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ABSTRACT

The adoption of improved waste segregation practices by waste
generators and burial sites will result in the improved disposal of low-
levei wastes (LLW) in the future. While very little waste segregation
has been practiced at LLW burial sites in the past, it is now recognized
that many of the problems connected with this disposal mode are directly
attributable to or aggravated by the indiscriminate mixing of various
waste types in the burial trenches. Thus, subsidence effects, contact
with ground fluids, movement of radioactivity in the vapor phase, migra-
tion of radionuclides due to the presence of chelating agents or products
of biological degradation, deleterious chemical reactions, and other
problems have occurred. Regulations are currently being promulgated
which will require waste segregation.to a high degree at LLW burial
sites. This assures that waste segregation technology will also be
adopted by individual waste generators or processors irn the future.

The state-cf-the-art of LLW segregation technology and current prac-
tices in the U.S.A. have been surveyed at representative facilities.
Favorable experience has been reported at various sites following the ap-
plication of segregation controls. Efficient segregation of nonradioac-
tive waste from radiocactive wastes at the point of generation can dras-
tically reduce the volume and cost of waste requiring treatment and
disposal. Segregation of wastes can also lead to more efficient waste
processing by which, for example, personnel exposures can be reduced and
solidification can be directed towards certain "problem" wastes. This
paper reperts on the state-of-the-art survey and addresses current and
projected LLW segregation practices and their relationship to other waste
management activities.

INTRODUCTION

A survey has been made of waste segregation technology as currently
applied to the management of low-level wastes (LLW) in the U.S.A. Pres-
ent-day waste segregation practices were ascertained through a review of
the recent literature and by means of personal interviews with personnel
at selected facilities. These survey data were used to analyze the re-
lTationship between waste segregation practices and waste treatment/dis-
posal processes, to assess the developmental needs for improved segrega-
tion technology, and to evaluate the costs and benefits associated with
the implementation of waste segregation controls.
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The management of LLW involves a series of unit operations as shown
in Figure 1. To a varying degree, waste segregation may be applied at
any of the stages indicated in Figure 1. However, segregation is best
accomplished early on and as close to the point of generation as is tech-
nically feasible. It then will serve as a key determinant of all subse-
quent operations (i.e., waste treatment and processing, interim storage,
transportation and final disposition of LLW).

POTENTIAL BENEFITS OF WASTE SEGREGATION

There are many potential benefits that may be derived from greater
use of waste segregation technology at the LLW generating facilities and
disposal sites. These include reductions in cost and radiation exposures
to personnel, as well as an enhanced ability to adopt volume reduction
and other advarced waste treatment options.

The segregation or separating out of radioactive waste streams by
the LLW generator can produce a number of direct benefits. Segregation
of nonradioactive waste from radioactive wastes at the source can dras-
tically reduce the volume of waste requiring costly waste treatment and
disposal. Segregation of wastes can also lead to more efficient waste

processing and packaging.

Although Tittle waste segregation has been practiced at LLW burial
sites in the past, it is now recognized that many of the problems con-
nected with this disposal mode are directly attributable to or aggravated
by the indiscriminate mixing of various waste types in the burial
trenches. For example, organic chelating materials have been buried in
the same trenches as solidified wastes, providing a mode for radionuclide
migration. Corrosive compounds, frequently present, promote a rapid loss
of integrity of metallic waste containers. Other chemical interactions
may also occur when diverse waste types are buried in ciose proximity
without regard to segregation. Subsidence and trench cap deterioration
may be minimized by segregation of organic solid wastes susceptible to
microbial decomposition and compaction under the weight of the overbur-

denn ’

MANDATORY REQUIREMENTS FOR WASTE SEGREGATION

At the present time, there are only a few mandatory requirements for
segregation of LLW. However, this situation is rapidly changing, and
there appears to be little doubt that more segregation controls will be
mandated for LLW in the future.

In 1981, the Nuclear Regulatory Cormission (MRC) published draft reg-
ulations regarding acceptable dispoia1 practfces for burial of commer-
cially generated LLW in the future. It may be anticipated that dis-
posal site segregation controls will be imposed in the future to permit
the application of specific disposal methods or use of specific site
locations for LLW bas-d upon waste characteristics such as type, form,
chemical composition, and radionuclide content. The imposition of these



. segregation controls at the burial sites will require that the generators
of LLW make greater use of segregation technology.

