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1.0 EXECUTIVE SUMMARY

This document has been prepared in response to a June, 1989 agreement between
the Department of Energy (DOE) and the State of Colorado which committed the
Rocky Flats Plant (RFP) to submit a plan defining their program to manage low-
level mixed waste being stored within the Plant site. This plan establishes
the necessary criteria that must be met to dispose of the RFP mixed waste and
evaluates the possible treatment options that might achieve those criteria. '
This plan, however, is unable to predict when a disposal facility will agree
to take the waste, even §hou1d it meet all anticipated restrictions on its
form.

Nineteen individual waste types or streams are addressed by the p]én. For
each waste stream, characterization information is presented and compared to
low-level radioactive waste disposal criteria (for the radiological component)
and standards established by EPA’s Land Disposal Restrictions found in 40 CFR
268 (for the RCRA hazardous component). Limitations in meeting those criteria
or standards are identified as the treatment need for that specific waste.
Possible treatment alternatives are proposed and evaluated using the following
criteria:

(1) its demonstrated effectiveness in achieving the required waste form;

(2) its stage of development and availability for production;

(3) its ability to treat the waste without producing other secondary
wastes of concern; and

(4) its efficiency considering such factors as waste volume reduction,
process reliability, final waste form, and capital costs.

Figure 1.1 lists the nineteen mixed waste streams along with the results of
the evaluation of treatment alternatives. Each treatment alternative has
numbers shown in the column corresponding to the waste streams for which they
were considered. These numbers indicate the relative results of the
evaluation (i.e., "1" indicates the treatment alternative with the highest

- evaluation score, "2" the second highest, etc.) for that waste stream. Not




Figure 1.1 Results of Treatment
Alternative Evaluation &

Treatment
Alternative
Mixed Waste Stream (0
1. Pondcrete 1 2 3 4 , !
2. Saltcrete ’ 1 2 : 3| 4
3. Bypass Siudge 1 3 2
4. Roaster Oxide 1
5. FBIOi 2 5 1 2 4 5
6. Combustibles 2 2 4 1 5
7. Lead 2 2 ' 1
8. PCB’s {solids) 2 3 1
8a. PCB's (iquids) 2 1
9. FBI Ash 3 2 1
10. Beryllium Dust 1 2 2
1. Metal Chips 3 2 1
12. Filters ‘| 4] 3] 4 1] 4
13. Fluorescent New 1 3
Lights
14. Acid#3 4 1 312 1
15. Composite Chips*' 3 1 2
16. Absorbed Organic 1
17. ECM Sludge»® 3| 2
18. Contaminated Dirt | 2 3 5 1 3
19. Cutoff Sludge 2 4 3 1

x!  yitrification refers to use of microwave, Joule melter, or plasma arc
technologies '

%2 Extraction refers to several techniques to remove the RCRA hazardous
components from waste

#*3 A1l of the alternatives for this waste include pretreatment for
neutralization, and most include pretreatment for cyanide destruction

% Extraction on the composite chip would be followed by cementation of
the pyrophoric chips

*5  For this waste stream, cementation and polymer solidification both
include cyanide destruction as pretreatment



" all treatment alternatives shown in Figure 1.1 are being given further .

consideration; some of the lower scored alternatives are being dropped.

Each waste stream subsection concludes with a schedule of events that
represent the next step in working towards the implementation of successful
treatment technologies. 'Table 1.1 provides a summary of those individual
findings presented in terms of the steps or activities that are scheduled.

Development of specifications for well established technologies and performing
bench scale testing of those techniis-i2c not well enough established are the
activities described in this plan. Full scale treatment equipment and
capabilities are expensive to put into place. Therefore, once bench scale
testing has been completed, the treatment alternatives will be reevaluated
based on the résu1ts of those tests. Only the technologies considered to be
fully effective should be evaluated and the capability of a technology to
treat multiple waste streams should be added to the evaluation criteria and be
heavily weighted. | -
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Treatment Alternative
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"TABLE 1.1 Summary of Short Term Activities

Activity

Mixed
Waste Streams

Activity Completion

1.” N/A

2. Stabilization/
Solidification

Characterization - Perform

additional sampling and
analysis for  specific
parameters to enable

confirmation of applicable
disposal criteria.

Perform bench scale testing -

of cement (C) and/or
polymer (P) solidification
techniques on samples of
mixed waste streams. This
includes analyzing the
solidified sample through
use of extraction
procedures and varying the
process ingredients to
optimize the results.

Pondcrete/
Pond Sludge
Nitrate Salt/
Saltcrete
Bypass Sludge
Roaster Oxide
Combustibles
FBI Ash
Metal chips
Filters
Acid
Composite Chips
Absorbed Organic
ECM Sludge
Contaminated Dirt
Cutoff Sludge

Pondcrete/
Pond Sludge
Nitrate Salt/

Saltcrete
Bypass Sludge

‘Lead

Combustibles

FBI Ash

Beryllium Dust
(1ab scale)

Filters

Fluorescent
Lights

Acid (1ab scale)

ECM Sludge

Contaminated Dirt

Cutoff Sludge

9/90
(an)

9/90(C) 3/91(P)
9/90(C) 3/91(P)

9/90(C) 9/91(P)
9/91(C) 9/92(P)

-= " 9/91(P)
6/91(C) 9/91(P)
9/91(C) 9/92(P)

9/91(C) 9/92(P)
8/91(C) 9/92(P)

6/91(C) 6/91(P)
9/92(C) 9/92(P)
9/91(C)  --

9/91(C) 9/92(P)




3.

4.

Treatment Alternatijve

TABLE 1.1 Summary of Short Term Activities

Mixed

Activity Completion

Incineration

Melting/
Vitrification

*] For the nitrate salt/saltcrete waste, these treatment technologies are also being considered for

Activity

Develop a plan for the
restart of the existing
fluidized bed incinerator
(FBI) to accommodate the
applicable mixed waste
streams.
pursue incineration of FBI
0i1 and possibly others
(such as combustibles) at
the Idaho National
Engineering Laboratory.

Perform bench scale testing
of Joule and/or microwave
melting on samples of mixed
waste streams. This
includes analyzing the
vitrified sample to insure
that leachability
requirements are met.

their ability to destroy nitrates.

Continue to

Waste Streams

FBI 0il
Combustibles
PCB Liquids
Filters
Cutoff Sludge

Pondcrete/
Pond Sludge
Nitrate Sa)t/
Saltcrete !
Bypass Sludge

“FBI 011

Combustibles
FBI Ash
Beryllium Dust
(1ab scale)
Filters
Fluorescent
Lights
(1ab scale)

Acid (1ab scale)

ECM Sludge

Contaminated Dirt

Cutoff Sludge

12/89
(plan)

9/90(M)
9/91(M)
9/91(M)

9/91(M)
9/92(M)

9/92(M)
3/92(M)

9/9§(M)
9/92 (M)

1 9/91(J)

9/93(J)
9/91(J)
9/92(J)
9/92(J)

9/92(J)

9/92(J)
9/92(J)
9/92(J)
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Treatment Alternative

“

TABLE 1.1 Susmary of Short Term Activities

Activity

Mixed
Waste Streams

Activity Completion

5. Wet Oxidation

6. Supercritical
Fluid Extraction

7. Aqueous Wash

8. Metal Extraction

Perform lab study scale
testing of wet oxidation
techniques on samples of
mixed waste streams. This
1nc1udps analyses to insure
destruction of organics has
occurred.

Perform bench scale testing
of the use of supercritical

fluid (CO,) to extract
organics from the mixed
waste

Perform bench scale testing
on the use of aqueous
washing to extract organics
from mixed waste

A study will be performed
to determine the
feasibility of extracting
heavy metals from the waste
as a means to achieve the
LDR standards

FBI 0il
Combustibles
Filters

Combustibles

PCBs (solids)
Metal Chips
Filters
Composite Chips
Contaminated Dirt

Combustibles
Metal Chips
Composite Chips

Pondcrete/
Pond Sludge

9/93
6/92
9/92

9/92
9/92
9/92
9/92
9/92
9/92

9/92
9/92
9/92

9/91
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Treatment Alternative

TABLE 1.1 Summary of Short Term Activities

Activity

Mixed
Waste Streams

Activity Completion

9. Biodegradation

10. Metal Precipitation
Pretreatment

11. Cyanide Destruction

12. Decontamination
and Reuse

Perform lab scale testing
to determine the
effectiveness of biodegrad-
ation on the mixed waste

Perform l1ab scale tests on
a pretreatment approach
(flocculation and
precipitation) for removal
of heavy metals

"Implement a production

scale operation for
destruction of cyanide

Perform lab scale testing
to determine the success of
smelting lead and removing
radiological contamination
in the dross. (This will
1ikely be considered in
conjunction with the
addition of lead to
vitrification recipes to
form lead glass.)

FBI 0il
PCBs (liquids)

Acid

Acid
ECM Sludge

Lead

9/94
9/94

12/91

9/91
(all)

9/91
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Treatment Alternative

TABLE 1.1 Summary of Short Term Activities

Activity

Mixed
Waste Streams

Activity Completion

13.

14.

UV Ozonation

P]asma Arc Furnace

Perform lab scale tests to
determine the effectiveness
of ultra-violet ozonation
on destroying organics

Monitor testing being
performed at the DOE
facility in Butte, Montana.
This work is being done to
investigate the
applicability of  this
technology DOE-wide.

Contaminated Dirt

PCBs (solids)
PCB (capacitors)
Metal Chips
Composite Chips

9/92

9/90
EPA SITE
Test &

DOE
Opera-
tional
Tests
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2.0 PURPOSE

In June of 1989, an agreement between the Department of Energy (DOE) and the
State of Colorado committed the Rocky Flats Plant (RFP) to submit a plan
defining their program for treating and disposing of mixed waste being stored
within the Plant site. Mixed waste refers to waste that is both .low-level
radioactive and hazardous as defined by the Resource Conservation and Recovery
Act (RCRA). The intent of this plan is to fulfill that commitment.

This plan establishes the necessary criteria that must be met to dispose of
RFP waste and evaluates the possible treatment options that might achieve
those criteria. Another option, not addressed in the plan, is the possibility
of petitioning EPA to delist some of the treated waste from further regulation
under RCRA. This would allow the delisted waste to be disposed as strictly
lTow-level waste. Even though the delisting process is not simple, wastes
applicable to delisting'are identified in the plan.

~This plan is unable to provide schedules by which the mixed waste currently

being stored at the RFP will be removed from the site for two reasons: first,
the schedule to achieve disposable waste forms is totally dependent on the
development and installation of appropriate treatment technologies which have
not yet been chosen; and second, the disposal of each waste stream must be
negotiated with the disposal facility, expected to be the Nevada Test Site
(NTS). Recent conversations with personnel at the NTS indicated that they are
now in a regulatory position to take mixed waste for disposal as long as their
waste acceptance criteria (WAC) is met. A major portion of their WAC is
adherence to the standards established in EPA’s Land Disposal Restrictions
(LDR). Each waste stream will be accepted by NTS only after enough
information is available on the waste to ensure them that their acceptance
criteria are met. It is unlikely that sufficient information can be generated
until the actual full scale waste treatment process has been started.



Within the‘hFP, the Process Technology Development organization has
responsibility for developing technologies described in this plan and the
Waste Operations organization has responsibility for implementing those
technologies. The plan was prepared for submission to the State of Colorado,
but will also receive wide distribution within the RFP and within DOE.

10
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3.0 SCOPE

This plan looks at specific mixed wastes at the RFP, investigates their
characteristics, determines disposal criteria applicable to them, and
evaluates possible treatment alternatives that would achieve those criteria.

Name

10.

11.

Pondcrete and
Pond Sludge

Nitrate Salt and
Saltcrete

Bypass Sludge
Roaster Oxide

Low-Level Mixed Waste
0i1 (FBI 0i1)

Combustibles

Lead -

PCBs

. = Fluidized Bed

Incinerator (FBI) Ash

Beryllium Dust

Metal Chip§

. The individual low-level mixed waste streams being considered are identified
and briefly described as follows:

Description

Cemented and uncemented sludge from the
closure of inactive solar evaporation ponds

Uncemented and cemented residue or salts
from a wastewater treatment evaporator

Vacuum filter sludge from a flocculation
and precipitation wastewater treatment
process

Depleted uranium chips that have been
roasted to an oxide form

Contaminated oil originally destined for
burning in the RFP fluidized bed
incinerator (FBI)

Combustibles (paper, cloth, plastics, etc.)
contaminated with listed solvents

Radiologically contaminated lead

PCBs in the form of solids, liquids and
capacitors, some of which are also
contaminated with listed solvents

Ash resulting from test burns of the
FBI incinerator

Unused or spilled beryllium dust before it
has gone into manufacturing processes

Metal chips from machining operations that
are contaminated with listed solvents

11



12. Filters Miscellaneous air or water filters
‘ contaminated with ligted solvents

13. Fluorescent Lights Crushed lights taken out of radiological
contamination zones

14. Acid Waste acid so1yt1on from electrochemlcal
. process tanks

15. Composite Chips Chips of composite metals (including
depleted uranium) from machining operations
that are contaminated with listed solvents

16. Absorbed Organic Used scintillation fluid absorbed onto
Waste ‘hydrated calcium silicate
17. Electrochemical Accumulated sludge from a small ECM process

Milling (ECM) Sludge

18. Contaminated Dirt Dirt picked up during investigations of old
: contaminated areas

19. Cutoff Sludge Sludge accumulated beneath an old cleaning
. or decontamination facility

Each of the waste streams described above are discussed in detail. Where
available, sampling and analysis data are presented along with process
knowledge to provide a characterization of the waste. In several instances,
sampling and analysis needs are identified and assumptions are made as to the
waste’s specific characteristics. Once a good description of the waste has
been developed, the applicable disposal criteria are presented for comparison;
wastes not meeting those criteria are candidates for treatment. Based on
limitations in disposal criteria and existing waste forms, potential treatment
alternatives are proposed. Each alternative is then evaluated based on a
common set of criteria. Finally, schedules are provided for pursuing
alternatives that appear to be viable.

Each of the wastes named above are considered to be mixed, which presents a
major obstacle in developing treatment processes. This does not mean that
processes applicable to hazardous wastes are not appropriate for mixed wastes,
but rather that the testing, construction, and operation of such processes
become much more complicated. This added complexity results from the

12




additional consideration that must be given to protect laboratory workers and
equipment operators from radiation. Also of concern are the additional
cbntro]s that must often be added to the equipment to reduce potential
releases to the environment. These and other such considerations inevitably
combine to stretch out the schedule for putting treatment technologies into
place. The schedules shown in this plan are basically for bench and lab scale
testing activities to determine effectiveness of treatment alternatives. For
the most part these activities will take place at the RFP on dedicated
equipment; the possibility of using commercial manufacturers to demonstrate
technologies is usually not feasible because radiological contamination of
their equipment would be unacceptable. -

The Background section of this plan discusses the disposal criteria used to
evaluate existing waste forms. The discussion will include a description of
the criteria, ﬁhy it was chosen, and the assumptions that went into the
comparisons. Also, provided separately in the plan is a brief discussion on
the evaluation process developed to rank the various treatment alternatives.
Finally, at the end of the plan is a summary of the findings and the
technology development actions to be taken next.

13




4.0 BACKGROUND

On May 1, 1987, the DOE issued an interpretive rule (effective June 1, 1987)
which conceded the jurisdiction of RCRA over the hazardous components of mixed
wastes. Prior to that time much of this waste had been disposed in landfills

" designed and regulated by DOE under the Atomic Energy Act (AEA) for the

disposal of low-level radioactive waste. (Disposal of low-level mixed waste

_had actually stopped at most DOE facilities before the official ruling.) This

practice was officially halted pending the disposal facilities obtaining the
needed regulatory approvals to receive hazardous waste as required under RCRA.
To a large extent this situation remains unchanged today; most DOE low-level
radioactive waste disposal facilities have not yet obtained the necessary
approvals to take mixed waste or have chosen not to make the attempt. This
has left most DOE facilities in the mode of storing their mixed wastes or in
some instances eliminating the RCRA characteristics via treatment so that

“disposal as strictly low-level waste can be accomplished.

The Nevada Test Site (NTS) now indicates that their regulatory status will
allow them to take mixed waste as long as it meets all of the necessary
requirements. Low-level waste from RFP has traditionally gone there for
disposal and it is anticipated that NTS will be available to take low-level
mixed waste once criteria are developed (with limited assumptions) that will
provide a model for‘gixed wastes currently being stored or generated.
Comparison to the model waste form will make treatment needs evident.

The disposal criteria applicable to low-level waste are considered first. All
of DOE’s low-level waste disposal facilities operate under their own
individual set of waste acceptance criteria or WAC. The governing regulations
are the samé, so as might be expected, the various WACs are quite similar. In
order to develop the model for low-level waste disposal, the Nevada Test Site
(NTS) WAC was used and is referenced in several locations in the plan. The

. major considerations from the NTS WAC applicable to RFP mixed wastes are those

14



associated with the limitations on disposal of waste with fine particulate or
free liquids. :

For hazardous wastes, EPA has established a very complex regulation that sets
criteria and standards that must be met before a waste can be accepted for
land disposal. The intent of the regulation is to implement EPA’s goal to
significantly reduce the hazards associated with wastes going to land disposal
facilities. The NTS WAC also stipulates that these EPA requirements must be
met. The regulation, titled Land Disposal Restrictions, found in 40 CFR 268,
establishes concentration standards that must be met or treatment technologies
that must be used. Since the Land Disposal Restrictions (LDR) addresses
criteria on an individual basis for the various hazardous waste designations,
details will not be discussed further. It should be noted that numerous
assumptions had to be made in determining the applicable criteria from the
LDR. This is for two reasons; first, only two-thirds of the EPA hazardous
waste designations have been addressed by the LDR, the remaining one-third are
scheduled to have their criteria established by May 8, 1990 and; second, the -
LDR specifically exempt mixed waste from most of the standards until May 8,
1990. Where standards have been established for hazardous wastes only, it was
assumed that the same numbers would be used for mixed waste. Where standards
have just not yet been established, some assumptions were made.

Between these two, the NTS WAC and the LDR, a fairly complete picture could be
achieved for the RFP waste characteristics and forms required. This picture
was then used to~determine if treatment was necessary. One more element of
the LDR should be mentioned with regard to treatment technologies. Along with

"the disposal criteria for each type of waste, EPA identifies what it considers

to be the "Best Demonstrated Available Technology" (BDAT) to achieve those
criteria. In some cases the LDR require that the BDAT be used, but in most
instances only the result is required.

15



f‘ISB

5.0 PROCESS FOR EVALUATING TREATMENT ALTERNATIVES

The Process Technology Development Organization at the RFP has already

" reviewed technologies potentially suitable for the treatment of the plant’s

mixed Tow-level wastes. The treatment alternatives described in this plan are
the most promising technologies identified in the initial review. The intent
is to compare the alternatives identified for each waste in order to judge
their attributes, identify those most promising as a means of prioritization,
and possibly to highlight those that may not deserve further consideration.

A systematic evaluation approach was used to ensure consistency in comparing
the numerous possibilities. It was decided that generating a numerical score
that represented a composite, from scores of several criteria would be a good
way to show the comparison. The criteria or attributes of treatment
techno]ogies that appeared to require consideration are as follows:

(1) its perceived or theoretical effectiveness in treating the waste;

(2) 1its stage of development in demonstrating its effectiveness on the
specific waste or one very similar;

(3) 1its availability for production (or the time it could reasonably be
expected to take to get full scale equipment installed and
operational);

(4) 1ts ability to achieve the desired waste form with a minimum number
- of separate treatment steps and secondary waste streams;

(5) its abil{ty to reduce the waste volume;

(6) the quality of its final waste form;

(7) 1its capital cost; and |

(8) 1its operational or functional reliability.
Thg sections that follow discuss the evaluation criteria in more detail,
including the hierarchy of success or applicability within each criterion. In

several cases more than one of the attributes listed above have been combined
into a single criterion for purposes of the evaluation. The final section of

" the chapter discusses the-weighting factors to be applied to each of the

individual criterion.

16




5.1

Effectiveness/Development

A major concern of any treatment process iS how effective it is in
treating the waste and achieving the desired waste form, i.e., a residue
that, at a minimum, meets the disposal limits established by EPA’s Land
Disposal Restrictions. Evaluation of the effectiveness of a process
normally requires testing of specific equipment on a specific waste
stream. EPA has established a Best Demonstrated Available Technology
(BDAT) for the treatment of most individual types of hazardous waste.
However, because of the unique characteristics involved with the RFP
waste, particularly the radiological component, it cannot be assumed that
the BDAT is the best approach without testing, and other technologies may
appear to have advantages that warrant consideration. For these reasons
the attributes of effectiveness and stage of development were combined
into a single criterion for purposevof the evaluation. The established
BDAT can be used as a bench mark for comparison, but the results of
actual testing on the waste or a simulation of the waste needs to be
incorporated into the evaluation. The scoring scheme for this criterion
can thus be laid out as a series of responses to the question, "Has the
treatment alternative been demonstrated to be effective on the specific
waste?" The levels of response, with their corresponding score are as

“follows:
core . Response

4 The technology is the BDAT or equivalent as
demonstrated in full scale testing

3 | Bench scale testing complete, BDAT or encouraging
results of equivalency

2 The technology is the BDAT or, in theory, should be
as effective, but no testing has been done on the
waste

1 The technology has shown or is expected to have low

effectiveness, not equivalent to the BDAT.

17
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5.2 Availability for Production

5.3

Somewhat independent from its stage of development in testing, each
techno]bgy will have different complexities in equipment, support
facilities, and permitting requirements. These factors combine to
dictate the time frame in which a technology can be put into production
even if testing shows success. Based on the response to the questioh,
"How quickly can the technology be put into a production scale
operation?”, the following scores are used:

score Response
3 The technology can be production ready in less than
one year
2 It éan be production ready in one to two years
1 It will take longer than two years to be production
ready

Secondary Waste Streams

In some instances a treatment technology will offer a simple means to
achieve the desired waste form as compared to another that will take
multiple processing steps. Of particular concern in this area is whether
the process involves any secondary waste streams, such as off-gases, that
would also require collection and possibly treatment. The logic of
simply transferring the hazardous component of the waste to another media
should, at least, be qdestioned since it would likely impact numerous
elements of the technology’s chance for success. Based on the response
to the question, "Does the treatment alternative produce a secondary
waste stream of significant concern?", the following scores are used:
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Score - Response

2 ' No secondary waste streams are generated or, at
least, none hazardous .

1 Hazardous, but within LDR standards
0 Hazardous and exceeds LDR standards (treatment
needed)

5.4 Efficiency

The remaining attributes identified at the front of this section appear
to be at a lower level of concern. It’s a benefit for the treatment
technology to reduce the waste volume, but now that the Nevada Test Site
(NTS) should be in the mode to take treated waste, it has become a less
critica] concern. The treated waste form must already meet established
criteria for disposal which is considered in the "Effectiveness/
Development” criterion; improving the waste form even further is an
admiral goal, particularly for the long-term, but is not now a necessity.
The capital costs will, of course, be considered, but at this stage of
development for most of the technd]ogies, it cannot be an overriding
concern. The last element, the technology’s reliability, is probably too
subjective and based on too little information for many of the newer -
technologies to be given great importance at this time. For these
reasons the remaining attributes were grouped under a single criterion
with a very subjective scale of high, medium, and low. The evaluation
then becomés relative to only the technologies being considered for a
specific waste (i.e., a specific technology may be scored different for
this criterion for different wastes). The evaluation for this criterion
are scored as follows:

~ Score Evaluation
3 High
2 Medium
1 . Low
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5.5 Weighting Factors

Weighting factors were developed by attempting to compare'the relative
importance of the evaluation criteria. In considering the RFP’s desire
to achieve compliance with environmental regulations and agreements as
quickly as possible, it was decided that the evaluation should be slanted
heavily toward alternatives that are effective and which can be put into
operation quickly. Undoubtedly the most important criterion is the
technology’s ability to treat the waste to the needed waste form. With
the goal of expeditious treatment, the criterion of next importance would
be the technology’s availability for production scale. The criterion
which looks at the secondary wastes produced is next and is possibly of
greater importance than might normally be expected. Because innovative
téchnologies are often being considered due to the radiological '
component, this criterion should help provide a stabilizing influence on
considering what’s possible versus what’s practical. The "Efficiency"
criterion is by definition more subjective and less critical to the
technology’s evaluation and would thus be of the lowest importance.

With the hierarchy of relative importance established, the need is then
to assign weighting factors accordingly. The first element or criterion
must have the largest weight but the other elements should be capable of
influencing the overall score. With only four criterion being considered
and the middle_two appearing to be of somewhat equal importance, the
weighting scheme is proposed as follows:

Evaluation Criteria HeiqhtingiFactor
Performance/Development 3
Availability for Production 2
Secondary Waste Streams 2
Efficiency 1
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‘It is suggested that the above weighting scheme provides the appropriate
scale for the relative importance of the evaluation criteria elements.

An increment change in each of the middle criterion is worth more than an
increment change in the first criterion. The last element will impact
the composite score, but will probably only make a significant
contribution to those evaluations where alternatives have scores which

are very similar. In sections of the plan where evaluation score sheets
are shown, the numbers on the sheets are the result of the evaluation
criterion score multiplied by the weighting factor. Looking at the
possible scores and the weighting factors, the highest possible composite
score for a treatment alternative is 25.
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is ion of jvidual Waste Streams

This section individually addresses each of the problem low-level mixed waste
streams generated at the RFP. Each waste stream discussion includes the
following subsections:

(1) Generation Process;

(2) Waste Characterization;

(3) Regulatory and Waste Form Requirements;
(4) Treatment Alternatives;

(5) Evaluation of Alternatives; and

(6) Schedule.

The first two subsections attempt to establish what the waste is and what it
Tooks T1ike. The third subsection describes the criteria that the waste must
now, or in the future, meet in order to be acceptable for land disposal. In
this case regulatory requirements refer to the EPA regulations on the

_hazardous components of the waste and waste form requirements refer to the
requirements applicable to the radiological component. The next two

subsections include a description of potential treatment alternatives to
achieve the disposal criteria and a discussion of the results of an evaluation
performed on those alternatives. The final section provides a brief summary
of the schedule of events for the next step in evaluating the treatment
alternatives. ~

As might be assumed from the description of information presented on each
waste stream, there is a fair amount of duplication from waste stream to waste
stream in the text. This is particularly true in the areas where regulatory
and waste form requirements are discussed and in the evaluation of
alternatives. There was no attempt made to avoid these duplications as it was
felt that it may be valuable to have each waste stream subsection in a
somewhat “"stand alone" condition. '
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6.1

Pondcrete and Pond Sludge

6.1.

1 Generation Process

Prior to opération of the Liquid Waste Treatment Facility at Building
374 (started up in the 1977 time frame), wastewaters currently going
to that facility were sent to one of several solar evaporation ponds.
After startup, waste streams were systematically rerouted from the
evaporation ponds to the 374 facility and usage of the ponds was
discontinued in 1986. Characterization of waste streams going to

‘Building 374 (and which are assumed to have gone to the evaporation

ponds in the past) indicates a collection of wastewaters coming from
approximately 30 different Rocky Flats Plant buildings; most of those
with multiple cpntributing streams. As one might expect from an
industrial-type wastewater collection system, the contributing streams
may be contaminated with a variety of hazardous constituents in
addition to radiological contaminants. From a RCRA regulatory
standpoint, several of the processes serviced by the wastewater
collection system are of particular concern. They include:
(1) various laboratory activities;
(2) electroplating operations which include
the use of cyanides; '
(3) metal machining/manufacturing including
" cleaning/degreasing with solvents; and
(4) acid and caustic cleaning/rinsing
solutions.

The evaporation ponds are currently being closed as mixed waste units
under RCRA. Under this activity, clear water on top of pond
sediments/sludge is pumped to 374 for treatment and the sludge is then .
slurried and pumped to the Pondcrete Facility at Building 788. Here
the sludge is sent to a clarifier; the supernatant is returned to the
pond and the settled sludge solids are pumped to a unit where they are

~mixed with Portland cement. The resulting material, pondcrete, is
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placed in boxes, allowed to solidify, and prepared for off-site

. shipment.

The solidification process was actually started before arrangements
were finalized for off-site disposal with the Nevada Test Site (NTS).
At one point, a backlog of approximately 16,800 boxes had been
generated. With shipments now underway, this inventory had been
reduced to about 15,000 as of October 1989. Of the 15,000 containers
in the current inventory, roughly 5,000 did not solidify properly and
need to be remixed and repackaged. As of October 1989, the stored
inventory amounts to about 9,452 cubic yards of Pondcrete and another
7,200 cubic yards will be generated as the evaporation pond cleanup
is completed. With this information in mind, Pondcrete may be broken
into three subcategories as follows:
(1) backlog of Pondcrete in a form acceptable for
shipment to NTS, but which must still be
unpacked, inspected and repackaged for
transport (6,400 cubic yards);
(2) backlog of Pondcrete that must be reprocessed
before shipment to NTS (3,200 cubic yards);
and
(3) newly generated Pondcrete from the continuing
closure of the evaporation ponds (7,200 cubic
yards). |
The Rocky Flats Plant has committed to complete cleanup of the
evaporation pond sludge and to remove all Pondcrete from the facility
by the end of October 1991 which will require a generation rate of
3,396 cubic yards per year until that time.

Through the remainder of this section, the pondcrete and pond sludge
wastes will be referred to as pondcrete. However, it should be
understood that both the pond sludge prior to cementation and that
which has already been cemented are of concern. Any additional

24




®

treatment needs should consider the possibility of replacing the
cementation process as well as augmenting it.

6.1.2 Waste Characterization

Pondcrete is sludge material generated from evaporating wastewater and
is very high in salts, primarily calcium and potassium salts,,with
some sodium salts. It has been sampled and analyzed several times for
numerous compounds and parameters. The material was sampled in .
September and October 1986 as part of the RFPEIWastem@Strieamy
IdentificationzandnCharactenization¥effortywhichwaswpublishedin
GAPYiVE198770 The material was also sampled in Febriaryl1988%and again
in Qu)yEef that same year. The final sampling event was in ApRilE?
19897 when several pondcrete blocks were sampled and analyzed for
total‘cyanide and cyanide amenable to chlorination. Nozsamplingfhas
(beenzperformedzonsuthespondssudgeripriors tozsthercement ationzstepsy
Provided below is a 1ist of compound/parameter categories for which
analyses were performed for each of the sampling events.

Category of - Number of Samples Analyzed
Analytical Data _J986 _2/88 _7/88 _4/89 _Total
Volatiles 7 20 3* 30
Semi-volatiles 7 20 3* 30
Pesticides/PCBs 2 2
Metals - 6 6
Cyanide (Total & Amenable) 6% 34
Radiochemistry 5 - 5
RCRA Characteristics
Ighitability 1 1
Corrosivity (pH) 7 20 27
Reactivity 7 20 27
EP Toxic Metals 6 20 ' 26
Toxic Characteristic
Leaching Procedure (TCLP)
Volatiles 3 3
Semivolatiles 3 3
Methanol 3 3

* These analyses were only for those volatiles and semivolatiles
that appear on the 40%CFRY.2687AppendixFITIO1ist of halogenated
organic compounds (HOC) regulated under the disposal restrictions
on California wastes (268.32)
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Each of the data categories 1isted above and the results therein, will
be described in the following paragraphs. EPA hazardous waste numbers
hat are applicable to this waste, based on analytical results and
process knowledge will also be provided at the end of this section.

6.1.2.1 Volatiles

Only five volatile compounds regiStered above detection limits
(ADL) in any of the 30 samples analyzed. Information on those
analytes are summarized as follows:

(Volatile) No. of Average of Range of
Analyte ADL Readings ADL Reading ADL Readings
Methylene Chloride 3* of 30 16.9 ppb 7.3 to 35 ppb
Acetone 20 of 30 39.7 ppb 11 to 180 ppb
2-Butanone 9 of 30 16.7 ppb 12 to 23 ppb
Tetrachloroethene - 10 of 30 20.2 ppb 5to 73 ppb
'1,1,2,2-

Tetrachloroethane 1 of 30 160.0 ppb -

* A series of three other samples indicated very high
methylene chloride concentrations but were not included in

the ADL readings shown because of veryThighTconcentiationsTac>
tinsthesblankzalso.

6.1.2.2 Semivolatiles

Only, four semivolatile compounds registered above detection
limits (ADL) in any of the 30 samples analyzed. Information on
those analytes are summarized as follows:

(Semi-Volatile) No. of Average of Range of

Analyte ADL Readings ADL Readings ADL Readings
2-Nitroaniline (2) 1 of 30 970 ppb -
di-n-Butyl phthalate 1 of 30 590 ppb -
Fluoranthene 8 of 30 722 ppb 374 to

1,683 ppb
bis(2-Ethylhexyl) '
Phthalate 12 of 30 4,497 ppb 152 to
IR . 14,949 ppb
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6.1.2.3 Pesticides/PCB

Of the two samples tested, all concentrations were below
detection limits for the pesticide/PCB analytes.

