 3M shipped its wastes in four
types of packages. These are wooden crates, carbon steel drums (30-gallon and
55-gallon), 30-gallon concrete-lined drums and 30-gallon lead-lined drums
(either 2-inch or 3-inch linings). Class A wastes have been packaged in each
of the container types with the exception of the lead-lined drums. For the
most part, Class B and C wastes are packaged in either concrete- or lead-lined
drums. A total of 20 radioisctopes were identified in the RSRs reviewed., Of
these, the major radioisotopes in the Class A wastes were Po-210, Cs-137,
§r-90, and H-3. The Class B and C wastes contain mainly Cs-137 and Sr-90.

Each of the waste packages used by 3M was evaluated with respect to the
appropriate sections of 10 CFR Part 61 on waste characteristics, as well as
the Technical Position or Waste Form. In addition, the components of the 3M
waste packages were reviewed to determine if materials were present which were
hazardous or which could conpromise burial site performance. The results of
these evaluations, as well as concerns and needs for additional information,
are summarized below,

6.1 Class A Waste Pnckases

The largest volume of waste shipped by 3M is Class A waste. The radio-
isotopes contained in this waste generally have half-lives of less than
5 years although isotopes of longer half life are present. These wastes ap-
pear to meet the minimum requirements for Class A wastes. Some concerns exist
about potential Class A wastes which could be generated by 3M, These are:

® [uture disposal of wastes associated with the production of radiophar-
maceuticals may necessitate that 3M identify wastes that contain any
chelating agents in excess of 0.1% by weight, e.g., DTPA in Yb-169
wastes,

¢ Kr-85 wastes should be packaged in a manner consistent with 10 CFR
Part 61 requirements. Since no Kr-85 waste is currently being shipped
by 3M, it could not be determined if these requirements would be met

by 3M packages.
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6.2 Cl;lu B and Class C Waste Packages

M currently ships its Class B and C wastes in lead- or concrete-lined
drums. The waste itself consists of miscellaneous components from hot cell
operations. These include plastic containers with waste paper and plastics,
microspheres, glass, outsized items such as contaminated furnaces and equip-
ment, and returned or reject sources. These wastes are not monolithic and it
appears unlikely that they of themselves could be relied upon to be stable and
recognizable for 300 yeers. Since it is possible that the container used to
package these wastes could provide stability, the containers used by 3M for
{ts Class B and C wastes were evaluated for consistency with the guidelines
given in the TP for HICs. In addition, the waste packages weire evaluated to
see if they 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,

6.2.2 Stability Requirements

As stated above, the contents of the 3M packages do not n:et the sta-
bility requirements for Class B and C wastes, They thus require stabilization
{n the event that a suitable HIC for these wastes i{s not used. Conclusions
regarding the acceptability of the containers currently being used by 3M with
respect to the HIC recommendations are summarized below.

6.2.2.1 Lead-Lined Drums

The areas of the TP guidelines that may require more analysis,
testing, modification of structure, etc.,, to be met by the 3M lead-lined drum
waste packages follow.

e The lead-lined drum, as presently represented, has not been spe-
cifically designed to maintain its structural integrity for 300
years., It should be noted that the soil corrosion data reviewed
indicate lead has the potential of meeting this design goal as a
material of construction. However, organic acids produced by
radiolysis of the drum contents could reduce the container life-
time due to corrosion from within., To meet this guideline, 3M
should provide an analysis of container stability based upon the
container design and contents as well as anticipated burial site
conditions,

e Wooden overpacks used hy 3M are subject to biodegradation and are
not expected to be stable for the design life, Tt is expected
that there would be a decrease {n contalner volume resulting from
degradation of the overpack, Such degradation could lead to the
production of natural chelating agents which could affect buried
waste., It is recommended that these overpacks be removed prior to
burial,
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® The container, as presently designed, does not meet the 3-g lift
recommendation, Additional handling supports may be necessary to
make the container capable of supporting the 3-g lifting load,

e The container design is such that water can accumulate on the top
of the container. After corrosion of e outer carbon steel drum,
it is possible that, due to ‘he present design of the container,
water may accumulate nn the top of the inner lead liner. Addi-
tionally, the lead lining, in not being sealed, is vulnerable to
water influx., A design modification may be required to minimize
water contact time with the container,

® The container does not have a seal which is designed to last the
lifetime of the container. Such a design would need to ifaclude
some modifications resulting from analysis of the expected behav-
for and lifetimes of the container components. As gas generation
is expected from the package contents, the effects of radiolytic
and biogenic gases on seals should also be considered by 3M in
their design analysis.

e Prototype testing has not as yet been performed. Such testing
should be conducted on a final package design.