METHODOLOGY OF THIS STUDY

The methodology used for this study included a survey of the perti-
nent literature; personal interviews with waste managers, and site visits
to selaected facilities. Survey information was obtained on generation
rates and characteristics of LLW produced at each facility, waste collec-
tion and handling practices, current or anticipated use of waste segrega-
tion technology, available cost information, or-site treatment and pack-
aging of tha wastes, and final disposition of the packaged LLW. Included
among the sites surveyed for their waste segregation practices were se-
lected Department of Energy (DOE) laboratcries and plants; fuel fabrica-
tion plants; research and commercial power reactors; institutions such as
universities, hospitals, and medical research centers; industrial con-
cerns such as radioisotope and radiopharmaceutical producers; waste
brokers and processors; and LLW disposal sites, both DOE and commercial.

CURRENT WASTE SEGREGATIOM PRACTICES

Many LLW generators practice some degree of segregation of their
various waste streams, although *he terminology "waste segregation" does
not appear to be in common usage. Because of the rapidly increasing
costs of LLW disposal and restrictions which have been imposed over the
past two years at commercially operated shallow Tand burial sites, there
has been an increasing interest in technologies to reduce the voiumes of
LLW which must be shipped for disposal. Volume reduction treatments are
specific to certain waste types, and consequently require segregation as
a pretreatment. Thus, the technology and requirements for waste segraga-
tion are now undergoing rapid change.

Waste segregation can be utilized for the exercise of different dis-
posal options. The recent NRC changes in 10 CFR 20, which allow for the
disposal of certain biomedical waste "without regard to its radicactiv-
ity,"2 have already resulted in a significant reduction in the volumes
of LLW shipped from several institutions.

Liquid waste streams are frequently combined for processing pur-
poses; in such cases, any segregation required as a pretreatment is based
on considerations for improved processing and the obtaining of acceptable
waste form. For example, at nuclear power plants, high conductivity
waste streams are usually combined for common processing by evaporation,
and Tow conductivity waste streams are combined for treatment by ion ex-
change. In general, wet organic and aqueous LLWs are segregated wherever
possible (special solidification tachniques are normally required for
organic liquids). .Low=-activity and high-activity liquid waste streams
are usually processed separately.



Because of their hetercgeneous nature, solid LLW streams may present
a formidable challenge to successful segregation within the framework of
acceptable cost (both economic and radiologic). Trigilio3 has dis-
cussed methods used to segregate solid wastes into constituents amenable
to further treatment, including hand sorting, shredding, and air classi-
fication systems.

DOE LABORATORIES AND PLANTS

Waste-producing activities at various DOE laboratories and plants
include nuclear fuel preparation; development, testing and irradiation of
nuclear fuels and advanced reactor components; examination of irradiated
materials; the operation of nuclear reactors and charged-particle accel-
erators; facility decontamination and decommissioning (D&D); radiocactive
waste management operations; plus a wide assortment of nuclear-related
research and development {R&D) activities.

The DOE-generated LLWs arise as gases, liquids, and wet or dry sol-
ids, and may receive further treatment or processing as appropriate prior
to disposal. Details concerning the generation, treatment, nandling,
packaging, and disposition of_ DOE-generated LLWs at different sites have

been published previously.4~

At Oak Ridge National Laboratory {ORNL), a comprehensive waste seg-
regation program has been implemented. This program has been quite
successful due largely to dedicated efforts for increasing worker aware-
ness of the need to sagregate all solid wastes and to reduce as much as
practicable the volume of LLW requiring costly treatment and burial. To
a varying degree, similar practices have been adopted at other DOE facil-
jties. However, because of the great sucress of the ORNL program, it is
spotlighted as a worthy model for all other similar sites. The ORNL ef-
fort has included the coordinated use of seminars and training sessions,
publications of articles in the laboratory paEer, and dissemination of
attractive posters throughout the laboratory.