. 6.1.2.4 Metals

Total metal analysis was performed on SixX7samples™ The results
are summarized as follows: ' '

Average Range of
Metals Concentration (ppm) Concentrations (ppm)
Aluminum 27,330 16,820 to 33,400
Arsenic 8.98 4.11 to 24.6
Barium 600 205 to 2,000
Beryllium 54 1.16 to 77.6
Cadmium 390 - 8.16 to 590
Calcium 371,280 243,300 to 577,180
Chromium 278 176 to 420
Cobalt 30.9 20.9 to 33.8
Copper 155 23.4 to 236
Iron : 13,620 9,730 to 17,620 °
Lead 29.6 2.38 to 43.0
Magnesium 5,670 1,210 to 7,680
Manganese 2,090 804 to 6,910
Mercury 1.43 <0.02 to 2.32
Nickel 116 57.4 to 156
Potassium 157,840 9,470 to 329,300
Silver 13.4 6.63 to 23.4
Sodium 26,090 1,580 to 53,230
Vanadium 43.6 28.8 to 62.7
.. linc 113 62.1 to 210
Percent Solids 67.8% 44.4% to 94%

6.1.2.5 Cyanides

Analyses for tota] cyanide and cyanide amenable to chlorination
were performed on samples taken from five different blocks of
pondcrete. A duplicate sample was taken from one of the blocks,
therefore a total of six“samples were analyzed. The results are
summarized as follows:
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Q . Average Range of

Analysis Concentration (ppm) Concentrations (ppm)
Total cyanide 9.65 7.14 to 12.1
Amenable cyanide 7.41 : 4.05 to 9.90

|
|
|
|
oo 6.1.2.6 Radiochemistry

Radiochemistry was performed on five pondcrete samples. The

results are summarized as follows: —_—
Average Range of
Analysis ncentration (pCi Concentrations (pCi/g)
Gross Alpha 2,400 1,700 to 3,800
Gross Beta 38 12 to 53
Pu-239 750 130 to 1,800
Am-241 1,000 690 to 1,600
U-233,234 44 33 to 60
U-238 48 40 to 66
Tritium : 1.7 pCi/m} 1.5t02.1pCi/ml
. Each individual radiochemistfy analysis was originally reported

" with an associated +/- value. This value indicated the 95%

| confidence range for the radionuclide result. For simplicity,
this value was excluded from the averaging process. In general

~ terms, the 95% confidence interval was about +/- 100 pCi/g when
the values were in the thousands and about +/- 10 bCi/g when the
values were in or near the hundreds. For tritium, the interval
was either +/- 0.2 or 0.3 pCi/ml for each analysis.

6.1.2.7 RCRA Characteristics

lanitability - Pondcrete does not exhibit the RCRA characteristic
of ignitability. One sample, analyzed for this characteristic,
provided a flash point of greater than 100°C (well over the
limit). Also, due to the nature of the waste and its generation
(wastewater), ignitability would not be expected as an issue.

28



@

Corrosivity (pH) - By definition, a material must be aqueous or
a liquid to qualify as corrosive. If the pondcrete is not in a
fully solidified form, it would be considered corrosive since 16
of the 27 samples analyzed provided pH values equal to or greater
than {2559 The lowest pH measured wa§§g§§§;;he highest waf%iﬂE&m_

vBegc;ivi;x - The only reactive quality that could reasonably be
attributed to pondcrete appears to be that associated with

- icyaniderrand=sul-fide¥content. According to RCRA, a cyanide or
& ANE T RS

'sulfide bearing waste is reactive if it can produce hazardous
quantities of toxic gases when exposed to pH conditions between
2 and 12.5. Twenty-seven pondcrete samples were analyzed for
their reactive tyanide and sulfide content (different than total
cyanide and total sulfide). In all cases, sulfide concentrations
were less than detectable and cyanide concentrations averaged
21.1 ug/g (ppm) with a low of 1.9 ug/g and a high of 45 ug/g.

The current EPA ‘action®level~for reactive cyanide is¥250%ppm?

EP Toxic Metals - Twenty-six pondcrete samples were analyzed for
EP Toxic Metals. The only metal to exceed its established limit
was cadmium. Eight of the 26 samples exceeded the EP toxic limit
of 1.0 mg/1 (ppm) of cadmium. Of the eight readings, the avérage
was 16.4 mg/1 with a range of 1.5 mg/1 to 42 mg/1.

6.1.2:8 Toxic Characteristic Leaching Procedure (TCLP)

TICLP Volatiles - Three pondcrete samples were subjected to the
TCLP and analyzed for 21 volatile compounds. These are the
volatile compounds that appear in 40 CFR 268.41, Table CCWE
(Constituent Concentrations Waste Extract), for FOO1 through FOO5
spent solvents. Only three constituents were observed at

" concentrations above the detection levels and in each case this

occurred in only one out of three results. The three compounds
and their single concentration above detection are as follows:
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Compound TCLP Concentration (ppb)

1,1,1-Trichloroethane 8
Tetrachloroethane 5
Toluene 60

It should be noted that toluene was also detected in the blank
at 23 ppb; it is shown above because it is significantly higher.

TCLP Semi-volatiles - The same three pondcrete samples were

analyzed for the semi-volatile compounds that also appear on the

- Table CCWE for FOO1 through FOO5 spent solvents. None of the

four compounds considered were observed at concentrations above
detection.

6.1.2.9 App]icab]e EPA Hazardous Waste Numbers

The pondcrete waste has its origin in a collection of wastewaters
coming from approximately 30 different buildings, most of those
with multiple contributing streams. Although a major effort has

‘been put into characterization of- all Rocky Flat Plant waste

streams, the aﬁplicable EPA hazardous waste numbers for pondcrete
can also be derived through a process of elimination. This is
because the wastewater of concern can be either directly or
indirectly associated with most of the industrial processes
occurring within the Plant. Conversely, hazardous wastes listed
by EPA not applicable to Plant activities cannot be associated
with the wastewater.

RCRA Characteristics - Whether or not pondcrete qualifies as a

characteristic hazardous waste depends solely on the results of
analytical tests performed on the material. Based on the
information provided in Section 6.1.2.7, the following EPA
Hazardous Waste Number may be applied to the pondcrete:
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Hazardous Waste
Number Description

D006 EP Toxic for Cadmium

There appears to be considerable variability in the makeup of the
pondcrete blocks as only eight of twenty-six samples qualified
as EP Toxic for cadmium. However, unless representative sampling
were performed on each block, the information available would
require the D006 designation.

RCRA Listed Wastes - The "K" wastes from speéific sources (40 CFR
261.32) can be eliminated because none of the described
activities take place at the Rocky Flats Plant. Likewise, the
"U" and "P" listed wastes (40 CFR 261.33) can be eliminated
because it is not a practice to dispose of unused commercial
" grade chemicals down the wastewater system and there is nothing
in the analytical data to indicate this is a problem. This
leaves the "F" wastes (40 CFR 261.31) to be considered.
Following is a 1ist of "F" wastes that could be generated at the
Rocky Flats Plant; designated are those associated with process
wastewater going to Blidg. 374 and hence, that could be associated
with pondcrete.
Hazardous Waste Wastewater/

Number Pondcrete _Description
Foo1 Yes Spent halogenated
solvents used in degreasing
~ F002 . Yes Spent-halogenated solvents
FOO03 Yes Spent non-halogenated
solvents
F004 No Spent non-halogenated
' - solvents
F005 : Yes Spent non-halogenated
solvents
FO06 Yes Wastewater treatment
sludges from electroplating
operations
Foo7 Yes Spent cyanide plating bath
solutions from
electroplating
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6 Foos No Plating bath residues from
- : ‘ . electroplating where
cyanides are used
FO09 Yes Spent stripping and
cleaning bath solutions
from electroplating where
cyanides are used

6.1.3 Regulatory and Waste Form Requirements

6:1.3.1 Waste Form Requirements for Low-Level Waste Disposal

Since NTS has, already approved shipment of pondcrete to their
facility, there will be no further discussion on requirements to
meet those criteria.

5 Hazardous or mixed wastes disposed at NTS must now meet the

4 ' applicable Land Disposal Restrictions (LDR). It will be assumed

" that this will remain the case in the future and for any other
‘disposal facility that might be considered for mixed waste.

i .

o 6.1.3.2 Applicable Land Disposal Restrictions
|

|

|

R__Requiremen Now In-place - Because pondcrete is a
radioactive mixed waste, many of the applicable LDR standards
will not go into affect until 1990. However, those standards or
prohtbitions on solvents (FO01 to F005) and on the California
List wastes are applicable now. '

The California List generally deals with liquids (should not be
applicable to pondcrete); however, there is one element that
could be applied. If a nonliquid hazardous waste exceeds the
following limit, it is restricted from disposal:

Concentration
Component (mg/kgq _or ppm)
Halogenated organic compounds (HOC) },QOO
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The LDR regulations have established concentration 1imits for the
FOO1 through FO00S5 solvents, both for wastewaters and other
wastes. These limits are based on "Constituent Concentrations
Waste Extract (CCWE)", that is the concentration obtained through
use of the TCLP. Limits have been established for 25 different
solvents; the following list only shows those solvents shown to
be in pondcrete at levels above detection in either the TCLP or
the total volatile and semi-volatile analyses.

CCWE Concentration
(mg/1 or ppm)

FOO] - FQOS Solvent -nonwastewaters-
Acetone 0.59
Methylene Chloride 0.96
2-Butanone
(Methyl ethyl ketone) 0.75
Tetrachloroethene ' 0.05
Toluene : 0.33
1

1,1,1 - Trichloroethane . 0.4

Future LDR Requirements - Those specific LDR standards or limits
not yet established will be effective May 8, 1990. For those
limits applicable to pondcrete, one has yet to be established
(that for D006) and the others have already been set for regular
hazardous wastes and can be assumed to remain unchanged for the
comparable mixed wastes. Among those limits already set, some
are in the form of CCWE while others are in terms of "Constituent
Concentrations in Waste" (CCW). If a nonwastewater exceeds the
following limits, it is restricted from disposal:

F006, F007, FO08 and FO09 -

r nstituent Concentration (ppm)

CCWE

Cadmium 0.066

Chromium (Total) 5.2

Lead 0.51

Nickel 0.32

Silver 0.072
CCW :
- Cyanides (Total) 590 -

Cyanides (Amenable) 30
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6.1.3.3 Impact of Restrictions or Waste Form Requirements

Solvents - No impact - Considering the analytical results for
volatiles and semi-volatiles (sections 6.1.2.1 and 6.1.2.2
respectively), pondcrete is not even close to the 1000 ppm limit
for halogenated organic compounds (HOC) established under the
California list. This leaves the CCWE limits established for the
FO01 through FO005 solvents. None of the three pondcrete samples
subjected to the TCLP approached the LDR limits for the FO00l
through F005 solvents. As described in section 6.1.2.8, only
three analytes were measured above detection for the three
samples and for each analyte, only one of three samples was above
detection. The highest value observed, in relation to the LOR
standard was less than one fifth of the CCWE limit. It may be
difficult to justify representative sampling with only three
samples, but when it is considered that 30 samples were analyzed
for total volatiles and semi-volatiles, the characterization
appears more complete. Even comparing the extract (CCWE) limit
with analytical results for total concentrations, the pondcrete
is within limits. Of the analytes observed above detection
levels, all have average values below the CCWE limit. In only
one ' instance (tetrachloroethene) did the highest total
concentration value observed, exceed the CCWE 1imit and that was
73 ppb versus a limit of 50 ppb.
. .

Metals - Limits on metals are not met - No TCLP analyses have
been run on pondcrete for metals, but the analytical data
available indicates that the LDR standards for cadmium will not
be achieved by the pondcrete as it is currently formulated. The
EP toxicity limit of 1 ppm for cadmium was exceeded in 8 of 26
samples and the CCWE limit is significantly lower at 0.066 ppm.
Furthermore, the TCLP is considered a more rigorous leach test
than the EP toxicity test and would be eXpected to generate
higher concentrations. By May of 1990, there will likely be an
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LDR standard for the D006 category which will also be applicable
to pondcrete. However, any such limit for D006 wastes will
probably be no more stringent than that already established for
cadmium in F006 through FO09 wastes. For the remaining metals
of concern (chromium, lead, nickel, and silver), it is uncertain
as to whether or not CCWE limits are exceeded until the
appropriate TCLP tests are performed.

Cyanides - No impact anticipated- Analytical data indicate that

LDR standards for total and amenable cyanides should be met with

no problem. Although only six samples were analyzed for total

and amenable cyanide, all results were reasonably similar and

well within the allowable limits for land disposal. The levels

of reactive cyanide discussed in section 6.1.2.7 can also be
considered as an indication of the levels present in pondcrete

and there were 27 samples analyzed for this parameter. The

reactive cyanide is a measure of cyanide that is released over

time when subjected to acidic conditions. The highest reactive

cyanide 1e§e1 observed was 45 ug/g, but this was reported on a

dry weight basis and the percent solids in the samples varied

from approximately 22 to slightly over 50. When adjusted to a

total sample basis, the reactive cyanide levels were very similar

to those reported for total cyanide in section 6.1.2.5. Also,

the low cyanide concentrations are consistent with the fact that
only dilute cyanide solutions are drained to the wastewater
system from the electroplating operations in Building 444.

6.1.4 Treatment Alternatives

As described in section 6.1.1, pondcrete is generated from the
solidification of evaporation pond sediments. Once properly
solidified, the material has been approved for shipment and ultimate
disposal at the Nevada Test Site. At present, the material meets the
appropriate land disposal restrictions established under RCRA. On May
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| 8, 1990, EPA is scheduled to put into effect additional restrictions
that will 1likely make the current formulation of pondcrete
inappropriate for land disposal. This is based on the assumption that
standards or 1imits now established under the LDR will remain the same
for corresponding mixed wastes.

It appears that the evaporation pond sediments will require an
addition or a change to existing treatment (solidification) to achieve
reduced leachability of metals. EPA has established the best
demonstrated available technologies (BDAT) for treatment of this waste
(FO06, FOO07, FO08 and F009 nonwastewaters) as alkaline chlorination
followed by precipitation, settling, filtration, and stabilization of
metals. 'The wastewater has essentially gone through much of this
treatment process and cyanide concentrations appear to be within the
future disposal limits. This leaves the pond sludge in a form that
simply requires a less leachable, better stabilization approach.

The existing approach to stabilize the pondcrete (cementation) is
normally considered the acceptabie treatment method for this type of
a waste. However, limited sampling has shown that its quality varies.
This could be caused by inconsistencies in the sludge’s physical form
(i.e., moisture content, chemical parameters, particle size, etc.) or
it could be that some material in the sludge is not compatible to the
cementation process. The first attempt to improve the condition of
the treated waste form should be to make small changes in the existing
operation. Another alternative treatment approach would be to change
the binding agent from cement to a synthetic, polymer-type material
such as polyethylene. This treatment alternative will be referred to
as polymer solidification. Other treatment alternatives would be much
more aggressive and/or energy intensive such as metal extraction and
vitrification.

The treatment alternatives chosen include cementation, polymer
solidification, metal extraction and a method to vitrify the waste.
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It should be noted that investigations into improved treatment methods
will be accompanied by additional characterization of old and newly
generated pondcrete. Of particular concern is the need to perform

TCLP tests for metals to determine if the future (May 8, 1990)

standards are now routinely exceeded or if there might' be some

- correlation between sludge conditions and high 1each‘rates. Should

such a correlation exist, it might point out changes that could
improve the existing process to meet future needs.

6.1.5 Evaluation of Alternatives

Four treatment alternatives were evaluated against the criteria
described in section 5.0. The results of the evaluation are shown in
Figure 6.1. The treatment approaches and the result of their
evaluation are discussed as follows.

Cementation - The use of cement to achieve the desired waste form
received the highest evaluation score. This technology is normally
considered the BDAT for stabilization of metals and bench scale
testing has been performed on an improved cementation process.
However, the primary reason for this alternative scoring higher than
the others evaluated was its score for the "Availability" criterion;
this treatment is alfeady in place, it’s being performed at the RFP
under RCRA interim status, and improved techniques could likely be
put into operation in less than a year. Cementation does have
drawbacks as dindicated by its low score under "Efficiency"; it
increases the waste volume significantly and, based on the existing
cementation process, its reliability may be questionable.

lymer Solidification - The use of a synthetic binding. agent to
replace cement received a lower score than cementation because of its
stage of development. In theory it should achieve a good stable waste
form, but it has not yet received bench scale testing on the pond

- sludge waste. This and the fact that a polymer sp]idification process
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Figure 6.1:

'

Need:

Alternatives

Evaluation of the Treatment Alternatives For Pondcrete

Stabilization of Metals

Criteria

Effectiveness/

Development 9 6 6 6

Secondary

Waste 4 4 2 0

Availability 6 4 4 2

Etficiancy 1 2 2 1
oL 90 16 14 3

Effectiveness and Stage of Development

Weighting Factor ='3) ,

4 = BDAT or equivalent as demonstrated
in full scale testing"

3 = Bench scale testing complete, BDAT
or encouraging results of equivalency

" 2 =in theory should be BDAT or equivalent,
but no testing on waste

1 = Low effectiveness, not expected to be
equivalent to BDAT

Availability for Production

(Weighting Factor = 2)

3 = Production ready in less than 1 year

2 = Production ready in 1to 2 years

1 = Production ready in greater than 2 years
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Secondary Waste Stream
{Weighting Factor = 2)
2 = None generated or, at least,
none hazardous
1 = Hazardous, but within LDR
0 = Hazardous and exceeds LOR
~ (treatment needed)

Efficiency»
{(Weighting Factor = 1)

3 = High
2 = Medium
1= Low

*Subjective score taking into consideration
its volume reduction capability, quaiity of final
waste form, its capital cost, and its overall
rehability.



would likely have to be considered a new treatment under RCRA, would
prevent its full scale implementation in less than a year even though
it’s a relatively simple treatment technology. Polymer solidification
did receive a higher "Efficiency” score than cementation primarily
because it should not increase the volume of the final waste form as
much as with cement.

Vitrification - The vitrification approach being pursued in this
instance is microwave treatment. Bench scale testing of the microwave
system on radioactively contaminated waste has now been accomplished
at the RFP and the results appear very promising. However, testing

has not be performed on the actual waste. It ranked lower than
cementation in "Availability" because it is a more complicated
treatment and would require more time to obtain the necessary
regulatory permits. It also received a lower score on "Secondary

. Waste Stream” since it produces an off-gas that would be of regulatory

concern. It received a medium score on the "Efficiency” criterion
because the glassified waste form takes up less volume than

‘cementation and is considered a more stable, less leachable form, but

it also represents a higher capiggg cost investment.

Meta) Extraction - Several possible approaches will also be considered
for extracting metals from the pond sludge waste. Ideally metals
could be extracted for reuse or recycling and the resulting waste form
would bhe within LDR standards. This alternative received the lowest
score of those considered because bench scale testing has not been
started and the total treatment would require multiple steps and,
1ikely, multiple waste streams. These two factors also describe
reasons why the "Availability" would be greater than.two years.
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6.1.6 Schgdu]e

“The plant is committed to complete clean up of all solar evaporation

ponds and removal of all pondcrete from backlog storage by October,
1991. Because of this commitment, development activities shown in
Table 6.1 will proceed first with the highest rated alternative,
cementation. This development work will be aimed at improvements to
the existing cementation process and successful implementation of a
remix process for the pondcrete currently in Storage that must be
recemented before shipment to NTS.

Other alternative treatment technologies will also be pursued in order
of priority. Should TCLP characterization determine further treatment
beyond cementation s unnecessary, development work on these
alternatives will cease, and these resources will be reallocated to

other more serious problem wastes. In any event, work on microwave
melting will continue, at least through bench scale testing, in order
to determine feasibility and quantify parameters for larger scale
development should it be required.

Metal extraction will only be pursued on pond sludge if TCLP tests of

the cemented pondcrete waste form indicates problems with metal
leachability.

40




v

Table 6.1

Perform additional
characterization,
keying on TCLP for

metals and solvents.

Vitrification

~ Microwave, Bench

Scale: .
A.N. 2.51.09.004

Solidification

. Polymer

Bench Scale Test
A.N. 3.7.1.09.0012

. Cemented Waste

Bench Scale Test
AN. 3.7.1.09.0012

Extraction

A.N. 2.5.1.09.0004

o

Schedule for Pondcreté Activities

" FY 90 FY 91

FY 92

TS I I |

T TSy

ORI NN

. Metal Extraction Study R R

A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project




6.2 Nitrate Salt and Saltcrete

6.2.1 Generation Process

Saltcrete is generated by solidifying the nitrate salt residue from
an evaporation process at the Liquid Waste Treatment Facility at
Buildiﬁg 374. In very simplified terms, the 374 wastewater treatment
operation can be broken into three processes. Dépending on its
radiological contamination and point of origin, wastewater can go
straight into any one of the three; however, inside the facility, the
processes are interrelated. The three basic processes are:

(1) evaporation;
(2) flocculation/precipitation; and
(3) sludge dewatering.

The flocculation/precipitation activity is designed for the removal
of radioactive material. The settled sludge from this process goes
to the sludge handling step and the overflow goes to the evaporator.
The evaporator also receives less contaminated wastewater directly.
Thus the second process might be considered a pretreatment for the
wastewater that doesn’t go directly to the evaporator. The residue
or concentrated salt solution from the evaporator is mixed with cement
to immobilize particulate and remove the oxidizer and corrosive
characteri?tics of the salt and/or concentrated salt solutions. The
resu]ting'waste form is referred to as saltcrete.

The wastewater now going to Building 374 includes that which previously
went to the evaporation ponds from which pondcrete is generated.
Therefore, in general terms, the waste streams contributing to the
formation of saltcrete are similar to those previouély identified for
pondcrete. Multiple sources/activities are involved (about 30
different buildings), generating wastewater with both radiological and
hazardous chemical contaminants. The major distinction being that only
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R~ wastewaters having radiological contamination below a specified level
; ' are sent directly to the evaporator. As identified in section 6.1.1,

some of the processes generating wastewaters that are of particular
- concern from a RCRA standpoint include:

(1) various laboratory activities;

(2) electroplating operations wh%ch include the use of cyanides;

(3) meétal machining/manufacturing including cleaning/degreasing
with solvents; and- '

(4) acid and caustic cleaning/rinsing'so]utions.

Prior to March of 1989, the cemented evaporator residue or saltcrete
from 374 was placed in plastic-lined fiberboard containers (triwalls).
Since that time, the saltcrete has been packaged in lined plywood
boxes awaiting approval for shipment to the Nevada Test Site disposal
facility. As of October 1989, there is currently a backlog of
approximately 2,200 cubic yards of saltcrete awaiting final disposition
‘\ and new waste is generated at about 600 cubic yards per year.

6.2.2 MWaste Characterization

As described above, saltcrete is generated from the mixture of cement
with residue from a wastewater evaporation process. The end product
was sampled in 1986 as part of the Plant Waste Stream Identification
and Characterization effort which was published in April 1987. It was
sampled again in April and August of 1988. The final sampling event
-was in June 1989 when several saltcrete blocks were sampled and

'analyzed for total cyanide and cyanide amenable to ch]orination.
Provided below is a list of compound/parameter categories for which
analyses were performed for each of the sampling events.




Category of i No. of Samples Analyzed

Analytical Data ’ 1986 _4/88 ~ _8/88 6/89  Total
I S R
Volatiles L 2 13 3* 18
Semi-volatiles . 2 13 . 3 18
Metals o : | 1
Cyanide (Total & Amenable) o : 5 5
"Radiochemistry : ' 1 , )
RCRA Characteristics
Ignitability =~ 1 ' ' ]
Corrosivity. (pH) 2 13 ‘ 15
Reactivity ' 2 13 _ 15
EP Toxic Metals 2 13 15
Toxic Characteristic . ’ ‘
Leaching Procedure (TCLP)
Volatile Organic Analyses (VOA) ' 3 3
Acid Compounds (semivolatiles) 3 3
Methanol 3 3

The analyses for volatiles and semivolatiles were for the 40 CFR 268
Appendix III list only.

The analytical results for each of the data categories listed above
will be described in the following paragraphs. Based on analytical
results and process knowledge, EPA hazardous waste numbers that are
applicable to this waste will be provided at the end of this section.

6.2.2.1 Volatiles

Only six volatile compounds registered above detection limits
(ADL)&in any of the 18 samples analyzed. Information on those
analytes are summarized as follows:
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(Volatile) No. of ADL Average of Range of

Apalyte ._Readings " ADL_Readings ADL Readings
Acetone 15 of 15, l v 168 ppb 89 to 380 ppb
2-Butanone 15 of. 15 39 ppb 21 to 70 ppb
Benzene 1 of 157! ‘ 26 ppb -
Methylene Chloride’? 2 of 18 14 ppb 7.7 to 20 ppb
Tetrachloroethene 2 of 18 7 ppb 6 to 8 ppb
Toluene | 15 of 15°% 22 ppb 5.1 to 51 ppb

*]1  The Appendix 1] v61at11e analyses of samples taken 8/88 did
- not include these compounds, hence only 15 readings.

*2 The volatile analyses of samples taken 8/88 were all positive

. for this analyte, but because method and extract blanks were

also positive at similar values, these values were not
included as ADL readings.

6.2.2.2 Semi-volatiles

Only three semi-volatile compounds were ADL in any of the 18
samples analyzed. It should be noted that the semi-volatile
analyses of samples taken 8/88 did not include any of the analytes
observed ADL; therefore, the total number of readings is only
shown as 15. Information on those ané]ytes are summarized as

follows:

No. of ADL ' Average of Range of
MMA&L&MA&L&&M&
4-Chloro-3-

methylphenol 1 of 15 660 ppb -
Butyl benzyl '

phthalate 1 of 15 3,503 ppb -
bis(2-Ethylhexyl)

phthalate 1 of 15 , 4,156 ppb -

The validity of these results is questionable. Should these
materials truly be present in the saltcrete, one would not expect
this much inconsistency in data. However, as a matter of being
conservative, the information is presented.
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6.2.2.3 Metajg

Total meta] ‘analysis was performed on only one sample. The
results are as follows:

Mg;a! ; Concentration (ppm)
~ Aluminum ‘ ' 11,520
Antimony o _ <6.96
Arsenic ‘ , - 4.04
Barium 160
Beryllium o 0.70
Cadmium o 4.30
Calcium _ 182,390
Chromium ' 117
Cobalt 19.8
Copper ' 17.9
Iron , , 14,290
Lead ' 3.55
Magnesium : 2,860
Manganese : 606
Mercury <0.02
Nickel _ 30.4
Potassium 24,610
Selenium <0.58
Silver 8.94
Sodium , 4,870
Thallium <l.16
Vanadium 38.3
Zinc . 61.5

6.2.2.4 (yanide

Analyses for total cyanide and cyanide amenable to chlorination
were performed on samples taken from four different blocks of
saltcrete. A duplicate sample was taken from one of the blocks,
therefore, a total of five samples were analyzed. The results
are summarized as follows:

: Average Range of
Analysis Concentration (ppm}  Concentrations (ppm)
Total Cyanide - 15.2 12.6 to 18.5
Amenable Cyanide 13.2 ‘ 6.2 to 18.2
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6.2.2.5 Radiochemistry

Radiochemistry was also performed on only a single sample. The
results are as follows: '

Analysis . Concentration (pCi/g)*

Gross Alpha 240 +/- 60
Gross Beta 170 +/- 60
Pu-239 ' : - 160 +/- 10
- Am-241 : 88 +/- 4
U-233,234 . 25 +/-10
U-238 . ' 88 +/- 18
Tritium . . 1.3 +/- 0.3 (pCi/ml)

® Plus or minus (+/-) values indicate the 95% confidence
range for the reported values.

6.2.2.6 RCRA Characteristics

Ignitability - Prior to its cementation, the evaporator residue
or salt is considered an oxidizer because of its high nitrate
concentration. Under RCRA regulation, this factor also classifies
the evaporator salt as ignitable. A proposed DOT test to
determine whether a material is a solid oxidizer was performed
by the RFP on both the nitrate salt and the saltcrete. The
nitrate salt did accelerate the burning rate of dry wood sawdust,
while the cemented salt (saltcrete) would not sustain a fire.
Therefore, saltcrete is not considered an oxidizer and ignitable,
but the nitrate salt is. The single ignitability test performed
on saltcrete produced a flash point of greater than 60°C (140°F)
which shows the waste to be non-ignitable from a flash point
perspective, |

rrosivi oH) - As with pondcrete, by definition a material
- must be 1iquid to qualify as corrosive. If the saltcrete is not
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in a fully solidified form, it should be considered corrosive
since;all 15 samples observed for pH provide values of 12.5 or
above. | The lowest pH measured was 12.5, the highest was 13.8.

Reactivity - Fifteen saltcrete samples were analyzed for their
reactive cyanide and sulfide concentrations (different than total
cyanide and total sulfide). In all cases but one, sulfide content
was below detection limit, that single case was 13 ppm. (It
should be noted that 13 of the samples had sulfide detection
limits of 200 ppm while the other two had limits of 1 ppm.)
Thirteen of the 15 samples analyzed for cyanide measured levels
above the detection limit. Of those 13, the average was 3.57 ppm
with a range of 0.97 to 6.30 ppm.

EP Toxic Metals - Of the 13 samples taken in 4/88, all analytical
results for EP Toxic Metals except lead were below the following
detection Timits:

Element etection Lim m P Toxici mi
Arsenic 0.10 5.0
Barium 1.0 100.0

~ Cadmium 0.05 1.0
Chromium 0.5 5.0
Lead 0.5 5.0
Mercury 0.005 0.2
Selenium 0.1 1.0

~Silver 5.0 5.0

Lead was observed in a single sample at a concentration right at

the detection limit (0.5 ppm). Two samples taken within one month

of each other in 1986 provided information that was less clear.
The first provided positive readings for five metals while the
second had less than detectable for all eight metals. These
results are summarized as follows:
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v . Concentration (ppm)

' Element 1st 1986 Sample 2nd 1986 Sample
Barium 0.30 : <20.0

" Cadmium 0.092 <0.2
Chromium 2.99 <1.0
Lead = 0.33 <1.0

Silver 0.050 <1.0

. 6.2.2.7 ’Toxic Characteristic Leaching Procedure (TCLP)

The TCLP analysis was performed for several groups of organic
compounds (i.e., VOAs, acid compounds, and methanol) which
essentially make up the list of FO01 through FO005 solvents
regulated by Land Disposal Restrictions (40 CFR 268.41). Although
only three saltcrete samples were subjected to the TCLP, none of
the organics for which analysis was performed appear in the
samples. '

. Acetone and methylene chloride appeared positive in each of the
three samples at concentrations in the 10 to 25 ppb range.
However, the method and extract blanks also had positive
indications of these two parameters and at similar concentrations;
theirvpreﬁence was, therefore, discounted.

Methyl isobutyl ketone, 2-butanone and toluene each had one or
two reported readings out of the three samples, but in each case
the reading was below the detection limit of 10, 10 and 5 ppb

~ respectively. Again, the presence of these compounds was
discounted.

6.2.2.8 Applicable EPA Hazardous Waste Numbers

Much of the rationale for assigning Hazardous Waste Numbers to
pondcrete is applicable to saltcrete. Since a wastewater from
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much of the Plant is involved, knowledge of processes contributing
to the stream must be considered as well as analytical data.

RCRA Characteristics - In a cemented- and fully solidified
condition, saltcrete does not exhibit any of the characteristics
of hazardous wastes, but in the unsolidified nitrate salt form,
it exhibits one of the characteristics as follows:

Hazardous Waste

Number Description
Doo1 Ignitable (oxidizer)
RA_Listed Wastes - Referring to the similar discussion on

pondcrete found in section 6.1.2.9, the listed waste numbers
applicable to saltcrete are as follows:
Hazardous Waste

Number Description

Fool Spent halogenated solvents used in
degreasing

F002 Spent halogenated solvents

F003 Spent non-halogenated solvents

FO0S Spent non-halogenated solvents

F006" Wastewater treatment sludges from

- electroplating operations

FO07 Spent cyanide plating bath solutions
from electroplating

F009 . Spent stripping and cleaning bath

solutions from electroplating were
cyanides are used

6.2.3 Regulatory and Waste Form Requirements
6.2.3.1 Waste Form Requirements for Low-Level Waste Disposal

Authorization to dispose of saltcrete at NTS has already been
requested and NTS acceptance is expected soon. Therefore, the
waste form as now generated is acceptable for NTS disposal as long
as current and future Land Disposal Restrictions are met.
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6.2.3.2 ﬂApp]icab]e Land Disposal Restrictions (LDR)

LOR Requirements Now In-place - Saltcrete is a radioactive mixed
waste..and many of the LDR standards do not go into effect until
1990. The restrictions now in place are those established for
the California list of wastes and for the F00I through F005
solvents. '

The California List restriction that applies to a nonliquid such
as saltcrete, prohibits the land disposal of waste that exceeds
the -following limit:

Component : ncentration Limi mg/kg or

Halogenated organic 1,000
compounds (HOC)

The applicable LDR standards for F0O1 through F005 solvents are
established in terms of CCWE for spent solvent wastes other than
wastewater. Of the 25 solvents listed under this standard, only
five have appeared in samples at levels above detection. These
solvents and their applicable LDR limit are as follows:

CCWE Concentration (ppm)

00]- ven non-wastewaters
.. Acetone 0.59
Methylene Chloride 0.96
2-Butanone
(Methyl ethyl ketone) 0.75
Tetrachloroethene 0.05
Toluene 0.33

Future LDR Requirements - Those LDR standards or limits not yet

established will become effective May 8, 1990. For those specific

limits applicable to saltcrete, some have already been set for
regular hazardous wastes and it will be assumed that they will
remain unchanged for mixed wastes. The applicable limits have

been established with some parameters in terms of CCWE and others
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in CCW..' If a nonwastewater exceeds the following limits, it is
restricted from land disposal:
" FO06, F007, FOO8 and FOO09 -

ategory/Constituen _Concentration (ppm)
CCWE
- Cadmium 0.066
- Chromium 5.2
- Lead 0.51
- Nickel 0.32
- Silver 0.072
CCw . '
- Cyanides (Total) ‘ 590
- Cyanides (Amenable) ' 30

LDR standards for wastes exhibiting the characteristic of
ignitability (DOO1) have not yet been established. It may be
that wastes exhibiting any of the RCRA characteristics will simply
be banned from land disposal.

