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I. INTRODUCTION 

The Tanks Focus Area is supporting technology 
development in immobilization of both High Level 
(HLW) and Low Level (LLW) radioactive wastes. The 
HLW process development at Hanford and Idaho is 
patterned closely after that of the Savannah River 
(Defense Waste Processing Facility) and West Valley 
Sites (West Valley Demonstration Project). However, the 
development and options open to addressing Low Level 
Waste are diverse and often site specific. To start, it is 
important to understand the breadth of Low Level Wastes 
categories. 

DEFINITIONS 

Low-Level Waste (LLW): Any radioactive waste that is 
not spent fuel, high-level, or transuranic waste. The waste 
can be low-activity or high-activity and e.g., can be 
categorized according to Classes (A through C). 

Low-Level Mixed Waste (LLMW): LLW which also 
contains chemically hazardous waste (such as Hg, Cr, Pb, 
Ba, etc) as defined by the Resource Conservation and 
Recovery Act (RCRA). 

Transuranic Waste (TRU): Any radioactive waste that 
contains alpha-emitting radionuclides with atomic 
numbers greater than that of Uranium (92) and which has 
a combined alpha activity level greater than 100 nCi/g. 
The half life of the TRU radionuclides must be greater 
than 20 years to be included in the total alpha activity 
level. 

Transuranic Mixed Waste (TRUMW): TRU waste 
which also contains chemically hazardous waste (such as 
Hg, Cr, Pb, Ba, etc) as defined by RCRA. 

From these definitions, it is clear that the waste within the 
DOE complex is highly varied, but can be categorized 
into groupings which will affect the disposal route and 
consequently, the acceptance requirements for the 
immobilized waste forms. Once the content of the waste 
is defined, the next step is to understand the performance 
requirements that the final waste form must be designed to 
meet. Each site must determine the ultimate disposition of 
their waste and the performance requirements associated 
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with that disposal option. The current disposal options 
available to the sites for LLW are disposal in the 
following types of facilities: 

1. Waste Isolation Pilot Plant (WIPP) - if waste form is 
transuranic 

2. Nevada Test Site (NTS) - if the waste form is low 
level 

3. Commercial Mixed Low Level Waste Disposal 
Facilities (e.g., Envirocare) 

4. On-Site disposal vaults - if the TRU and radioactivity 
levels meet local disposal requirements 

The major Department of Energy sites incorporate all of 
these disposal options. Oak Ridge is currently privatizing 
disposal of their LLW sludge and because of its TRU 
content will likely send the immobilized waste to WIPP. 
The Savannah River Site is separating the long lived 
isotopes and significant radioactivity from the waste as a 
HLW fraction and vitrifying that waste while processing 
the LLW into a grout referred to as Saltstone. The waste is 
processed sufficiently to ensure that the Saltstone is 
maintained at less than Class A level. The Hanford site 
currently is in the process of privatizing their HLW waste 
processing which will also incorporate a separation step to 
segregate the LLW waste (less than Class C) and 
immobilize it in a vitrified waste form for on-site disposal. 
Idaho is segregating its waste into high-level and low- 
level fractions. Current plans for Idaho are to vitrify the 
HLW and to grout the LLW. 

11. EXPECTED REQUIREMENTS FOR DISPOSAL 

It is important to determine which disposal option best 
matches the incoming waste characteristics. The waste 
form and containment should then be designed to meet the 
appropriate acceptance criteria and process described 
below. 

WIPP WASTE ACCEPTANCE CRITERIA 

The Waste Isolation Pilot Plant (WIPP) which is 
scheduled to open this year, will accept only TRU waste. 
The Waste Acceptance Criteria (WAC)' must be met 
before waste is accepted for disposal at WIPP. The 
criteria depend upon whether the waste is contact handled 
(<200 miiliremhr) or remote handled (>200 millirefir). 



Selected criteria relevant to the immobilized TRU waste 
forms are summarized in Tables 1 and 2. WIPP will 
accept TRU waste which contains hazardous constituents 
(TRU mixed waste). They do not require that the waste 
form pass any leaching tests such as Toxicity 
Characteristic Leaching Procedure (TCLP) or Product 
Consistency Test (PCT). 