It is the responsibility of the individual LLW generator at ORNL to
assure that radioactive wastes are properly segregated, decontaminated or
contained, monitored and Tabeled for disposal in accordance with the lab-
gratory rules. Health Physics personnel provide censultation, surveying
and monitoring, and other services as needed for proper management of the
LLW, including periodic, unscheduled on-site team inspection of waste to
ensure proper segregation. Health Physics personnel also control all of
the keys *0 locked dumpsters used to collect LLW, and they perform indi-

vidual spot checks as necessary.
At ORNL, wastes are segregated 1nto the following categories:

noncontamina.ed waste (6 different classes)
general high-levei radioactive waste

general low-level radfoactive waste

general low-level radioactive compactible waste



general low-level radioactive noncompactible waste
233U/transﬁran1c waste

235y waste

mixed radioactive wastes

Tow-hazard contaminated waste

Each of these categories is further defined in the ORNL operational
guidelines. Very little is required in the way of segregation for 1iquid
wastes at ORNL. These wastes are collected in holding tanks and disposed
of on a regular batch basis by hydrofracture injection into the under-
1ying shale structures located hundreds of meters below the laboratory

site.ll

As alternate or advanced treatment technologies for LLW at DOE fa-
cilities are adopted, the implementation of additional segregation con-
trols may be required. For example, the planned installation of a
smelter facility at Idaho Engineering Development Laboratory (INEL) for
the treatment of metallic LLW, plus an incinerator for combustible LLW,
will require segregation of metallic from nonmetallic, and combustible
from noncombustible wastes. At ORNL, another option (with implications
for segregation) for processing solid LLW is under study.ll This
treatment wouid involve the production of waste pellets of 1/8-inch diam-
eter, 1/2-inch maximum length, for injection by hydrofracture along with
1iquid wastes produced at ORNL. The preconceptual design for this pro-
cessing facility includes a stage for mechanically sorting out (i.e.,
segregating) metals and nonpelletizable material from the waste feed

stream.

FUEL CYCLE FACILITIES

: The generation of LLW occurs as a necessary by-product of all phases.
of the nuclear fuel cycle. With the continuing absence of commercial
fuel reprocessing activities in the U.S.A., LLW-generating facilities
consist of nuclear fuel preparation/fabrication plants and nuclear paower

plants.

Most of the liquid wastes arising from the fabrication of nuclear
fuels (uranium-contaminated wastes) are pumped into evaporation ponds on.
site. The Tiquid wastes are sometimes segregated by activity and placed
in different ponds. Solid wastes are usually segregated into eccnomical-
1y recoverable or non-economically recoverable uranjum fractions. Some
plants plan to eventually recycle all waste materials so that no off-site
shipments would be required. Such plans call for extensive decontamina-
tion and scrap recovery operaticons to be instituted at the plants. Waste
streams would be segregated by enrichment bands (differing by 1% enrich-
ment or so) and by phase or form (e.g., fluoride sludges would be segre-
gated from nitrate sludges, etc.) for in-plant processing.

Considerable quantities of LLW are produced at huc1ear power plants. -
Detailed information concerning reaztor wastes and their management has
been presented in References 4, 13 and 14.



Most of the nuclear power.plants included in our survey report that
they have had few requirements for waste segregation in the past, but
that this situation is changing because of steadily increasing disposal
costs and decreasing disposal quotas. Segregation of solid wastes into
radioactive and nonradioactive fractions has been reasonably successful
at most plants, but only when done with the use of single check points
that can be continuously monitored. The general experience with sorting
mixed batches of waste into radioactive and ronradioactive fractions ap-
pears to have been that too much cress-contamination occurs. Improved
housekeeping and employee training are receiving increased attention at
all of the plants which were surveyed.

Quakal5 has reported on the importance of segregating incoming
water streams according to activity and conductivity at the Dresden Sta-
tion 1iquid radwaste process facility. It was noted that all input flow
paths to the various radwaste collection tanks should provide for mon-
itoring and identification.

At nuclear power plants, the concept of on-site storage with corre-
sponding requirements for segregation of all LLW is now being seriously
considered. Tennessee Yalley Authority (TVA), for example, has con-
structed an on-site storage facility and is hopeful of eventually re-
ceiving approval for indefinite storage of its LLW.16

NON-FUEL CYCLE FACILITIES

Non-fuel cycle facilities include nuclear research centers; institu-
tions such as universities, hospitals and medical research centers; and
industrial facilities such as associated with production of radiofsotopes
and labeled compounds. Industrial and institutional LLWs are produced in
all 50 states and the District of Columbia. A recent count of licensees
indicated that there were 6,415 institutions (medical facilities and uni-
versities), and 10,961 industrial concerns licensed to use radioisotopes .
(and therefore potential generators of LLW). A study of non-fuel cycle
wastes generated in the late 1970's indicated that on a volume basis 8%
were from academic sources, 65% from medical sources, and 27% from indus-
trial sources.l’/ It has been reported that over 58% of the non-fuel
cycle waste 11censee§ do not use commercial burial facilities as the pri-
mary disposal mode.l” Instead, they use decay to nonradioactive 1evels,
incineration, or on-site burial.

