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ABSTRACT

The low-level radioactive waste generated by many non-
fuel cycle industries and institutions is not as well char-
acterized as that produced by nuclear power plants. To bet-
ter understand the variety of non-fuel cycle waste products
now being disposed of by commercial shallow land burial
(SLB) and to assess specific packages in advance of the en-
actment of the proposed regulation, 10 CFR Part 61 (dated
June 29, 1981), "Licensing Requirements for Land Disposal
of Radioactive Waste," the United States Nuclear Regulatory
Commission (NRC) requested Brookhaven National Laboratory
(BNL), under FIN A-3165, (in April of 1981), to provide
technical assistance in expanding the data base on the
physical and chemical characteristics of these wastes.
With the cooperation of two major corporations, this pro-
gram enabled the NRC to examine the achievabiiity of the
proposed 10 CFR Part 61 cr i ter ia , prior to the enactment of
the regulation.
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In April of 1981, Brookhaven National Laboratory (BNL) ini t iated a

program of technical assistance to the U.S. Nuclear Regulatory Commis-
sion (NRC) 1n the area of non-fuel cycle wastes. Non-fuel cycle wastes
comprise nearly half of the activity of the low-level radioactive waste
buried at commercial shallow land burial sites. Therefore, these wastes
constitute a significant part of the source-term evaluation. The non-
fuel cycle waste contribution to the source term needs to be better de-
fined so that the NRC may be able to: (1) predict the source term, (2)
assess site performance, and (3) provide criteria to regulate the type
of waste form generated from non-fuel cycle operations. Generators
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of non-fuel cycle wastes are inst i tu t ions, hospitals, medical labora-
tories, radiochemical manufacturers, and research laboratories. Techni-
cal assistance was provided in expanding the data base on the chemical
and physical characteristics of the low-level radioactive waste of two
major corporations. Evaluations were done on the basis of cr i ter ia for
Class B Stable Waste packages as specified in proposed 10 CFR Part 61
(dated June 29, 1981).

BACKGROUND

Each regional U. S. NRC Office of Inspection and Enforcement ( I and
E) requested licensees t o respond in 1979 to questions l i s t ed in I and E
Bul let in No. 79-19, e n t i t l e d , "Packaging of Low-Level Radioactive Waste
for Transport and B u r i a l . "

From the response of the Union Carbide Corporation (UCC), i t was
determined that during 1978 and the f i r s t half of 1979, UCC shipped ap-
proximately 8,700 cu f t of waste, wi th a to ta l ac t i v i t y content of ap-
proximately 140,000 C i . This amounted to a contr ibution by UCC of 15%
of the tota l a c t i v i t y and less than 1% of the to ta l volume of radio-
active waste sent fo r disposal at commercial shallow land burial i n that
period. UCC produces Mo-99 by the neutron i r rad ia t ion of targets con-
taining enriched uranium. Approximately 75% of the cur ie content of the
waste was due to shor t - l ived s o l i d i f i e d mixed f iss ion products of U-235
(having less than 1% burn-up), which had decayed for 30 days.

From the response of the New England Nuclear Corporation (NEN), i t
was determined that during 1978 and the f i r s t half of 1979, NEN shipped
approximately 37,000 cu f t of waste, w i th a tota l ac t i v i t y content of
approximately 210,000 C i . This amounted to a contr ibut ion by NEN of ap-
proximatly 24% of the to ta l a c t i v i t y and less than 5% of the to ta l v o l -
ume of radioactive waste sent for disposal at commercial shallow land
burial during that per iod. The predominant isotope in the waste 1s
t r i t i u m , which 1s used i n the production of t r i t ium- labeled compounds.

PROGRAM DESCRIPTION

The following areas were examined for the generators iden t i f ied by
the NRC ( I . e . UCC and NEN):

A. (1) the Iden t i f i ca t i on of concerns and gaps 1n knowledge w i th
respect to the c r i t e r i a set f o r t h in proposed 10 CFR Part 61
regarding waste package performance and possible degradative
mechanisms ( e . g . , corros ion, bi©degradation, and rad io lys is)
that are operative during storage and after burial» and (2) the
recommendation of actions necessary to resolve these concerns
or develop the Information necessary to do so.