Table 1. Selected Criteria for for Disposal of Waste 
Forms at WIPP 

TEM DESCRIPTION CONTACT-HANDLED (CH) 

1 Container DOT Type A 55 gallon drum 
or Standard Waste-Box (SWB) 

2 Contact dose < 200 mre& 

3 Thermal power < 40 watts per TRUPACT- 11 
4 TRU alpha >lo0 nCi/g 

5 Criticality, <200 g/55 gallon drum 

(Fissile gram <325 g/SWB 
equivalent) 

6 Pu-239 < 80 PE-Ci/55 gallon drum 

rate 

activity 

Pu-239 

equivalent <130 PE-Ci/SWB 
activity (PE-Ci) 

7 Liquids < 2 liters/ 55 gallon drum 
< 8 liters/SWB 

Table 2. Selected Criteria for Disposal of Remote 
Handled Waste at WIPP. 

TEMl DESCRIPTION I REMOTE-HANDLED (RH) i 

Container DOT Type A RH canister 
> 200mrem/hr and 

TRU alpha > 100 nCilg and 
activity <23 Ci/ker 

5 Criticality, <325 glcask 
Pu-239 

(Fissile gram 

Pu-239 <lo00 PE-Cikanister 

Liauids < 6 literslcanister 

NEVADA TEST SITE WASTE ACCEPTANCE 
CRITERIA 

The Nevada Test Site (NTS) will accept LLW as long as 
the NTS WAC2 are met. In contrast to the WIPP, the 
NTS will not accept mixed LLW from outside of the state 
of Nevada. Any LLW which contains e.g., RCRA metals 
which could make the waste form characteristically 
hazardous, must pass a TCLP in order to be accepted by 
NTS. Selected criteria relevant to immobilized LLW 
forms are summarized in Table 3. Additional 
requirements, which in general also apply for the WIPP 
WAC, are that no etiologic agents, chelating agents, 
explosives, pyrophorics, or gases be present. 

Table 3. Selected Criteria for Disposal of Waste Forms at 
NTS 

- 
1 
2 

3 

4 

- 
- 
- 

I 
Transuranics < 100 nCi/g 

characteris tic 
< 1% volume of waste 

and < 0.5% of waste form 
< 1 wt% of <10 micron 

<15 wt% of <200 micron 
Currently not accepted 

Hazardous Not listed and not 

Free Liquids 

Particulates 

Greater than Class C 
Waste 

Radionuclide All reportable 
inventory radionuclides 

Free Volume Minimize 
Nuclear Criticality Demonstrate safety 

OFF-SITE DISPOSAL 

The waste forms produced as a result of immobilization of 
TRU or mixed TRU waste in the DOE Complex must be 
sent to WIPP for final disposal. The WIPP is the DOE’S 
designated respository for disposal of TRU waste forms. 
It is currently scheduled to open in 1998. Immobilized 
sludge from the Oak Ridge Tank Farms (consolidated into 
the Melton Valley Storage Tanks) is an example of a 
waste form which is planned for WIPP. This sludge has a 
high TRU content which, even at low loadings, makes the 
waste form TRU. The schedule calls for acceptance of 
contact-handled waste for roughly the first five years and 
then integrating acceptance of remote-handled (RH TRU) 
waste in 2003. The RH TRU Waste Acceptance Criteria 
(WAC) are only preliminary at this stage due to the fact 
that the RH-TRU 72-B cask SARP has not been approved 
yet. 



Immobilized low level waste can be sent to NTS. This 
site accepts waste forms which do not exceed the Class C 
limit for radionuclides (e.g., 4,600 C2m3 for Cs-137) and 
which is demonstratably not TRU. Waste generated 
outside the state of Nevada must not be listed or show 
characteristics of hazardous waste to be accepted for 
disposal at NTS. 

Develop and 
charactentea ‘ 
LAW glass 
test standard to 
ensure 

Envirocare in Utah accepts mixed LLW for disposal. The 
waste or waste forms must meet the land disposal 
requirements for RCRA and the Class A limit for 
radionuclides. 