Several authorsl8-20 have discussed the disposal problems posed by
institutional or biomedical wastes which largely contain low levels of
short-1ived radionuclides. Briner20 has proposed the use of segrega-
tion controls, where suitable, for alternate disposal options such as on-
site holding for decay. In the NRC-regulated states, special license
approval under 10 CFR 20.302 is required in order to hold radfoactive
materials for decay prior to disposal as ordinary trash. For the burial
of small quantities of radioactive materials on a licensee's site, a
Ticense amendment may be sought under provisions of a new rule effective
February 1981 in 10 CFR 20.302. The disposal of radioactive liquids in
sanitary sewage is governed under 10 CFR 20.303, and any volume reduction



treatments such as compaction or incineration are covered undar 10 CFR
20.305. The recently adopted 10 CFR 20.306 permits disposal as non-
radioactive material of certain animal and 1iquid scintillation wastes

containing 3H and l4c.

The most widely practiced segregation treatment at institutions is
to separate the wastes according to half-1ife of the radioactive contam-
inants. Most of the institutions surveyed require users to segregate
LLWs into the categories: biological, 1iquid scinti11ation, dry solid,
agueous liquid, and organic 1iquid. Segregation is also maintained for
incompatible wastes and for those with special hazards {e.g., carcino-

gens).

As an alternative disposa1 option fer non- f¥e1 cycle wastes, there
appears to be growing interest in incineration.2l NRC regulations per-
mit this option under 10 CFR 20.305, provided that the effluent concen-
trations are in accordance with requirements of 10 CFR 20.106 and that
all state and local regulations are met. This option is expected to be-
come more attractive as the technology has improved markedly in recent
years, and it is becoming more cost-effective. Pretreatment requirements
for efficient incineration include segregation of wastes by BTU content
(e.g., dry solids separated from aqueous wastes, etc.) and by radionu-
clide content. While some isQtopes are good candidates for incineration
(e.g., 3H, l4c, 5lcr, 55Fe, 57Co, etc.), others are better held
for decay (e.g., those with ha1f-11ves of less than 30 days or so), and
still others probably should not be incinerated (e.g., radioiodine).

Most institutions report having had few problems in managing their
LLW other than the steadily increasing cost of disposal and the wide-
spread concern that due to a minor infraction of the rules (or the gross
miscalculation of an individual) they could be excluded from the LLW
burial sites. The driving force for adopting waste segregation or other
conservative management practices beyond what is required by regulations
is largely economic. Current disposal costs for institutional wastes .
appear to be averaging upwards of $175 for a 55-gallon (208-1{ter) drum.
For the small LLW generator, there is little if any incentive for prac-
ticing waste segregation, however, since he may produce only an occa-
sional drum of waste.

Many of the small institutional and private generators of LLW rely
upon waste brokers for the routine pickup of packaged wastes for ultimate
delivery to a LLW disposal site. Waste b~okers vary widely in size and
frequently may service generators of toxic chemical wastes as well as
LLW. In general, these firms apply T1ittle in the way of segregation in
their handling and treatment of LLWs.

Although industrial LLW has not been well characterized, it is prob-

able that radiopharmaceutical wastes represent a major component. Such
wastes are primarily organic comgounds 1abe1ed with relatively long-lived

radionuclides such as I and 1

Waste segregation practices vary greatly among different 1ndustr1all
concerns, but tend to be similar for companies of the same type. Thus,



high-specific activity wastes are nearly always segregated at those fa-
cilities which produce LLW having a wide range of radiocactivity concen-
trations. For producers of radioisotopes, labeled compounds, assay kits
and similar products for biomedical and physical research purposes, waste
segregation becomes very important as a basis for radioactive waste pro-
cessing. A study was made of the segregation practices at a large com-
pany representative of this type {New England Nuclear) which cou1d serve
as a model for other facilities.