Beyond the areas listed above, the following four concerns exist with
regard to the lead-lined drum, Should the earlier deficiencies be remedied by
3M, the following would probably require further effort and information. They
are:

e Since the carbon steel lining will probably not last 300 years,
the lead lining should be capable of supporting the soil over-
burden for the design life of the container. The strength of the
lead liners may be surficient, 3M should provide a mechanical
strength analysis which includes consideration of bending and/or
buckling pressures in conjunction with consideration of ef‘ects of
corrosion and/or long-term creep on specific portions of the
container design,

.

e The thermal guideline of the TP recommends a temperature range for
testing which includes a transition through the recrystallization
temperature of lead. It should be determined that temperature
cycling through the temperature range of 60°C to -40°C will
not affect container stability,

e Insufficient information exists to determine quantitatively the
effects of biodegradation on container stability, The effect of
biodegradation of the drum contents on container corrosion as well
as the effects of self-sterilization should be considered in IM's
package analysis,
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It could not be determined if the quality assurance procedures em-
ployed by 3M are adequate to ensure that each Class B or C waste
package will meet the requirements of 10 CFR Part 61 for these
wastes. This is because current procedures may vary for packages
of the same waste class.

The lead-lined drum packages do conform to two of the guidelines
given in the TP.

There appears to be <1%X free liquid in the waste.

Based upon information provided by the manufacturer of the
container, the lead-lined drum fulfills DOT Type A package
requirements.

6.2.2.2 Concrete-Lined Drums

The areas in which the concrete-lined container may require
modi fications in order to conform to the TP guidelines are as follows:

The container, as presently represented, has not been designed to
maintain its structural integrity for 300 years. To meet this
guideline, 3M should provide an analysis of container stability
based upon the container design and contents as well as
anticipated burial site conditioms.

The present container design is such that water may accumulate on
the top of the container. After corrosion of the outer carbon
steel drum, it is possible that, due to the present design of the
container, water may accumulate on the top of the inner concrete
liner. Additionally, the concrete lining, in not being sealed, is
vulnerable to water influx. A design modification may be required
to minimize water contact time with the container.

The container does not have a seal which is designed to last the
lifetime of the container. Such a design would need to include
some modifications resulting from analysis of the expected behav-
{for and lifetimes of the container components. It should be noted
that this design does allow for inspeccion of the contents and
passive venting.

Prototype testing has not as yet been performed, Such testing
should be conducted on a final package design.

A quality assurance program is required for container fabrication
and waste packaging. A program to ensure that the objectives of
the waste classification and stability objectives of 10 CFR 61 are
being met for each package should be provided by 3M.
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Further information is required in six areas to determine whether the
concrele-lined package conforms to TP guidelines., These are:

¢ Testing of the effects of the waste package contents on the long=-
term stability of the container materials of construction (steel
and concrete) should be performed.

e Data are needed on the effects of thermal cycling between 60°C
and -40°C. It should be determined that temperature cycling
through this range will not affect stability.

® An assessment of the effects of the radiolytic degradation prod-
ucts of the wastes on this container should be performed. This
assessment may require that compatibility testing be performed in
order to quantify the effects identified in this report as having
the potential to affect container performance. Based on the first
order assessment performed here, these effects are not expected tc
compromise this container integrity.

e An assessment of the effects of biodegradetior of the wastes
contained in the concrete-lined drums should be performed by 3M.

e The container should be tested in accordance with the DOT Type A
package qualification,

e The ability of the container to withstand a vertical 3-g lifting
load should be demonstrated.

The concrete-lined drums do conform to two of the guidelines given in
the TP,

e There appears tc be <1% .‘ree liguid in the waste.

e The container materials of construction appear to have sufficient
strength to support the soil overburden.

6.3 Evaluation of Additional Hazards in the 3M Wastes

Based upon the information obtained from 3M regarding the contents of
their wastes, as well as the evaluations performed by BNL, there do not appear
to be any materials present in the Class B and C wastes which pose a signifi-
cant non-radiological hazard, Further, with the exception of concerns noted
for the wooden overpacks disci ssed in Section 6.2 above, there appear to be no
materials present in these wasies in sufficient quantity to zompromise long-
term performance of the burial site,
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APPENDIX A

10 CFR PART 61 SECTIONS 55 AND 56
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Federal Register / Vol. 47, No. 243 / Mondav. December 27, 18982 / Rules ana neg<.3uoas =

Z:sposal site before they lc »ve the site
ooundary.

§ 61.54 Alternative requirements for
design and cperations.

The Commission may. upon request or
92 its own initiative, autnonze
provisions other than those set forth in
$§ 61.51 through 61.53 for the
segregation and disposal of waste and
far the design and operation of a land
disposal facility on a specific basis. if it
finds reasonable assurance of
~ompliance with the performance
ovjectives of Subpart C of this part.

§61.55 Waste classification.

(a) Classification of waste for near
surface disposal.