6.2.3.3 Impact of Restrictions or Waste Form Requirements

Solvents - No impact - The 1,000 ppm V1imit for HOCs 1s not a
factor. The total of the maximum concentrations observed for
volatiles and semi-volatiles (sections 6.2.2.1 and 6.2.2.2
respectively) is about 9 ppm. The HOCs included in that total
are in the low ppb range. TCLP analysis for solvents performed
on three saltcrete samples, provided no positive results.
Compg?ing the results of normal analyses (which must be higher
than TCLP values) to the CCWE standards, provides a stronger
indication of no problem. The highest concentration observed
(that for acetone) averaged just over one quarter of the CCWE
limit and the maximum reading was still well below it.

Metals - Impact uncertain - No analyses have been performed on
saltcrete for metals using the TCLP and only one sample has been
run for total metals. Based on that single sample, cadmium,
chromium, nickel and silver could all possibly exceed the CCWE
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limits. However, in most cases, it would require essentially
all of the metal to leach into the extract for this to occur.
The fact that all results for EP toxic metals were at or less than
detection 1imit also provides an indication that the CCWE limits
may be met. ‘

Cyanides - No impact - The highest total cyanide concentration
observed was 18.5 ppm compared to LDR 1imit of 590 ppm. The
highest concentration for cyanide amenable to chlorination was
18.2 ppm compared to an LDR 1imit of 30 ppm. Although only five
samples were analyzed for total and amenable cyanide, all results
were reasonably similar and well within the allowable limits for
land disposal.

Ignitability - Impact uncertain - The LDR standards for
ignitability have not yet been implemented. Cementation appears
to eliminate the oxidizer characteristic of the nitrate salt; any
other treatment alternate will have to consider adequate treatment
for this parameter.

6.2.4 Treatment Alternatives

Saltcrete as currently generated appears to be acceptable to NTS for

. disposal and meets the applicable LDR standards for such an action.

On May~8, 1990, EPA is scheduled to put into effect additional LDR
standards which may or may not impact disposal of saltcrete. A
representative sampling of the saltcrete needs to be subjected to the
TCLP and analyzed for metals to determine if metal standards are met.
This is, of course, assuming that the standards imposed for mixed waste

- do not change from those currently in effect for regular hazardous

waste.

Should TCLP metal concentrations exceed LDR standards, it would be
those standards identified for FO06, FOO7, FOO8 and FO09 wastes. EPA .
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has established BDAT for treatment of  these wastes as alkaline
chlorination followed by precipitation, settling, filtration, and
stabilization of metals. However, the LDR establishes concentration-
based standards rather than requiring a specific tethno1ogy.
Therefore, any technology not specifically prohibited (such as
dilution) may be used to meet the applicable standards. The
evaporation process has adequately separated the metals from the
wastewater and the cyanide concentrations do not appear to be a
problem. For the purpose of this waste category, stabilization of
the metals appears to be the only concern and it may be adequately
addressed by the existing cementation process.

In summary, in order for this waste form to meet all foreseeable
restrictions on its disposal, it may require encapsulation, destruction
or conversion of nitrates and stabilization of metals. The treatment
alternatives being considered to accomplish these needs are two types
of vitrification, two types of solidification, chemical destruction,and
biodegradation.

Additional characterization of the on-going generation of saltcrete
'should be performed. Of particular concern is information on the
results of TCLP analysis for metals. With cementation removing the
oxidizer problem, the leachability of metals would be the only criteria
in question for the existing waste treatment process.

~.

6.2.5 Evaluation of Alternatives

Four treatment alternatives were evaluated against the criteria
described in section 5.0. The results of the evaluation is shown in
Figure 6.2. The treatment approaches and the result of their
evaluation are discussed as follows.

Chemical Destruction by Thermal Denitration - Joule melter, microwave
treatment and high temperature fluid wall reactor (HTFWR) are .
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Figure 6.2: Evaluation of the Treatment Allernatlvel For
Nitrate Salt and Saltcrete

Need: Stabilization of Metals and Nitrate Destruction

Alternatives

Criteria

Effecti

Deveiomment | 9 9 9 9

Secondary '

Weste 2 4 4 0

Availability 2 6 4 2

Efficiency 2 1 2 1
Bl T 20 19 12

Effectiveness and Stage of Development
Waeighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BDAT
of encouraging results of equivalency
2 = In theory should be BDAT or equivalent,
but no testing on waste
1= Low effectiveness, not expected to be
equivalent to BDAT

Availability for Production

(Weighting Factor = 2)

3 = Production ready in less than | year

2 = Production ready in 1 to 2 years

1 = Production ready in greater than 2 years

Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but within LDR

0 = Hazardous and exceeds LDR
{treatment needed

Efficiency+

Waeighting Factor = 1)

3 = High

2 = Medium

1= Low

#Subjective score taking into consideration
its volume reduction capability, quality ot final
waste form, its capital cost, and its overall
refiability.




alternatives under consideration. Joule melter and HTFWR have been
feasibility tested at the pilot scale with surrogate waste. Nitrogen
oxide emissfons were controlled through addition of a reducing agent
to convert the off-gas to nitrogen gas and water, or carbon dioxide.
Microwave technology has been laboratory scale tested but no
information is available on off-gas treatment. These technologies all
produce a vitreous waste form which should meet LDR requirements.
Since results have been promising they were given a score of nine for
"Effectiveness/Development”. Because this is a thermal treatment
approach, a secondary waste stream (off-gas) is generated that is of
concern and it was scored accordingly. Under the best circumstances
it is estimated that production size treatment equipment could not be

- put into place within two years. A vitrified waste form generated by

any of these technologies should not only destroy the nitrates and bind
up the metals, but also should put radiological components of the waste
in one of the best forms for disposal. These benefits, along with the
fact that a vitrified waste form should be of smaller volume than a
cemented waste, are offset by high capital operation and maintenance
cost. This rationale resulted in a medium score under the "Efficiency"”
criterion.

Cementation - The continued use of cementation received the highest
score, but an improved process needs to be developed. Bench scale
testing on improved techniques have been initiated with promising
results, the process would generate no secondary wastes, and the
existing system could likely be upgraded in a relatively short period.
These factors all contributed to cementation receiving a high score;
it was marked down under "Efficiency” because cement solidification
increases the waste volume and does not produce a final waste form as
good as vitrification. The low score for "Efficiency"” may indicate
that cementation might not be the optimum treatmeﬁi for the long term.

Polymer Solidification - The use of a low density polyethylene polymer
to solidify the nitrate salt was scored very similar to cementation.
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Bench scale testing has been initiated on the nitrate salt waste with

promising results, but because it would likely be considered a new

treatment, its full scale development may take more. than a year if
only because of the RCRA permitting implications. Capital costs are

~ low and the waste form should meet all LDR requirements.

Biodeqradation - Biodegradation has been successfully used in many
instances to denitrify dilute aqueous waste such as the brine which
generates nitrate salt, therefore, it received a fairly high score for
"Effectiveness/Development”. However, it received no points for
"Secondary Waste Stream” because it would require multiple treatment
steps to treat the brine to a waste form that which would stabilize
both metals and radionuclides. This alternative also received a low
score for "Efficiency” because the treatment would be slow and have
questionable reliability due to the sensitivity of organisms to shock
from environmental or waste characteristic changes. The total change
to existing procésses would also prohibit any full scale production
from taking place faster than two years.

6.2.6 ‘Schedule

The schedule for development activities associated with alternate
treatment approaches for saltcrete are shown in Table 6.2. Development
work is ongoing to improve the cementation process which is the highest
ranked-alternative. This work will be completed in FY 1990. Polymer
solidification using low density polyethylene will be demonstrated
beginning mid FY 1990 to mid FY 1991. Thermal denitration using the
Joule melter, microwave energy, or HTFWR may be carried out at the
bench scale should the TCLP characterization data warrant this robust

" a technology. This work will extend through FY 1991 if required.
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.~ TCLP characterization

keying on metals -

Vitrification

2. Joule Melter, Bench__

Scale
AN. 3.7.1.09.007

. Microwave, Bench

Scale
A.N. 3.7.1.09.0007

Solidification

. Cement Study

A.N. 3.7.1.09.0012

. Polymer Study

A.N. 3.7.1.09.0012

Table 6.2: Schedule for Saltcrete Activities

FY 90

FY 91

FY 92
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A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project
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6.3 Bypass Sludge

6.3;1 Generation Process

- Bypass sludge (sometimes referred to as vacuum filter sludge) is

generated from wastewater treatment processes in the Liquid Waste
Treatment Facility at Building 374. As described in the corresponding
section for saltcrete (section 6.2.1), the 374 wastewater treatment
operation has three primary processes: - (1) evaporation, (2)
flocculation/precipitation, (3) and sludge dewatering. Bypass sludge
is generated by dewatering the sludge that precipitates in the
clarifier.

The flocculation, precipitation, and clarification process is designed
for the removal of radioactive material. The settled sludge from the
clarifier goes to the sludge handling step and the clarifier overflow
goes to the evaporator. In the original sludge dewatering process,
the sludge was intended to go through a rotary drum filter, then to
a sludge dryer and finally a cementation process. However, the process
was subsequently changed so that the sludge bypassed these two steps;
hence, the waste became referred to as bypass sludge. In the current
process, the sludge cut from the rotary drum filter is carried directly
to a drum. Simultaneous with the sludge dumping into a drum, an
approximately equal mixture of cement and diatomaceous earth enters
through a separate screw feed system. The small amount of dry mixture
is not intended to act as a cementation process but rather to absorb
any free liquids that might separate from the sludge.

The feed for the rotary drum filter is collected in a sludge tank.
In addition to the clarifier sludge from the fTocculation/precipitation
process, this sludge tank receives wastewater from a neutralization
process for acidic wastewaters. With these two process sources
(clarifier sludge and neutralized wastewater), waste streams

. contributing to the bypass sludge can be identified by facility as
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follows: )
(1) Contributors to clarifier sludge via flocculation-
precipitation process:
Building 559 - Plutonium Analytical Laboratory
Building 707 - Manufacturing Building
Building 774 - Liquid Waste Treatment Facility
Building 776 - Production Support Building
Building 779 - Plutonium Development Facility
Building 865 - Material and Process Development
Building 881 - Manufacturing and General Support
Building 883 - Manufacturing and General Support
Building 889 - Equipment Decontamination Facility
(2) Contributors to neutralization process:
a. Building 371 - Plutonium Recovery Facility (Acid waste)
b. Multiple Buildings - containerized waste appropriate for
treatment by neutralization.

- WK -H ®© Q N O

There is some flexibility in the wastewater collection system for
Building 374 processes. If wastewaters are not significantly
contaminated with radionuclides (uranium, plutonium and americium are
of primary concern), they go to the evaporator; if they have
contamination then they go to the flocculation/precipitation process.

" In some instances, this decision is made on a batch basis. The

buildings identified in (1) above are those normally going to the
flocculatton/precipitation process and thus contributing to generation

- of bypass sludge.

For several years, bypass sludge has been packaged and stored as mixed
waste. As of September 1989, there is a current inventory of 1,763
drums (483 cubic yards) of bypass sludge awaiting disposition as
radioactive mixed waste. It is estimated that generation of this waste
form will continue in the future at a rate of about 216 cubic yards
per year.
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6.3.2 Waste Characterization

Bypass sludge is generated from the treatment of wastewater at Building
374. The treatment process precipitates radioactive metals,
specifically uranium, plutonium, and americium. As would be expected,
the sludge contains these materials as well as the chemicals added to
promote the flocculation and precipitation process (i.e. ferric
hydroxide and a polymeric flocculation agent). This treatment process
is not. specific to the radioactive metals, and co-precipitation of
other heavy metals would also occur. These metals would be expected
at lower concentrations since there are no major sources in the
wastewaters entering this portion of the 374 treatment facility.

There is only limited analytical data available on the bypass sludge.
In August 1988, three samples were taken and analyzed for the following
parameters:
TCLP Spent Solvents
- VOA Compounds
- Methanol
- Acid Compounds
Appendix 111" Volatiles
Appendix II1° Semi-Volatiles

The analytical results on each of the listed parameters will be
described in the following paragraphs. Based on the analytical results
and process knowledge, EPA hazardous waste numbers that are or may be
applicable to this waste will then be provided at the end of this

~section.

*® This is Appendix III to 40 CFR 268 and is the list of HOCs
regulated under the disposal restrictions on California wastes
(268.32).
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6.3.2.1 TCLP Spent Solvent

The three parameters or groups of parameters for which TCLP
ana]yses'were performed basically make up the 1ist of FOO1 through
FOO05 solvents regulated by LDR. The analytical results from three
samples were consistent. Acetone and methylene chloride were
both obse}ved in all three samples at concentrations consistent
with those seen in method and extract blanks (10 to 40 ppb range).
The presence of these constituents were thus discounted. All of
the other compounds were reported as "None Detected”.

6.3.2.2 Appendix III Volatiles

Of the 34 volatiles for which analysis was performed, only
methylene chloride was detected. It was seen in each of the

three samples at an average concentration of 60 ppb (56 to 64 ppb
range). Methylene chloride was also the only volatile showing
up in both of the method blanks, but was seen at Tlower
concentrations (19 and 12 ppd). Although' questionable, the

analytical results do not exclude the possibility of methylene

chloride being present at low concentrations.

6.3.2.3 Appendix ‘IIl Semivolatiles

The semivolatile analyses included 30 analytes. Hexachlorobenzene
was the only compound reported in each of the three samples, but
at concentrations (235, 175 and 191 ppb) below the detection limit
of 330 ppb. Since the regulatory limit applicable to this
material is 1,000 ppm for HOC, its presence or absence at these
levels can be assumed to be insignificant.
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' 6.3.2.4 Applicable EPA Hazardous Waste Numbers

The EPA hazardous waste numbers applicable to bypass sludge is
quite similar to those of pondcrete and saltcrete. The primary
exception is that some of the waste streams contributing to the
two "cretes" have traditionally not gone through the
flocculation/precipitation process but rather have gone directly
to the evaporator. Some of the applicable hazardous waste numbers
are identified as "likely". Because of the limited analytical
data, additional sampling and analysis for a broader range of
constituents will be required to determine whether or not these
identifiers really do apply.

RCRA Characteristics - The only RCRA characteristic for dried,
cemented sludge that is of particular concern is that associated
with EP Toxicity. The major process contributing to the
generation of this material is a wastewater treatment process
designed to create a floc from metal hydroxides, followed by
precipitation and clarification steps. This is standard treatment
for industrial wastewaters contaminated with heavy metals.
Although the Building 374 process is optimized for the removal
of uranium; plutonium, and americium, co-precipitation of other
heavy metals would be expected. The potential for these other
metals being concentrated in the sludge cause the concern with
respect to EP Toxicity.

The Waste Stream Identification and Characterization effort at
the Plant sampled many of the individual waste streams coming to
374 from those buildings listed in section 6.3.1. Several of the
waste streams as originally generated, contained EP Toxic metals.

In fact, each of these metals, with the exception of barium and -

selenium, were seen in at least one waste stream. It is very
unlikely that any of them would be in the 374 influent at levels

approaching EP Toxicity limits because of dilution from other

63




waste streams. However, since they are known to be present and
because they would be expected to precipitate to some extent in
the treatment process, the following EP Toxic metals are of

concern:
Hazardous Waste

Number Description
D004 Arsenic
D006 Cadmium
D007 Chromium
D008 Lead
D009 Mercury
DO11 Silver

RCRA Listed Wastes - The applicable listed waste numbers for
pondcrete and saltcrete are generally true for bypass sludge.
The major difference is that wastewaters from Building 444, where
electroplating activities take place, do not flow to the
flocculation/precipitation process; they go directly to the
evaporator. Therefore, the electroplating operations are not a
source for the bypass sludge and the remaining listed wastes of
concern are:

Hazardous Waste

Number Description
"FOO1 to FOO5 Spent Solvents

6.3.3 Regulatary and Waste Form Requirements
6.3.3.1 Waste Form Requirements for Low-Level Waste Disposal

Bypass sludge may be generated as either low-level radioactive
waste or transuranic waste depending on the concentration of
transuranic nuclides in the specific waste container. If low-
level, the waste will 1ikely go to the Nevada Test Site (NTS) for
disposal. The waste as currently stockpiled should be in an
‘acceptable form for disposal at NTS once the issues related to
acceptance of mixed waste are addressed. For bypass s]ddge the
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two key requirements of the NTS Waste Acceptance Criteria (WAC)
are those related to free liquids and particulates. The NTS WAC
provides the following requirements:

Free Liguids. LLW disposed at NTS waste management sites must
not contain free liquids. Waste containing 1iquids shall be
solidified or have an absorbent, stabilizer, or both, ~added and
mixed so that there will not be any free 1iquid during packaging,
handling, transport, and disposal. Minor 1iquid residue remaining
in well-drained containers, or 1iquids which have been entrapped,
are acceptable. In no cases shall free 1iquid content exceed 0.5
percent by volume.

Egr;jéglgtg;. Fine particulate wastes shall be immobilized so
that the waste package contains no more than one weight percent
of less-than-ten-micrometer-diameter particles, or '15 weight
percent of less-than-200-micrometer-diameter particles, with
radioactive contamination. When immobilization is impractical,
the waste packaging shall include a sealed liner and be

overpacked.

6.3.3.2 Applicable Land Disposal Restrictions (LDR)

LDR Requirements Now In-place - The applicable LDR regulations
now in effect are those established for the California List of
wastes and for the FOO1 through FO05 solvents. " The California
List restriction that applies, bans the land disposal of non-
1iquids that exceed the following standard: ‘
Concentration Limit

Component —(ma/kg or ppm)

Halogenated organic 1,000
compounds (HOC)
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The applicable FO001 through FO05 standards are set in terms of
CCWE for specific spent solvents and can be found in 40 CFR
268.41. The regulation provides two concentration limits for
each of 25 solvents: one applicable to wastewaters and the second
to other waste forms. Of the 25 solvents, the only one detected
in the bypass sludge is shown with its LDR 1imit as follows:

’ CCWE Concentration(ppm)

F001-FOO5 Solvent ___- nonwastewater -
Methylene chloride -0.96

The solvent shown above was not observed (with any confidence)
in the extract from the TCLP analysis. It is highlighted here
because it is the only organic that appeared to be detected from
the Appendix III analyses performed.

ur R ements - Most restrictions for mixed waste as
well as those for the "final third" wastes are scheduled to go
into effect May 8, 1990. Included in the "final third" wastes
are those associated with RCRA characteristics. Although
standards have not yet been set, bypass sludge could be impacted
by these future standards as shown in the following:

-Potential Concentration Limit
Characteristic Set by LOR
D004 ’ T8D
D006 T8D
0007 . T8D
™~ D008 TBD
D009 T80
D011 T8D

6.3.3.3 Impact of Restrictions or Waste Fofm Requirements

NTS Requirements - Possible impact - The key point for the bypass'
sludge form {is the homogeneity of the sludge-cement mixture to
insure no free liquids and limited fine particulate matter.
~Excluding RCRA issues, either of these problems could prohibit
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disposal according to the NTS WAC. Additional inspection.of the
bypass sludge may be necessary to insure the quality of the waste
form. , ‘
Solvents - No impact - The only solvent observed in the bypass
sludge was methylene chloride and its presence was questionable
based on laboratory quality control data. However, the levels
seen in the total analysis were less than an order of magnitude
below those that would ban land disposal if seen in the TCLP
extract.

The information on solvent concentrations in the bypass sludge
are based on very limited data, but since the data substantiates
what would be expected from process knowledge, its value is
significant. Concentrations in the wastewater would be small to
begin with. There is no reason to expect solvents to concentrate
in the sludge because of the flocculation/precipitation process
and any tied up in the sludge would likely be lost during the
vacuum filtration step. '

Metals - impact'uncertain - Concentrations of EP Toxic metals in
the sludge are unknown at this time as are the standards for LDR.
These restrictions would not be in effect until May 8, 1990 at
the earliest, but representative sampling of the bypass sludge
should be performed as soon as possible to better characterize
the waste.

6.3.4 Treitment Alternatives

The stored inventory of bypass sludge has questionable acceptability
for land disposal based on its physical stability (free liquids and
particulates are of concern) and possibly on its leachability for
heavy metals. Based on the limited analytical data, the LDR
- requirements . may be met with only the problem of free 1liquids
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preventing the waste from being in a disposable form. Methods to
stabilize the waste form and eliminate excess 1iquids should also take
care of the one component that may cause the waste to exceed LDR
requirements, leachability of heavy metals.

EPA has not yet published BDAT treatment standards in the LDR
regulations for waste that is hazardous solely because it exceeds EP
Toxicity limits for metals. However, for similar materials like
sludges from treatment of electroplating wastewaters, stabilization
of metals is the usual terminology used to describe the BDAT. In EPA
guidance documents this normally refers to the addition of binding
agents to the waste to ensure an acceptable, non-leachable waste form.

If bypass sludge must be treated differently to improve its form and
decrease its'leachability, reasonable treatment alternatives may be
chosen. The first alternative shoyld be to modify the existing
treatment so that a more consistent, solidified waste is generated.
This might be done by preconditioning the sludge to a drier more
uniform consistency prior to adding the cement, by use of a better
mixing mechanism once the cement is added, or by a combination of the
two. This alternative may also include the consideration of a
synthetic binding agent such as polyethylene. The next alternative
would be more energy intensive, vitrification approach.

6.3.5 Evaluation of Alternati#es

Three treatment alternatives were evaluated against the criteria
described in section 5.0. The results of the evaluation are shown in
Figure 6.3. The treatment approaches and the result of their
evaluation are discussed in the paragraphs that follow.

Cemeptation - The use of cement to achieve the desired waste form

received the highest evaluation score. This technology is normally
considered the BDAT for stabilization of metals and bench scale testing
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Figure 6.3: Evaluation of the Treatment Alternatives For Bypass Sludge

fieed: Stabllization of Metals

Criterii

Effectiveness/

Development 9 © 9

Secondary

Waste 4 4 2

Avaitability 6 4 4

Efficiency 1 2 2
TOTAL 20 . 16 17

\

Effectiveness and Stage of Development
Weighting Factgr = 3)
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BDAT
or encouraging results of equivalency
2 = In theory should be BDAT or equivalent,
but no testing on waste
1= Low effectiveness, not expected to be
equivalent to BDAT

Availability for Production

. Weighting Factor = 2)

3 = Production ready in less than 1 year
2 = Production ready in 1to 2 years
1 = Production ready in greater than 2 years

Secondary Waste Stream
Weighting Factor = 2)
2 = None generated or, at least,
none hazardous
1= Hazardous, but within LDR
-0 = Hazardous and exceeds LDR
{treatment needed)

Efficiency#
Weighting Factor = 1)

3 = High
2 = Medium
1=Low

#Subjective score taking into consideration
its volume reduction capability, quality of final
waste form, its capital cost, and its overall
reliability.




o

has been performed on an improved cementation process. However, ‘the
primary reason for this alternative scoring higher than the others
evaluated was its score for the "Availability" criterion; this
treatment 1s already present and is being performed on other waste
streams at RFP under RCRA interim status. Cementation does have
drawbacks as noted by 1its receiving the Tlowest score under
"Efficiency". It increases the waste volume significantly and may be
sensitive to changes in the waste characteristics. The low score for
"Efficiency” may indicate that cementation might not be the optimum
treatment for the long term. . o

Polymer Solidification - The use of a synthetic binding agent to
replace the use of cement received a lower score than cementation
because of its stage of deve]opment In theory it should produce a
good stable waste form, but it has not yet received bench scale
testing. This and the fact that a polymer solidification process would
1ikely have to be considered a new treatment under RCRA, would prevent
its full scale implementation in less than a year. Polymer
solidification did receive a higher "Efficiency” score than cementation
primarily because it would not increase the volume of the final waste
form as much as cement.

Yitrification - Both the microwave an¢ the Joule melter were considered
as possible treatment approaches to achieve a vitrified waste form.
In this instance the evaluation reflects the higher score given to the
microwave. Bench scale microwave testing using similar precipitation

sludges has been initiated at the RFP with promising results. They
rank lower than cementation and polymer solidification in
"Avai]abi]ity"bécause they are more complicated treatment approaches
and would require more time to procure and install equipment as well
as to obtain the necessary regulatory permits. A higher score was
given on the "Efficiency” criterion because the glassified waste form
takes up less volume than cementation and is considered a more stable,
less leachable form.. In this case the higher score for "Efficiency”
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ref]ects the eva]uation of the microwave the comparable score for the
Joule me]ter was Tower because the system is sxgnificantiy more
expensive and its added complexity raises potential issues of
reliability. - '

:Ail three treatment alternatives were scored fairiy high, and microwave :

equ1pment is already available for testing The successful testing
of solidification approaches may prove valuable for short term
improvement of the bypass sludge treatment'and promising results from

the microwave" study may lead to a method of improving the ultimate
waste form. -

6.3.6 ‘Schedule

The schedule for development activities associated with alternate
treatment approaches for bypass sludge are shown in Table 6.3.
Cementing ranked highest of the alternatives and will be developed to
the extent practicable. Microwave treatment will be developed at the
bench scale to determine feasibility and quantify parameters for larger
scale development should it be required. The basis for applying
thermal treatment or polymer solidification is based on the results

of TCLP analysis. Should these results warrant, further development

and implementationnuill beicarried out expeditiously.

. ~;
- .
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Table 6.3: Schedule for Bypass Sludge Activities

FY 90 FY 91 FY 92

Y

1. Analytical characterization | NN { \ ‘ ‘ | )
of wasle stream including

TCLP solvents, EP Toxic
metals, free liquids

Solidification

2. Cement Tests R
A.N. 3.7.1.09.0012

L

3. Polymer ARUAMANNRNANNY
A.N. 3.7.1.09.0012

Vitritication
4. Microwave, Bench Scale SEARAR AR AMALEEANTALUARERAAARESUUARERARRRANRRRRRA RN
A.N. 3.7.1.09.0008

A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project




6.4

Roaster Qxide

6.4.

1

Generation Process

Depleted uranium chips are roasted in Building 447 to an oxide form
in order to =liminate their pyrophoric nature. The uranium oxide has
been generated through one of two roasters. The old roaster was a
four-tier furnace which used moving paddles to mix and convey chips
to successive downward tiers. The chips readily sustained combustion
once ignited. The uranium oxide was then collected in drums at the
bottom of the roaster. The new chip roaster is a rotary calcine
design. Uranium chips are fed into a hopper and through a shredder
into a vat of water. A conveyor transfers the chips from the vat into
the calciner which is a downward sloping tube with baffles for mixing.
Heat is added to ignite the chips, but combustion is self-sustaining
from that point. Again, uranium oxide is collected in drums at the
end of the process. ‘

Uranium chips are generated primarily through the machining of uranium
metal- which takes place in Buildings 444, 865 and 883. During this
work, cutting/lubricating oil is applied to the metal being machined
and, in the past, solvents were applied at the same location to remove
the oil. The waste generated was thus a mixture of uranium chips,
cutting oil and RCRA listed solvent. Hence the listed classification
remained with the uranium waste chips through any subsequent processing
or treatment. Currently, the use of listed solvents in the uranium
machining process has been eliminated through use of an aqueous wash.
The roasting process destroys the characteristic of ignitability and
the final waste form is not hazardous. The roaster oxide is collected
in 30-gallon drums which are in turn placed into 55-gallon drums. That
uranium oxide waste which was generated when 1isted solvents were used
has been stored in Building 884 and the 904 pad cargo containers.
Because it is designated a radioactive mixed waste, no off-site
facilities have been available for disposal. A total of 392 drums (107
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cubic yards) are currently being stored at the Plant. As mentioned
previously, this waste is no longer being generated so this inventory
is not growing.

6.4.2 Waste Characterization

The roaster oxide waste has not been sampled, but process knowledge
allows a fairly complete characterization. As generated , the uranium
chip, oil, and solvent mixture qualifies as ignitable (D0O1) because
of the pyrophoric uranium metal and is listed (FO0l) because of the
use of the solvents l;l,l-trich1oroethane and 1,1,2-trichloro-1,1,2-
trifluoroethane (freon TF) for degreasing the metal. The cutting oils
and coolants used in the machining process are not hazardous per RCRA
definitions. This was substantiated by the results of samples taken
during the Waste Stream Identification and Characterization effort in
1987. Discussion on roaster oxide from this point on, appTy only to
that previously generated waste that qualifies as mixed. The roasting
process eliminates the ignitability characteristic. However, the
material must retain the following designation:

Hazardous Waste
Material Number ription

Roaster oxide FOO1 Uranium oxide that was .
previously contaminated
with halogenated solvents
used for degreasing

6.4.3 Regulatory and Waste Form Requirements
6.4.3.1 Waste form Requirements for Low-Level Waste Disposal

Excluding any RCRA requirements, the roaster oxide inventory as
currently packaged should probably meet the NTS Waste Acceptance
Criteria (WAC). The Rocky Flats Plant must, of course, submit
the appropriate documentation and certification to NTS as required
. by the WAC for their approval and waste acceptance. This has not
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already happened because roaster oxide is radioactive mixed waste
and currently there are limitations on the mixed wastes that NTS
can accept for disposal. In the interim, physical
characterization of the roaster oxide should be performed to
ensure the amount of fine particulate does not exceed the NTS WAC
criteria. ‘

6.4.3.2 Applicable Land Disposal Restrictions (LDR)

Applicable LDRs are those established for the California List of
wastes and for the F001l through F005 solvents. The California
List restriction that is applicable bans the land disposal of non-
liquids that exceed the following standard:

Cohcentration Limit
Component {(mg/kg _or ppm)

Halogenated organic 1,000

compounds (HOC) ‘
The applicable F001 through FO05 standards are set in terms of
CCWE for spent solvents. The standards can be found in the CCWE
Table in 40 CFR 268.4] and provide two concentration limits for
each of 25 solvents: one applicable to wastewaters and the second
for other waste forms. Although 25 different solvents are
identified in the table, the following identifies only those
suspected (from process knowledge) to be of concern for roaster

oxide:

: - CCWE Concentration (ppm)
FO01-FO05 Solvent - _ponwastewaters -
1,1,1 - Trichloroethane 0.41
1,1,2 - Trichloro -

1,2,2 - Trifluoroethane 0.96

If a waste (nonwastewater) exceeds the CCWE concentrations shown
above, they are banned from land disposal.
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6.4.3.3 Impact of Restrictions or Waste Form Requirements

No impact anticipated - Knowledge of the process generating
roaster oxide makes it highly unlikely that significant residues
of 1,1,1-trichloroethaneorl,1,2-trichloro-1,2,2-trifluoroethane
could remain on the uranium oxide. I§ is even less likely that
HOCs could reach concentrations of 1,000 ppm. However,
representafive samples should be taken of the inventoried roaster
oxide and subjected to the TCLP for spent solvents. The presence
of fine particulate should also be quantified to ensure criteria
for disposal of low-level waste are met.

6.4.4 Treatment Alternatives

Currently there are no alternatives being considered for additional
treatment or processing of the stored inventory of roaster oxide waste.
The waste has already been treated with the BDAT (incineration) for
non-liquids contaminated with FO0l through FO005 solvents. The form
in which the waste currently exists should meet all applicable LDRs
and be suitable for disposal provided fine particulate is not a
problem. Once a disposal facility (likely NTS) is ready to accept this
mixed waste, it will be shipped. Sampiing of the roaster oxide will
be required to verify that LDR standards and waste form requirements
(fine particulate) are being met. Should the roaster oxide waste
exceed the allowable level of fine particulate, a cementation process
will be used to immobilize the particulates. One other option that
may be considered in the management of this waste s delisting. A
successful delisting would allow this waste to be disposed as low-
level radioactive waste.
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6.4.5 Evaluation of Alternatives

No treatment alternatives are being evaluated at this time. 1f
necessary, a cementation process will be implemented to eliminate fine
particulate problems.

6.4.6 Schedule

The schedule for activities associated with roaster oxide are shown
in Table 6.4, and is 1imited to performing additional characterization
of the waste. It s anticipated that the results of the
characterizationwill indicate that no treatment technology development
will be necessary. The characterization effort should be completed
by the end of FY 1990.
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8.

Characterization of
wasle, keying on
TCLP solvents and
fine particulate

FY 92

Table 6.4: Schedule for Roaster Oxide Activities



6.5 Low-Level Mixed Waste 0il (FBI 0il)

6.5.1 Generation Process

Various operations generate waste oil that is contaminated with both

~hazardous and radiological constituents. This Tow-level mixed waste
0il has been accumulated and stored at 8ui1dihg 774 with the intent
of treatment through incineration in the Fluidized Bed Incinerator
(FBI). Hence, the reference to this material as the FBI oil.

FBI 0il is contaminated with plutonium and uranium at levels less than
100 nCi/gm and thus qualifies as low level waste. During the process
in which the oil is used, it also becomes contaminated with spent
solvents such as freon and carbon tetrachloride and as such qualifies
as hazardous waste.