At New England Nuclear, segregation of radioactive wastes is prac-
ticed to a high degree. This has been accomplished largely through the
implementation of institutional controls and increasing employee aware-
ness of the need for waste segregation. For the most part, segregation
occurs at the point of generation and is the responsibility of the waste
generator., Radioactive wastes are separated 1nto seven (7) distinct cat-

egories, as follows:

Category A Dry-solid radioactive waste

Category B Absorbed 1iquid radioactive waste
Category C Liquid radioactive waste

Category D Noncompactible radioactive waste
Category E Animal and biological radioactive waste

Category F  Radioactive material requiring speéia] handling
and/or packaging

Category G  Short-lived materials to be held for decay

Within these categories, the wastes are further segregated according to
activity and radioisotopic contamination, and organics are segregated as
organic acids, o0il, 1iquid scintillation mixtures, and solvents {all

others).

An important feature of the waste management plan at New England Nu-
clear is the careful documentation of the nature and origin of all radio-
active waste generated by laboratory personnel. A cradle-to-grave system
of documentation is used in which it is possible to trace the origin of a
p?rt1cu1ar radioactive waste unit back to a particular laboratory and em-
ployee.

A special procedure is in use at New England Nuclear for inspecting
laboratory wastfs beforg they are compacted. These wastes contain pre-
dominantly 34, 14¢ or 35S and present very little radiation hazard
when packaged as bagged LLW in 55-galion {208-~1iter) drums collected from
the laboratories. Using a mechanical drum tilting device and a sorting
table, the contents of each drum are handled and inspected under con-
trolled radiological conditions by personnel familiar with LLW acceptance
criteria for the burial site. If acceptable, the bagged wastes are then
placed in another drum and are compacted.



Each year at Nen England Nuclear, approximately 1,000 drums (55-
gallon/208-1iter size) of LLW are placed in storage for decay for a mini-
mum of 10 half-lives. These wastes, segregated at the points of origin,
are con minated with radionuglides_from one_of the following groups:

g? 38 ngC; or g f 11; or ISBXE. g g P

LLW DISPOSAL SITES

In general, there are two types of shallow land burial sites used
for disposal of LLW: arid sites and humid sites. Of the six major DOE
burfal sites, four are classified as arid (Idaho Natjonal Engineering
Laboratory, Hanford Site, Nevada Test Site, and Los Alamos Mational Lab-
_oratory), and iwo are humid (Oak Ridge National Laboratory and Savannah
River Plant). Of the three currently operating commercial sites, two are
classified as arid, (Beatty, Nevada and Richland, Washington), and one is
humid (Barnwell, South Carolina). The distfngu1sh1ng feature between
these two types of burial sites is the annual precipitation, which be-
comes important in terms of potential contact with the buried wastes.

At arid burial sites, LLW with very high radiation levels is fre-
quently segregated from other wastes and disposed of by placement in deep
shafts. This normally presents no particular problem since the trenches
are well above groundwater levels.

At humid sites, the distance between the buried wastes and the water
table -is relatively small, and the distance to points of groundwater dis-
charge to the surface water is relatively short. However, the large vol-
umes of surface-water flow do provide a2 considerable measure of dilution
once contamination has reached the surface-water system. In contrast to
arid sites, erosion control normally can be maintained at humid sites
with a minimal surface maintenance effort. Because of the greater poten-
tial for contact of buried wastes with water at humid sites, the segrega-
tion of incompatible wastes is much more important than at arid sites.

At the Barnwell site, high activity wastes are disposed of in split
trenches where personnel radiation exposures can be minimized by use of
remote handling techniques. Organic medical wastes and some chemical
wastes {e.g., CaF2) are segregated within individual trenches. Wastes
containing 235 5y may require separation within individual irenchas due
to criticality considerations. Fuel cycle and non-fuel cycle LLWs are
also segregated by placement in different trenches. The Barnwell site
will no longer accept toluene, xylene, dioxane, scintillation liquids or
other organic 1iquids with similar chemical properties; nor will the site
acgept any containers which have at any time contained any of these 1ig-
uids.

COSTS ASSOCIATED WITH WASTE SEGREGATION

In general, the establishment of waste segregation controls by gen-
erators and handlers of LLW should invoive fairly minimal expenditures.