(1) Considerations. Determination of
the classification of radioactive waste
involves two considerations. First,

consideration must be given to the
concentration of lived
adionuclides (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
to be effective. These precautions delay
the time when long-lived radionuclides
could cause e . In addition. the
mag3nitude of the potential dose is
limited by the concentration and
availability of the radionuclide at the
time of exposure. Second, consideration
iaust be given to the concentration of
shorter-lived radionuclides for which
requirem.ents on institutional controls,
waste form. and disposal methods are
eifective,

(2) Classes of waste. (i) Class A waste
1s waste that is usually segregated from
other waste classes at the disposal site.
The physical form and characteristics of
Class A waste must meet the minimum
requirements set forth in § 61.56(a). If
Class A waste also meets the stability
-aquirements set forth in § 61.56(b), it is
~ot necessary to segregate the waste for
disposal.

(i) Class B waste is waste that must
.2l more rigorous requirements on
~vaste form to ensure stability after
disposal. The physical form and

haracteristics of Class B waste must
~eet both the minimum and stability
requirements set forth in § 61.56.

(iii) Class C waste is waste that not
unly must meet more rigorous
requirements on waste form to ensure
stahility but also requizes additional
measures at the disnosal facility to
nrotect against naaver tent INIrusion.
The physical form and characteristics of
Class C waste must meet hoth the
=1 nimum and stability requirements sel
f:rthin § 61.56.

(iv) Waste that is not generaily
acceptable ior near-surface disposal is
waste for which wasie form and
disposal methods must be different. and
in general more stringent. than those
specified for Class C waste. In the
absence of specific icquirementa in this
part, proposals for disposal of this waste
may be submitted to the Commission for
approval, pursuant to § 61.58 of this

part.

(3) Classification determined by long-
lived radionuclides. If radioactive waste
contains only radionuclides listed in
Table 1, classification 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 is
Class C.

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

(iv) For wastes containing mixtures of
radionuclides listed in Table 1, the total
concentration shall be determined by
the sum of fractions rule described in
paragraph (a)(7) of this section.

Taele 1
Concen
rsnon
R ac.omuchde cunes per
cutee
meter
[ T - ———, PR a
C-ranactg el MmOl . i 80
NS nactvaed ol 220
L 7 S — 02
Y NS NS—— 2
T R N— I S——— oo8
Alpha emitrg Uansurane nuchdes wih hail-ve
Greater an Ve years . 100
o A A — [
=R R ——

' Urits are nanccunes per Gram.

(4) Classification determined by short-
lived radionuclides. If radioactive 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 paragrapk
(a)(8) of this section, if radioactive
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.

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

(iti) Ii the concentration exceeds the
value in Column 2, but does not exceed
the value in Column 3, the waste is
Cliss C.
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(iv) I the concentration exceeds ..o
value in Column 2. the waste is not
generally acceptable for near-surfa..
disposal.

(v) For wastes containing mixtures oi
the nuclides listed (1 Table 2, the total
concentration shali be determined Gy
the sum ol [raclivus iuie dmbed in
paragraph (2)(7) of this section.

Tan.€ 2
Concebtracn cunes
| per cuDc meter
e | lca | ca
|t | S0 |}

]

Total of el Aucices with less an §
[P T IEER—— nl_ (4]
H-3 | 0 0 n
Co-80 | 700 0 0
83 15 0 %
N-83 i activated metal 28 | 0 7000
S¢-90 004 | 150, 7000
Ce-137 1 ‘ 44 4800
I There are no s estabished for (hese radonuchdes @
Class B or C wastes. Prachicsi consCoraions such a8 he
effacts of exiemal rac.auon and Miternal hest generauon on
wansporaton Naraing, A7 CSO0SAl Wi wTH Ire coTcentl:
Bons for hese wasies These wastes shad be Class §
mnmdm”-v?ua
detormine the waste 10 Ne Class C ndegencert of iNase

(5) Classification determined by both
long- and short-lived radionuclides. I
radioactive waste contains a mixture of
radionuclides. some of which are listed
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
times the value listed in Table 1. the
class shall be that determined by the
concentration of nuclides listed in Table
2

(ii) If the concentration of a nuclide
listed in Tabie 1 exceeds 0.1 times the
value listed in Table 1 but does not
exceed the value in Table 1, the waste
shall be Class C, provided the
concentration of nuclides listed in Table
2 does not exceed the value shown in
Column 3 of Table 2.

(6) Classification of wastes with
radionuclides other than those listed in
Tahles 1 and 2. If radioactive waste
does not contain any nuclides 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 radionuclides. it is
necessary to determine the sum of
fractions by dividing each nuclide’s
concentration by the appropriate limit
and adding the resulting values. The
appropriate limits must all be taken
from the same column of the same table.
The sum of the fractions for the column
must be less than 1.0 if the waste class
is to be determined by that column.
Example: A waste contains 5r-90 in a
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concentration of 50 Ci/m?* and Cs-137 in
a concentration of 22 Ci/m® Since the
concentrations both exceed the values
in Column 1. Table 2. they must be
compared to Column 2 values. For Sr-90
fraction 50/150=0.23; for Cs-137
fraction, 22/34=0.5; the sum of the
fractions =0.85. Since the sum is less
than 1.0. the waste is Class B.