As of September 1989, almost 29,000 gallons of waste oil has been
accumulated. The primary storage is in two 10,000 gallon tanks (Tanks
T-102 and 7-103) at 774; both are completely full and locked. The

- remaining inventory of FBI oil 1is being stored in drums inside
buildings or cargo containers at various interim storage locations.
It is estimated that this waste will continue to be generated at a rate
of about 4,700 gallons per year.

6.5.2 Waste Characterization

"Most of the FBI oil has been added as accumulated into the two 10,000
gallon tanks. The first tank to be filled has been sampled twice;
once as part of the Waste Stream Identification and Characterization
effort in 1986, and again in 1988. Provided below is a list of
6ompound/parameter categories for which analyses were performed for
both sampling events:
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Category of No. of Samples Analyzed

Analytical Data 9/86 4/88
Volatiles 1 1
Semivolatiles 1 1
Metals 1
Radiochemistry 1 1
RCRA -Characteristics

Ignitability 1
Corrosivity (pH) 1
EP Toxic Metals 1

Each of the data categories listed above and the results of the
sampling and analysis will be described in the following paragraphs.
EPA hazardous waste numbers that are applicable to this waste, based
on analytical results and process knowledge will also be provided at
the end of this section.

6.5.2.1 Volatiles
Nine volatile compounds registered above detection limits (ADL)

in at least one of the samples. Information on these analytes
are as follows:

(Volatile) . : ADL Concentrations (ppb)
Analytes 9/86 Sample 4/88 Sample
1,1-Dichloroethane 24
Chloroform 40
1,1,1-Trichloroethane 8,000 1,374
Carbon tetrachloride 200
Trichloroethane 30
1,1,2-Trichloro-1,2,2, -

trifluoroethane* , 7,900 154
1,1,2,2-Tetrachloroethane 10
Toluene 1,044
Ethylbenzene 424

* Freon TF

6.5.2.2 Semivolatiles

No semivolatiles were observed at concentrations above detection

levels in either sample.
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6.5.2.3 Metals

Total metal analysis was performed on a single sample with the
following results:

Metal : Concentration {ppm)
Aluminum 25.85
Antimony 2.0
Arsenic 0.02
Barium 10.68
Beryllium 6.2
Cadmium 0.2
Calcium 230.0
Chromium 5.67
Cobalt 1.21
Copper 5.80
Iron 81.60
Lead 92
Magnesium 57.40
Manganese 3.08
Mercury 0.2
Mo1ybdenum ND
Nickel 4.1
Potassium 305
Selenium <0.005
Silver ND
Sodium 692.22
Strontium 1.1
Titanium <0.01
Vanadium ND
Zinc 69.95

6.5.2.4 Radiochemistry

Radiochemistry was performed on both samples, but not for all the
same parameters. The results of the analyses are as follows:
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Analysis

Gross Alpha
Gross Beta
Pu-239

Am-241
U-233,234
U-238

Uranium (Total)
Tritium

6.5.2.5 RCRA Characteristics

Concentration (pCi/L)
9/86 Sample 4/88 Sample

44,000 +/- 2,000 55,000 +/- 4,000
16,000 +/- 1,000
220 +/- 30 10,000 +/- 1,000
480 +/- 10
29,000 +/- 1,000
21,000 +/- 1,000
46,000 +/- 7,000
400 +/- 220

Janitability - The single test for ignitability indicated a flash
point of 49.2°C. The oil does qualify as ignitable.

Corrosivity - The single analysis for pH provided a value of 5.9
indicating the FBI o0il does not qualify as corrosive.

[P Toxic Metals - The one sample analyzed for EP Toxic metals
indicated that only lead exceeded the criteria 1imit at a measured
concentration of 200 ppm.

6.5.2.6 Other Characteristics

Several other characteristics were investigated for one of the

samples with the following results:

Test

Total Chloride

Specific Gravity
at 25°C

Heat Content

Viscosity at 100°F
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Result
0.224 weigh %

0.8869
22,168.5 +/- 1,872.8 BTU/1b
210.4 +/- 1.4 SSU




6.5.2.7 App]icab]é EPA Hazardous Waste Numbers

FBI o0il is generated from numerous locations and processes and
the individual accumulations would be expected to have varying
characteristics. The Timited sampling substantiated this. Prior
to treatment, additional sampling will likely be required to
better characterize this waste, but based on the data available,
the following categories would be applicable.

RCRA Characteristics - The following hazardous waste

characteristics are applicable to FBI oil:
Hazardous Waste

Number _Description
D001 Ignitable
D008 EP Toxic for lead

The available data shows only lead exceediné RCRA characteristic
limits. But the total metals analysis data suggests that other
metals could exceed the 1imits on some batches of oil as values
vary. Additional samples and analyses for EP toxic metals would
likely be required to insure that D008 is the only number that
is applicable.

RCRA Listed Wastes - This waste is hazardous because the oil has

been contaminated with listed solvents that have been utilized
in cleaning/degreasing activities. The applicable waste numbers
are as shown below:

Hazardous Waste Applicable
Number Solvent(s) Observed
FOO1, FO002 Trichloroethene, 1,1,1-

Trichloroethane, Carbon
Tetrachloride, 1,1,2-
Trichloro--1,2,2-
_ Trifluorethane
FO03 Ethylbenzene
FOO05 Toluene
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Again, additional samp]iﬁa of the accumulated 0il will likely be
required to better characterize the concentration of solvents
present. However, it is unlikely that additional RCRA hazardous
waste numbers will be identified.

6.5.3 Requlatory and Waste Form Requirements
6.5.3.1 Waste Form Requirements for Low-level Waste Disposal

Even excluding any RCRA requirements, FBI oil does not meet waste
form requirements for disposal as low-level waste. Because of
its liquid nature and ignitability, treatment will be required
before this waste can be disposed.

6.5.3.2 Applicable Land Disposal Restrictions (LDR)

As a liquid, the FBI oil is already banned by RCRA from disposa1
through landfilling; treatment is required. Listed wastes are
present in the oil, thus any treatment residué will remain a
listed waste by definition, and will require subsequent disposal
in accordance with RCRA requirements. Some of the LDR would be
applicable to treatment residue today, others will not be
applicable until 1990. These restrictions are further described
as follows: '

LDR Requirements Now In-Place - The applicable LDR regulations

now in effect are those established for the California List of
wastes and for the FOOl through FO005 solvents. The California
List restriction that applies, bans the land disposal of liquids
or non-liquids that exceed the following standards:

Concentration Limit
Component ' (mg/kq_or ppm)

Halogenated organic ' 1,000
o - compounds (HOC)
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The applicable FOOl through FO005 standards are set in terms of
CCWE for specific spent solvents and can be found in 40 CFR
268.41. The regulation provides two concentration limits for
each of 25 solvents; one applicable to wastewaters and the second
(of concern here) applicable to other waste forms. Of the 25
solvents, thbse detected in the FBI 011 are shown with their LDR
limit as follows:

CCWE Concentration (ppm)

FOQ]-F005 Solvent -nonwastewater -
1,1,1-Trichloroethane 0.41
Carbon Tetrachloride 0.96
Trichloroethane 0.091
1,1,2-Trichloro-
1,2,2-trifluoroethane 0.96
Toluene , 0.33
Ethylbenzene 0.053
Futyre LQR Reguirements - With the exception of those identified

above, restrictions for mixed waste are scheduled to go into
effect May 8, 1990. Inc]uded are restrictions associated with
RCRA characteristics. Although the standards have not yet been
set, FBI oil or its treatment residue, could be impacted by these
future stanQards as shown in the following:

Potential ' Concentration Limit
Characteristic Set by LDR
D0o01 18D
D008 : 18D
Other Metals TBD

6.5.3.3 Impact of Restrictions or Waste Form Requirements

w-level W a irements - Unacceptable - As a
1iquid, FBI oil is unacceptable for land disposal as low-level
radioactive waste. Once the waste is treated to remove free
1iquids, the waste should meet low-level waste form requirements.
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Solvents - Unacceptable - Solvent concentrations also restrict
it from land disposal in general. Limited analytical data shows
four FOO1-FOO5 solvents at concentrations well over the LDR 1imits
in at least one of the two samples. It should be noted that the
LOR 1imits for these solvents are expressed in terms of CCWE and
the analytical data available was not from formal use of the TCLP.
However, when analyzing liquids, there should be little if any
difference in results between the TCLP and standard methods.

RCRA Characteristics.(meta1s and ignitability) - Impact uncertain
- LDR limits have not yet been established for these parameters,
but it is highly unlikely that the waste would be acceptable for
land disposal exhibiting characteristics it now has. Any

treatment eliminating the 1iquid nature of the waste would likely
eliminate the ignitability characteristic, but may also
concentrate the metal constituents.

6.5.4 Treatment Alternatives

The stored inventory of FBI oil is presently unacceptable for land
disposal. Concentrations of solvent and possibly metals along with
the waste’s ignitability and liquid nature, make treatment mandatory.
EPA has established the BDAT for treatment of nonwastewater FQ0]
through F005 solvents as incineration. However, the LDR establishes
concentration-based standards for these wastes rather than requiring
a specific technology. Therefore, any technology not specifically
prohibited (such as dilution) may be used to meet the applicable
standards. But the waste’s heat content, ignitability, and liquid
nature all appear to be a perfect match for incineration.

Since incineration would concentrate metals in the fly ash and bottom
ash, the treatment residue would likely be hazardous because of EP
Toxic metals. EPA has not yet published BDAT treatment standards in
the LDR regulations for waste that exceeds EP Toxicity for metals.
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However, based on similar wastes, stabilization of metals will likely
be the terminology used to describe the BDAT.

In summary, the goal for treatment of the FBI o0il should be the
destruction of liquid organics and the stabilization of heavy metals
in the residue. The alternatives evaluated inclide: idincineration,
wet oxidation, and biodegradation. Each of these treatment methods
would likely involve a stabilization step for heavy metals. One
possible treatment method, the Joule melter, which should destroy
organics and provide a stabilized waste form is also considered. Two
other alternatives are air stripping to remove the volatile solvents
in the oil and radionuclide decontamination to remove the oil from the
category of mixed waste.

6.5.5 Evaluation of Alternatives
Six treatment alternatives were evaluated against the criteria
described in section 5.0. The results of the evaluation are shown in
Figure 6.5. The treatment approaches and the result of their

evaluation are discussed in the paragraphs that follow.

Incineration - This treatment alternative received the highest

evaluation score primarily because it is the BDAT and has been shown
to be effective on wastes very similar to the FBI oil. Incineration
does produce a secondary waste stream (off-gas) but if its destruction
efficiency meets RCRA requirements, this waste stream is of little
concern. This alternative received a zero for "Secondary Waste Stream”
because the resulting ash will undoubtedly require solidification to
meet disposal criteria for low-level waste and possibly to meet RCRA
requirements for leachable metals. This waste is well suited for
treatment in the existing fluidized bed incinerator(FBI), but it is
estimated that it would take greater than two years to have the FBI
or another incinerator in full production. This alternative also

87




Flgure 6.5:

Evaluation of the Treatment Alternatives

For Low—Level Mixed Waste Oi] (FBI Ofl)

Need:

Alternatives

Destruction of Organics

Critena

Effectiveness/

Devejo;::nee:ts 12 6 9 6 6 6

Secondary

Waste 0 2 0 0 0 0

Avarability 2 2 2 2 2 2

Efticiency 3 2 1 1 2 1
oL g7 12 12 9 10 9

Effectiveness and Stage of Development

fWeighting Factor = 3)

4 = BDAT or equivalent as demonstrated
in full scale testing

3 = Bench scale testing complete, BDAT
or encouraging results of equivalency

2 = In theory should be BDAT or equivaient,
but no testing on waste s

1= Low effectiveness, not expected to be
equivaient to BDAT

Availabiity tor Production

Weignting Factor = 2)

3 = Production ready in less than 1 year

2 = Production ready in 1 to 2 years

1 = Proguction ready in greater than 2 years
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Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but within LOR

0 = Hazardous and exceeds DR
(treatment needed)

Efficiency#
(Weighting Factor = 1)

3 = High
2 = Megium
1= Low

*Subjective score taking into consideration
Its volume reduction capabiiity, quaity of final
waste form, 1ts capital cost, and s overall
rehability.




received the highest score in "Efficiency” because of its proven
reliability and the volume reduction achieved through its use.

Joule Melter - Use of the Joule melter received the second highest

evaluation score. The reason for a score lower than incineration was
the lack of bencu scale testing on this specific waste to verify the
treatment alternative’s effectiveness. In theory it is felt that the
melter can achieve the destruction efficiency required by EPA for
thermal treatment of organics and the score reflects the assumption
that the off-gas is not a problem. Additionally, the resulting glass
residue would not require further treatment so the alternative was
given a higher score for "Secondary Waste Stream"™ than was
incineration. As with incineration, it is assumed that it would take
greater than two years to get to a production scale of a Joule melter,
even if testing was successful. The melter was scored lower than the
incinerator in "Efficiency”™ because of higher capital cost, lower
volume reduction, and reliability concerns.

Wet ngdgﬁjg - The alternative of wet oxidation through acid digestion
was evaluated as another means to destroy organics. This technology
was developed to full scale at the Hanford Engineering Development
Laboratory. Bench scale testing to determine applicability to this
waste is under way at Rocky Flats. The treated waste results in metal
salts in the form of s]udge which needs alternate solidification, an
aqueous distillate, and an off-gas of oxides of sulfur and nitrogen.
By definition it carries the designation of a listed waste; and even
if the waste were delisted, additional treatment would be required to
get 1t into a form suitable for disposal as low-level waste. It was
also felt that a treatment approach to accomplish all of this would
take longer than two years to'implement. This alternative also
received a low score for "Efficiency” because of its apparent lack of
volume reduction and its questionable reliability in achieving the
required destruction efficiency.
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Biodeqradation - Biodegradation has proven to be a possible treatment

approach for most organic materials. Testing done at Notre Dame
Udiversity in FY 1988 was not very encouraging. However, there are
many different forms of biological treatment, but it is assumed that
the resulting waste will require additional treatment to be put into
a disposable form. The resulting waste will still be a listed waste.
Because multiple treatment steps appear necessary, this alternative
received a zero for "Secondary Waste Stream". Testing, developing and
permitting of such a system would take greater than two years to
accomplish. Because biological systems are normally slow and sensitive
to upset, this alternative received a low score for "Efficiency”.

Air Stripping - It should be possible to strip the FBI oil of volatile
components through contact with an air stream, but this has not been
tested on the specific waste. Hazardous solvents may be removed from
the oil at a relatively high efficiency, but the remaining oil will
undoubtedly require additional treatment to make it acceptable for land
disposal. The resulting air stream would also be of regulatory
concern. For these reasons this alternative received a zero.score for
"Secondary Waste Stream". "Availability" of the treatment approach
is also considered poor because significant time would be required for
the development phase. Air stripping received a medium score on
"Efficiency" because it does not reduce volume. Furthermore, it is
not certain that the treated oil would be within the LDR standards
for solvents.

Radionuclide Decontamination - Another treatment option with potential
is to remove radiological contamination from the oil so that it can
be destroyed or recycled commercially. There are currently techniques
available in industry that are capable of removing radionuclide
contamination from oils to below regulatory concern. However, since
testing has not been performed on the FBI o0il, this option received
only a six for "Effectiveness/ Development”. This decontamination
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would also generate two waste streams (radionuclides and the oil) that
would both require additional treatment, and thus decontamination
warrants a zero score for "Secondary Waste Stream". No real
development work has been done so this alternative also scores low in
the "Availability" area. The lack of volume reduction and the
uncertainty of achieving contamination levels below regulatory concern,
resulted in this alternative receiving a low score for "Efficiency".

The results of the evaluation show incineration to be the most viable
alternative for treatment of the FBI oil. Currently, at the direction
of DOE, a plan is being prepared to put the existing fluidized bed
incinerator into an operational mode. Use of the WERF incinerator at
the Idaho National Engineering Laboratory (INEL) is also being
considered for incineration of the FBI oil and negotiations are on-
going. Treatment alternatives that did not score as high as
incineration are also being considered. Testing of the Joule melter,
wet oxidation, and biodegradation will continue in hopes of developing
a sound backup alternative for incineration.

6.5.6 Schedule

J

The schedule for development activities associated with alternate
treatment approacheé for FBI o011 are shown in Table 6.5. Potential
use of the existing RFP and INEL incinerators are continuing as shown
on the schedule. Although the FBI start up plan is scheduled to be
completed by the end of CY 1989, there is currently no firm schedule
for the decision on whether or not to impiement the plan. A trial burn
of 200 gallons of the FBI oil at the INEL incinerator is still
tentatively §chedu1ed to occur by January 1990. If this burn does
actually take place successfully, then burning of small quantities
may continue until the INEL incinerator upgrades are completed. Lab
scale testing in FY 1990 is underway for wet oxidation to determine
the feasibility of this technology. Should the feasibility be
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demonstrated, lab scale, followed by bench and pilot scale work will
proceed in FY 1991-93. Prototype Joule melter development is planned
for FY 1990. However, application to this waste stream cannot be made
before 1993.
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Table 6.5: Schedule for FBI Oil Activities

FY 90 FYy 91

FY 92

Fy 93

FY 94

FBI Startup Plan

Pursuit of incineration
at the INEL

- 200 gallon trial burn
- Continued negotiations

A\ANN

1B

LN\

e

Joule Meller

AAANENNNEEANEEEEANEEENNNNEANRNNNNRRRRNNNNN

CRANANNNNRNNRNNNNNNNRNNR

NANANRNNANNNNRNNNNRNNNNNN

Bench Scale Test
AN. 3.7.1.09.0018

Wet Oxidation

O I EEEE E s E

Lab Study
A.N. 3.7.1.09.0002

Biodegradation

SNNEANARRNARNANNANNANNNNNNN

AARANANRNANRANNERNARNNAAANRNANNANANNNARNNAANNN

Lab Scale Test
(Nol Funded)

AARRUEARARRTRRENERRR RN AARNRRRRRRRRNRANARNN

e

AN. = Activily

Number in 5 Yr Plan

P.N. = Program Number for Current Project




6.6 Combustibles

6.6.

1 Generation Process

Combustibles, generated at numerous locations, are generally composed
of such materials as paper, cloth Snd plastics. The material is
contaminated at low concentrations with depleted uranium and plutonium
through contact during manufacturing and related processes. The waste
is also considered hazardous because of co-contamination with solvents
that are used in the manufacturing process. The materials making up
this waste are items that have been used to wipe off products being
machined; cleaned or otherwise handled. '

As a mixed low-level waste, there are currently no off-site treatment,
storage or'disposal facilities available to accept this waste. As of
September 1989, RFP had accumulated 153 cubic yards (546 drums and one
4’ x 4’ x 7' box) of combustible waste. Combustible waste is generated
at a rate of approximately 41 cubic yards (150 drums) per year.

6.6.2 Waste Characterization

Combustible waste has had 1imited sampling for hazardous constituents;
however, its characterization has been primarily based on process
knowledge. The waste is both radioactive and hazardous because of the
materials used in the manufacturing process. Solvents are applied to
radioactive materials (primarily uranium and plutonium) and wiped off
or contacted by the combustible materials making.up this waste stream.
The major solvents felt to be involved in these cleaning/degreasing
activities are provided below:
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Solvent

1,1,1-Trichloroethane

Methylene Chloride

1,1,2-Trichloro-1,2,2-trifluoroethane

2-Butanone

Toluene

Acetone

Trichlorofluoroethane

Ethylbenzene

Trichlorofluoromethane
The first three solvents listed are those most often found in the
generating processes. Because of the small quantities and the
volatility of the solvents involved, the concentrations of any of these
materials in the waste formwill be small. However, the RCRA hazardous
designation accompanies the waste independent of hazardous constituent

concentrations.

Limited sampling of combustibles was accomplished in 1986 and 1987 for
the RFP Waste Stream Identification and Characterization (WSIC)
published in 1987. Provided below is a list of compounds/parameters
categories for which analysis were performed for each of the sampling

events.

Category of Number of Samples Analyzed

Analyte Data 1986 2/87 3/87 Total*
Volatiles 4 4 6 14
Semi-volatiles 2 2
Metals 1 1
Radiochemistry 3 2 2 7
RCRA Characteristics

Ignitability 1 1

Reactivity 1 1

EP Toxic Metals 4 4

*The WSIC includes 20 combustible waste streams that are identified
as mixed waste in the December 1987 Part B Permit Application for the
RFP. Of those 20 waste streams only fourteen (14) were sampled as part
of the WSIC effort; the remaining six (6) were characterized by process
" knowledge only.
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The analytical results for each of the data categories listed above

will be described in the following paragraphs.

Based on analytical

results and process knowledge, EPA hazardous waste numbers thét are

applicable to this waste will be provided at the end of this section.

6.6.2.1 - Volatiles

Thirteen (13) volatile compounds were seen above detection limits

(ADL) 1in one or more of the fourteen (14) samples analyzed.

Information on those compounds are summarized as follows:

Number of
{(Volatile) Analyte ADL Readings
Methylene Chloride 10 of 14
Toluene 4 of 14
Chloroform 4 of 14
1,1 - Dichloroethane 1 of 14
Total Xylenes 5 of 14
Trichlorofluoroethane 1 of 14
1,2 - Dichloropropane 1 of 14
Acetone 8 of 14
1,1,2 - Trichloro- 3 of 14
1,2,2 - Trifluoroethane
2 - Butanone 2 of 14
Ethylbenzene 1 of 14
Trichlorofluoromethane 1 of 14
1,1,1 - Trichloroethane 1 of 14

6.6.2.2

Semi-Yolatiles

Average of

ADL Readings

883
286
297

ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb

ppb
ppb
ppb
ppb

Range of

ADl, Readings
120 - 2400 ppb
32 - 750 ppb
29 - 620 ppb
15 - 18000 ppb
130 - 6800 ppb
130 - 3800 ppb
130 -

7300 ppb

Only one semivolatile compound was seen above detection limit

(ADL) in either of the two samples analyzed.

analyte is summarized as follows:

Semi-Volatile
.Analyte

Di-n-Octyl Phthalate

Number of Average of
ADL Readings ADL Readings
20000 ppb
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6.6.2.3

6.6.2

Total metal analysis was performed on only one sample.

Metals

results are summarized as follows:

Metals

Aluminum
Antimony
Arsenic
Cadmium
Chromium
Cobalt
Copper
Iron

Lead
Manganese
Nickel
Potassium
Selenijum
Silver
Zinc

.4 Radiochemistry

Concentration {ppm)

36.

171
2

2390

63.
80.
10.

1270

1.
20.
2.

Radiochemistry was performed on seven

are summarized as follows:

Analysis

Gross Alpha
Gross Beta
Pu-239
Am-241
U-233, 234
U-238
Tritium

Conc. (pCi/q)

211
304
1.03
0.57
18.9
159

Ave.

0.74 pCi/ml

6

.57
4.
35.
17.
7.

WO W

Voo,

The

(7) sSmp]es. The results

Range of Conc. (pCi/q)

0.3 - 1400

0.1 - 2100

0 - 7.2

0 - 0.36
0.01- 130

0.05- 1100

0 - 3.1 pCi/m

Each individual radiochemistry analysis was originally reported

with an associated +/-

value.

This value

confidence range for the radionuclide result.

this value was excluded from the averaging process.

indicated the 95%
For simplicity,

In general

terms, the 95% confidence interval was about +/- 100 pCi/g when
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the values were in the thousands and about +/- 10 pCi/g when the
values were in or near the hundreds. For tritium, the interval
was either +/- 0.2 or 0.3 pCi/ml for each analysis.

6.6.2.5 RCRA Characteristics

Ignitability - One sample was found to be above the 60°C flash

point limit.

Reactivity - One sample was analyzed for its reactive sulfide and
cyanide concentration (different than total sulfide and total
cyanide). Sulfide concentration was found to be below the
detection limit. The cyanide concentration measured above the
detection limit (ADL) at a level of 375 ppm. The current EPA
action level for reactive cyanide is 250 ppm.

ic Metals - Four samples were analyzed for EP Toxic metals.
Only one had a metal above detection l1imit and that was for
mercury. The single result for mercury also exceeded its EP
Toxicity limit of 0.2 ppm; it had a reading of 51.4 ppm.

6.6.2.6 Applicable EPA Hazardous Waste Numbers

Combustibie waste has been characterized by process knowledge with
some limited sampling. There is considerable variability in the
makeup of the combustible waste drums, and this causes'prob1ems
in getting good representative samples. In many' cases the
following hazardous waste designations represent a potential
.concern rather than a true description of the waste.

RCRA Characteristics - Combustibles qualify as a characteristic

waste based on the results of individual analytical tests
performed on the material in the various drums. The following
EPA hazardous waste numbers may be applied to the combustibles:
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Hazardous Waste
. Number Description

D009 - EP Toxic for Mércury
D003 Reactivity

Additiona: sampling and analysis for EP toxic metals and
reactivity would likely be required to insure that D009 and D003
are applicable. These designations are due to results of only
one sample.

RCRA listed Wastes - The primary reason for this waste to be
considered mixed is process knowledge. It is known to be
contaminated with listed solvents and low concentrations of
depleted uranium and plutonium from manufacturing processes. The

applicable waste numbers are as follows:

Hazardous Waste

Number ription

FOO1 Spent halogenated solvents used in
‘ degreasing

F002 Spent halogenated solvents

Foo3 Spent non-halogenated solvents

FO0S Spent non-halogenated solvents

Additional sampling of the combustibles will likely be required
to better characterize the concentrations of solvents present in
each drum of waste.

6.6.3 Regulatory and Waste Form Requirements
6.6.3.1 Waste Form Requirements for Low-Level Waste Disposal

[f the combustible wastes were low-level rather than mixed waste,
they would likely be suitable for disposal. Depending on the
specific disposal facility, some additional treatment or handling
may be required in order to improve the physical stability and
- or reduce the volume of the waste. Compaction or {fncineration
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with ash stabilization would be the most traditional methods to
improve the waste form. The NTS acceptance criteria states that
this type treatment should be performed where practical, but does
not appear to make it mandatory. However, such requirements could
easily become more stringent in the future.

6.6.3.2 Applicable Land Disposal Restrictions (LDR)

The current LDR regulations applicable to the combustible waste
are those established for the California List of wastes and for
the FOO1 through FO0S5 solvents. The California List restriction
that applies, bans the land disposal of non-liquids that exceed
the following standards:

Concentration Limit
Component (ma/kg or ppm)

Halogenated Organic ,
Compound (HOC) 1,000

The applicable FOOl through FOO5 standards are set in terms of
CCWE for spent solvents. The standards can be found in 30 CFR
268.41 and provide two concentration limits for each of 25
solvents: one applicable to wastewaters and the second for other
waste forms. Process knowledge and analytical results show the
following solvents to be of concern in the samples:

CCWE Concentration (ppm)

FO0]-FO05 Solvent - nonwastewater -
Acetone 0.59
2-Butanone 0.75
Methylene Chloride 0.96
Toluene 0.33
1,1,1-Trichloroethane 0.41
1,1,2-Trichloro-

1,2,2-Trifluoroethane 0.96
Trichlorofluoromethane 0.96
Ethylbenzene 0.053
Xylene 0.15
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If a waste other than wastewater exceeds the CCWE concentrations
shown above, they are banned from land disposal.

6.6.3.3 Impact of Restrictions or Waste Form Requirements

Low-Level Waste Disposal Requirements - No impact - The present

form of combustible waste has no free liquids and meets the
criteria for disposal as low-level waste.

RCRA Characteristics - Impact wuncertain - One sample of
combustible waste exhibited the characteristic of reactivity
because of cyanide and one sample exhibited the characteristic
of EP Toxicity because of mercury. However, these analytical
results may not be representative of the waste and, in any case,
EPA has not yet established LDR standards for wastes exhibiting
RCRA characteristics.

RCRA Listed Wastes (Solvents) - Unacceptable - Nine (9) FOOl
through F005 solvents were identified in Section 6.6.3.2 as being

of concern and were shown with their applicable LDR standard.
Of those nine solvents, seven were observed in a least one sample
at levels equal to or higher than its applicable LDR standard.
Solvent concentrations in some instances were observed which were
an order of magnitude greater than the standard. It should be
noted that the analytical results are for total concentrations,
whereas the LDR standards are in terms of TCLP concentrations.
However, based on the information available, it can be safely
assumed that some of the combustible waste will exceed the TCLP-
based standards.

5.6.4 Treatment Alternatives

Representative samples of the combustible waste are difficult to obtain

because of the manner in which the waste is generated. Solvent
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concentrations in the waste vary significantly based upon manufacturing
practices. However, limited sampling indicates at least some of the
waste exceeds LDR standards for solvents and will require treatment.
It is assumed that the isolated incidents where cyanide and mercury
were observed, do not represent a separate treatment need for the
waste.

EPA has established the BDAT for treatment of nonwastewater FQO1
through FQ005 solvents as incineration. However, the LDR establishes
concentration-based standards for these wastes rather than requiring
a specific technology. Therefore, any technology not specifically
prohibited (such as dilution) may be used to meet the applicable
standards. The waste’s heat content and combustible nature does appear
to be an excellent match for incineration and ash solidification. The
resulting waste form would be significantly reduced in volume and
‘stabilized for disposal.

The goal of treatment technologies should be the thermal destruction
of the organic contaminants (solvents). However, since the LDR do not
mandate destruction of the organics, other types of treatment are also
being considered.

6.6.5 Evaluation of Alternatives

Five treatment alternatives were evaluated against the criteria
described in section 5.0. The results of the evaluation are shown in
Figure 6.6. The treatment approaches and the result of their
evaluation are discussed in the paragraphs that follow.

ncineration - This treatment alternative received the highest
evaluation score primarily because it is the BDAT and has been shown
to be effective on wastes very similar to the combustible wastes.
Incineration does produce a secondary waste stream (off-gas) but if
its destruction efficiency meets RCRA requirements the off-gas or its

102




Figure 6.6: Evaluation of the Treatment Alternatives For Combustibles

Need: Destruction of Orgzhlcs

Alternatives

Cnteria

Effectiveness/

Development 12 6 6 6 )

Secondary

Waste 0 2 0 0 2

Availability 2 2 2 4 2

EHiciency 3 2 2 1 2
ToTAL 17 12 10 11 12

Effectiveness and Stage of Development

Weighting Factor = 3)

4 = BDAT or equivaient as demonstrated
in full scale testing

3 = Bench scale testing complete, BDAT -
ofr encouraging results of equivalency

2 = In theory should be BOAT or equivalent,
but no testing on waste

1 = Low effectiveness, not expected to be
equivaient to BDAT

Availability -for Production

Weighting Factor = 2) :

3 = Production ready in less than 1 year

2 = Production ready in 1to'2 years -
1 = Production ready in greater than 2 years

103

Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous. but within LDR

0 = Hazardous and exceeds LDR
{treatment needed)

Elﬁciencz*
Weighting Factor = 1)

3 = High
2 = Medium
1=Low

#Subjective score taking into consideration
its volume redguction capability, quality of finat
waste form, 1ts capital-cost. and its overall.
reliabihity.



residue are not LDR problems. However, this incineration received a
zero for "Secondary Waste Stream” because the existing fluidized bed
incinerator (FBI) uses a catalyst (chromium oxide) which will likely
cause the ash to be hazardous because of EP Toxic metals. Treatment
of the ash will be required in order to be within LDR requirements.
Combustible wacie is well suited for treatment in the existing FBI,~
but because of regqulatory requirements, it is assumed that it would
take greater than two years to have the incinerator in full production.
This alternative also received the highest score in 'Efficienty'
because of its proven reliability and the volume reduction achieved
through its use. '

Joule Melter - Use of the Joule melter received the second highest
evaluation score, although significantly less than incineration. This
was due to the lack of bench scale testing on the specific waste to
verify the treatment’s effectiveness. The melter should achieve the

destruction efficiency required by EPA for thermal treatment of
organics and the score reflects the assumption that the off-gas should
not be a significant problem. Additionally, the resulting glass
residue would not require further treatment so the alternative was
given a higher score than incineration for "Secondary Waste Stream".
[t is assumed that it would take greater than two years to get to a
production scale Joule melter, even if testing was successful. The
melter was scored lower than the incinerator in "Efficiency” because
of higher capital cost, lower volume reduction, and reliability

concerns.

Wet Oxidation - Wet oxidation through acid digestion was also evaluated

as a means to destroy organics. It received the lowest score; its
effectiveness has not been demonstrated on the specific waste, and
the resulting waste would require significant treatment to be
acceptable for disposal. It was also felt that this treatment approach
would take longer than two years to implement into production. The
alternative was given a medium score for "Efficiency” because volume
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should be reduced, but the reliability of. achieving the réquired
destruction efficiency is questionable.

Extraction - Two types of treatment are being considered to extract
the hazardous solvent contamination from the combustible waste: (1)
supercritical fluid (using CO,) and (2) aqueous wash. Aqueous wash
scored siightly higher than supercritical fluid because it is a much
simpler technology and it was assumed that it could be put into
production much faster. Aqueous wash has received more testing of the
two, but is still in question as to its ability to routinely achieve
solvent levels below the LDR standards. Residues from both extraction
processes remain hazardous by definition as does the extracted material
so the "Secondary Waste Stream" 1is scored zero. ‘"Efficiency"” was
scored low because the waste volume is not reduced (and may be
increased) and the ability of both technologies to achieve LDR
standards is questionable.