optionalcriteria 3 I 

Long Term 
Performance 4 ON-SITE DISPOSAL 

For on site disposal, the entire system is evaluated which 
includes the performance of the waste form, package 
components, the disposal facility, and the geology and 
hydrology. The waste disposal system must perform well 
over time and under various intrusive land use scenarios. 
The postulated migration of radioisotopes and hazardous 
constituents over thousands of years is used to set the 
release limits at 100 meters fiom the disposal site. From 
there the release mechanism from the waste form and the 
impact of the barriers provided by the disposal facility 
must be analyzed and predicted. The performance of both 
the waste form and the disposal system can be expected to 
be different in different geological conditions associated 
with arid and humid soils (e.g. Hanford and Savannah 
River). The Tanks Focus Area is supporting 
development of the data necessary to define the 
immobilized waste performance in disposal system. In 
addition, the EM-50 program is supporting, via the EM 
Science Program, basic research to define mechanisms 
which control leaching of hazardous and radioactive 
components under chemical and radiolytic degradation. 
The Tanks Focus Area Immobilization Technical Area 
addresses specific technical needs from the different sites. 
The technical work supported by the Tanks Focus Area is 
generally a part of an integrated data development effort 
including work performed by the sites and other programs. 
The current strategy for evaluating vitrified low level 
waste involves the elements shown in Figure 1 below, but 
is relevant for on-site disposal of any of the immobilized 
waste forms and disposal systems. 

PRODUCT ACCEPTANCE STRATEGY DIAGRAM 

lconsistency 2 I 

Figure 

I 1 

In situ 
Testing 

Product Acceptance Strategy Diagram 

111. DISCUSSION 

Figure 1 shows the key elements of preparing a waste and 
developing a disposal system for Low Level Waste for 
glass waste forms; however, most of the technical areas 
have to be addressed for any waste form chosen for 
immobilization. Step 1 is to develop a glass formulation 
consistent with the general composition of the waste to 
minimize additives to the waste. Much of the DOE wastes 
contain components that are poorly soluble or tend to 
crystallize or form secondary phases in the glass. Some of 
these difficulties can be addressed through pretreatment 
processes. The approach being used in the Tanks Focus 
Area work is to utilize the glass composition data bases 
used for the HLW and mixed waste programs and then 
expand as required to incorporate components specific to 
a particular waste stream. 

Step 1 is controlled by the requirements set forth in step 6 
“Performance Assessment Strategy and Requirements”, 
since the waste product acceptance requirements are 
defined by this process. Step 6 is generally an iterative 
process involving complex systems analysis (facility 
design, materials interactions, waste form performance, 
moisture content and mobility, geology, etc.). As can be 
seen from the diagram, long term performance of the 
glass is an important input to the performance 
determination. Unfortunately there are not 
straightforward tests that can be done in the laboratory 
that can predict the complex system performance. 



Currently the approach is to utilize all available and 
generated data to provide a technical basis supporting 
long term performance in the disposal unit. There are lab 
tests (4a) that can bracket expected performance of the 
glass which include long term leaching tests under various 
temperature and water conditions. These are not 
singularly definitive since duplicating the chemical 
interactions of the disposal facility and the time factors is 
generally not possible. However, laboratory tests are 
useful for defining specific glass performance data such as 
reaction mechanisms and rates of degradation under 
defined conditions. In addition to laboratory tests, there 
has been an international HLW glass burial program(4b) 
that buried glasses in various soil conditions for over 10 
years and has looked at glasses over time to evaluate 
stability in the environment. This data includes glasses of 
many composition categories (borosilicates, soda-lime, 
etc.) and in various geologies. In a similar vein, there are 
glasses found in nature that are referred to as natural 
analogs (4c)when the dominant composition of the natural 
glass is similar to a desired waste glass composition. 
Many of these are known to perform well over many 
thousands of years. These two data sources provide 
increased confidence in specific glass composition 
regimes and may be relevant to waste glasses. Usually, 
some site specific in situ testing (4d) is needed to validate 
the glass choice and to ensure that in complex disposal 
facilities, that near term aggressive reactions do not take 
place between the facility and the waste form. For this 
reason, a suite of lab testing and the utilization of all 
known glass performance is incorporated into the product 
acceptance strategy. 

A truly difficult job is required of the technical teams that 
prepare specifications for the privatization contracts for 
Low Level waste immobilization, because all of these 
requirements must be translated into contract performance 
specifications. The Tanks Focus Area tasks are generally 
aimed at providing independent analysis and determining 
compositional region (3) that . consistently and 
reproducibly results in glasses that have both acceptable 
durability and operability. In the vitrification process, it is 
critical that all the performance requirements be linked to 
the glass composition since that is the only parameter that 
is both measurable and controllable in real time in an 
operating plant. The final glass waste form is determined 
by the addressing all the constraints that feed into step 3 
and ultimately an acceptable waste form and composition 
result. Defining the acceptable compositional region is 
one of the current tasks of the Tanks Focus Area 
supporting the immobilization of Hanford’s LLW. There 
is similar work aimed at Idaho’s HLW (glass) and LLW 
(grout) and in improving the glass formulations for 
Savannah River’s HLW to increase waste loading without 
compromising performance or processing. 