(8) Determunation of concentrations in
waostes. The concentration of a
radionuclide ma be determined by
indirect methods such as use of scaling
factors which relate the inferred
concentration of one radionuclide to
snother that is measured. or
radionuclide material accountability, if
there is reasonable assurance that the
indirect methods can be correlated with
actual measurements. The concentration
of a radionuclide may be averaged over
the volume of the waste. or weight of the
waste if the units are expressed as

nanocuries per gram.

§61.56 Waste characteristics,

(a) The following requirements are
minimum requirements for a!l classes of
waste and are intended to facilitate
handling at the disposal site and provide
protection of health and safety
personnel at the disposal site.

{1) Waste must not be packaged for
disposal in cardboard or fiberboard
boxes.

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

(3) Solid waste containing liquid shall
coantain as little [ree standing and
noncorrosive liquid as is reasonably
achievable, but in no case shall the
liquid exceed 1% of the volume.

(4) Waste must not be readily capable
of detonation or of explosive
decomposition or reaction at normal
pressures and temperatures. or of
explosive reaction with water. .

(5) Waste must not contain, or be
capable of generating, quantities of toxic
gases vapors, or fumes harmful to
persons transporting. handling, or
disposing of the waste. This does not
apply to radioactive gaseous waste
packaged in accordance with paragraph
(a)(7) of this section. .

(6) Waste must not be pyrophoric
Pyrophoric materials contained in waste
shall be treated. prepared. and packaged
to be nonflammable. o’

(7) Waste in a gaseous form miust be
packaged at a pressufe that does not
exceed 1.5 atmospheres at 20°C. Total
activity must not exceed 100 curies per
container.

(8) Waste containing hazardous,
biological, pathogenie, or infectiouge
material must be treated to redute to the

muz:mum extent practicable the
potential hazard from the non-
vudiological 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 afiect overall stability of
the site through slumping, collapse, or
other failure of the disposal unit and
thereby lead to water infiltration.
Stability is also a factor in limiting
exposure to an inadve (ent intruder,
since it provides a re. ognizable and
nondispersible waste

(1) Waste must have structural
stability. A structurally stable waste
form will generally maintain its physical
dimensions and its form. under the
expected disposal conditions such as
weight of overburden and compaction
equipment, the presence of moisture,
and microbial activity, and internal
factors such as radiation effects and
chemical changes. Structural stability
can be provided by the waste form
itself, processing the waste to a stable
form. or placing the waste in a disposa)
container or structure that provides
stability after disposal.

(2) Notwithstanding the provisions in
§§ 61.56(a) (2) and (3), liquid wastes, or
wastes containing liquid, must be
converted into a form that contains as
little free standing and noncorrosive
liquid as is reasonably achievable. but
in no case shall the liquid exceed 1% of
the volume of the waste when the waste
is in a disposal container designed to
ensure stability, or 0.5% of the volume of
the waste for waste processed to a
stable form.

(3) Void spaces within the waste and
between the waste and its package must
be reduced to the extent practicable.

§61.57 Labeling.

Each package of waste must be
clearly labeled to identify whether it is
Class A waste, Class B waste, or class C
waste in accordance with § 61.58.

§61.58 Alternative requirements for waste
ciassification and characteristics.

The Commission may. upon request or
on its own initiative, authorize other
proyisions for the classification and
characteristics of waste on a specific
basis, if, after evaluation. of the specific
characteristics of the waste, disposal
site, and method of disposal, it finds
reasonable assurance of compliance
with the performance objectives in
Subpart C of this part.

§61.59 Institutional requirements.

(a) 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
Fovernment

(L) lustitutional control. The lana
owner or custodial agency shall carry
out an institutional control program to
physically control access to the disposal
site following transfer of cortrol of the
disposal site from the disposal site
operator. The institutional control
program must also include. but not be
lirnited to, carrying out an
environmental monitoring program at
the disposal site, periodic surveillance.
minor custodial care, and other
requirements as determined by the
Coummission; and administration of
funds to cover the costs for these
activities. The period of institutional
controls will be determined by the
Commission. but institutional controls
may not be relied upon for more than
100 years following transfer of control of
the disposal site to the owner.

Subpart E—~Financial Assurances

§61.61 Applicant qualifications and
assurances.

Each applicant shall show that it
either possesses the necessary furds or
has reasonable assurance of obtaining
the necessary funds, or by a
combination of the two, to cover the
estimated costs of conducting all
licensed activities over the planned
operating life of the project, including
costs of construction and disposal.