Polymer Solidification - The use of a polymer binding agent to
decrease the leachability of the organic contaminants is a possible

alternative since applicable LDR standards are in the form of
contaminant levels in an extract. This approach should work, but it
has not been tested on the specific waste. Polymer solidification
received a zero under "Secondary Waste Stream" because the extrusion
process is done at elevated temperatures, and volatiles will be driven
off. This causes the off-gases to be of regulatory concern and they
would probably require additional treatment. The combustible waste
also would likely require some type of "sizing" pretreatment. This
proceﬁs could not be developed to a production stage in less than two
years. It was given a medium score for "Efficiency” because it is a
relatively straight forward treatment process.

The results of the evaluation show incineration to be the most viable

alternative for treatment of the combustible waste. A plan is being
prepared to bring the existing fluidized bed incinerator (FBI) into
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an operational mode. Treatment alternatives that did not score as
high as incineration are also being considered. Testing of the Joule
melter, wet oxidétion, both types of extraction, and polymer
solidification will continue in order to develop a sound backup
alternative for incineration.

6.6.6 Schedule

The schedule for development activities associated with alternate
treatment approaches for the combustible wastes are shown in Table 6.6.
Although the FBI startup plan is scheduled to be completed by the end
of CY 1989, there is currently no firm schedule for the decision on
whether or not to implement the plan.
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Table 6.6: Schedule for Combustible Waste Activities

FY 90 FY 91 FY 92
\\\\\\l\\\\ l | | | | |

; ’ 1. Characterization of
waste, keying on TCLP I
for spent solvents, EP
Toxic metals, and
: cyanides

2. FBI Startup Pian INNNNN
Vitrification

3' Joule Me "e' AL AR MARRAOARNARRARRANL RN
Bench Scale Tests
AN. 3.7.1.09.0018
Wet Oxidation

4. Lab Study.
A N. 3.7.1.09.0002

Extraction

5. Super Critical Fluid ANALANAATAALAAATARUANUEARERRUARURANRR VAR UERRRRRNRA RN ARRUNANNRR NN
Bench Scale Tests
CO, Decon

P.N. 970009
A.N. 3.7.1.09.0016

LLALATLTILATATARLLTRALARTALRL TR AR R RR LR LR RURRRURRRR RN RN

6. Aqueous Wash SAAMANTANRANURARTAARURRRRRRRRRUUUANNRRNNRNANNN NANANN\N
Bench Scale Test

A_N. Not ldentified

Solidification
7. Polym er [AANAARAATARALARRRRA MR RR R UMM RO RN
Bench Scale Tesls
A.N. 3.7.1.09.0022

AN
PN.

Activity Number in 5 Y1 Plan
Program Number for Current Project




6.7.

1

Generation Process

Lead waste is generated at numerous locations throughout the RFP,
normally in the form of discarded shielding. The lead is considered
inappropriate for reuse and hence waste, because it is
radiologically contaminated. The waste shielding, usually sheets,
is often size reduced by cutting in order to fit inside 55-gallon
drums or other containers for storage.

Some of the waste lead is suspected to contain radiological
contamination solely because of the work areas from which it is
generated. Uranium and plutonium are the radiological contaminants
most often present. Also, some of the lead is designated
contaminated because it has been painted and it is common practice
to paint over portions of items that have non-removable surface
contamination.) The waste lead is consider mixed waste because
elemental lead fails the EP Toxicity test. There are no other types
of solvent or chemical contamination suspected in this waste.

Since there are no off-site facilities taking this waste for
disposal or treatment, the accumulation of waste lead is being
stored on-site in Buildings 776 and 884. As of October 1989, an
inventory of 111 drums and three half-boxes (30.4 cubic yards total
for both the drums and the half-boxes) are being stored at the
Plant. It is estimated that this waste will continue to be
generated at a rate of approximately 20 cubic yards per year.

6.7.2 Waste Characterization

The lead waste has not been sampled, but process knowledge allows a
relatively complete characterization of this waste stream. Lead
metal has been shown to fail the EP Toxicity tests in numerous
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tests. The concentration of lead in the extract may vary due to
several factors such as the amount of surface oxidation or amount of
surface area exposed to the leaching action, but values exceeding
the 1imit of 5 mg/1 are the norm. The radiological contamination
that makes the lead inappropriate for direct reuse or recycling
makes it a mixed waste. The EPA hazardous waste number applicable
to this waste is as follows:

Hazardous Waste
Material ' Number

Lead D008

6.7.3 Regu]afory and Waste Form Requirements
6.7.3.1 Waste Form Requirements for Low-Level Waste Disposal

The difficulty in handling and disposinglof this waste is
primarily due to the RCRA hazardous characteristic that it
exhibits. If the lead waste were solely low-level radioactive,
it would likely be suitable for disposal in its present form.

6.7.3.2 Applicable Land Disposal Restrictions (LDR)

The specific criteria or limitations for RCRA characteristic
waste have not yet been promulgated or proposed. Since this
waste is hazardous only because it exhibits the characteristic
of EP Toxicity for lead, it is not yet covered by the LDR.
However, the criteria are scheduled to be in effect by May 8,
1990. Until that time, lead could legally be disposed in a
RCRA facility if one were available for mixed waste.
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Although standards have not yet been set, lead waste could be
impacted by future standards applicable to the following:

Potential Concentration Limit
Characteristic Set by LDR
Doo8 TBD

6.7.3.3 Impact of Restrictions or Waste Form Requirements

Impact uncertain - The long term impacts on its disposal are
uncertain since the LDR regulations for this specific waste
have not yet been proposed. There is a possibility that the
LDR will simply ban the disposal of wastes that exhibit any of
the RCRA hazardous characteristics. Should this occur, the
waste would have to be put into a more stable, less leachable
form or it would have to be treated to remove the radiological
contamination and reused. In the first instance the waste
would no longer be RCRA hazardous and in the second instance
the material would no longer be a waste. Another possibility
would be the setting of an extraction concentration higher than
the EP Toxicity 1imit which would allow waste still qualifying
as hazardous to be disposed. Depending on the limit set, the
lead could possibly require no additional treatment before
disposal.

6.7.4 Treatment Alternatives

The need for treatment is uncertain since it is uncertain whether
the lead waste will exceed LDR standards. EPA has not yet published
BDAT jtreatment standards in the LOR regulations for waste that is
hazardous solely because it exceeds EP Toxicity limits for metals.

However, based on BDATs for similar materials like sludges from

treatment of electroplating wastewaters, stabilization of metals

will be a possible approach.
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Since the waste of concern is basically elemental lead, the option
or possibility of recycling is an obvious consideration.
Radiological contamination is not easily separated from the lead;
however, there has been some work done in this area that appears

promising.

Until applicable LDR standards are finalized, the need for this
waste stream is assumed to be ‘treatment to a less leachable form or
treatment to allow reuse or recycling. The alternatives being
considered are use of the microwave system to form lead glass,
decontamination through smelting, and solidification through
cementation or with a polymer binder.

6.7.5 Evaluation of Alternatives

Four treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.7.
The treatment approaches and the result of their evaluation are
discussed as follows.

Decontamination and Reuse - This process involves the smelting ofb

Tead and collection of the radiological contamination in the dross.
The dross would then have to be stabilized to a non-leaching form
and the product metal would be clean enough for reuse. This process
has been demonstrated at the INEL with some success on certain
types of contamination. The process was given a nine under
"Effectiveness/ Development™ because it has been shown to be
successful on bench scale testing. It was given a zero for
"Secondary Waste Stream" because the dross would require treatment
to be suitable for disposal. It is assumed that process development
and equipment procurement would take greater than two years to get
to a production scale. The "Efficiency"™ was given a high score
because the volume of waste is significantly reduced with portions
being made available for reuse.
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Figure 6.7: Evaluation of the Treatment Alternatives For Lead

. Need: Recycling and/or Stabilization

Alternatnves

Criteria

Effectiveness/

Development 9 6 6

Secondary

Waste O O O

Avarlability 2 2 2

Etficiency 3 1 1
TOTAL 14 ‘ 9 9

\

Effectivenass and Stage of Development
Weighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BDAT
or encouraging results of equivalency
2 = in theory should be BDAT or equivalent,
but no testing on waste
1 = Low effeciveness, not expected to be
equivalent to 8DAT

Availability for Production

Weighting Factor = 2)

3 =Production ready in less than 1 year

2 = Proauction ready in 110 2 years

1 = Produclion ready in greater than 2 years

Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at lsast,
none hazardous

1 = Hazardous. but within LDR

0 = Hazardous and exceeds LDR
{treatment needed

Effictency+
Weighting Factor = 1)

3 = High
2 = Medium
1=Low

+Subjective score laking into consideration
its volume reduction capability, quaity of final
waste form, its Capital Cost. and its overall
rehability.




Polymer Solidification and Cementation - Both of these alternatives
were scored identically and are, thus, addressed together. Ideally,
either process could be used to micro-encapsulate lead such that

Teachability tests would be passed. However, no significant testing
has been completed to verify the success of this approach. Both
options were scored zero under "Secondary Waste Stream" because the
lead waste would require significant conditioning or treatment to
put it into a form amenable to micro-encapsulation. Considering the
early stage of development of the process, it is anticipated that
more than two years would be required to get to production scale.
The score for "Efficiency” was low because the waste volume is
increased and the leachability of the waste form is unknown.

Present plans are to consider all three of the alternatives
described above for additional testing. Decontamination received
the highest score and appears to offer the most'promise. However,
the solidification techniques are relatively simple to evaluate and,
if successful, offer alternatives which are much less costly and
less energy intensive. It is also possible that a treatment
approach may be found to be more appropriate for a certain form of
lead than others. As an example, testing on decontamination of lead
through smelting has not been shown to be affective on removing. all
types of radiological contamination. '

6.7.6 Schedule

The schedule for development activities associated with alternate
treatment approaches for lead waste is shown in Table 6.7. Lab
scale testing of decontamination and vitrification will run through
the end of FY 1991 while bench scale testing of the solidification
approaches should be completed by the end of FY 1992.
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Table 6.7: Schedule for Lead Activities

FY 90 FY o1 FY 92

Decontamination I l ' { l

Decontamination
and Reuse

Lab Scale Testing
A.N. 3.7.1.09.0025

R T

Solidification
Polymer

Bench Scale Test
A.N. 3.7.1.09.0012

A T T T T T T TS

Cement AT I i R

Bench Scale Test
A.N. 3.7.1.09.0012

AN. = Aclivity Number in 5 Yr Plan
P.N. = Program Number for Current Project -



6.8 PCBs (Solids/Liquids/Capacitors)

6.8.

1

Generation Process

The polychiorinated biphenyl (PCB) waste disci-ised in this section
is in the form of solids, 1iquids, or capacitors which are
considered to be radiologically contaminated. PCBs are regulated
under the Toxic Substances Control Act (TSCA) rather than under
RCRA; hence, by definition PCBs cannot be RCRA hazardous wastes.
However, EPA regulations may change to put the management of PCB
waste under the jurisdiction of RCRA. The waste then would present
a similar problem to that encountered with a mixed waste. Also,
much of the PCB waste accumulated at RFP has been contaminated with
hazardous constituents and does meet the definition of mixed waste.
This type of waste has the distinction of being regulated under the
AEA, RCRA, and TSCA.

PCB solid waste refers to items such as contaminated equipment and
cleanup materials that have been generated during removal of PCB
transformers. The waste has been generated at various locations
throughout the Plant. During removal operations, waste was drummed
for storage with no pretreatment. In some instances, items were
cleaned or wiped off using solvent to dissolve the transformer oil.
Rags or kimwipes so generated were also put into the drums. Drums
containing these cleanup materials are also designated as RCRA
hazardous because the solvent used was 1,1,1-trichloroethane which
is a listed waste when it is used for the purpose of cleaning or
degreasing. (Historically, trichloroethene was also used for this
type of cleaning activity, but its use was discontinued on a plant-
wide basis in the early 1970s and the oldest drum of PCB waste in
storage was generated in 1981.)
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6.8.

PCB solid waste is no longer being generated since replacement of
PCB transformers has now been completed. Eighty-four (84) drums of
this waste have been generated and are currently being stored.

PCB tiquid waste is generated during the removal of PCB contaminated
electrical or hydraulic equipment. The liquid may vary from high
percentage PCB transformer oil to hydraulic fluids contaminated with
comparably low concentrations of PCB. This waste has been generated
at locations throughout the Plant and it is not expected to be
generated in the future. This waste has also been packaged in drums
for storage. Some containers are designated as RCRA hazardous

‘because of the use of solvent for cleaning or rinsing hardware

items. Twenty-five 55-gallon drums are currently being stored.

Radiologically contaminated PCB capacitors are also being
accumulated and stored in drums for future treatment/disposal. The
capacitors, which are generally sealed units, are of various sizes
and individually contain 1iquid quantities between 0.25 and 4.2
gallons. Continued generation of this waste is not anticipated and
the inventory of drums is 32. Unlike the other categories of PCB
waste, the capacitors are not suspected of being contaminated with
any RCRA hazardous constituents.

The drums of PCB wastes are currently being stored in Buildings 666,
776 and 884. The wastes stored in Building 666 are all non-RCRA
wastes (i.e., PCB and radiological contamination are the only
regulatory concerns). A majority of the drums stored in 776 are
RCRA regulated and all of the drums in 884 are RCRA {mixed waste) in
addition to TSCA regulated.

2 Waste Characterization

The PCB waste has not been sampled; characterization is based on
knowledge of the generation process and the mater1a]s_gqipg»jnto the
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waste. The PCB contaminated trénsformers, capacitors, equipment and
‘hydraulic fluids were identified while in use, and it was then clear
that PCB contaminated waste would be generated from removal of these
items. RCRA concerns were also involved whenever solvents were used
to clean PCB oils from equipment or other items. Based on recent
process knowledge, the only solvent used for this purpose was 1,1,1-
trichloroethane. This solvent generates wastes identified by EPA
hazardous waste numbers FO01 and F002.

6.8.3 Regulatory and Waste Form Requirements
6.8.3.1 .Waste Form Requirements for Low-level Waste Disposal

This waste is not suitable for disposal as ]ow-]ebe] waste.
Both the liquid PCB and capacitors containing liquid have free
1iquid problems that make them unsuitable for disposal without
treatment. Depending on the specific criteria of the disposal
facility, volume reduction and/or stabilization of the PCB
solids could also be required to generate a more physically
stable waste form.

6.8.3.2 Applicable Land Disposal Restrictions (LDR)

Even though the portion of the PCB wastes that are subject to
RCRA are also mixed waste, the applicable LDR regulations are
now in effect. They are those established for the California
List of wastes and for the FOO1 through FO0S5 solvents. One of
the California List restrictions that is applicable bans the
land disposal of liquids and non-liquids that exceed the
following standard:

Concentration Limit
Component : (ma/kgq or ppm)

Halogenated organic compounds (HOC) | 1,000
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The California List restrictions also ban the disposal of
1iquid hazardous wastes that exceed the following:

Compgnent Concentration Limit (ppm)

PCB 50

The applicable F001 through F005 standards are set in terms of
CCWE for spent solvents. The standards can be found in the
CCWE Table in 40 CFR 268.41 and provide two concentration
limits for each of 25 solvents: one applicable to wastewaters
and the second for other waste forms. Although 25 different
solvents are identified in the table, the following identifies
only those suspected (from process knowledge) to be of concern

for the PCB wastes:

CCWE Concentration (ppm)
- lven ' .- nonwastewaters -

1,1;1-Trich1oroethane 0.41

6.8.3.3 Restrictions on Disposal of PCBs

The regulations covering the handling and disposition of PCBs
are found in 40 CFR 761. In general the requirements are based
on the form of the waste and the concentration in which the
PCBs are found. As a very brief overview, if the original
material had PCB concentrations of less than 50 ppm, the
resulting waste is not regulated. If the material was greater
than 500 ppm the wastes are required to be incinerated and if
the material was between 50 and 500 ppm of PCB then the

resulting waste can usually be disposed in a chemical landfill.

In all cases, incineration is acceptable and is often the
required disposal or treatment approach. It should be noted
that "incineration"™ and "chemical landfill" as referred to in
_ 40 CFR 761 are activities specifically approved by EPA for the
management of PCBs. Each activity includes stringent
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requirements that must be met before approval can be obtained
(similar to the permitting process under RCRA). The remainder
of this section addresses TSCA requirements in relation to the
specific types of PCB waste of concern at the RFP.

PCB solid waste having PCB concentrations in excess of 50 ppm
can either be incinerated or placed in a PCB chemical landfill.
This requirement applies even if the PCB concentrations are in
excess of 500 ppm with the provision that the material is
restricted to soil, rags or other debris, and provided that
1iquids were not intentionally processed into non-liquid forms
to avoid the incineration requirement.

PCB l1iquid waste with concentrations greater than 500 ppm must
be incinerated to meet the requirements of 40 CFR 761. Liquids.
with PCB concentrations between 50 and 500 ppm, may be
incinerated, placed in a chemical landfill, or burned in a high
efficiency boiler that complies with 'a specific list of
criteria.

Disposal requirements for PCB capacitors differ based on the
quantity of fluid they contain. With the size of capacitors
accumulated at the Plant, it can be safely assumed that the
entire inventory is large enough to require incineration.

6.8.3.4 Impact of Restrictions or Waste Form Requirements

The impacts of restrictions and waste form requirements will be
addressed for each PCB waste form (i.e., solid, liquid, and
capacitor).

PCB Solids - Impact uncertain - Much of the PCB solid waste is

also mixed waste. Thus for disposal in its present form, the
waste must go to a facility approved to take PCB, RCRA
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hazardous constituents, and low-level radioactive waste.
Although no such facility is currently available, the waste
would be acceptable for such action if the RCRA listed solvent
concentrations are within the LDR limits. This cannot be
determined unless sampling and analysis of the PCB solid waste
is accomplished. Should the waste exceed the LOR limits, then
treatment would be necessary.

PCB Liquids - Treatment required - Low-level radioactive waste
disposal criteria prohibit the disposal of waste with free
1iquids as do the RCRA regulations. Assuming the liquid has
PCB concentrations above 500 ppm, the PCB regulations require
treatment/destruction before disposal. Finally, the RCRA
regulations will require treatment if listed solvents are in
concentrations above the LDR limits. Even without further
characterization, the need for some type of treatment is
evident.

PCB Capacitors - Treatment required - The primary driving force
for treatment of this waste is the PCB regulations. It is
mandatory that these wastes be disposed of through
incineration.

6.8.4 Treatment Alternatives

If PCB solid waste exceeds the LDR limits for concentrations of
listed solvents, then all of the PCB waste forms will require
treatment prior to any final disposition. The treatment approach
that is either required or specifically identified as acceptable for
all the waste forms is incineration. The LDR regulations identify
incineration as the BDAT for treatment of all wastes other than
wastewater contaminated with listed solvents. Depending on the
waste form and concentration, PCB regulations either require
incineration or identify it as one of the allowable options. The
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‘ paragraphs that follow breakdown the alternative treatment
approaches according to PCB waste form.

6.8.4.1 Alternatives for PCB Solids

The primary objective of treatment alternatives should be the
destruction of those FO001 through F005 organic solvents which
exceed the LDR standards. However, if the PCBs are also
destroyed, this would eliminate the need to go to a PCB-
approved chemical landfill. Also, if the PCB solid waste
contains any equipment that has not been completely drained,
this waste must be incinerated or sorted and drained as
appropriate. The treatment alternatives being considered
include one method to clean the waste (solvent cleaning
followed by incineration); one method which combines cleaning
and destruction (crushing followed by Joule meiting); and two
methods that would destroy both the solvent organics and the
PCBs.

6.8.4.2 Alternatives for PCB Liquids

The requirement for the 1iquid waste is that the PCBs be
destroyed and the solvents either be destroyed or fixed in the
treated waste. Ideally the treatment approach chosen would
facilitate both needs. The alternatives being evaluated
include incineration and biodegradation.

6.8.4.3 Alternatives for PCB Capacitors
The requirement for the capacitors is solely the destruction of

the PCBs. The alternatives to be evaluated are the same as
those for PCB solids.
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6.8.5 Evaluation of Alternatives

Treatment alternatives for each form of PCB waste were considered
separately. However, evaluations of PCB contaminated solids and
capacitors will be dic<cussed together.

6.8.5.1 €Evaluation for PCB Solids/Capacitors

Three alternatives for the treatment of PCB solids and
capacitors were evaluated against the criteria described in
section 5.0 and the results are shown in Figure 6.8a. The
approaches for treating these wastes and the results of their
evaluation are discussed as follows.

Extraction - Two types of extraction processes (solvent and
supercritical C0,) were considered during the evaluation
process. The intent of an extraction process is to clean or
strip the waste of PCBs such that the resulting solid waste is
no longer regulated under TSCA, even though the secondary
extraction fluid would be. In the case of PCB contaminated
solids, both of the resulting waste streams (cleaned solid
waste and the extraction fluid) would retain the original RCRA
designation because of the initial presence of listed wastes.
This process received a six for "Effectiveness/Development”
because testing has not been done. It received a zero for
"Secondary Waste Stream" because, the extract will definitely
require additional treatment. "Availability"” also received a
low score because it is felt that it would take more than two
years to put an extraction process into full operation. The
"Efficiency” score was low because the treatment does not
reduce the waste volume and it is questionable whether an
extraction process will reliably attain the PCB and solvent
removal efficiencies required. One benefit to this approach is
the potential to convert the problem aspects of the waste into
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Figure 6.83a: Evaluation of the Treatment Alternatives

For PCB Contaminated Solids and Capacitors

Need: Destruction of Organics

Alternatrves

Cntena

Eftsctveness/

Development 6 6 12

Seconcary

Waste O 2 2

Avadabiity 2 2 2

Efticency 1 1 3
TOTAL 9 19 19

Effectiveness and Stage of Deveiopment
(Weighting Factor = 3}
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BDAT
or encouraging results of equivalency
2 = In theory should be BDAT or equivalent,
but no testing on waste ‘
1= Low effectiveness, not expected to be

equivalent to BDAT

Availability for Production

{(Weighting Factor = 2

3 = Production ready in less than 1 year. -
2 = Production ready in 1to 2 years

1 = Production ready in greater than 2 years
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Secondary Waste Stream

Weighting Factor = 2

2 = None generated or, at least,
none hazardous

1 = Hazardous. but within LDR

0 = Hazardous and exceeds DR
{treatment needed)

Efficiency+
(Weighting Factor = 1)

3 = High
2 = Medium
1=Low

#Subjective score taking into consideration
its volume reduction capability, quality ot final
waste form, its capital cost, and its overall
rehiability.




a form which can be treated more easily. As an example, the
existing fluidized bed incinerator (FBI) would probably not be
appropriate for any significant quantities of metal scraps and
debris, but could accommodate an extraction fluid.

Plasma Arc - Plasma technologies are currently being tested at
facilities other than the RFP. In theory, they should be
capable of destroying the PCB wastes and generating a vitrified
waste form from the residue. However, its score was lower
because it has not been tested on the subject waste and a
production scale process would probably be more than two years
away. Its "Efficiency” was given a lower score because the
reliability of the equipment is still in question.

[ncineration - Incineration received the highest score of the
alternatives being evaluated. Incineration is considered the
BDAT for this type waste and has been effectively demonstrated
on a full scale. It was given a two for "Secondary Waste"
because it produces an ash that would likely require
solidification before disposal. Incineration is not a

‘technology that could be put into production rapidly, and the

existing FBI would not normally be considered appropriate for
this type waste. It was, however, given a high score for
"Efficiency” because of its volume reduction capabilities and

- because it is a proven technology.

The only technology for treatment of this waste currently being
considered for additional testing at the RFP is extraction
through use of supercritical C0,. It is favored over solvent
extraction primarily because of the smaller secondary waste
volume generated. The plasma arc technology is being developed
as part of a DOE-wide effort at the DOE facility at Butte,
Montana, and will be monitored by RFP personnel. At the

present time, incineration of PCB solids and capacitors at RFP
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is not possible. However, as identified above, the development
of a successful extraction process could lead to the use of the
FBI for treatment of the extract.

6.8.5.2 Evaluation for PCB Liquids

Two treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure
6.8b. The approaches for treating the PCB liquids and the
results of their evaluation are discussed as follows.

ncineration - Incineration is the most promising of the

alternatives for treatment of this waste. It scored the
highest primarily because it is considered the BDAT and is a
mature technology. In this instance, it was assumed that the
waste could be burned in the existing FBI (if restarted) and
because of the catalyst used, the resulting waste or ash would

~ require additional treatment for stabilization of metals. This
caused it to receive a zero for "Secondary Waste". It is also
assumed that full production will still take more than two
years. Incineration did receive a high score for "Efficiency”
since the waste volume reduction in this case would be
significant and because the technology is proven.

Biodegradation - Biodegradation has proven to be a possible
treatment approach for most organic materials, including PCBs,

but it has not been tested on the specific waste. There are
different forms of biological treatment, but it is assumed that
~ the resulting waste will require additional treatment to be put
into a disposable form. The resulting waste will still be a
listed waste. Although multiple treatment steps appear
necessary, this alternative received a two for "Secondary
Waste™ to provide some credit for removing the waste from TSCA
regulation. Testing, developing and permitting of such a

125




Figare 6.83b: Evaluation of the Treatmenl Alternatives

For PCB Contaminated Liqunids

Need: Destruction of Organics

Q
-\\O
Alternatives N
. (5
£
)
&

Cantena

Ellecinveness/

Development 12 6

Seconaary

Waste O 2

Availabhity 2 2

Efficency 3 1
TOTAL 17 1

Etfectiveness and Stage of Develooment
{(Weighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BDAT
or encouraging resuits of equivalency
2 = In theory should be BDAT or equivalent,
but no testing on waste
1 = Low effectiveness, not expected to be
equivalent to BDAT

Availability for Production
© Weighting Factor = 2) - - - -
= Production ready i less than 1 year

2 = Production ready in 1 to 2 years
1 = Proguction ready n greater than 2 years
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Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or. at least,
none hazardous

1 = Hazardous, but within LDR

0 = Hazardous and exceeds LDR
{treatment needed)

Efficiency*
(Weighting Factor = 1)

3 = High
2 = Medium
1= Low

*Subjective score taking into consideration
its volume reauction capabihty, quaity oi final
waste form, its capital cost. and 1ts overall
rehapiity.




system would take greater than two years to accomplish.
Because biological systems are normally slow and sensitive to
upset, this alternative received a low score for "Efficiency".

The results of the evaluation show incineration to be the most
viable alternative for treatment of the PCB liquids. Currently
a plan is being prepared to put the bxisting FBI into an
operational mode. Biodegradation is also being considered as
an alternative to incineration. Testing of the alternative
treatments will continue in order to develop a sound backup for

incineration.

6.8.6 Schedule

The schedule for development activities associated with alternate
treatment approaches for the PCB wastes are shown in Table 6.8.
Although the FBI start up plan is scheduled to be completed by the
end of CY 1989, there is currently no firm schedule for the decision
on whether or not to implement the plan.
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6.9

F

6.9.

Ash

]

Generation Process

RFP has operated a fluidized bed incinerator (FBI) in Building 776.
The ash from this activity, referred to as FBI ash, has been
accumulated in drums and is currently being stored as a mixed waste.
The o0ils burned in the FBI were compressor oil from refrigeration
units, crank case oil and diesel fuel. The solids burned consisted
of office trash and combustible waste generated within plutonium
buildings, but outside glove box l1ines. Hence, the material came
from zones of potential radiological contamination.

The FBI ash has been accumulated as mixed waste because
radioactivity has been measured at levels above background inside
the incinerator. As a mixed low-level waste, there are currently no
off-site treatment, storage or disposal facilities available to
accept this waste. To date, 42 drums (11.5 cubic yards) of FBI ash
have been accumulated for future disposition.

6.9.2 Waste Characterization

No sampling and analysis has been performed on the FBI ash; waste
characterization is based on process knowledge. In addition to
being treated as low-level waste the ash is considered hazardous
because of potential solvent and heavy metal contamination. The
next two paragraphs further described the concern in these two

areas.

It is very likely that solvent contaminated combustibles went into
the incinerator during trial burns that occurred between 1979 and
1981. Solvents were often used to clean items in the areas of the
glove box lines and were likely wiped off with rags or wipes that
were later sent to the incinerator. There is also the possibility
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that the compressor oil burned during this time may have been
contaminated with freon. However, this would have required a

refrigerant leak for the freon to reach the compressor 0il, so this

is not considered a likely possibility. In either case the solvents
involved are listed as hazardous waste under RCRA regulations when
they are discarded. Also, it is the regulatory nature of listed
wastes that the hazardous designation is carried through to anything
with which it is mixed or to the residue of any subsequent
treatment.

Heavy metal contamination at levels above EP Toxicity limits may be
expected from either the catalyst used in the incinerator or the
concentrating in the ash of any small amounts of metals.in the
original feed materials. The catalyst used was an alumina, chromium
sesquioxide (Cr,0,) material. It was used extensively in the
incinerator’s afterburner in order to increase the burning rate at
the operational temperature. The catalyst material was also used in
the primary burner, but here it was added in a 20% catalyst and 80%
sodium bicarbonate formulation. It is apparent that the catalyst
makes up a good portion of the FBI ash and chromium is a significant
component. Other heavy metal contamination could consist of any of
the metals of concern. An eXamp]e would be the crank case 0il which
could easily be contaminated with lead from fuel combustion and
other metals from engine component wear.

The EPA hazardous waste numbers which may be applicable to the FBI

ash are the FO01 through FO005 solvents and the D004 through DOl1l EP
Toxic metals.
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. A . 6.9.3 Regulatory and Waste Form Requirements
6.9.3.1 Waste Form Requirements for Low-Level Waste Disposal

This waste would probably not meet acceptance criteria for
disposal as a low-level waste because of the fine particulate

" nature of ash. The NTS criteria requires that fine particulate
be immobilized, but does allow the use of a sealed inner
container when immobilization is not practical. Treatment to
immobilized the ash would appear to be appropriate in this

case.
6.9.3.2 Applicable Land Disposal Restrictions (LDR)

LDR Requirements Now [n-Place - Even though the FBI ash is a
mixed waste, a portion of the LDR regulations suspected to be
applicable are already in effect. They are those established
for the California List of wastes and for the FOO1 through F005
‘ solvents. The limits set for these wastes are provided in 40
CFR 268, but are not addressed here because the BDAT for non
liquids with these contaminants is incineration. Since the
" BDAT has already been applied in this instance, no problem is
anticipated in meéting the existing LDR standards.

Future LDR Reguirements - Those specific LDR standards or
1imits not yet established are scheduled to go into effect May

8, 1990. The additional LDR standards that may be applicable
to the FBI ash are those for EP Toxic metals, D004 through
DO11.

6.9.3.3 Impact of Restrictions or Waste Form Requirements

Low-Level Waste Disposal Requirements - Unacceptable - In its

current.condition, FBI ash is unacceptable for disposal as Tow-
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level radioactive waste. Exclusive of any RCRA considerations,
. ash treatment such as stabilization to remove the fine
particulate problem is required.

Solvents - No impact - Although the waste will likely be
required to keep a designation as a listed solvent, it has
already been treated by the most appropriate method for this
type contamination. There should be no problem with this waste
being within the established LDR limits for solvents.

RCRA Characteristics (EP Toxic Metals) - Impact uncertain - LDR
standards for this type waste have not been established, and
the waste has not been characterized to determine whether the

criteria would even be applicable.
6.9.4 Treatment Alternatives

The stored inventory of FBI ash is presently unacceptable for land
disposal because of its form (fine particulate). Future land
disposal may not be possible because of concentrations of EP Toxic
metals. These two factors appear to make treatment of this waste
mandatory before disposal can be performed. EPA has not yet
published BDAT treatment standards in the LDR regulations for waste
that exceeds EP toxicity for metals. It’s possible that land
disposal of RCRA characteristic wastes in general will be
prohibited. Another possibility, based on BDATs for similar wastes,
is that a 1imit may be set and stabilization of metals may be the
recommended approach to achieve the limit. In either case, a
stabilization treatment such as cementation would be required and
concurrently would meet the need to improve the waste form.

In summary, the only apparent treatment needed to make the FBI ash

meet all anticipated disposal criteria is stabilization to eliminate
fine particulate and reduce leachability of EP Toxic metals. Until
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characterization is performed, it is only assumed that the latter is
necessary. The-three treatment alternatives being considered are
intended to generate a solidified waste form; one utilizing cement,
one a polymer binder, and the other high energy to generate a
vitrified waste. |

6.9.5 Evaluation of Alternatives

Three treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.9.
The treatment approaches and the results of their evaluation are
discussed in the paragraphs that follow.

ifi n/Cementat ication - The alternatives
being considered for treatment of the FBI ash are addressed together
since they all were scored essentially the same. Each process
should be capable of achieving the necessary criteria for a
disposable waste form, but none have been developed through
completion of bench scale testing. None of the alternatives involve
volatilization of organics as a secondary waste stream and any of
them could likely be put into a production mode within two years.
The only difference in scoring between the alternatives was in the
area of "Efficiency”. Cementation was scored lowest because it
produces the largest increases in waste volume and the resulting
waste form is considered less dense. Polymer solidification
received a higher score since it generates less volume and is
considered a better form for disposal. Vitrification, which
includes the Joule melter and microwave melting, received the
highest score because of the stable, glass form of the resulting
waste.
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Figure 6.9:

Evaluation of the Treatment Alternatives For FBI Ash

Need: Stabdilization of Metals

Altarnatives

Criternta

£ilectvene sy

Deveiopment 6 6 6

Seconaaty

waste 4 4 4

Avarlabiity 4 4 4

Efticency 2 1 3
TOTAL 16 ‘lS 17

Effectiveness and Stage of Development
Weighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in fuil scale testing
3 = Bench scale testing complete, BDAT
or encouraging resuits of equivalency
2 = In theory should be BDAT or equivalent,
but no testing on waste
1= Low effectiveness, not expected to be
equwvalent to BDAT '

Availlabiity for Production
Weignting Factor = 2)
. 3 = Production ready in less than 1 year
2 = Production ready in 110 2 years
1= Producudn. ready in greater than 2 years

Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but within LOR

0 = Hazardous and exceeds LDR
(treatment needed)

Efficiency#
(Weighting Factor = 1)

3 = High
2 = Medium
1=Low

#*Subjective score taking into consideration

iIts volume reguction capability, quahty of finai
waste form, its capital cost, and :ts overall
reliabiity.