It is expected that 1ittle additional expense would be required for radi-
ation survey and monitoring instrumentation beyond what would already be
available at the facility. Large-sized instrumentation (e.g., drum assay
systems) would only be added to a facility if justified on the basis of
the quantity of waste handled or the economic value of recoverable mate-
rials such as radionuclides for recycle. The redesign of a waste manage-
ment system would perhaps involve the acquisition of waste containers and
handling/processing systems of varying complexity. Howaver, this should
require only a modest outlay in comparison with the overall LLW manage-
ment budget. Most of the technology for waste segregation is relatively
inexpensive and its adoption should not be greatly burdensome.

Very little cost information was obtained in this survey of LLW seg-
regation practices. It is frequently the case that waste segregation has
been accomplished largely through the establishment of institutional con-
trols and dedication on the part. of the concerned parties. Waste segre-
gation may primarily involve visual-manual type operations on the part of
LLW generators and other workers. Thus, the assignment of economic cost
tc the adoption of waste segregation practices is understandably impre-
cise. Likewise, the assigmment of radiologic costs arising from in-
creased handling operations and consequent exposure to ionizing radiation
is imprecise, and a proper evaluation would require considerable study of

each situation. :

Many facilities have reported cost savings resulting from adoption
of segregation practices, in particular where LLW volumes have been re-
duced through segregation of nonradioactive from radioactive wastes.
Significant savings are also possible where LLW containing short-lived
radioactivity is stored on-site for decay to nonradioactive levels, where
certain 3H and 14C-containing wastes are alternatively disposed of,
and where suspected transuranic ("suspect-TRU")} wastes can be shown to be
LLW rather than TRU wastes {disposal costs for LLW are much less than for

TRU wastes).

RECOMMENDATIONS

Enchanced LLW segregation practices should be established at shallow
iand burial sites, provided that the accruing benefits are reasonably in
1ine with the incremental operational costs (e.g., if the acceptance of
potential increases in radiation exposure to the site personnel due to
increasad handling can be justified). Segregation and good housekeeping
at the source of LLW production should be utilized tc keep the contamina-
tion of nonradioactive waste to the lowest practicable level, and to
facilitate placing waste into suitable categories for particular burial

facilities.

Several types of waste should receive special treatment to immobi-
1ize the radionuclides, to reduce the hazard from chemically toxic mate-
rials, and to reduce handling risks in transportation and disposal.
Special segregation is needed for LLW containing or capable of producing
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organic chelating agents, and for biological wastes that can undergo bac-
teriail decomposition yielding organic acids, gases, and other undesirable
products. Segregation is also recommended for combustible wastes and for
those containing long-lived radionuclides, isotopes of high radiotoxici-

ty, high specific activity, and certain wastes such as unsolidified spent
jon exchange resin. .

The following abbreviated 1ist of specific actions for imgproving LLW
segregation practices should be considered by the appropriate part1es.

prepare a "Manual on Waste Segregation Technologies”
develop an appropriate waste classification system

e apply computer techniques- to the characterization and
tracking of LLW waste streams

improve procedures for assay of waste units :

apply administrative controls to a greater degree (e.g.,
redefine radiation zones and exert more control over ma-
terials that may become contaminated)

e define "de minimus" levels of radioactivity for solids

e make greater use of technology for segregating “suspect-
TRU" wastes into LLW and TRU wastes

e make greater use of alternate disposal options (such as
storing on-site for decay)

o establish centralized LLW treatment facilities to service
multiple small users of radioisotopes

e perform additional study of segregation needs for D&D and
other advanced treatment technologies

e disseminate information on waste segregation to the LLW
communi ty

SUMMARY AND CONCLUSIONS

The current status of LLW segregation technology has been ascer-
tained. Practices vary from no segregation to a high degree of segrega-
tion where it has been shown to te cost-effective or required as pre-
treatment to other waste treatments. Waste segregation has potential for
reducing disposal costs and radiation exposure to personnel (except at
the burial sites where there might be increased exposures due to in-
creased handling). The greater use of waste segregation technology can
Tead to more efficient waste processing, improved operations and disposal
practices at the burial sites, subsidence control, better contaimment of
radioactivity, and a generally much more streamiined waste management
system.
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FIGURE 1. Management of Low-Level Waste (LLW).
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