§61.62 Funding lor disposal site closure
and stabilization,

(a) The applicant shall provide
assurance that sufficient funds will be
available to carry out disposal site
closure and stabilization, including: (1)
Decontamination or dismantlement of
land disposal facility structures, and (2)
closure and stabilization of the disposal
site so that following transfer of the
disposal site to the site owner, the need
for ongoing active maintenance is
eliminated to the extent practicable and
only minor custodial care, surveillance.
and monitoring are required. These
assurances shall be based on
Commission-approved cost estimates
reflecting the Commission-approved
plan for disposal site closure and
stabilization. The applicant's cost
estimates must take into account total
capital costs that would be incurred if
an independent contractor were hired to
perform the closure and stabilization
work.

(b) In order to avoid unnecassary
duplication and expense, the
Commission will accept financial
sureties that have been consolidated
with earmarked financial or surety
arrangements established to meet
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APF."DIX B

TECHNICAL POSITION ON WASTE FORM

High Integrity Containers

2.

The maximum allowable free liquid in a high integrity container
should be less than one percent of the waste volume as measured
using the method described in ANS 55.1. A process control
program should be developed and qualified to ensure that the
free 1iquid requirements in 10 CFR Part 61 will be met upon
delivery of the wet solid material to the disposal facility.
This process control program qualification should consider the
effects of transportation on the amount of drainable liquid
which might be present.

High integrity containers should have as a design goal a
minimum 1ifetime of 300 years. The high integrity container
should be designed to maintair its structural integrity over
this period.

The high integrity container design snculd consider the
corrosive and chemical effects of both the waste contents and
the disposal trench environment. Corrosion and chemical tesis
should be performed to confirm the suitability of the proposed
container materials to meet the design lifetime goal.

The high integrity container should be designed to have
sufficient mechanical strength to withstand horizontal and
vertical loads on the container equivalent to the depth of
propossd burial assuming a cover material density of 120
Ibs/ft”. The high integrity container should also be designed
to withstand the routine loads and effects from the waste
contents, waste preparation, transportation, handling and
disposal site operations, such as trench compaction procedures.
This mechanical design strength should be justified by
conservative design analyses.

For polymeric material, design mechanical strengths'should be
conservatively extrapolated from creep test data.
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APPENDIX B, CONTINUED

TECHNICAL POSITION ON WASTE FORM

The design should consider the thermal loads from processing,
storage, transportation and burial. Proposed container
materials should be tested in accordance with ASTM B553 in the
manner described in Section C2(g) of this technical position.
No significant changes in material design properties should
result from this thermal cycling.

The h1?h integrity container design should consider the
radiation stability of the proposed container materials as well
as the radiation degradation effects of the wastes.

Radiation degradation testing should be performed on proposed
container materials using a gamma irradiator or equivalent. No
si?nificcnt changes in material design properties sh uld result
following exposure to a total accumulated dose of 10° Rads. If
it is proposed to design the high integrity container to
greater accumulated doses, testing should be performed to
confirm the adequacy of the proposed materials. Test specimens
should be prepared using the proposed fabrication techniques.

Polymeric high integrity container designs should also consider
the effects of ultra-violet radiation. Testing should be
performed on proposed materials to show that no significant
changes in material design properties occur following expected
ultra-violet radiation exposure.

The high integrity container Jesign should consider the
biodegradation properties of the proposed materials and any
biodegradation of wastes and disposal media. Biodegradation
testing should be performed on proposed container materials in
accordance with ASTM G21 and ASTM G22. No indication of
culture growth should be visible. The extraction procedure
described in Section C2(d) of this technical position may be
performed where indications of visible culture growth can be
attributable to contamination, additives, ov biodegradable
components on the specimen surface that do not affect the
overall integrity of the substrate. It is also acceptable to
determine biodegradation rates using the Bathta-Pramer Method
described in Section C2 (d). The rate of biode radation should
produce less tnan a 10 percent loss of the total carbon in the
container material after 300 years. Test specimens should be
prepared using the proposed material fabrication techniques.
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APPENDIX B, CONTINUED

TECHNICAL POSITION ON WASTE FORM

The high integrity container should be capable of meeting the
requirements for a Type A package as specified in 49 CFR
173.398(b). The tree drop test may be performed in accordance
with 10 CFR 71, Appendix A, Section 6.

The high integrity container and the associated 1ifting devices
should be designed to withstand the forces applied during
1ifting operations. As a minimum the container should be
designed to withstand a 3g vertical lifting load.

The high integrity container should be designed to avoid the

collection or retention of water on its top surfaces in order
to minimize accumulation of trench liquids which could result
In corrosive or degrading chemical effects.

High integrity container closures should be designed to provide
a positive seal for the design lifetime of the container. The
closure should also be designed to allow inspections of the
contents to be conducted without damaging the integrity of the
container. Passive vent designs may be utilized if needed to
relieve internal pressure. Passive vent systems should be
designed to minimize the entry of moisture and the pass ge of
waste materials frum the container.

Prototype testing should be performed on high integrity
container designs to demonstrate the container's ability to
withstand the proposed conditions of waste preparation,
handling, transportation and disposal.