‘ 6.9.6 Schedule

The schedule for development activities associated with the
treatment approaches for the FBI ash are shown in Table 6.9. Since
the volume of the problem waste is relatively small in this
instance, bench scale testing of the alternatives is of lower

priority than for other wastes and extends through FY 1992.
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Table 6.9:

1. Characterization of
Waste, keying on EP

Toxic metals

Solidification

2. Polymer
Bench Scale Test
AN. 3.7.1.09.0012

3. Cementation
Bench Scale Tests
AN. 3.7.1.09.0012

Vitrification

4. Microwave
Bench Scale Test
AN. 3.71.09.0012

5. Joule
Bench Scale Test
A.N. 3.7.1.09.0018

Schedule for FBI Ash Activities

ARTARLLATRAMERARR AR TR RO RAAROARRRARNRNY,

FY 90 FY 91 FY 92
N\NNNNNN\N\N ’
AUAAAAALALUARAL TR TR LU ARRRR R DDA R RINRRURRRANN
AANAANARRNRRRRNRURRANNRRNAAANNNNNRNNNNNNNNY

AAAAAEATEARATATARATATATATEAREATATAREEATATARURAREATARAESARARERR SRR RARANANAGN

A.N. = Activity Number in 5 Y1 Plan
P.N. = Program Number for Current Project




6.10 Beryllium Dust

6.10.1 Generation Process

Most of the beryllium waste generated at the RFP comes from
manufacturing processes in which beryllium parts are machined.
Wastes from these processes do not exhibit any of the four
characteristics of RCRA hazardous waste nor are they found among the
lists of wastes from non-specific sources ("F" wastes) or from
specific sources ("K" wastes). The lists for discarded commercial
chemical products ("P" and "U" wastes) do not apply to these
beryllium wastes because these lists are specific to commercial
chemical products or manufacturing chemical intermediates. Once a
chemical on the P or U 1ist has gone through a manufacturing
process, it no longer qualifies as a listed hazardous waste under
those categories. To be considered hazardous under RCRA, the waste
must be included in other hazardous waste lists or exhibit one or
more of the characteristics.

Beryllium metal working and forming processes are also conducted in
the Building 865 research and development area. Beryllium dust or
powder is placed into a form and subjected to high temperature and
pressure, generating a berylliUm casting. The waste from this
process is beryllium dust that has not been used, but has been
discarded or spilled and cleaned up. This waste form does qualify
as a "P" listed waste. ’

As of October 1989, only three drums (0.8 cubic yards) of beryllium
dust waste had been generated and stored for future disposition.
The estimated annual generation rate is approximately one cubic
yard.
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6.10.2 Waste Charatterization

6.10.

The beryllium dust waste has not been sampled, but process knowledge
allows a reasonably complete characterization. The waste consists
of beryllium dust and materials contaminated with beryllium dust.
The waste is considered to be radiologically contaminated, and no
other RCRA hazardous materials are suspected of being present. The
EPA hazardous waste number applicable to this waste is as follows:

Hazardous Waste
Material Number

Beryllium PO1S

3 Regulatory and Waste Form Requirements
6.10.3.1 Waste Form Requirements for Low-level Waste Disposal

The beryllium waste would likely not meet the waste form
requirements to qualify for disposal as low-level radioactive
waste. Most radioactive waste disposal facilities, including
the one at the NTS, require that fine particulate wastes be
immobilized to reduce the associated hazards. Since the
beryllium waste would probably exceed limitations for fine
partiéu]ate and since beryllium dust is a particularly toxic
form, additional treatment or special packaging would be
required.

6.10.3.2 Applicable Land Disposal Restrictions (LDR)

LOR Requirements Now In-place - There are no LDR in effect at
the present time for the beryllium waste. The only LDR that

are now applicable to radioactive mixed wastes are those for
the FOO1 through F005 solvents, Dioxin wastes, and California
- -.List wastes. None of these are applicab}eAto beryllium dust

waste.
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Future LDR Requirements - Those specific LDR standards or

limits not yet established are scheduled to go into effect May
8, 1990. The specific standard applicable to beryllium dust
has yet to be set for hazardous waste that is not mixed;
therefore, there has been no published indication of what may
be applicable to mixed waste. The future standard that will
impact this waste is identified as follows:

Waste Concentration Limit
Designation Set by LDR
PO15 18D

It is likely that the LDR 1imit will be established as a CCWE
since at least two other metals on the "P" list have been
handled that way.

6.10.4 Treatment Alternatives

The stored inventory of beryllium waste is likely unsuitable for
disposal at the preient time because of fine particulate material
present. RCRA regulations that would restrict land disposal of the
waste will not be in effect until May 8, 1990, but will likely
require the TCLP concentration for beryllium to be below a specified
Timit. Until the 1990 date, solidification of some type would
eliminate the fine particulate problem and allow disposal at a
facility permitted for mixed waste if such a facility were
available. As with the LDR standard, EPA has not published a BDAT
that would be applicable to this waste after May 8, 1990. Based on
other metal contaminated waste, stabilization of some sort may be

the recommended approach.

In summary, the only apparent treatment needed to make the beryllium
waste meet all. anticipated disposal griteria_js_;tgpi]ization to

i
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eliminate fine particulate and reduce leachability. Since the major
toxicity problem with beryllium waste is associated with
respiration, its susceptibility to erosion may be a more appropriate
term than leachability. The three treatment alternatives being
considered to achieve this need are two solidification processes
(one utilizing cement, the other a polymer binder) and .
vitrification.

.5 Evaluation of Alternatives

Three treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.10.
The treatment approaches and the result of their evaluation are
discussed as follows.

Polymer Solidification/Cementation/Vitrification - The alternatives
being considered for treatment of the beryllium waste are addressed
together since they all were scored the same. Each process should
be capable of achieving the necessary criteria for a disposable
waste form, but none have been developed through completion of bench
scale testing. Since volatilization of organics is not an issue,
none of the alternatives involve a secondary waste stream and any of
them could likely be put into a production mode within two years.
Cementation received a medium score because of the very low capital
costs required to treat this small volume waste. The other two
alternatives provide waste forms that are considered to be of better
quality, but were discounted because of high capital costs and
development time constraints.

.6 Schedule

The schedule for development activities associated with the
treatment approaches for the beryllium dust are shown in Table 6.10.

Bench scale testing of the cementation is scheduled to be completed =

140




Flgure 6.10:

Evaluation of the Treatment Alternatives For Beryllium Dust

Need: Stabilization of Metals

Alternatives

/

Critaria

Elfecivenesy

Development 6 6 6

Seconoary .

Waste 4 4 a4

Availabiity 2 4 2

Efficiency 1 2 1
TOTAL 13 16 13

Effectiveness and Stage of Deveiopment
Weighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in ful scale testing
3 = Bench scale testing compiete. BDAT
or encouraging results of equivalency
2 = In theory should be BDAT or equivaient,
but no testing on waste
1= Low effectiveness. not expected to be
equivaient to BDAT

Availability for Production

Weignting Factor = 2)

3 = Production ready v less than ! year

2 = Proauction ready in 1to 2 years

1 = Production ready in greater than 2 years
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Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but within LDR

0 = Hazardous and exceeds LDR
{treatment needea

Efficiency+

Waeighting Factor = 1)

3 = High

2 = Medium

1= Low

+Subjective score taking mto consxieration
its volume reduction-capabiity, quaity of final
waste form, its capital cost, and its overall
rebability.

/




in FY 1991. Polymer solidification and vitrification will be tested
in FY 1992 if required.
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Table 6.10: Schedule for Beryllium Dust Activities

FY S0 FY 91 Fy 92 -

e BEEREREEEE

1. Cementation I R R NN
Lab Scale Tesls
AN. 3.7.1.09.0012
{Not \dentified as
Waste Stream Program)

2. Polymer _ [ NAAANNANAANANNNANNN J
Lab Scale Tests
AN. 3.7.1.09.0012

(Not Identilied as
Waste Stream Program)

3. Lab Scale Tests )
AN. 3.7.1.09.0018
(Not Identitied as
Waste Strieam Program

A.N. = Aclivity Number in 5 Yr Plan
P.N. = Program Number for Curtent Project




6.

11

Metal Chips

6.11.1 Generation Process

6.

11

During metal machining operations cutting oils and solvents are
applied to the stock material. Cuttings or chips from the meta]s.
along with residues from the oils and solvents are mixed during the
machining probess. The metal chips are recovered, drained, and
placed in drums for future disposition. They have been designated
as a problem waste because the solvents used in machining operations
are listed solvents under RCRA hazardous waste regulations.

The metal chips are generated in small quantities. As of September
1989, only 14 drums (4 cubic yards) of the waste had been
accumulated and are being stored as mixed waste. The annual
generation rate for this waste is about 0.3 cubic yards or about one

drum.

.2 Waste Characterization

The metal chip waste has not been sampled, but process knowledge
allows a fairly comb]ete characterization. The metals being
machined typically consist of stainless steel, beryllium, or
aluminum. The chips, from these metals, are contaminated with
cutting oil and solvents. The cutting oil is not a hazardous
material or waste, but the solvents used (1,1,1-trichloroethane and
1,1,2-trichloro-1,2,2-trifluoroethane) are subject to RCRA
regulation once they have become a waste. The waste solvent and the
metal chips are required to retain the following designations:

Hazardous Waste
Number Description

FOOl Waste contaminated with halogenated
solvents used for degreasing
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6.

11

The metal chip waste is also considered low-level radioactive waste

because of suspected radiological contamination.  As with chemical

contaminants, no analytical data has been obtained to support this

suspicion, it is based on process knowledge.

6.11

6.11

.3 Regulatory and Waste Form Requirements

.3.1 Waste Form Requirements for Low-Level Waste Disposal

Excluding any RCRA requirements, the metal chip waste as
currently packaged and stored should meet normal disposal
facility acceptance criteria. The only potential concern would
be whether the chips have been adequately drained to eliminate
the presence of free liquids. Visual inspection of the waste
may be necessary to ensure this is not a problem.

.3.2 Applicable Land Disposal Restrictions (LDR)

The applicable LDR reguiations, now in effect, are those
established for the California List of wastes and for the FOO]
through F005 solvents. The California List restriction that is
applicable bans the land disposal of non liquids that exceed
the following standard:

Concentration Limit

Component (mq/kq or ppm)

Halogenated organic 1,000
compounds (HOC)

The applicable FOO1 through FOO5 standards are set in terms of
CCWE for spent solvents. The standards can be found in the
CCWE Table in 40 CFR 268.4]1 and provide two concentration
limits for each of 25 solvents: one applicable to wastewaters
and the second for other waste forms. The following identifies
only those solvents suspected (from process knowledge) to be of
concern for the metal chip waste:
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CCWE Concentration (ppm)

FOO]1-FOOS5 Solvent - _nonwastewaters -

1,1,1-Trichloroethane 0.41

1,1,2-Trichloro- : 0.96
1,2,2-trifluoroethane

6.11.3.3 Impact of Restrictions or Waste Form Requireménts

Impact Uncertain - Knowledge of the process generating the
metals chips does not allow the determination of whether or not
the current waste form will meet disposal requirements. Even
well drained metal chips may contain significant residues of
the listed solvents identified in the previous paragraph. The
1,000 ppm limit for HOCs should not be exceeded, but the
individual limits for solvents are roughly three orders of
magnitude smaller and could, therefore, be a concern.
Representative samples must be taken of the stored metal chip
wastes and subjected to the TCLP for spent solvents. The
results from this sampling and analysis should determine
whether or not LDR limits are met.

.4 Treatment Alternatives

Should metal chip waste contain traces of solvents at levels above
the LDR Timits, EPA has established incineration as the BDAT for
this type of wasfe. However, the LDR has established concentration-
based standards for F001 through FO005 solvents rather than requiring
a specific technology. Therefore, any technology not specifically
prohibited (such as dilution) may be used to meet the applicable
standards.

Assuming LDR standards are not met, the treatment need for the metal
chip waste is destruction of organics. This may be accomplished in

“~one step by -incineration or vitrification which destroys the
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11

organics or it could be done in two steps by extracting the organics
from the chips, generating a secondary waste which must then be '
treated. Characterization of the metal chip waste should be
completed before treatment considerations are pursued. Based on
process knowledge of the metal chip wastes, the list of spent
solvents provided in 40 CFR 268.41, Table CCWE - Constituent
Concentrations Waste Extract, are the primary contaminants for which
analysis should be performed.

.5 Evaluation of Alternatives

Three treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.11.
The treatment approaches and the result of their evaluation are
discussed as follows.

Incineration - Incineration received the highest score of the
alternatives being evaluated because it is considered the BDAT for
this type waste and has been shown to work on a full scale.
Incineration was given a two for "Secondary Waste" because it
produces an ash that would likely require solidification before
disposal. It is not a technology that could be put into production
rapidly, particularly since the existing fluidized bed incinerator
(FBI) would not normally be considered appropriate for this type
waste. It was, however, given a high score for "Efficiency" because
of its volume reduction capabilities and because it is a proven

technology.

VYitrification - The plasma arc technology is being considered under
this alternative. In theory it should be capable of destroying
organics and providing a vitrified waste form. However, it has not
been developed through bench scale testing for this particular
waste. Because destruction efficiency is not known at this time, it
is assumed that the off-gas will be of regulatory concern and the -
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Flgure 6.11:

Need:

Alternatives

Evaluation of the Treatment Alternatives For Metal Chips

Destruction of Organics

Critena

Eltectiveness/

Develooment 12 S 12

Secondary

Waste 2 2 0

Avaliabdity 4 2 ()

Efticiency 3 1 2
TOTAL -1 1 20

Eftectivenass and Stage of Development
Wetignting Factor = 3)
4 = BDAT or equivalent as demonstrated
in ful scale testing
3 = Bench scale testing compiete. BDAT
or encouraging results of equivaiency
2 = In theory shouid be BDAT or equivaient,
but no testing on waste
1= Low effectiveness. not expected to be
equvalent to BDAT

Availability for Production

Weignting Factor = 2)

3 = Proguction ready mn less {han 1 year

2 = Proauctlion ready in 110 2 years

! = Production reaay (n greater than 2 years
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Secondary Waste Stream

Waeignting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous. but within (DR

- Q0 = Hazardous and exceeds LDR

(treatment neeceq)

Elficiency+
Weignting Factor = 1)
3 = High

2 = Medium

1= Low

+«Subjective score taking into consideration
its volume reduction capaddily, quality of tinal
waste torm, its capital cost. ana its overall
rehiapdily.




alternative was given a two under "Secondary Waste”. In this case
the technology is fairly complex and considering the stage of
development, could not be put into production scale in less than two
years. The "Efficiency” was also scored low because of the high
capital costs of these systems and because their reliability has not

been proven.

fxtraction - Two types of treatment are being considered: aqueous
washing and super critical fluid cleaning using liquid carbon
dioxide. Aqueous washing has been tested sufficiently on similar
types of metal chips to receive a score of 12 on the "Effectiveness/
Development™ element. Liquid carbon dioxide should work as well but
has not been developed. This treatment approach produces a
secondary waste that will require additional treatment while the
treated chips retain their designation of a listed waste.

Extraction is considered a relatively simple technology and could be
put into production in less than a year. They received a medium
score for "Efficiency"” because they involve fairly low capital costs
and have shown promising results.

The technologies for treatment of the metal chip waste currently
being considered for additional testing at the RFP are extraction by
aqueous washing and supercritical fluid cleaning with CO, and
vitrification using a plasma arc. The plasma arc technology is
being developed at other locations including as part of a DOE-wide
effort at the DOE facility at Butte, Montana, and will be followed
by RFP personnel. At the present time, there are no plans for
developing another incinerator for use at the RFP. However, the
development of a successful extraction process could lead to the use
of the fluidized bed incinerator for treatment of the extract.
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6.11.6 Schedule

The schedule for development activities associated with alternate
treatment approaches for metal chips is shown in Table 6.11.
Because the waste stream is small, development activities will have
a lower priority than those for other wastes and extend through

FY 1992. The first action on the schedule is the characterization
of the waste to determine if treatment is even necessary to put the
metal chip waste into a disposable form.
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Table 6.11: Schedule for Metal Chip Activities

FY 90 FY ot FY 92

BEEREEREEE

1. Characterization of

metal chips, keying
on TCLP for spent
solvents and free
liquids

Extraction

I R R T T h h sy

o Supercritical Fluid/
Aqueous Wash
Bench Scale Tests
P.N. 970009
A.N. 3.7.1.09.0016

Aclivity Number in & Yr Plan
Program Number for Current Projecl

AN,
P.N.
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Filters

6.12.1 Generation Process

Waste filters are generated at several locations within the RFP and
in different forms. The filters of concern are of activated carbon,
cartridge and HEPA types which were used to filter liquid or air
with suspected radiological and solvent contamination. The filter
materials vary, as do the contaminants involved, based on the
specific process from which they came. However, in each case the
nature and level of radiological contamination qualifies the filter
as low-level waste and the only suspected RCRA hazardous
constituents are solvents.

As of September 1989, the stored inventory of filter waste is 10
drums (3 cubic yards) and consists of only two types of filters.

The first is HEPA filters from glove box ventilation systems. In
this case, the suspect hazardous constituents are solvents that were
used, evaporated inside the glove box, and picked up in the filter.
The second type is activated carbon filters that were used in a
research and development project for removing solvents from water.
These filters are also considered contaminated with spent solvents.

As a mixed waste, there are currently no off-site treatment, storage
or disposal facilities available to accept this waste. As mentioned
above, the September 1989 inventory of this waste was only ten drums
that had been accumulated and stored for future disposition.

Current projections for future generation of this waste are about

0.3 cubic yards (or one drum) per year.




6.12.2 Waste Characterization

6.12

The waste filters have not been sampled for radiological or
hazardous constituent analysis; their characterization has been
based on process knowledge. The materials of concern were used to
filter fluid streams (air or liquid) that had come into contact with
solvents and radioactive items. Without further characterization,
the EPA waste designations applicable to this waste are:

Hazardous Waste

_Waste Number(s)

Filters FOO1 through F005

.3 Regulatory and Waste Form Requirements

6.12.3.1 Waste Form Requirements for Low-Level Waste Disposal

The filter waste may have some problems meeting acceptance
criteria for disposal as normal low-level waste. Some
additional handling or treatment may be necessary to insure
that the amount of fine particulate material in the waste does
not present a problem. This may be particularly true for HEPA
filters that are specifically designed for particulate
collection. Another potential concern is that filters used for
liquids be well drained and contain no free liquids. Visual
inspection of the waste may be necessary to ensure this is not
a problem.

6.12.3.2 Applicable Land Disposal Restrictions (LDR)

The applicable LDR regulations now in effect are those
established for the California List of wastes and for the FOOI
~through FO0S solvents. The California List restriction that is
applicable bans the land disposal of non-]iqdids that exceed

the following standard:
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Concentration Limit
Component (mg/kq or ppm}

Halogenated organic 1,000
compounds (HOC)

The applicable FOO1l through FO05 standards are set in terms of
CCWE for spent solvents. The standards can be found in the
CCWE Table in 40 CFR 268.41 and provide two concentration
1imits for each of 25 solvents: one applicable to wastewaters
and the second for other waste forms. Process knowledge of the
waste does not allow the list of 25 solvents to be

significantly narrowed. In referring to the CCWE Table, the

concentrations for waste forms other than wastewater is the
applicable category.

.3.3 Impact of Restrictions or Waste Form Requirements

Impact uncertain - Without sampling and analysis being
performed, the impact of disposal restrictions cannot be fully
determined. Depending on the specific disposal facility’s
acceptance criteria, the amount of fine particulate in the
waste may not be an issue. However, there is a high likelihood
that concentrations of solvents in the waste filters will be
high enough that land disposal will be unacceptable. Solvent
concentrations in the fluid stream being filtered are likely
very small but the filters will concentrate those levels. [t
is doubtful that the 1,000 ppm limit for HOCs will be exceeded,
but the limits for individual solvents could definitely be an
issue.

6.12.4 Treatment Alternatives

Should samples of the waste filters indicate concentrations of

solvents in levels above the LDR limits, EPA has established

incineration as the BDAT for this type of waste. .However, the LORs
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6.12.

specify concentration-based standards for FO00l through FOO05 solvents
rather than requiring a specific technology. Therefore, any
technology not specifically prohibited (such as dilution) may be
used to meet the applicable standards.

The goal of alternate treatment technologies should be the
destruction of the organic contaminants (solvents). However, the
applicable LDR does not mandate destruction of the organics;
therefore, other types of treatment are also being considered.
Incineration, vitrification with the Joule melter, wet oxidation,
and supercritical extraction are being evaluated and would involve
destruction of the organics. Also to be evaluated is polymer
solidification.

5 Evaluation of Alternatives

Five treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.12.
The treatment approaches and the results of their evaluation are
discussed as follows.

Incineration - The results of the evaluation indicate an incinerator
to be the most promising of the alternatives for treatment of the
filter waste. It scored the highest primarily because it is
considered the BDAT and is a proven technology. It was assumed that
the waste could be burned in the existing fluidized bed incinerator
(FBI) and the resulting waste or ash would require additional
treatment for stabilization of metals. This caused it to receive a
zero score for "Secondary Waste". It is also assumed that full
production will still take more than two years. Incineration did
receive a high score for "Efficiency” since the waste volume will be
reduced and because the technology is proven.
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Flgure 6.12: Evaluation of the Treatment Alternatives For Fllters

Need: Destruction of Organics

Q
Alternatives \\9
v
N
Ny
Critena &
Elfecivenasy
Develooment 12 6 6 ) 6
Seconaary
Waste O 2 4 0 0
Availabiity 2 2 6 2 2
Etficiency 3 3 1 1 1
TOTAL 17 13 g 17 ) 9

E fectivenass and Stage of Development
Weighting Factor = 3)
4 = BDAT or equivaient as demonstrated
in ful scale testing
3 = Bench scale tasting complete, BDAT
of encouraging resuits of equivaiency
2 = In theory shouid be BDAT or equivalent,
bu! no testing on waste
1 = Low effectveness, not expected to be
equivalent to BOAT

Avarlability for Production

Weignting Factor = 2)

3 = Production ready n less than 1 year

-2 = Proauction ready in 1to 2 years

1 = Droguctlion ready 1n greater than 2 years
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Secondary Waste Stream

Weignting Factor = 2

2 = None generated or, at least,
none hazargous

1 = Hazardous, but within LOR

0 = Hazardous and exceeds LOR
{treatment needed '

Efficiency+
Weignting Factor = 1)

3 = High
2 = Medium
1= Low

+Sypjective score taking into consideration
its volume reduction capapiily, quality of final
waste form, its capital cost, and 1ts overall
renabdity. - - -




Vitrification - Vitrification through use of the Joule melter is
being considered. Use of the Joule melter received the second
highest evaluation score, although significantly less than
incineration. This was due to the lack of bench scale testing on
the specific waste to verify the treatment’s effectiveness. The

resulting glass residue should not require further treatment so the
alternative was given a higher score for "Secondary Waste" than was
incineration. However, because of the questionable destruction of
organics it was not given the highest score. (Incomplete
destruction of organics would require the off-gas to receive
additional treatment.) It is expected that it would take greater
than two years to get to a production scale of the Joule melter,
even if testing is successful. The melter was scored lower than the
incinerator in "Efficiency" because of higher capita] cost, lower
volume reduction, and reliability concerns.

Wet Oxidation - The alternative of wet oxidation through acid
digestion was evaluated as another means to destroy organics. It
received the lowest score because it has not been tested and because
the resulting waste form presents similar problems for its ultimate
disposal: i.e., the treated filter waste would, by definition,
sti11 carry the designation of a listed waste and the secondary
waste would definitely require some type of additional treatment
prior to disposal. It was also felt that a treatment approach to
accomplish all of this would take longer than two years to
implement. This alternative received a low score for "Efficiency”
because of its apparent lack of volume reduction and its
questionable reliability in achieving the required destruction

efficiency.

Cementation - The use of cement to achieve the desired waste form
received a high evaluation score. This technology would normally be
considered the appropriate technology for stabilization of filter
media, but no testing has been performed on this particular waste to
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determine its effectiveness on organic contaminants. However, until
characterization is performed, the extent of organic contamination
is also unknown; if LDR standards are already being met, cementation
would look even better to achieve a disposable waste form. This
alternative scored higher than others evaluated for the
"Availability" criterion because treatment is already being
performed at the RFP under RCRA interim status on other wastes and
improved techniques could likely be put into operation in less than
a year. Cementation does have limitations as noted by its receiving
the lowest score under "Efficiency”. It increases the waste volume
significantly and may be sensitive to changes in the waste
characteristics. The lTow score for "Efficiency" may indicate that
cementation might not be the optimum treatment for the long term.

Pglxmgr'Solidifi;gt1Qn - The use of a polymer binding agent to
decrease the leachability of the organic contaminants is also
considered as a possible alternative since the applicable LDR
standards are in the form of contaminant levels in an extract. This
approach should work, but it has not been tested on the specific
waste. Polymer solidification received a zero score under

. "Secondary Waste" for two reasons: first, the process involves the '

application of heat which may drive off volatiles causing the off-
gas to be of concern; and second, the waste would likely have to be
preconditioned by sizing before it could be solidified. Because of
this added complexity and the stage of development, it was assumed
that this process could not be developed to a production stage in
less than two years. It was given a low score for "Efficiency”
because of its questionable reliability in achieving a non-leaching
waste form for organic contamination.

Supercritical Extraction - This alternative involves the use of a
supercritical fluid (CO, in this case) to extract the solvent
contamination from the filter waste. This technology has been

-tested on some wastes, but not onrfilterrwaste, therefore it
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6.12.

received a score of only six under the first criterion. Extraction
produces a secondary waste that will require additional treatment
while the treated filters retain their designation of listed waste.
The technology is considered relatively simple, but taking into
consideration its stage of testing on this particular waste, it is
assumed that it would take over two years to get to a production
scale. The alternative received a low score in "Efficiency" because
it does not reduce waste volume and has not yet proven to be
reliable in achieving the necessary solvent removal with this waste

stream.

The results of the evaluation show incineration to be the most
viable alternative for treatment of the filter waste. A plan is
being prepared to put the existing FBI into an operational mode.
The other alternatives evaluated will continue to be considered.
Development of the alternatives will provide a sound backup for
incineration.

6 Schedule

The schedule for development activities associated with alternate
treatment approaches for the filter wastes are shown in Table 6.12.
Although the FBI start up plan is scheduled to be completed by the
end of CY 1989, there is currently no firm schedule for the decision
on whether or not to implement the plan. Treatment alternatives
will not be pursued until waste characterization results are known.
Cementation scored as high as incineration and will be developed
first. Should the cemented waste form be unacceptable for disposal,
the more robust treatment technologies will be developed in FY 1992.
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Table 6.12: Schedule for Filter Waste Activities

FY 90 -

FY 91

Fy 92

1. Characterization ot | NANAANANNN
filter waste, keying on
TCLP for solvents and
free liquids.

2. FBI Startup Plan AN

3. Jouie Melter Vitrification
Bench Scale Tests
A.N. 3.7.1.09.0018

4. Wel Oxidation
Lab Scale Tests
A.N. 3.7.1.09.0002

5. Cementation
, Bench Scale Tests
f A.N. 3.7.1.09.0002
‘ 6. Polymeér Solidification
Bench Scale Tests
A.N. 3.7.1.09.0022
7. Supercritical Fluid
Extraction
(COZ Decon)
Bench Scale Tests
A.N. 3.7.1.09.0016
P.N. 970007

091

AR ..s

CORNARANNNNRNRNNNRNNN
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A.N. = Aclivily Number in 5 Y1 Plan

P.N. = Program Number for Current Project
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6.13  Fluorescent Lijghts

6.13.

6.13.

1

1 Generation Process

Fluorescent 1ights are used throughout the uranium and plutonium
processing areas of RFP. In some areas of the Plant the lights
become radioactively contaminated during use or are considered to be
contaminated as a matter of waste policy when they are removed. In
these instances the light tubes or bulbs are low-level waste and the
hazardous constituents normally found inside qualify them as
hazardous waste. The 1ight bulbs are crushed and stored in drums
for future disposition.

As a mixed low-level waste, there are éurrently no off-site
treatment, storage or disposal facilities available to accept this
waste. As of October 1989, only one drum of this waste had been
accumulated and annual generation rates are expected to be about 0.4
cubic yards.

2 Waste Characterization
The fact that normal fluorescent 1ights contain mercury is well

documented. One sample, analyzed for mercury, using the EP Toxicity
test method, verified that leachable mercury levels were sufficient

.to require the waste to be designated as RCRA hazardous. There is

no reason to suspect the presence of any other RCRA hazardous
constituents. The results of the single analysis are as follows:

EP Toxic Observed Regulatory
Metal Concentration (mg/1) Limit (mq/1)
Mercury 0.77 0.2

Radiochemistry has not been performed on the fluorescent light

~ waste; its radiological characterization is based on process

knowledge. The lights are removed from contaminated areas or areas -
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of high potential for contamination. Because of the radioactive.
constituents of concern (primarily uranium and plutonium), it is
policy that any waste coming from these areas be considered
contaminated also.

6.13.3 Regu]atbry and Waste Form Requirements

6.13.

6.13

3.1 Waste Form Requirements for Low-Level Waste Disposal

In its present form the fluorescent 1ight waste would likely be
acceptable for disposal as low-level waste (disregarding any
RCRA requirements). There are some respirable fines associated
with the materials inside the bulbs, but they are of such a
minor quantity that acceptance criteria would probably not be
exceeded. Of course a final determination would rest with the
disposal facility.

.3.2 Applicable Land Disposal Restrictions (LDR)

"The LDR Fegulations applicable to the fluorescent light waste

are not yet in effect. The specific criteria or limitations
for RCRA characteristic waste have not yet been promulgated or
proposed. Since this waste is hazardous only because it
exhibits the characteristic of EP Toxicity for mercury, it is
not yet covered by the LDR. However, the applicable criteria
are scheduled to be in effect by May 8, 1990. Until that time,
the waéte could legally be disposed in a RCRA facility if one
were available for mixed waste.

A]though standards have not yet been set, fluofescent light

waste could be impacted by future standards for the following
waste code:

162




. Concentration Limit
@ . Characteristic Set by LDR
‘ ' D009 T80 '

6.13.3.3 Impact of Restrictions or Waste Form Requirements

. Impact uncertain - It is anticipated that waste form ,
requirements for disposal as low-level waste will not be a
problem. However, the impact of LDR after May 8, 1990 are
uncertain as the applicable standards have not yet been
proposed. There is a possibility that the LDR will simply ban
the disposal of wastes that exhibit any of the RCRA hazardous
characteristics. Should this occur, the waste would have to be
put into a more stable, less leachable form and it would no
longer be considered RCRA hazardous. Another possibility would
be the setting of an extraction concentration higher than the
EP Toxicity limit which would allow waste still qualifying as
= ‘ . hazardous to be disposed. Depending on the 1imit set, the

‘ fluorescent 1ight waste could possibly require no additional |

treatment before disposal.

\
\
|
6.13.4 Treatment Alternatives
|
' |

Since it is uncertain whether the fluorescent light waste will |
exceed-LDR standards, the need for treatment is also uncertain. EPA |
has not yet published BDAT treatment standards in the LDR
regulations for waste that is hazardous solely because it exceeds EP
Toxicity 1imits for metals. However, based on BDATs for similar
materials, like sludges from treatment of electroplating
wastewaters, stabilization of metals will be the likely approach.
Pursuit of a stabilization method that could eliminate the EP Toxic
. classification would still be warranted. This would significantly
improve disposal options by eliminating the RCRA requirements,
-allowing the waste to be disposed as strictly low-level waste.
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6.13.

The treatment need for this waste is stabilization to a less
leachable form; specifically required is the stabilization of the
mercury component. The treatment alternatives to be considered in
meeting this need are two solidification processes (one utilizing
cement, the other a polymer binder) and use of the microwave to
provide a vitrified waste form.

5 Evaluation of Alternatives

Three treatmenf alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.13.
The treatment approaches and the results of their evaluation are
discussed as follows.

Polymer Seolidification - The use of a synthetic binding agent to
solidify the fluorescent 1ight waste received the second highest
evaluation score. This technique should be capable of producing a
stable waste form with low leachability, however, it has not been
tested on the specific waste. The solidification process should
generate no secondary waste stream and received a high score for
this criterion.. Although it is a relatively simple process, the
stage of development, along with the necessary permits and approvals
that would be required, combine to make the availability of a
production scale unit between one and two years. The alternative
received a medium score for "Efficiency” because waste volume is
increased slightly, but the resulting waste form is anticipated to
be of good quality, possibly better than through cementation.