B. the ident i f i cat ion of the type of information that should be
submitted by the waste generator on the shipping form to permit
adequate assessment of i.!ie re la t ive hazards of both the radio-
act ive and chemical aspects of the waste.

C. the ident i f i cat ion of aspects of the waste package which could
adversely affect burial s i t e performance, such a s , reduced soil
retention of radionuclides.

D. (1) the review of the s ta te -o f - the art post-emplacement moni-
toring at burial s i t e s ; (2) recommendations for improvements in
monitoring techniques (where necessary) to account for any
chemical and/or radiological hazard that was i d e n t i f i e d .

PROPOSED 10 CFR PART 61.55 - WASTE CLASSIFICATION

Under proposed 10 CFR Part 61 .55 , radioactive wastes suitable for
SLB are defined to f a l l within one of three c la s se s , A, B, or C.

The characterist ics of Class A segregated waste are tha t : (1) the
radioisotopic concentration does not exceed the l imit for Class A
segregated waste; (2) i t i s segregated from other waste at the disposal
s i t e ; and (3) i t i s disposed of with only minimum requirements on waste
form and characterist ics as set forth in proposed 10 CFR Part 61.56a.

The characterist ics of Class B s table waste are t h a t : (1) the
radioisotopic concentration does not exceed the l imit for Class B stable
waste; (2) i t must meet more rigorous requirements on waste form to
assure s t a b i l i t y after disposal; and (3) physical form and characteris-
t i c s of the waste must meet the minimum and s t a b i l i t y requirements as
set forth In proposed 10 CFR Part 61.56a and proposed 10 CFR Part
61.56b.

The characterist ics of Class C intruder waste are t h a t : (1) the
radioisotopic concentration does not exceed the l imit for Class C i n -
truder waste; (2) i t must meet more rigorous requirements on waste form
to assure s tab i l i t y and also requires special measures at the disposal
f a c i l i t y t o protect against Inadvertent intrusion; and (3) physical form
and character is t ics of the waste must meet the minimum and s tab i l i t y re-
quirements as se t forth in proposed 10 CFR Part 61.56a and proposed
10 CFR Part 61.56b.

PROPOSED 10 CFR PART 61.56 - REQUIREMENTS
FOR CLASS B STABLE WASTE

The minimum requirements for a l l c lasses of waste are detailed by
proposed 10 CFR Part 61.56a. The evaluations done by BNL were on the



Class B stable waste packages of UCC and NEN. The s t a b i l i t y requ i re -
ments for Class B s tab le waste, as spec i f ied i n proposed 10 CFR Part
61.56b, are:

(1) Waste must have structural s t a b i l i t y for at least 150 years .
A s t r u c t u r a l l y stable waste form w i l l maintain i t s physical
dimensions t o w i t h i n 5% under the expected disposal condit ions
of a compressive load of 50 psi and factors such as the
presence of moisture, and microbial a c t i v i t y , and in terna l
factors such as radiat ion e f fec ts and chemical changes.

(2) Liquid wastes, or wastes contain ing l i q u i d , must be converted
into a form t h a t contains as l i t t l e f ree noncorrosive l i q u i d
as Is reasonably achievable, but i n no case shal l the l i q u i d
exceed 1% of the volume of the waste.

(3) Void spaces w i t h i n the waste and between the waste and i t s
package must be reduced to the extent pract icable.

OBSERVATIONS AND CONCLUSIONS

During the character izat ion and evaluat ion of spec i f ic Class B
waste packages, the fo l lowing observations and conclusions were made:

CHARACTERIZATION

(1) Non-fuel cyc le waste packages are heterogeneous.