High integrity containers should be fabricated, tested,
Inspected, prepared for use, filled, stored, handled,
transported and disposed of in accordance with a quality
assurance program. The quality assurance program should also
address how wastes which are detrimental to high integrity
container materials will be precluded from being plared into
the container. Special emphasis should be placed on
fabrication process control for those high integrity containers
which utilize fabrication techniques such as polymer molding
processes.




APPENDIX C

DESCRIPTION OF THE DATA BASE USED FOR
THE 3M RSRs AND SOME EXAMPLES OF ITS USE

As part of a study of the low level radiocactive waste generated by 3M,
the quantities of such waste shipped for dipsosal during a recent 19-menth
period (2/05/82 to 8/22/83) were surveyed in terms of volumes, activities, and
class breakdown. The six radiocactive shipment records (RSRs) contained infor-
mation about the containers and contents of a total of 620 packages., Because
of the need to retrieve subsets of these data defined by parameters such as
container type, package weight, radionuclide species, and activity, it was de-
cided to enter and store the data from the RSRs in a computerized data base.
As in the case of the data b‘uz ’atcbllahnd for the BNL study of the inventory
at the Sheffield disposal sitell y such a data base may be used to generate
lists, counts and sums of specified subsets of the data.

The data bas yc. defined using Irtel Corporation's System 2000 data base
management system 2) on 8NL's CDC 6600  omputers. A diagram of the hier-
archical data base structure is given in Figure 1. It will be noted that the
data sets in this data base are arranged inco four levels, The first level
contains information about the generator, the second about the shipments, the
third about the waste package: in these shipments, and the fourth about the
radiounuclides in these packages. The data base defirition, which consists of
component labels, {s presented in Figure 2. These labels are essentially
identification tags wnich are used to retrieve the data. Tae components num-
bered from 10 to 53, termed data base elements, correspond to the data sets
depicted schematically in Figure 1; the hierarchical levels of the data sets
are indicated by the degree of indentation of the elements in Figure 2. The
components 101 to 104 are user-defined functions, which may be invoked to per-
forn calculations on selected data, ».g., conversion of English to metric
units of volume and calculation of specific activity from stored data. Com-
ponents 201 and 202 are commands invoked dur’ag input of data. It will be
noted that the data base elements correspond to entries and column headings on
the 3 RSRs. (See example in Figure 3.) Not all of the data in the RSRs were
loaded into the data base, but for each package the package number, container
volume, container weight, radionuclides, and radionuclide activities were
entered. The empty data base elements proved to be useful as buffer storage
during operations requiring manipulation of the data, such as the determina-
tion of waste classification by the sum-of fractions rule.

After completion of data input it was possible to obtain information use-
ful for the charaterization of 3M wastes, As an example of a fairly simple
data base operation, a tally of the number of occurrences of each radionuclide
was obtained. (This was reported to the NRC in the January 1984 letter report
for FIN A~3172.) As a result of a similar tally, at least three cases of dup-
licate package numbers were discovered, each of which occurs in different RSRs
with different package contents and description; two other such cases may have
resulted from poor coples of the RSRs with difficult-to-read entries.
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Figure 1 Structure of the data base.

GYUICN RELEAGE NUMDER n?. 000
DATA DPAGE NAME 18 NFCGENL
PEFINITION NUMDER 4
PAIA BASE CYCLE 144
108 GENERATOR (CHAR X(15))X
158 . DESCRIPTION (TEXT l(200))_z
198 SHIPMENT (RECORD)X
208 RSR NO (CHAR X(8) IN 19)X
218 INFO (CHAR X(11) IN 190X
228  1O0TAL PACKAGES CINTEOER NUMBER 9(%5) IN 192
238 TOTAL CURIES (DECIMAL NUMDER F(3).999 IN 17X
248 TOTAL VOLUME (DECIMAL NUMBER 9(5).9 IN 19X
208 PACKAGE (RECORD IN 19)X
308 PACKAGE NO (CHAR X(0) IN 280X
31t CONTAINER TYPE (CHAR X(0) IN 20X
329 CONTAINER VOLUME (DECIMAL NUMDER 9(5).9 IN 200X
338 CONTAINGR WEIOHT CINTEGER NUMBER 9(3) IN 2002
348 PHYSICAL FORM (CHAR X(15) IN 200X
358 WASTE DESCRIPYION (CHAR X(60) IN 200X
36% CHEMICAL FORM (CHAR X(60) IN 200X
308 RADIATION LEVEL SURFACE (DECIMAL NUMDER 9(35).9 IN 2002
39% RADIATION LEVEL 3FT (DECIMAL NUMDER 9(5).9 IN 202
408 PKO COMPONENTS (RECORD IN 200%
508 RADIONUCLIDE (CHAR X(S5) IN 480X
Si% CURIES (DECIMAL NUMBER F(5).9(5) IN 48X
52% TRANGPORT GROUP (CHAR X(3) IN amx
539 FRACTION (DECIMAL NUMDER 999.999 IN AR
1018 VULUME CUDIC METERS (DECTMAL FUNCTION *(C32%703,1/10000,0)")%
1028 UPECIFIC ACTIVITY (DECINM FUNCTION *(CU1/9C1018)%)X
1038 CAPACLITY CU M (VECINAL FUNCTION (R18/264.07)%02
1048 SPEC YCTIV DRUM (DECIMAL FUNCTION *(CS1/3C103(%1%))")2
2018 ADD RSRS (STRINO ‘REPCAT/APTEND TREE C1¥ EQYDATASWHERE C10 €0 3
HIL/%" )R
2028  AUD PACKADFD (STRING CREFTATZAPTTHD TREE €20 FOSDATATWIERE ©20
LusLrwa/
1