Cementation - This alternative received the highest evaluation
score. Like polymer solidification, cementation should provide a
stable waste form, but has not been tested on the specific waste.
It also does not involve a secondary waste stream. Cementation
scored higher than polymer solidification because it is already
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- Weighting Factor = 2). S _

Flgure 6.13: Evalna'uon of the Treatment Alternatives For Fluorescent Lights

Need: Stabilization of Metals

Alternatves

Cntena

Elfectveness/
_Deveiopment 6 6 6
Secondary
Waste 4 4 0
Avedabrity 2 4 2
" Efficncy 2 1 2
TOTAL 14 15 10

Effectiveness and Stage of Development
Weighting Factor = 3)

- 4 = BDAT or equivalent as'demonstrated

in full scale testing
3 = Bench scale testing complete, BDAT
or encouraging results of equivalency
2 = In theory should be BDAT or equivalent,
but no testing on waste
1= Low effectiveness, not expected to be
equivalent to BDAT

Availability for Production

3 = Production ready in less than 1 year
2 = Production ready in 1to 2 years
1 = Production ready in greater than 2 years
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Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but wthin LDR

0 = Hazardous and exceeds LDR
(treatment needeq)

Efficiency#
(Weighting Factor = 1)

3 = High
2 = Medium
1=Low

#Subjective score taking into co,nside»ra‘n?n 7
its volume reauction capabiity, quality of Yfinal
waste form, its capital cost. ana its overall
refiability.




being done at.the RFP and thus could be put into a production

- operation quicker. It received a low score for "Efficiency" because

the resulting waste volume is increased (probably more than for
polymer solidification) and the waste form is not considered as

dense as with other alternatives.

“Vitrification - Use of the micrdwave is being considered to produce

a vitrified form. This technique should be capable of a stable

: wéste form, but has not been tested on the specific waste. It

received a zero»under "Secondary Waste" because the mercury
contaminants might vaporize during the process, generating an off-

) gas of regulatory concern. Because of the additional testing

required and the permitting issues involved, it is expected that a
production scale treatment could not be put into operation in less

- than two years. The vitrification alternative receive a medium

6.13.

. score for "Efficiency". Although it develops the best waste form of

the options considered, it also involves more complex, capital
intensive equipment. The potential problem of mercury vaporization
was also considered as an issue in the technology’s ability to
reliably achieve the treatment goal, stabilization of metals.

6 Schedule

The schedule for development activities associated with the
treatmenq\épproaches for the fluorescent 1ight waste are shown in
Table 6.13. Testing of treatment alternatives extends through

FY 1991. The priority for these activities are lower than for some
of the other wastes because the volume of fluorescent light waste is
relatively small. Cementation will be developed first. Should this
waste form prove unacceptab]e,.polymer solidification and/or

~vitrification will be developed in FY 1992.
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" Table 6.13: Schedule for Fluorescent Light g
: Waste Activities |

/ - —
FY9 fYor | Fvee
Solidification 4 . ,
Cementation
Bench Scale Tests
A.N. 3.7.1.09.0012 :
Polymer = ; o : a :

Bench Scale Testsv _
A.N. 3.7.1.09.0012

Vitrification
Microwave

Lab Scale Tests
A.N. 3.7.1.09.0018

A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project
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Process

" The acidﬂi;ja:cpmbinatjon of two wasté strégms from the chemical

milling prdcessywithin Building 444 at the RFP. In this process

.béryllium,parts are chemically milled through use of an acidic bath.

After chémtcaltmilling;fparts are. placed in electropolishing tanks
which also contain an acidic solution. The spent milling and

- polishing solutions are then drained to a common sump tank and
.pumped to acid dumpsters outside of the building.

In most cases. within the Plant, such solutions would be transported
to the Building 374 wastewater treatment facility. However,
neutralization of this waste using the existing aqueous waste
treatment system, creates a gel-like material which plugs the

~system. Pending the development of an alternate treatment approach,
~ this waste has been accumulated in polyethylene drums for storage in

cargo containers near Building 561. As of September 1989, 30 drums
(8 cubic yargs) had been accumulated and yearly generation rates are
estimated atfabout two drums (0.6 cubic yards).

.2 MWaste Characterization

Limited sgmb]ing has been performed on the acid waste. Most of its
characterization can be based on procesé knowledge of the chemicals
originally:hsed to make up the.contents of the tanks and the manner
in which the materials were used. The chemical milling bath
contains a mixture of 75% phosphoric acid, 3% sulfuric acid, and

" chromium trioxide. The electropolishing tanks also contain

phosphoric acid. The solutions from each of the two steps in the

- process were sampled in 1987 as part of the Plant’s Waste Stream

Identification and Characterization effort which was published in
Apri1 1987. ' The samples were analyzed for the following parameters:

168




SUmE L e b
.."-'l'::l::flk!‘i.im SR A -"‘v h

4RCRA Characterist1c$ -

~ Radiochemistry S X

; MpJ]ing/Acwd Electropolishing
‘§Qlution Solution

‘Corrosivity 0 :. S X X
- Reactivity o B X
" EP Toxic Metals S X X

X

The énalytical results for'the parameters listed above will be
'described in'the'following paragraphs. Based on analytical results .
and process knowledge, EPA hazardous waste numbers that are
applicable to this waste will be provided at the end of this

sect1on : : j - '

. 6.14.2.1 RCRA Characteristics = |
| |
|

Corrosivity - Both solutions qualify as RCRA corrosive with pH
values less than 2.0 ' - |

Reactivity - The electropolishing solution was analyzed for its
reactive cyanide and sulfide concentrations (different than
total cyanide and total sulfide). Reactive cyanide was
measured at 2,800 ppm while sulfide content was below the
detection 1imit. Since EPA has established 250 mg HCN/kg as

.}theﬂaction level, this waste would qualify as reactive because
-of its cyanide concentration. It should be noted that the

combination of low pH and cyanide presents a very hazardous
condition. Based on the analytical results, hydrogen cyanide
gas build-up has likely occurred in the stored containers.
Extreme caution should be used in dealing with this waste.

EP Toxic Metals - Both solutions were analyzed for EP Toxic

metals. Provided below are all readings above detection limits
for both samples:
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6.14.

6.14

1

EP Tgiic Concentration (ppm)

eiMetal o Limit * i Acid’Bath Electropolishing
S EDUIER T
~'Arsenic’ - 5.0 - - 153
hoCadmium 1.0 - . - -7.49 1.90
. . "Chromium 5.0 - 92,700 ° 85.0
, 'Lead ' 5.0 71,9 406
-Selenium 1.0 - 0.27
5.0. . 16.9 -

E Silver ., -

2.2 Radiochemistry , .f";i;l-‘

Radiochemistry was also performed on each of the two samples.
The results are as follows: -

Concentration* (pCi/lL)

”Anglx§1§ - Acid Bath Electropolishing
Am-241 » - 3.3 +/- 2.5
U-233,234 14 4/- 18 -

U-238 51  +/- 43 ’ )
Tritium - 110 4/- 220

¢ The plus or minus (+/-) values indicate the 95% confidence
range for the reported values.

2.3 App]icqb]e EPA Hazardous Waste Numbers

The two waste streams contributing to the acid waste have been
described above on an individual basis. However, it is
estimated that the streams contribute to the mixture in equal
proportions and concentrations of the mixture can easily be
estimated from measured values of the separate streams. Using
this approach, reasonable assumptions can be made based on the
1imited analytical data.

RCRA Characteristics - The following RCRA characteristic

“numbers are- applicable to the liquid acid waste:
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Hazardous Waste (

; ﬂi e
! _ Number '  Description:

j il

. f . ! @, oo
U ST (U R

0002 " Corrosive "~
o D003 - Reactive
i DOOo4 . EP Toxic for arsenic
el DO06 EP Toxic-for cadmium
IR Doo7 : EP Toxic :for chromium
.~ D008 EP Toxic for lead
.. Dbol1 .~ EP Toxic for silver

‘_BQBA_Liglgg_ﬂgglgi - The app\icabi]iiy of listed waste numbers
to the.acid waste is based almost entirely upon process

" knowledge. The process involved in generat1n§ this waste is
basically an electroplating process. EPA specifically excludes
chemical etching and milling of aluminum from electroplating
operations, but thereby infers that all other types of etching
and mil]ing are included. This coupled with the fact that a
‘significant cyanide concentration was observed in the |
electropolishing solution, leads to the determination that the
following RCRA hazardous waste codes are also applicable to the
-acid waste or any sludges resulting from its treatment:

JHazardous Waste

Number Description
FO06 Wastewater treatment sludges from
. electroplating operations
F009 Spent stripping and cleaning bath
solutions from electroplating
O operations were cyanides are used

6.14.3 Regu1aiory and Waste Form Requirements

6.14.3.1 ‘Waste Form Requirements for Low-Level Waste Disposal

Because of its liquid nature, the acid waste does not meet
~waste form requirements for disposal of low-level waste.
Treatment will be required before this waste can be disposed.
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6 14 3. 2 *Applicable Land Disposal Res%rictions (LDR)

Ul“"

The app11cab1e Land Disposal Restriction is the California List
requ1rement, now in effect, that prohibits the land disposal of
liquxd hazardous wastes having a pH less than or equal to two.

- The .restrictions that will impact the future disposition of the
acid waste are those associated with RCRA characteristics and
those for electroplating processes. Regulations for
characteristic wastes have not yet been promulgated even for
straight hazardous waste, but those that will be applicable are

as fo]lows .
S Concentration Limit
- Characteristic set by LDR
D002 TBD
D003 - T8D
D004 ~ T80
D006 18D
D007 ’ ~ 18D
D008 ' 18D
D011 ‘ ‘ T8D

"Restrictions for the electroplating series of waste numbers
_have already been set for regular hazardous wastes and it will
be assumed that they will remain unchanged for mixed wastes.
The applicable 1imits have been established with some items in
terms of CCWE and others in CCW. If a nonwastewater exceeds
the following limits, it is restricted from land disposal:

- FO06, FOO7, FOO8 and FO09
_ Category/Constituent. Concentration (ppm)

CCWE :
C - Cadmium 0.066
- Chromium 5.2
- Lead 0.51
- Nickel 0.32
- Silver 0.071
CCW
- Cyanides (Total) 590
- Cyanides (Amenable) - - 30.
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: “VImpact of Restr1ctlons.?rl‘este Form Requirements
i oAbt
R r'., REREE

SRR o L

w; v a isposal R u1r ments - Unacceptable - In its
current liquid condition, the, ac1d waste is unacceptable for
disposal as low-level radioactiveAyaste. This is not taking
into consideration. any additionel requirements levied by RCRA
-regulations. Were the waste to be treated to remove free
liquids, it would likely meet 1pw-1eve] waste form

requirements.
‘California List Prohibitions - Unacceptable - The acid waste is

clearly unacceptable for land diSposa] under this criteria.
_ 1s _an rrosivity) - Impact
- uncertain - Although LDR limits have not yet been established
for these parameters, it is highly unlikely that the waste
would be acceptable for land disposal exhib1t1ng its present
characteristics. -

Elgg&rgplg&ing_§13nﬂg:§§ - Unacceptable - The acid waste has
metal concentrations far in excess of the allowable limits for
electroplating wastes even when using the EP method. Total
cyanides and cyaﬁides amenable to chlorination have not been
measured, but based on the reactive cyanides, will also exceed
fﬁe'allowab1e concentrations.

A

6.14.4 Treatment Alternatives

The stored inventory of acid'waste.is presently unacceptable for
land disposal .based on its liquid corrosive condition,
~ concentrations of heavy metals, and possibly concentrations of
| cyahides. EPA has not yet published BDAT treatment standards in the
LDR regulations for waste that is hazardous because of EP Toxicity,
‘reactivity or corrosivity. Wastes exhibiting these characteristics
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may simply be banned from land disposa1 that is, the waste would
have to be neutralized the cyanides destroyed. and the metals
either removed or stabilized. For F006 -FQ07, FOO08 and FO009 wastes,
EPA has estab]ished BDAT for treatment as alkaline chlorination

‘ fo]]owed by precipitation, settling, fiitration, and stabilization

of metals. However, the LDR establishes concentration-based

‘standards rather than’requiring a specific technology. Therefore,

any technology not specifically prohibited (such as dilution) may be
used to meet the applicable standards. -

The requirements to be met by treatment of this waste are threefold:
(1) It must be neutralized to remove its corrosive
characteristic,

(2) Cyanide must be destroyed to remove the characteristic of
reactivity and to meet LDR requirements (pending the
results of cyanide analyses), and

(3) Heavy metals must be stabilized to meet LDR requirements..

The alternatives to be evaluated all include pretreatment of some
type. One option is to then discharge to the existing Building 374
wastewater treatment process, the others involve more extensive
pretreatment followed by solidification or vitrification of the
resulting sludge. Testing on the acid waste has already shown that
neutralization with lime eliminates the formation of the gel-like
material encountered when sodium hydroxide was used.

Another option is material substitution in the waste generating
process. Ideally there should be some alternate chemical
composition for the solutions in the two process tanks involved that
will serve the intended purpose and make direct discharge to the
wastewater collection system viable. This would eliminate the
future generation of this prob]emiwaste stream. This option is
being pursued independently of the treatment options for the waste
already generated.
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6 14.5 Evaluatnon of Alternatives

i l

H
|'|.

Four treatment alternat1ves were eva]uated against the criteria
descr1bed in section 5.0 and the resu]ts are shown in Figure 6.14.
The treatment approaches and the results of their evaluation are
dlscussed as follows.

Al

| Nggtrg]izg;jgn, CN lrggtmgnt, Discharge to Wastewater Treatment -

'The acid would be neutralized with lime followed by the destruction

of cyanide through the use of alkaline chlorination. The resulting
wastewater would then be discharged to the wastewater treatment

- system in Building 374 where it would undergo a physical-chemical

treatment (flocculation and precipitation) for the removal of
metals. This treatment approach is essentially the BDAT for this
type waste. Some successful testing has already been accomplished

on both the neutralization step and cyanide destruction. The reason

this alternative did not receive the highest score for
"Effectiveness/Development” is because the existing treatment system
in Building 374 is designed for the removal of radioactive metals
not for maximum removal of EP Toxic metals. However, discharge
limitations on the treatment plant should help ensure that adequate
removal efficiency is obtained. This alternative was given a zero
on 'Secondary Waste" because of the multiple steps necessary.
Although waste specific testing is still required, treatment could
Tikely be completed within one to two years. A high score was given
for "Efficiency” because the option makes use of existing
capabilities and essentially generates no residue since it is
combined in the much larger volume of bypass sludge.

MMLMMMMM - The acid would be

pretreated by neutralization, metal precipitation, and cyanide
destruction. The liquid would then be decanted off and sent to the

- evaporator in Building 374 and the sludge would be cemented. This
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Figure 6.14: Evaluation of the Treatment Alterzatives Fer Actd

Need: Nollrjllpllom Precipitation and :Shbluptloli of Metals

Criteria

]
Vi

Elfectiveresy

LDeveopment

Secongwry
Waste

Avasadilty 4 4

Efficiency 3 1

TOTAL 16 11

13

Effectiveness and Stage of Develooment
Weighting Factor = 3
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BOAT
or encouraging results of equivalency
2 =In theory should be BDAT or equivalent,
but no testing on waste
1= Low effectiveness, not expected to be
equivalent to BDAT

Availability for Production

" Weighting Factor =2 - - - -

3 = Production ready in less than 1 yea
2 = Production ready in 1to 2 years .
1 = Production ready in greater than 2 years

'
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Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but within (DR

0 = Hazardous and exceeds LDR
(treatment needed)

Efficiency#
(Weighting Factor = 1)

3 = High
2 = Medium
1=Low

- #Subjective score taking into consideration

its volume reduction capability, quality of final
waste form, its capital cost, and its overall
rehapiity.




process should work, but no testing has been performed on steps
other than neutralization and cyan1de destruction. This alternative
received a zero for "Secondary Waste” because of the multiple steps
and waste streams generated. The process is, however, made up of
relatively simple steps and could be put into a production mode
within two years. It received a Tow score for "Efficiency" because
the cemented waste form is much less dense (more porous) than with

other techniques identified.

Pretreatment and Vitrification - The pretreatment in this instance

is similar to that described above for cementation, but the cyanide
destruction step‘is eliminated. The precipitated sludge is sent to
a microwave process for vitrification where the cyanide is also
destroyed. .This process should work, but no testing has been
performed other than neutralization. This alternative was given
some benefit under "Secondary Waste" for eliminating one of the
process steps. However, the use of the more complicated microwave
process does extend the estimated production mode time schedule to
beyond two years. A high score was given under "Efficiency" because
the resulting vitrified waste is a better form than achieved under
the solidification options and the waste volume is less.

Pretreat, CN Treatment, Polymer Solidification - The pretreatment,

including cyanide destruction, under this option is identical to
that describe above for cementation. In this case the sludge is
solidified through the use of a polymer binding agent. This
alternative also involves multiple processing steps and waste
streams which caused it to receive a zero under "Secondary Waste".
It was given a lower score on "Availability" than was cementation
because the technology is not in use at RFP. The use of polymer
solidification should produce a waste form that is less porous than
cementation, so i1t was given a medium score under "Efficiency".
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6.14

Pretreatment and discharge to the existing wastewater treatment
system receiﬁedlthe highest scofeland_wjik continue to be considered
a viable treetment approach. Each of the other alternatives will be
tested to determine its effectiveness as backup. Development of the
pretreatment process for each of the technologies is, of course,
applicable ﬁq-the first option; A backup alternative is considered
necessary in:the event that unforeseen regulatory concerns '

“associated with discharging to the wastewater system should arise or

if it is determined that the 374 treatment plant is inefficient in
removing heavy metals.

.6 Schedule

The schedule for activities associated with treatment of the acid
waste are shown in Table 6.14. Although not specifically shown in
the schedule, a significant factor in the schedule may be the
development of a safe manner to destroy the cyanides in the waste if
this is shown to be necessary. As mentioned earlier, the existing
analytical results from the electropolishing solution indicate the
waste will 1ikely have hydrogen cyanide gas build up in the
containers and will present a hazardous situation in any handling
operations.
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Table 6.14: Schedule for Acid Activities

!

1. Characterize the waste
to verify the need for
cyanide treatment on
this waste

2. Cyanide Treatment,
Production Scale
implementation#
A.N. 3.7.1.09.0024

3. Pretreatment
Lab Scale Tests
AN. 3.7.1.09.0024

4, Solidification
Lab Scale
AN. 3.7.1.09.0012

5. Vitritication
Lab Scale
AN. 3.7.1.09.0021

FY 90

Fy 91

FY 92

' ' AN\

AR RS

\\\\\\\\\\\\\\\\\\\\\
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AN AN
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A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project

*|f required
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6.15 Composite Chips = e

6.15.1 Generation'Process

6.15.

Metal fabﬁic;fion activities within Building 444 at RFP include work
on composite materials. These composite metals normally consist of
stainless steel and depleted uranium; however, in some instances the
uranium may be coupled with aluminum, beryllium, or even copper.
During machining operations on these composite metals, oils and.
solvents are applied to the stock material. Cuttings or chips from
the composite metal along with residues from the oils and solvents
are all mixed as they are caught beneath the machining equipment.
This part of the generation process is the same as that described
for the metal chip waste, section 6.11. “Instead of the drained
composite chips being put directly into drums for future disposition
as with metal chipS, they are taken to'Building 447 for cementation.
The cementation is necessary because of the pyrophoric nature of the
uranium. -(The composite chips are not compatible with the roasting
process described in section 6.4.) The cementation procedure
involves 1ayer1hg chips and a cement/water mix into drums and using
a vibrator to mix the contents. The drums are then stored in 4ft by
4ft by 7ft plywood boxes. '

As of September 1989, 106 cubic yards (25 full boxes and one half
box) of gbé composite chip waste had been accumulated and future
generation rates are expected to be 15.6 cubic yards per year.

2 Waste Characterization

Characterization of the composite chip waste depends primarily upon
process knowledge. The composite metal being machined typically
consists of depleted uranium, silver and stainless steel, but the
stainless steel is sometimes replaced with aluminum, beryllium, or
copper. The chips, also consisting of these metals, are
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o
contaminatéd with cutting oil and.splﬁents. The cutting oil is not
a hazarqdus material or waste, but the solvents used (1,1,1-
trichloroethane and 1,1,2-trichloro-1,2,2-trifluoroethane) are
subject to RCRA regulation once they have become a waste. Because
of the nature of the waste, leachability of metals may also be a
concern. . '

The cemented composite chips were sampled once as part of the Waste
Stream Identification and Characterization effort in 1986. Provided
below is a list of compound/parameter categories for which analyses

_ were performed on that sample:

t or f Analyti ta

Semivolatiles
Radiochemistry (tritium only)
RCRA Characteristics
Ignitability
EP Toxic Metals

Each of the data categories listed above and the results of the
sampling and analysis will be described in the following paragraphs.
EPA hazardous waste numbers that are applicable to this waste, based
on analytical results and process knowledge are also presented.

6.15.2.1 Semivolatiles
.

Only one semivolatile compound registered above detection
limits (ADL) in the sample.  The single compound observed was
di-n-butyl phthalate at a concentration of 190 ug/kg (or ppb).

6.15.2.2 Radiochemistry
The radiochemistry results for tritium was 0.11 (+/- 0.22)

pCi/ml.
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6.15.2.3-ARCRA‘Characteristics
lgniggpiligx - The single test for ignitability was negative
showing a flash point greater than 60°C.

EP Toxic Metals - None of the EP Toxic metals were observed at
lTevels above the maximum concentrations set in 40 CFR 261.24.
Three metals were observed at detectable levels but did not
include silver. However,, from process knowledge the presence
of silver should not be discounted based on this single sample.
The three metals observed were as follows:

EP Toxicity Maximum
- Metal Results (mg/1 or ppm) Concentration
‘Arsenic 1.80 5.0
Cadmium 0.32 1.0

Lead 1.83 5.0

6.15.2.3 Applicable EPA Hazardous Waste Numbers

. The hazardous waste numbers applicable to this waste are based
solely on process knowledge. The analyses performed on the
single sample did not identify any reasons to consider the
waste hazardous, but analyses did not detect silver and were
not performed for volatiles which are the other suspected cause
of the hazardous designation. The presence of silver and the
listed solvents would require the waste to have the following
designations:

Ha;ardous Waste

—Number Description
DOl1 EP Toxic for silver
FOO1 Waste contaminated with
halogenated solvents used for
degreasing
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The composite chip waste is also considered low-level
radioactive waste primarily because of the presence of uranium
in the composite material.

6.15.3 Regulatory and Waste Form Requirements

6.15.

6.15

3.1 ‘Waste Form Requirements for Low-Level Waste Disposal

The composite chip waste as curfent]y packaged and stored
should meet normal low-level waste disposal facility acceptance
criteria. The cementation process appears to adequately treat
the pyrophoric problem and leaves a physically stable waste
form.

.3.2 - Applicable Land Disposal Restrictions (LDR)

ments now ]n-P} - The applicable LDR regulations, -
now in effect, are those established for the California List of
wastes and for the FOO1 through F005 solvents. The California
List restriction that is applicable bans the land disposal of
non liquids that exceed the following standard:
: Concentration Limit
—Component —(ma/ka or ppm)
Halogenated organic 1,000
compounds (HOC)

The applicable FO01 through FO05 standards are set in terms of
CCWE for spent solvents. The standards can be found in the
CCWE Table in 40 CFR 268.41 and provide two concentration
limits for each of 25 solvents: one applicable to wastewaters
and the second for other waste forms. The following identifies
only those suspected (from process knowledge) to be of concern

for the composite chip waste:
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© CCWE Concentration (ppm)

- E001-F005 Solvent . ___-_nonwastewaters - -

. 1,1,1-trichloroethane ' 0.41

"1,1,2-trichloro- 0.96
1,2,2-trifluoroethane

Euture LDR Requirements - Most restrictions applicable to mixed

waste_is well as those for the "final third" wastes are
scheduled to go into effect May 8, 1990. Included in the
"final third" wastes are those associated with RCRA
characteristics. Although standards have not yet been set,

- composite chips could be impacted by the future standards as

6.15.

shown in the following:

Potential Conéentration Limit

Characteristic Set by LDR
Do11 TBD

3.3 Impact of Restrictions or Waste Form Requirements

Solvents - Impact uncertain - Knowledge of the process _
generating the composite chips leads to the conclusion that the
current waste form will likely meet disposal requirements. It
is unlikely that well drained composite chips will contain
significant residues of the 1listed solvents identified in the
previous paragraph. This is due both to the physical act of
draining and the evaporation of the more volatile solvent
portions of the liquid mixture. However, it may be difficult
to show that the LDR standards were achieved without dilution
of the cementation process. There should be no doubt that the
1,000 ppm 1imit for HOCs is not exceeded. The individual
limits for solvents are roughly three orders of magnitude
smaller and could, therefore, be a concern. Representative
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6.15.

6.15.

samples should be taken of the Stored composite chip wastes and
subjected to.the TCLP for spent solvents.

ri P Toxic Metals) - Impact uncertain - The
LDR standards for this type of waste have not been established
and the waste has not yet been adequately characterized to
determine which of the criteria would be applicable.
Additional sampling and analysis will .include these parameters.

4 Treatment Alternatives

EPA has established incineration as the BDAT for solid waste
contaminated with solvents at levels above the LDR standards.
However, the LDR has established concentration-based standards for
FOO1 through FO05 solvents rather than requiring a specific
technology. Therefore, any technology not specifically prohibited
(such as dilution) may be used to meet the applicable standards. If
leachable quantities of silver or other EP Toxic metals are present,
stabilization would be the likely BDAT.

“Although the primary problem identified with the cemented composite

chip waste is due to the suspected presence of solvents, any
treatment alternative considered must be capable of dealing with the
pyroprric nature of the depleted uranium. The ideal treatment
option would be one that destroys the organics and oxidizes the
depleted uranium to a non-ignitable form. The alternatives that are

being considered include incineration, vitrification, and

extraction.

5 Evaluation of Alternatives’

Three treatment alternatives were evaluated against the criteria

described in section 5.0 and the results are shown in Figure 6.15.

The treatment approaches and the result of their evaluation are
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Flgure 6.15: Ev;lnatlon of the Treatment Alternatives For Composite Chips

Need: Daestruction 6! Organics

Alternatrves

Critena
Eftectivenesy
LDeveicoment
Seconaary
Waste 2 2 0
Aveitamiity 2 2 T4
Efticency 1 1 2 ’
TOTAL 17 1 18 /

ftectiveness apd Stage of Development
Weighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in tul scale testing
3 = Bench scale testing compiete, BOAT
or encouraging results of equivalency
2 =In theory should be BDAT or equivalent,
but no testing on waste
1= Low effectiveness, not expected to be
squivalent to BOAT

Availability for Production .

(Weighting Factor = 2) .

3 = Proauction ready in less than 1 year

2 = Proauction ready in 1 to 2 years

1 = Production ready in greater than 2 years
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Secondary Waste Stream -

Weighting Factor = 2)

2 = None generated or, at laast,
none hazardous

1 = Hazardous. but within LDR

0 = Hazardous and exceeds LOR
(treatment needed

Efficiency+
Weighting Factor = 1)

3 = High
2 = Medium
1=Low

+Subjective score taking into consideration
its volume reduction capability, quality ot final
waste form, its capital cost, and its overatl
rehaptity.




discussed in the paragraphs that follow. It will be assumed that
for each treatment alternative, the cemented waste form will require
a pretreatment of grinding or crushing to be put into a form
appropriate for the treatment. For the thermal treatment approaches
this will 1ikely be required in order to insure solvent mass
transfer into the gas phase. To a lesser extent, it will help
control the temperature of the processes; due to the extremely hot
temperature of metal fires the amount of metal burning at any given
time needs to be controlled. The pyrophoric nature of the metals
will also make the grinding activity a difficult task and results in
all options being of high complexity. For generations of the
composite chip waste after the treatment method is developed, it
will be assumed that the cementation step before treatment will be
eliminated. '

Incineration - Incineration received a high score because it is
considered the BDAT for this type waste and has been shown to work
on a full scale. Incinerator does produce an ash that would likely
require solidification before disposal and was given a two for
'Secohdary Waste". It is not a technology that could be put into
production rapidly,‘particulafly since the existing fluidized bed
incinerator (FBI) would not normally be considered appropriate for
this type waste. It was, however, given a low score for
"tfficiency” because of its high capital costs in comparison to
other alternatives. ‘

VYitrification - The plasma arc technology is being considered under
this alternative. It should be capable of destroying organics,
eliminating the pyrophoric nature of the uranium, and providing a
vitrified waste form. However, it has not been developed through
bench scale testing for this particular waste. Because destruction
efficiency 1s not known at this time, it is assumed that the off-gas

_will be_of'rggu]atpry concern and the alternative was given a two

under "Secondary Waste". The technology is fairly comblexrand
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6.15

considering the stage of development, could not be put into
production scale in less than two years. The "Efficiency” was also
scored low because of the high capital costs of this system and
because its reliability has not been proven.

Extraction - Two types of treatment are being considered: aqueous
washing and supercfitical fluid cleaning using liquid carbon
dioxide.” Aqueous washing has been tested sufficiently on similar
types of metal chips to receive a score of 12 on the "Effectiveness/
Development” element. Liquid carbon dioxide should work as well but
has not been developed. The nature of the treatment approach is
such that a secondary waste is produced that will require additional
treatment while the treated composite chips retain their designation
of a 1isted waste. The chips would also retain their pyrophoric
nature and requiré cementation. These technologies are considered
relatively simple and could be put into production in less than two
years. . They received a medium score for “"Efficiency” because they
involve fairly low capital costs and have shown promising results.

The 6n1y technology currently being considered for development to
treat composite chips at RFP is the extraction technologies.
Aqueous cleaning is the favored technology because of experience.
However, the extract from the 1iquid carbon dioxide cleaning may be
treatable by one of the thermal treatment technologies to achieve
full destruction of listed solvents.

.6 Scheduie

The schedule for development activities associated with alternate

treatment approaches for composite waste chips are shown in Table

6.15. It should be noted that the first action or the schedule is
the characterization of cemented and non-cemented waste to better

determine what treatment is really necessary to put it into a

‘disposable form. B ) o ' ' B
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. Extraction and

Table 6.15: Schedule for Composite Chip Activities

FYQo  FY 9 FY 92

Characterization of
composite éhip waste,
keying on TCLP for
solvents and EP Toxic
metals ¥

Cementation

AN

A A R R AR RN RO

#Due to the pyrobhoric.nature of the materials involved, it may not be practical
to perform leach tests, in which case lesting of a simulated waste may be

appropriate.

~A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project




6.16 Absorbed Organic Waste

6.16.1 Generation Process

Scintillation fluids or cocktails are routinely used in radiochemistry
performed at the RFP. In addition to the radioactive material
involved, the past scintillation material was considered hazardous,
hence the.fesulting waste form being designated a mixed waste. The
absorbed organic waste was generated when spent scintillation cocktail
was absorbed onto hydrated calcium silicate in polyethylene bottles
and then placed into a 55 gallon drum.

The absorbed organic waste is no longer being generated since the:
scintillation fluids currently being used are not hazardous. The
current inventorj of the problem mixed waste is 1.4 cubic yards or
five drums.

.2 MWaste Characteristics

Much of the characterization of the absorbed organic waste is based
on process and manufacturer supplied knowledge of the original
components of the waste. Since the waste stream differs very little
from the manufacturer’s original material until it is added to the -
hydrated calcium silicate, this type characterization provides
excellent-information. A typical scintillation fluid waste was sampled
in 1987 as part of the Plant Waste Stream Identification and

. Characterization effort which was published in April 1987. However,

the single sample was analyzed only for ignitability and
radiochemistry. Characterization based on process knowledge and
analytical results will be discussed in the following sections; EPA
hazardous waste numbers applicable to the waste will also be provided.
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6.16.2.1 Process Knowledge

6.16.

6.16.

6.16.

The scintillation fluid used was a PCS brand obtained through the
Amersham Corporation. The Material Safety Data Sheet (MSDS) for
the fluid identifies xylene and Z-ethoxyethanol as the hazardous

AcOnstituents making up the original mixture. In a September 1989

telephone conversation with the Technical Support Office of the
Amersham Corporation, it was learned that the scintillation fluid
as supplied was 60% xylene and 5% 2-ethoxyethanol. Since only
a small amount of the radioactive material sample is added to the
fluid, this characterization should be indicative of the waste
mixture as it is added to the absorbent.

2.2 Ignitability

The single sample analysis results provided a flash point of less
than 25°C (77°F). The MSDS of the original fluid indicates a
flash point of about 29°C (85°F). In either case, the material
appears to be well within the 1imit to be considered ignitable
by RCRA definition.