(2) Packages can contain mixtures o f :

(b)
(c)

(a) lab t r a s h ( e .g . c e l l u l o s i c s , p l a s t i c s , and g lass) ;
non-compressible me ta l l i c Items (e .g . vacuum pumps);
concrete;

(d) adsorbent ( e .g . sand and c l a y ) ;
(e) compacted meta l l ies .

(3) Waste can be in the form of contaminated so l ids , adsorbed or
solidified l i qu id , or gas.

(4) Chemical waste In the package can Include organics, solvents,
decontaminating agents, and sludges.

(5) Radionuclides In the waste can be alpha, beta, and gamma emit-
ters, with a wide range of half- l ives.

(6) Low-level radioactive waste does not necessarily mean low-
activity.



STABILITY AND CONTAINMENT

(1) Some data i s available on the corrosion behavior of buried
metals. The review of pert inent corrosion data indicated
that :

(a) A standard 55-gal carbon steel drum w i l l not remain
s t ruc tu ra l l y stable for 150 y r s .

(b) 304 SS probably w i l l not contain over a 150 yr-period
because of p i t t i n g .

(c) The extent of corrosion of aluminum and i t s alloys can
vary from none to severe.

(d) Biogenic corrosion i s a s ign i f icant contr ibutor to cor-
rosion of burled metals. (However, the published data of
corrosion in soi ls includes th i s fac to r , because the
soi ls were not s te r i l i zed . )

(e) The corrosion of concrete by an aggressive agent (e .g .
su l fa te ion) depends on the presence of moisture.

(f) The corrosion of metal encased 1n concrete 1s an elec-
trochemical process.

(g) Corrosive agents can be generated by biodegradative and
radiolytic mechanisms.

(h) Short-term tests are not available to predict 150-yr
behavior of metals or concrete buried in so i l ,

(2) Radiolysis of water (1n cement), organics, plastics, and eel-
lulosics can produce large quantities of gas. Biodegradation
also has the potential to generate large quantities of gas.
Some of the packages that were characterized were thought to
be sel f -ster i l iz ing.

Gas generation In a sealed container may cause overpressuriza-
tion of the container. Gas pressure buildup wi l l not occur 1n
a standard 55-gal drum because the drum wi l l leak.

SHIPPING OF WASTE

(1) Sample f 1 l l e d - i n shipping forms were obtained. Information
requested on the form was evaluated as to I t s usefulness fo r
future documentation of the contents, both i n terms of radio-
nuciides and chemicals.

(2) DOT regulations for package Quantity type and radionuciide
Transport Groups were reviewed.



(3) NRC regulations (e.g. Certificates of Compliance) were re-
viewed.

(4) EPA regulations on toxic and hazardous waste were reviewed.
Hazards that were considered included pyrophoricity, flam-
mability, explosivi ty, react iv i ty , carcinogenicity, tox ic i ty ,
and gas generation.

(5) Recommendations for additional information to be included on a
shipping form included: performance of qual i ty assurance pro-
cedures; the range of the measured radionuclide values; and
identi f icat ion of organics by Chemical Abstracts Registry
Number.

EFFECTS OF WASTE ON BURIAL SITE

(1) Information was obtained on the commercial shallow-land burial
sites a.'j regards:

(a) geology;
(b) hydrology;
(c) climate;
(d) seismic considerations; and
(e) waste trench designs.

(2) Estimates were made for the following:

(a) time to breach of containment and ava i lab i l i ty of
radionuclides to the burial environment; and

(b) loss of gaseous contents by permeation through potential
barriers Inside packages.

(3) Assuming that particular radionuclides are available for con-
tact with the burial s i te environment, the following have to
be considered:

(a) individual rates of radionuclide migration;
lb\ waste-soil interactions;
(c) complexation characteristics elements; and
(d) current burial site monitoring practices.

WORK PLANS FY 1983

New generators are i n the process of being selected. Their Class B
stable waste packages will be characterized. These packages will be
evaluated 1n terms of the finalized regulation, 10 CFR Part 61.
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