-

Figure 2 Computer printout of data base definition.
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An example of a more sophisticated use of the data base is the determina-
tion of the class of Cs-137 waste in concrete-lined as opposed to unlined
30-gallon drums. Based on information from 3M, the weight of an empty
concrete-lined drum is 425 lb. A listing of all 30-gallon drums containing
Cs-137 ordered by container weight was requested. (The container volume used
to define the desired data subset was that given for 30-gallon drums in the
RSRs, 4.0 cubic feet. Lead-lined 30-gallon drums containing Cs-137 are not
listed because their overpack volume, 14.6 cubic feet, is given in the RSR.)
The resulting computer piintout is presented in Figure 4. A bimodal distri-
bution of countainer weights is evident: 63 to 292 1b and 502 to 907 1lb. It
may be reasonably assumed that the containers in the heavier of the two weight
ranges are concrete-lined drums. A listing of each mode separately was re-
quested, this time ordered by activity (Figures 5 and 6). The upper limit of
Class A for Cs-137 in a 30-gallon drum is approximately 0.11 Ci. Thus, one of
the 42 unlined 30-gallon drums containing Cs~137 would be Class B under pre-
sent regulations, Four of the 16 concrete-lined drums are within present
Class A limits. From a similar listing of Sr-90 in 30-gallon drums, it was
determined that all seven drums were unlined, but that five of these contained
Sr-90 in excess of the present Class A limit. (See Figure 7.)
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LIST bY CLUIC3S/CT0/CLI+0b C33 WH CU0 EO CB137 ANL C32 EG 4.02

CONTAIWER WEIGHY RADIONUCLIDE CURIESE
5
¥ &3 C8137 0.0240¢
M 64  CE137 0.01200
1 3 (3 Cla 0.00022
B TH232 0.00000
M H3 0.00000
M 8Kk90 0.00002
¥ TCo9% 0.00001
M C8137 0.0000%
' 6% C8137 0.00300
M 73 C8137 0.06000
M 74  C8137 ©.00800
+ 77 Cc8137 0.00500
M 76  CB137 0.02700
» a0 C8137 0.01000
M 81 C8137 0.01000
i 84 CB137 0.00200
* 86 CB137 0.0050¢
* 86 CB137 0.0%5000
N 0% Cc6137 0.00300
' By CS147 0.01000
. 92 C8137 0.00%00
' 94 C8137 0.04500
. 9% C8137 0,00010
' 9 CB137 0.00360
B 8 CS137 0.01000
' 113 C8137 0.01000
' 124 C8137 0.00800
. 131 C813Y 0.00500
: 134  CS137 0.03000
' 134 CS5137 0,00%00
» 137 C813?7 0.00450
s 143  C8137 0.01500
B 44 CS137 0.05300
. 57 Cs13? 0.00100
' 160 CS137 0,00100
' 167 C8137 0.00100
' 168 PO210 0.00090
' c8137 0.000%0
' 180 C8137 0.00%500
. 192 Cs137 0.,00100
. 200 C8137 0,01000
' 214 C8137 0.50000
: g:: C5137 o.goag:

30 C8137 0,001 .

: 243 CS137 0,00100 wnliwal
3 200 CS137 0.00100
. 284 C8137 0.00200 |
. —igz L
' C8137 £ 5.3?000 1
' 530 Ce13? 0:.10000 ¢ &
s 578 C8137 0.60000 "‘,‘j’ .
3 591 C8137 0,50000 el
' 627 C8137 2.00000
’ 657 C8137 0.71000
. 693 8137 259000
' 704 CS137 0.60000
' 721 C8137 0,15000
: 747 CB8137 1.50000
L 760 C6137 0.42400
* 764 CS137 2.80000
' 060 C5137 0.03000
' 002 C8137 0.00900
' 094 CH137 2.00000
. ¥07 C5137 1.50000

Figure 4 Computer printout of 30-gallon drums containing
Cs-137 ordered by container weight.
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Figure 5

CONTAINER WEIGHY
¥

65

214

Listing of unlined

Cs~-137 activity.

regulations.