In addition to vitrification of LLW, grouting or 
cementation is often compositionally compatible with 
some waste compositions. Savannah River’s Saltstone 
process3 is a good example and one that provides a model 
for other grouting efforts such as those expected at Idaho 
and Oak Ridge. The Saltstone Process takes the LLW 
fraction of the decontaminated HLW from Savannah 
River High Level Waste tanks and converts it to a 
cementitious solid for on-site disposal. A number of 
different compositions were considered and evaluated 
before the current saltstone composition was selected. 
The basis for selecting the saltstone formulation was the 
same as that shown in the Figure 1 for Vitrification of 
LLW-that is the requirements resulting fiom the system 
analysis of the waste form, the disposal vault, and the 
surrounding geology. For Savannah River, a grout 
containing fly ash and slag was chosen since it had been 
shown to address the most difficult components in the 
waste stream ( technetium and chromium). Based on the 
leaching test results and the design of the grout vaults, the 
site performance assessment demonstrated that saltstone 
in engineered vaults would provide - safe long term 
disposal of the LLW fraction of Savannah River’s high 
level tanks waste. The development of saltstone 
formulations with proven performance for Savannah 
River’s low-level wastes also provided the basis for the 
successful final closure of two of Savannah River’s High 
Level Waste Tanks by cleaning the tanks and ultimately 
filling the tanks with grout formulated to immobilize the 
small residual liquid heels. 

IV. PATH FORWARD 

In existing processes, there are always opportunities to 
improve both operations and cost performance. The TFA 
addresses defined site needs that improve existing 
processes and that provide enabling technology based on 
national prioritization process supported by a site user 
steering group. In accordance with these priorities, in the 
immobilization area, several highly integrated glass 
related programs are in progress: 

0 Glass formulation data are being obtained to improve 
the liquidus temperature model used in the Savannah 
River Defense Waste Processing Facility. This is an 
operational constraint that limits waste loading in the 
glass, largely because the model was based on 
existing but limited data. There are significant 
potential life cycle cost saving associated with this 
effort. In addition, this glass work serves to expand 
the data base relevant to both Hanford and Idaho. 
Basic glass formulations are being developed for 
Idaho’s high level waste which is derived from an 
acid separation process. This process presents 
several challenges that are different from the other 
sites by introducing higher levels of phosphate and 
zirconium. However, this work is being leveraged 
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with the Savannah work to reduce the need for 
duplication of testing. 
Hanford has several difficult to deal with components 
in some of their waste streams (phosphate, chromium 
are notable). Since these components are also in 
Savannah River and Idaho wastes, this work is part of 
an integrated test matrix evaluating impact of 
components on glass performance (operating 
characteristics and durability). 
Hanford’s LLW product acceptance work was 
recently initiated and is in the early phases. During 
this year, evaluation of the internationally available 
long term burial data is in progress and is being 
consolidated by the University of Florida. The EM 
Science Program is supporting basic research in 
leaching characteristics and radiation stability of 
glasses relevant to the DOE waste compositions. 
Results from these programs provide complementary 
information that will support the technical basis for 
the Hanford LLW disposal. Work is planned for 
FY99 to begin evaluating tests that have been 
developed to aggressively test glasses in the 
laboratory and to attempt to relate this work to long 
term performance and to glass composition. When 
this is complete, the DOE will have a basis to 
compare proposed glass compositions for different 
waste streams and make a rapid determination of the 
acceptability of the glass performance. Naturally, this 
type of analysis is aimed at providing a flag and if a 
composition is borderline, further testing may be 
required to determine acceptability. 
During Fy96-98, substantial work has been 
completed on Oak Ridge LLW with acceptable 
formulations being developed for both grout and 
glass waste forms. This work provides a technical 
basis for the DOE to evaluate proposals for 
privatization of Oak Ridge Tanks Wastes. 
TFA has also sponsored work to develop an efficient 
grout process for Idaho’s LLW fraction by providing 
bench scale development and proof testing of several 
potential denitration processes to reduce the volume 
of LLW grout for disposal. This work has included 
developing grout formulations for direct grouting of 
Idaho’s LLW stream and for a denitrated LLW 
stream. This work is contributing to the design basis 
required for disposal of Idaho’s high hevel and 
secondary waste streams. 

The Tanks Focus Area’s objective is to provide key 
technology development that is carefully integrated into 
each user site’s overall technology program. 
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