RADIONUCLIDE

Ci4
TH232
H3
6R90
TC99
C8137
CE137
PO210
C8137
CH137
C8137
c8137
Ce137
C6137
C8137
C8137
CH137
C8137
C8137
C8137
CH137
C8137
C8137
CH137
CE137
C8137
CH137
w6137
C8137
CH137
C6137
CH147
C8137
CB137
C8137
CO137
C8137
C6137
C8137
C8137
C8137
C8137
C8137
Ce137
C81347
CE8137
Ce137
Ce137

80

CURIES

0.00022
0,00000
0.00000
0.,00002
0.00001
0.,00005
0.00010
0.,000%90
0,00090
¢.00100
0.00100
0,00100
0.0010C
0.,00100
0.00100
0,00100
0,00100
0.00200
0.00200
0,00300
0.,00300
0,00300
0.,004%50
0.00%00
0.00500
0.,00500
0.,00%00
0.00500
0,00500
0.,00500
0.00800
0.00800
0.01000
0,01000
0,01000
0,01000
0,01000
0.,01000
0.,01200
0,015%00
0.02400
0.,02700
0,03000
0,04%500
0.,05000
0,05300
0.06000
0.50000

30-gallon drums containing Cs-137 orderad by
Last drum listed is Class B under current
(Diagnostic message blocked out).
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LIST BY C28,C33,C50,CS51,0B CS1 WH CS0 EQ CS137 AND

(C32 EQ 4.0 AND C33 GE 429)X%

CONTAINER WEIGHT RADIONUCLIDE CURIES
ak
L4 882 C8137 0.00900
* 860 C8137 0.03000
* 502 C8137 0.,03000
. 530 C8137 0.10000
* 721 CS137 " 0.15000
- 760 CS137 0.42400
* 991 CS137 0.50000
. 704 C8137 0.60000
¥ 575 CS137 0.60000
¥ 657 CS137 0.91000
X 693 Cs137 1.50000
“ 747 C8137 1.50000
* 907 CS137 1.50000
* 294 CS137 2.00000
* 627 C8137 2,00000
* 764 CS137 2,80000

Figure 6 Listing of probable concrete-lined JO-gallon drums, containing
Cs=137, ordered by Cs-137 activity, First four drums are Class
A, the remainder Class B under current regulations. (Diagnos-
tic message blocked out),
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LIST DY C20.C33:C90+L31+CA5%,00 CB1 WM CBO EQ SHYO AND

(C42 €0 4,0 AND C33 LE 4352
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Figure 7 Listing of An-gallon drums
sotivity, Note, Ciens ® carignment o

KAUILANUCLTOE

Cia
ThH2a2
"a
wneo
ooy
coy
A
GRS
IR0
e
srve
8Fvo
wity

nos "¢ massage blo kel o.t).

Refe ances

0.00022
0.00000
0.00000
0.00002
0.00001
0,0000%
0.00300
0.00300
0.,00800
0.00%00
0.00%00
0.,00%00
0.01000

CLAUS b
CLAGS ¥
CLASS »
CLASS »
CLAGS »

contalning S5r-90, order by Sr-%
f last five drums, (Diag-

1. D. R, MacKenzie, ©. R, “empt, and J, F. Smalley, "Evaluation of the
Radioactive Inventuiy in, and Estimetlon of the Isotoplc Releases from,
the Waste in Eighi Trenches at the "hetflield Low-Lavel Waste Burial Site,"”
BNL-NUREG-34022, December 1983,

2. Intel Systems Corporation, “System 2000 Referance Manual," UMN-3,
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APPENDIX D

AMERICAN NATIONAL STANDARD 55.1

American National Standerd ANSI/ANS 88 ).1979
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tWMMMwuummmhMl‘thllmdm
parameters established which provide boundary conditions within which reasonable assurance can be
siven that solidification will be complete.

3. Toesta shall use containers identical to those used during nore.al system operation. Preliminary
tests used to establish operating parameturs may be performed using smaller containers (but not
smaller thn 85.gallon drums).

4 After mixing and packaging of vach tost contuiner, the fullowing provedure should be used to
chock for free liquid

4.1 After container filling and closure, the container is stored for & time sufficient to allow for com-
plete solidification.

4.3 After storage, *he container is opened and the test material visually examined. There shall be no
free liquid within the container as determined from visual inspection after opening.

4.3 After visual inspection, with the container still in the upright orientation, the bottom or low
polntdtlnmulmhhuh‘»bﬂlluuuhmubhmhmuh-*c”dupun-

tured container. The minimum area of the opening shall be one square inch. Thers shall be no free
liquid visible Nowing or dripping from the breach

4.4 After the breach testa, the contents of the container are examined by sectioning, axial core sam-
puu.uuhuulubhmmmummnuhnlhuuhvummodw'm
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