2.3 Radiochemistry

The results of the single set of radiochemistry analyses are as
follows:

Analysis Concentration

Pu-239 71 +/- 18 pCi/g

Am-241 . At or near background
U-233,234 At or near background
U-238 At or near background
Tritium 28,000 +/- 1,000 pCi/ml

2.4 Appiicable EPA Hazardous Waste Numbers

RCRA Characteristics - There is no reason to suspect the absorbed

oéﬁénic waste is corrosive, reactive, QE EP Toxic for metals or
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pesticides. The scintillation fluid does exhibit a very Tow flash
point, but once absorbed onto hydrated calcium silicate it is no
longer a 1iquid, thus it would have to be capable of causing a
fire through friction to be considered an ignitable. However,
additional sampling or inspection may be required to verify that
no free liquids exists, The only RCRA characteristic that could
be associated with the waste in 1iquid form is as follows:
Hazardous Waste

Number Description
D001 Ignitable

RCRA Listed Wastes - Both of the hazardous constituents in the
scintillation fluid, xylene and 2-ethoxyethanol, can be listed
solvents if their formulations when originally used meet the
regulatory definitions. Spent xylene qualifies as an F003 waste
if before use, the material is all xylene or all xylene and other
FO03 solvents. Xylene can also be an F003 waste if it is in a
mixture that contains a total of 10% or more of any of the
solvents listed in FO0l, F002, FO04 or FO005. 2-Ethoxyethanol

- qualifies as an F005 waste if by itself or in combination with

any other F005 solvents or any FO001l, F002, FOO4 solvent equals
10% or more of the original material before use. With these
qualifications 1in mind, it can be determined that the
scintillation fluid qualifies as neither an F003, nor an F005
waste. The xylene only makes up 60% of the original mixture and
it needs to make up essentially all of the material that is not
another listed solvent. The 2-ethoxyethanol is only 5% of the
original material and it needs to be 10% before the classification

is applicable.
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. 6 6.16.3 Regulatory and Waste Form Requirements
6.16.3.1 Waste Form Requirements for Low-Level Waste Disposal

Exc]u@ing any RCRA requirements, the absorbed organic waste would
likely be acceptable for disposal as Tow level waste as long as -
the scintillation fluid was adequately absorbed, and free liquids
were no longer present. '

6.16.3.2 Applicable Land Disposal Restrictions (LDR)

R rement w_In- e - The restrictions on California
1ist waste and on FOOl through F005 solvents are currently in
effect but they are not applicable to the absorbed organic waste.

Future LDR Requirements - Those specific LDR standards or limits
not yet established are scheduled to go into effect May 8, 1990.
The LDR standard that may be applicable to the absorbed organic .
waste {s that established for ignitability, DOOl. |

6.16.3.3 Impact of Restrictions or Waste Form Requirements

Impact uncertain - The only LDR standard that may be applicable
. to the absorbed organic waste (that for DOOl) has yet to be
established, even for strictly hazardous waste.

6.16.4 Treatment Alternatives

Assuming it has no free 1iquids, the absorbed organic waste should no

longer qualify as ignitable and the stored inventory should be
acceptable for disposal in its present form as low-level waste.
Alternatively, if free 1iquids are present, the waste is ignitable and
currently banned from disposal
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6.16.

In summary, the only apparent treatment need for this waste is to
eliminate its ignitability characteristic. This could be accomplished

“through an incineration process, that would also destroy the organics,

but the concern over the release of tritium has discounted this option.
The only treatment alternative currently being considered is
solidification. '

5 Evaluation of Alternatives

The single treatment alternative was evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.16.
The treatment approach and the result of its evaluation are discussed
in the paragraphs that follow.

Cementation - Cementation would be accomplished with a gypsum cement
such as Envirostone which has shown to be relatively successful with
organic materials. The alternative was given a high score for
effectiveness for this reason. It was also scored high for "Secondary
Waste" since no additional waste streams would be created. Because
of the form in which the waste currently exists, some development will
be required to determine the best method in which to deploy the
cementation prpcesi, or conversely, the best form in which to put the
waste so the cementation process can be deployed. However, the process
should still be possible to put into production within two years. The
alternative received a low score for "Efficiency” because waste volume
is 1ncrea§éd and cementation produces a relatively porous waste form.
However, it should be noted that treatment options that would generate
a better, denser waste form generally involve heat and would increase
the potential for release of tritium from the waste during treatment.

.6 Schedule

No activities are currently planned for development of additional

treatment for this waste. The absorbed organic waste can be disposed
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Figure 6.16: Evaluation of the Treatment Alternatives For Pondcrete_

Need: Elimination of Ignitability

Afternatives
Criterra
Eftectiveness/
Development 12
Seconoary
Waste ’ 4
Avadadility 4
Efticiency 1
TOTAL
21

Effectivenesg-and Stage of Development
Weighting Factor = 3)

4 = BODAT or equivalent as demonstrated

in full scale testing

3 = Bench scale testing complete, BDAT
or encouraging results of equivalency

2 = In theory should be BOAT or equivaient,
but no testing on waste

1 = Low effectiveness, not expected to be
equivalent to BDAT

- Availability- for Production

(Weighting Factor = 2)

3-= Production ready in iess than 1 year

2 = Production ready in 1to 2 years

1 = Production ready in greater than 2 years

195 .

Secondary Waste Stream

Weighting Factor = 2)

2 = None generated or, at least,
none hazardous

1 = Hazardous, but within LDR

0 = Hazardous and exceeds LDOR
{treatment needed)

Efficiency+
{Weighting Factor = 1)

3 = High
2 = Megium
1=Low

#Subjective score taking into consideration
its volume reduction capability, quality of tinai
waste form, its capital cost. and its overall
reliability.



of in its present form, once it is verified that no free 1iquid exists

6 and the waste no longer qualifies as ignitable. Additional work will

- ‘ : be done in FY 1990 to verify these parameters, and the waste will be
o shipped as soon as possible after the verification is completed.
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6.17

lec

6.17.

6.17

1 Generation'Process‘

Building 881 at the RFP is a manufacturing and general support
facility and one of the processes taking place in that facility is
described as micro-shaping. In this activity various metal parts,
including uranium, are shaped through precision mechanical
techniques and/or through electrochemical methods. The later
approach, referred to as electrochemical milling (ECM), generated a
small amount of sludge that accumulated over the years. Clean out
of this accumulation was responsible for the generation of the ECM
sludge waste.

ECM sludge is no longer generated as a mixed waste. The inventory
currently awaiting disposition is only two cubic yards and is being
stored in a single "Half-Box" which is being held on the 904 pad.
Since this waste is mixed, there are no off-site facilities that
take it for additional treatment or disposal.

.2 MWaste Characterization

The ECM sludge has not been sampled for radiological or hazardous
constituent analysis; its characterization is based primarily on
process knowledge. The aqueous waste from the ECM process was
sampled and analyzed as part of the Plant Waste Stream
Identification and Characterization effort in 1986. These
analytical results provide some indication of the contaminants that
might be present in the sludge. The ECM wastewater was analyzed for
ignitability, corrosivity, reactivity, volatiles, and total metals.
The following paragraphs discuss the results of those analyses and
how they may relate to the sludge waste. The applicable EPA
hazardous waste numbers will be provided at the end of the
discussion.
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The wastewater was not ignitable (flash point greater than 60°C) and
neither would the sludge be expected to be. The wastewater had a
high pH (12.1), but not high enough to be considered corrosive; the
sludge could be expected to be similar, but should be tested to
determine if it qualifies as corrosive. Analysis for reactive
cyanide and sulfide (different than total cyanide or sulfide) were
performed on the wastewater; cyanides were shown to be present in
the water (at 622 ug/g) while sulfides were not. The ECM sludge
should be considered as containing cyanides, but needs to be tested
for the appropriate forms (total and amenable to chlorination). -

" The ECM wastewater was analyzed for volatiles, but only acetone was

observed at levels above the detection limit (measured at 37 ppb).
The sludge could also have trace amounts of volatiles present, but
without further characterization it would probably be inappropriate
to assume that listed solvents were present.

The analysis of the wastewater for tbtal metals indicated the
presence of arsenic and chromium but not at concentrations high
enough for the wastewater to be .considered EP Toxic for either of
the metals. (The arsenic and chromium concentrations were 1200 ppb
and 11 ppb, respectively.) It is quite possible that these types of
materials could have concentrated in the sludge so tests for toxic
metals will be required.

Without further characterization the EPA hazardous waste numbers
applicable to the ECM sludge are assumed to be as follows:

Hazardous Waste

—Nuymber Description
F006-F009 Wastes from electroplating operations

Further characterization may also determine that EPA waste numbers

for some of the EP Toxic metals are also applicable.

199




6.17.3 'Regulatory_and Waste Form Requirements

6.17.3.1 Waste Form Requirements for Low-Level Waste Disposal

The ECM sludge as currently packaged and stored would probably.
meet normal low-level waste disposal facility acceptance ;
criteria. The only potential concern would be the presence of -
free liquids. Visual inspection of the ECM sludge waste may be

- necessary to determine if any significant-separation of liquid
and solid has taken place.

,5'17‘3‘2 Applicable Land Disposal Restrictions (LDR)

+

Since the ECM sludgé yaste'is mixed and is assumed to involve

. no organfc coptaminants, the applicable LDOR regulations do not °. °

- go into effect until May 8, 1990. The restrictions associated.

. with the‘RCRA characferistics may be applicable depending on
the results of additional sampling and analysis. The LDR
.standards for these wastes have not yet been established.

Restfictibns for the electroplating series of EPA hazardous
" waste numbers have already been set for regular hazardous
~ wastes and i1t will be assumed that they will remain unchanged
" for mixed wastes. The appliéable limits have been established
with“some parameters in terms of CCWE and others in CCW. If'a
- nonwastewater exceeds the following 1imits, it is restricted
. from land disposal: ' '

200




- FOO06; F007 Foos. and F009

Cat n e *- - _Loncentration (ppm)
F'fﬁ~CCHE ' ‘

VI f,Cadmuum I 0.066
‘f‘Chromlum1“j T 5.2
- ‘Lead "_':|ﬁ' ‘ 0.51
i NiCkE] K 0.32

o - S11ver ' ) 0.072
. CCW o
R, Cyanides (Tota]) s . 590

""-'Cyan1des“(Amenab1e)w:“ 30

| *“:6;17L3a3 . Impact of Restrictions or Waste Form Requiremehtg.ﬂ

w- Di : ments - No impact - Assuming
the stored ECM s]udge has no significant free liquid content,
the waste would likely be- acceptable for disposal as low-level
radioactive waste.

RCRA Char gg;erlgtigs - Impact uncertain - Until the ECM s]udge
is sampled and analyzed it will be unknown which, if any, of
the RCRA characteristics are applicable. The LDR regulations.
addressing RCRA characteristics are also unavailable at this
time.

Electroplating Standards - Impact uncertain - It is likely thai

the ECM sludge will not meet the stringent concentration limits
established for metals and cyanides in electroplating type
wastes. However, until the waste is better characterized, the
exact impact is unknown.

6.17.4 Treatment Alternatives
The Stored inventory of ECM sludge will 1ikely be unacceptable for

disposal as of May 8, 1990 because of its metal and cyanide
concentrations. However, this is only speculation at this time
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6.17.

because the waste has not been sampled and analyzed. EPA has not
yet published BDAT treatment standards in the LDR regulations for
waste that is hazardous because it exceeds EP Toxicity limits for
metals. Such waste may simply be banned from disposal which would
require the metals to either be removed or stabilized. For FOOS,
FO07, FO08 and F009 wastes, EPA has established BDAT for treatment
as alkaline chlorination followed by precipitation, settling,
filtration, and stabilization of metals. However, the LDR
establishes concentration-based standards rather than requiring a

- specific technology. Therefore, any technology not specifically

prohibited (such as dilution) may be used to meet the applicable
standards.” With the waste already in a sludge form, the only
portions of the BDAT still applicable are alkaline chlorination for
destruction of cyanides and stabilization of metals.

Three treatment alternatives have been chosen to address possible
cyanides and leachable metals in the ECM sludge at concentrations
above the LDR standards. The first two alternatives involve
pretreatment of the waste to destroy cyanide followed by '
solidification. The second alternative is use of the Joule melter.

5 Evaluation of Alternatives

Three treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.17.

The treatment approaches and the’ result of their evaluation are

discussed in the paragraphs that follow.

CN Treatment, Cementation - In this process the sludge would be

~ resuspended in water to allow cyanide destruction through alkaline

chlorination, dewatered, and finally cemented. This approach should
achieve the desired results, but it has not been tested on a bench
scale. Because of the multiple steps involved and the introduction

7ﬂof water, this approach was given a zero under "Secondary Waste".
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Figure 6.17: Evaluation of the Treatment Alternatives For ECM Sludge

- a ) : Need: Cyanide Destruction and Metal Stabilization

Alternatives

Criteria 1
Effectiveness/ . ] |
Deveiopment 6 6 6 }
Secorcary
Waste 0 O 2
Avadability 2 2 2
Eficancy 1 2 3
TOTAL 9 10 13

Effectiveness and Stage of Development Secondary Waste Stream

Weighting Fa‘c\tor =3) ' - (Weighting Factor = 2)

4 = BDAT or equivalent as demonstrated 2 = None generated or, at least,
in full scale testing ' none hazardous .

3 = Bench scale testing complete, BDAT 1 = Hazardous, but within LDR
or encouraging results of equivalency 0 = Hazardous and sxceeds DR

2 = In theory shouid be BDAT or equivalent, (treatment needed)
but no testing on waste . .

= ) - Efficiency

1 Loy effectiveness, not expected to be tWeighting Factor = 1

equivalent to BDAT : 3 = High
2 = Medium
. . 1=Low
Availability for Production
Meughtmg Factor =2 #Subjective score taking into consideration
o 3 = Production ready in less than 1 year ' its volume reduction capabiiity, quality of tinal
' 2 = Production ready in 1to 2 years waste form, its capital cost. and its overall
.' 1= Production reagy in greater than 2 years refiapility.
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Because of the staée of development, the alternative would likely
take longer than two years to put into a production mode. The
option received a low score under "Efficiency” because it increases
waste volume and the resulting cemented waste form is still
considered to be of poorer quality than forms generated from other
options.

CN Treatment, Polymer Solidification - This option is identical to
that described above with the exception that a polymer binder is

used in 1ieu of cement. The higher score for "Efficiency” was due
to the denser, better quality waste form that is generated.

Vitrification - Use of the Joule melter to achieve a vitrified waste
form was evaluated. This process should work, but has not been
tested on a bench scale for this waste. This option received the
highest evaluation score for two reasons: first, cyanide
destruction takes place as part of the melting process so the sludge
should not require pretreatment; and second, the resulting waste
form is considered to be of better quality than the other options
and would likely be of the smallest volume. This earned the .
alternative higher scores under "Secondary Waste" and "Efficiency”
respectively. The vitrification process received only a two under
"Secondary Waste" since it is thermal treatment and as such
generates an off-gas that could be of concern.

~~

.6 Schedule

The schedule for development activities associated with alternate
treatment approaches for the ECM sludge waste are shown in Table
6.17. The key step on the schedule is the characterization effort
that is required to determine the.actual treatment needs for this
waste. Development efforts will follow accordingly.
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Table 6.17: Schedule for ECM Sludge Activities

FY 90 FY 9

FY 92

! |
1. Characterization of | \\\\\‘}\\\ N | |
waste keying on cyanides
{total and amenable),

TCLP for metals and
possibly for solvents.

2. Cyanide Treatment

AARRNNRNNNNNNNNNNNNNN

Full Scale Test
A.N. 3.7.1.09.0024

Solidification

(NN

NN

NN TN

3. Polymer
Bench Scale Test
A.N. 3.7.1.09.0012

4. Cement A N NN NN

Bench Scale Test
A.N. 3.7.1.09.0018

Vitrification

5. Joule Melter B AR RTEEEREEEERNRERRRRUNNNNRNRNRNNNNRN

Bench Scale Tests
A.N. 3.7.1.09.0018

A.N. = Activity Number in 5 Yr Plan
P.N. = Program Number for Current Project




6.18 Contaminated Dirt
6.18.1 Generation Process

Excavation of areas that are contaminated with radioactive materials
and RCRA hazardous constituents generates contaminated soil as a waste.
Twelve (12) cubic yards of contaminated soil waste has been generated
through recent investigative drilling activities and is being stored
in six 2 ft. by 4 ft. by 7 ft. boxes (referred to as half boxes). For
estimation purposes, {t is assumed that this waste will continue to
be generated at a rate of about 3.6 cubic yards per year. This does
not include any major soil excavation projects that may occur as a
result of remedial or corrective actions. '

6.18.2 Waste Characterization

The contaminated dirt waste has not been sampled for radiological or

hazardous constituent analysis. However, based on knowledge of past

@ plant operations, solvent contamination is anticipated. The primary
- solvents which have been seen in remedial investigations are carbon
tetrachloride and trichloroethylene. Other solvents, as well as

plutonium contamination, are also expected. Without further

i characterization, the EPA waste designations applicable to this waste
l'f | are assumed to be:
|

- Hazardous Waste
- _Maste Number
Contaminated dirt FO001 through F0O05

6.18.3 Regulatory and Waste Form Requirements
6.18.3.1 Waste Form Requirements for Disposal

The contaminated soil would 1ikely be acceptable for disposal as
low-level waste in its current form. Neither free 1iquids nor
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6.18

6.18

fine particulate, the most common probiems, should be issues with
this waste.

.3.2 Applicable Land Disposal Restrictions (LDR)

The applicable LDR regulations, now in effect, are those
established for the California, List wastes and for the F00I
through FO05 solvents. The California List restriction that is
appliéable bans the 1and disposal of non liquids that exceed the
following standard:

Concentration Limit

Component (mg/kg or ppm)
Ha]ogehated Organic ‘
Compounds (HOC) 1,000

The applicable FO01 through FO05 standards are set in terms of
CCWE for spent solvents. The standards can be found in the CCWE
Table in 40 CFR 268.41 and provide two concentration limits for
each of 25 solvents: one applicable to wastewaters and the second
for other waste forms. Process knowledge of the waste does not
allow the 1ist of 25 solvents to be significantly narrowed. In
referring to the CCWE Table, the concentrations for waste forms
other than wastewater is the applicable category.

.3.3 Impact of Restrictions or Waste Form Requirements

Impact uncertain - Sampling and analysis may indicate that
concentrations of solvents in the contaminated dirt will be high
enough that land disposal will be unacceptable. It is doubtful
that the 1,000 ppm 1imit for HOCs will be exceeded, but the limits
for individual solvents could definitely be an issue.
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6.18.4 Treatment Alternatives

6.18.

If solvent levels in the contaminated dirt are above the LDR limits,
EPA has established incineration as the BDAT for this type of waste.
However, the LDR specify concentration-based standards for F001 through

FO05 solvents rather than requiring a specific technology. Therefore,

any technology not specifically prohibited (such as dilution) may be
used to meet the applicable standards.

Assuming that radiological and solvent contamination are the only
problems with this waste, the treatment need is either destruction,
stabilization, or removal of the organic contaminants. The treatment
alternatives being considered include incineration, two types of
vitrification, several types of extraction to remove the solvent
contamination, and ultra-violet (UV) ozonation.

5 Evaluation of Alternatives

Five treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.18.
The treatment approaches and the result of their evaluation are
discussed as follows.

Incineration - Incineration received the highest score of the
alternativegkbeing evaluated because it 1is considered the BDAT for
this type waste and has been shown to work on a full scale.
Incineration was given a two for "Secondary Waste” because it produces
an ash that may require solidification before disposal. It is not a
technology that could be put into production rapidly, particularly
since the existing fluidized bed incinerator (FBI) would not normally
be considered appropriate for this type waste. It was given a medium
score for "Efficiency” because there would be 1ittle volume reduction,

) bgt it is a proven, reliable technology.
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Figure 6.18: Evaluation of the Treatment Alternatives For Contaminated Dirt

Need: Destruction of Organics

Alternatives

Critena
Efteciveness/
Develooment 12 6 6 9 6
Secondary
Waste 2 2 0 0 4
Availability 2 2 p 2 6
Etficiency 2 2 1 1 1
TOTAL 18 12 9 12 17
Effecﬂvenggs and Stage of Development Secondary Waste Stream
Weighting Factor = 3) ’ Weghting Factor = 2)
4 = BDAT or equivalent as demonstrated 2 = None generated or, at least,
in full scale testing none hazardous
3 = Bench scaie testing complete, BOAT 1 = Hazardous. but within LOR
or encouraging results of equivalency 0 = Hazardous and exceeds LDR
2 = In theory shouid be BDAT or equivalent, (treatment needed
but no testing on waste Efficiencys
1 = Low effectiveness, not expected to be . =ency®

ivalent to BDAT Weighting Factor = 1)
equ!l

3 = High
2 = Medium
Availability for Production 1= Low
Weighting Factor =2 ] ] +Subjective score taking into consideration
3 =Production ready in less than 1 year its volume reduction capability, quality of final
2 = Proauction ready in 1 to 2 years ~ waste form, its capital cost. and its overall
1 = Production ready in greater than 2 years reliability.
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Vitrification - The vitrification approaches being pursued include
both the Joule melter and microwave treatment. This treatment
alternative received the second highest score. Bench scale testing
of the microwave system on radioactively contaminated waste has been
accomplished at the RFP with promising results, but it has not been
tested on the contaminated dirt. Development of the Joule melter is
at a similar stage. A concern with this technology is whether
volatiles will be destroyed or released to the off-gas. It was assumed
that the off-gas would not be a significant problem and vitrification
was given a two for "Secondary Waste". This alternative produces a
better waste form than incineration, but because of the questionable
reliability in destroying organics it was also given a medium score
under "Efficiency”. A production scale microwave or Joule melter would
Tikely take longer thah two years. '

Extraction - Four types of extraction were considered under this
alternative: steam stripping, air sparging, aqueous wash, and
supercritical fluid using CO,. In each case the treatment would be
designed to remove the solvent contamination from the dirt. By
definition, the dirt would remain a listed waste (unless formally
delisted) and the extraction media would then require additional
treatment. Each of the techniques has promise, but none have been
tested on the specific waste. As stated, each would involve a
secondary waste stream that would require treatment thereby earning
a zero for that element. Since testing has not been initiated and the
technolod} would require the necessary permits, it is estimated that
no production scale operation could be in place in less than two years.
Because of the increased waste volume and the questionable reliability
in getting the contaminated dirt below LDR standards, extraction
received a low score for "Efficiency”.

UY Ozonation - This treatment approach would require the dirt to be
suspended in water prior to oxidation of organics through the use of

UV ozonation. This treatment approach has been tested with success
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and received a nine for the "Effectiveness/Development" element of
the evaluation. The dirt would have to be dewatered prior to disposal

~and unless delisted, both the water and the dirt would still be

considered listed waste under RCRA. For these reasons the option was
given a zero under "Secondary Waste". As with most full treatment
processes, it is assumed that it would take longer than two years to
reach a production scale. The alternative receive a low score for
"Efficiency” because the waste volume is increased and the multiple
steps and waste streams would appear to reduce the reliability in
achieving the desired waste form.

Cementation - The use of cement to achieve the desired waste form
received a high evaluation score. This technology would normally be
considered the appropriate technology for stabilization of loose
material such as dirt, but no testing has been performed on this
particular waste to determine 1its effectiveness on organic
contaminants. However, until characterization is performed, the extent
of organic contamination is also unknown; if LDR standards are already -
being met, cementation may be appropriate, as necessary, to achieve
a disposable waste form. This alternative scored higher than others
evaluated for the "Availability" criterion because treatment is already
being performed at the RFP under RCRA interim status on other wastes
and>1mproved techniques could 1ikely be put into operation in less than
a year. Cementation does have limitations as noted by its receiving
the lowest score under "Efficiency”. It increases the waste volume
significantly and may be sensitive to changes in the waste
characteristics.

The technologies for treatment of the contaminated dirt waste currently
being considered for additional testing at the RFP are cementation,
both types of vitrification, supercritical fluid extraction using CO,,
and UV ozonation. At the present time, the possibility of developing -
another incinerator for use at the RFP is considered small and is not
fdentified in the schedule.

211




o

6.18.6 Schedule

The schedule for development activities associated with alternate
treatment approaches for the contaminated dirt are shown in Table 6.18.
No development specific to this waste is planned until characterization
indicates treatment is needed. Cementation scored highest among
treatment alternatives being considered for RFP operation, and will
be considered first. Should more robust treatment be required as a
result of TCLP analysis, development will proceed expeditiously.
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Table 6.18: ‘Schedule for Contaminated
Dirt Activities

oL .
Characterization of waste, keying | ;\\\\i\\\\\
on TCLP for solvents and possibly]

for EP Toxic metals

Vitrification
Microwave

Bench Scale Tests
A.N. 3.7.1.09.0004

Joule Meiter »
Bench Scale Test
A.N. 3.7.1.09.0018

Extraction
Supeicritical Fluid
{CO; Decon
Bench Scale Tests
A.N. 3.7.1.09.0016

P.N. 970007

VOC Destruction

. UV Ozonation

Lab Scale Tests
A.N. 2.5.1.09.0001

Solidification

. Cementation

Bench Scale Tests
A.N. 3.7.1.09.0012

FY 90

FY 91

FY 92
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A.N. = Aclivity Number in 5 Yr Plan

P.N. = Program Number {or Cuirent Project
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6.19 Cutoff Sludge

6.19.1 Generation Process

Building 889 has served as a decontamination facility for cleaning
(primarily steam cleaning) radiologically contaminated equipment at
RFP. Equipment was brought into Building 889 from various locations
in the plant and during the cleaning process, wastewater drained to
a floor drain and then to a sump for eventual conveyance to the
wastewater treatment facility. Cutoff sludge waste is material that
was found under decontamination equipment in Building 889 when the
equipment was removed. '

During decommissioning activities on Building 889, cleaning equipment
was removed and sludge material which accumulated over a period of
time, was found in the collection system. Cement was added to the
sludge to absorb free liquid and the mixture was placed in plywood
boxes with other clean up debris (concrete and piping). These boxes
are being stored awaiting final disposition. The estimated volume of
waste is 10 cubic yards. Cutoff sludge is not expected to be generated
in the future.

.2 MWaste Characterizdtion

The sludge is made of materials washed off of equipment brought into
Building 889 for decontamination. The type of equipment cleaned varied
greatly but included such items as motors and lathes. In addition to
radiological contaminants, the equipment cleaned could be expected to
contain oils, greases, rust, metal chips and grindings. Items such
as laths likely contained cutting oils and listed solvents. During
the Waste Stream Identification and Characterization effort in 1986
and 1987, the sump where cleaning water was collected was sampled and
analyzed. The results indicated reasonably high levels of organic

~ solvents. Cutoff sludge, treated with cement, was sampled and analyzed N
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-""Q for total metals, volati’les, radiochemstry and pH in January 1988.
' ' The results of that sampling event wi]] ‘be presented in the following
sections and the app11cab1e EPA hazardous waste numbers are also
presented

6.19.2.1 Metals

The single sample analyzed for metals provided the following

results: -
Metal : ntratijon m
Aluminum . v 6,016.0
Antimony e 4]
Arsenic ' 6.8
Barium : 176.2
Beryllium 8,900
Cadmium : 31
Calcium : 14,731.7
Chromium o : 306.4
Cobalt Not Detected
Copper 205.3
o Iron 26,448.9
) ' . Lead 1,500
| - ; Magnesium : ' . 2,727.5
- ' Manganese ‘ 227.8
Mercury 1.0
Molybdenum . 27.8
Nickel . 238.6
Potassium T ' 3,600
Selenium S <1.0
Silver 4 6.2
Sodium : 2,394.4
~ Strontium ‘ 46.0
Titanium 1.0
Vanadium o Not Detected

Zinc |  463.8

6.19.2.2 Volatiles

culefr

The bypaSs sludge sample was analyzed for 34 different vo]ati]e
compounds. Only 12 of those compounds were observed at levels
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G above detection. The volati]es,{ob;s_g'r;ygq: and their concentrati.ons
h are as follows: L

Acetone o ' 38
2-Butanone ST 11
Carbon Tetrachloride - - .9
1, 1-Dichloroethene =~ - 17
1, 2-Dichloropropane - ;- = 357
Ethylbenzene ‘ 11
Methylene Chloride 32
Tetrachloroethane - 331
Toluene 44
1, 1, 1-Trichloroethane 19
Trichloroethene 11
Total Xylenes 34

. 6.19.2.3 Radiochemistry

_ The single sample of bypass sludge was analyzed for gross alpha
6 | with a result of (3.9 +/- 0.2) x 10° pCi/g.

6.19.2.4 pH
The sample was measured to have a pH of 8.86.
6.19.2.5 Applicable EPA Hazardous Waste Numbers

The cutoff sludge waste 1s'an accumulation of materials cleaned
of f of many kinds of equipment from various plant processes. As
such, the waste could be contaminated with various types of
hazardous constituents. Based on the activities involved at the
RFP and the way the waste was generated, the RCRA characteristics
suspected are EP Toxic metals and solvents are the RCRA listed
wastes that may be present. The results of the single sampling
_event support these suspicions. The specific EPA hazardous waste
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numbers that may be appl1cab1e to the cutoff sludge waste are
described in the paragraphs that follow

BCRA Characteristics - Cutoff §1udge will qualify as a
characteristic hazardous iwasfé'fdepending on the results of
analytical tests performed on the material. The specific .
analytical test required, the EP Toxicity test, has not been
performed, but based on total metals analyses, the following EPA

1 hazardous waste numbers may be app]icable:

Hazardous Waste

' Number i ription
D004 - EP Toxic for Arsenic
D005 ' EP Toxic for Barium
D006 - EP Toxic for Cadmium
D007 , :EP Toxic for Chromium
D008 EP Toxic for Lead
D009 EP Toxic for Mercury

DO11 EP Toxic for Silver

It is very unlikely that arsenic, barium, mercury, and silver will
exceed the maximum concentrations, considering the EP Toxicity

‘analysis method and the dilution that occurs when testing solid

samples. However, sampling.and analysis for the above metals,
using the Extraction Proceduret(EP), will be necessary to make
the final determination. '

" RCRA Listed Wastes - The types of solvents used within the RFP

in additfon to the possibility of small amounts of electroplating
bath residues being cleaned of f of equipment, causes the following
1isted wastes to be suspect:
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, . . Hazardous Waste . ‘ e

Numhgr ’ I,' L
Fool ’ Spent halogenated solvents
: used in degreasing
F002 . Spent halogenated solvents
FO03 - Spent non-halogenated solvents
FO05 -~ Spent non-halogenated solvents
- Foo7 - . Spent cyanide plating bath
- - solutions from electroplating
Fo08 . Plating bath residues

from electroplating where
cyanides are used

F009 ~ Spent stripping and cleaning
bath solutions from
electroplating where cyanides
are used.

A1l but two of the volatiles detected in the cutoff sludge are
solvents 1isted under F001, F002, FOO3, or FO05. Since the exact
source of those hazardous constituents are unknown, the
conservative approach is to assume they are from listed sources.
The presence of F007, FO08 or FO009 waste is speculative at best.
If cyanide is not detected in the sludge, it can probably be

.assumed that none of the F007 through F009 listed wastes are
present.

6.19.3 Regulatory and Waste Form Requirements
6.19.3.1 &ﬂaste Form Requirements for Low-Level Waste Disposal

Cutoff sludge would likely be acceptable in its present form for
disposal as low-level waste. This presumes that the addition of
cemenf eliminated all free liquids and left no unacceptable
quantity .of f\ne particulate. Should either factor present a
problem to the ultimate disposal facility’s criteria, additional
conditioning of the waste may be required.
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6.19.3.2 Applicable Land Djsposq]‘R$§trictions (LDR)

A
LOR Requirements Now ln-Plagg H:The applicable LDR regulations
now in effect are those established for the California List of
wastes and for the F0O01 throhgh.FOOS solvents. The California
List restriction that applies, bans the land disposal of non-
11qd1ds that exceed the following standard:

| Concentration Limit

__ngngngnj__ (mg/kgq or ppm)

Halogenated Organic

Compound (HOC) ' 1,000

The applicable F001 through F005 standards are set in terms of
CCWE for specific spent solvents and can be found in 40 CFR
268.41. The regulation provides two concentration limits for
each of 25 solvents: one applicable to wastewaters and the second
to other waste forms. Solvents detected in the single cutoff
sludge samples are shown with their applicable LDR limits as

follows:

CCWE Concentration (ppm)
_F00]1-FOOS Solvent - non wastewater -

- Acetone ' 0.59
2-Butanone (or Methyl

Ethyl Ketone) 0.75
Carbon Tetrachloride 0.96
Ethylbenzene 0.053

~ Methylene Chloride 0.96
" Tetrachloroethane 0.05
Toluene 0.33

1, 1, 1-Trichloroethane - 0.41
Trichloroethene 0.091
Xylene 0.15

Euture LDR Requirements - Most restrictions applicable to mixed
waste as well as those for the "final third" wastes are scheduled
to go into effect May 8, 1990. Included in the “final third"
wastes are those associated with RCRA characteristics. Although
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- standards have not yet been set, chtoff sludge could be 1mpacted'
6 by these future standards. as shown 1n the following:

Potential
Characteristic

0004
D005
D006
D007
0008
D009
D011

Concentration Limit
Set by LDR

T8D
T8D
TBD
T8D
8D
8D

~ TBD

Another set of LDR standards that may be applicable to the cutoff
- sludge are those associated with electroplating activities.
These standards have already been set in the form of CCW and CCWE

for regular hazardous waste.

Assuming the numerical standards

will remain the same for mixed waste, wastes exceeding the
following standards are prohibited from land disposal:
F007, FO08 and F009

Concentration (ppm)

. Qg_gggrxzcgnilisngn& : —-.non wastewater -
N : CCWE
: Cadmium 0.066
Chromium (Total) 5.2
. Lead 0.51
Nickel 0.32
Silver 0.072
CCW ‘
Cyanides (Total) Sgg

Cyanides (Amenable)

~

6.19.3.3 Impact of Restrictions or Waste Form Requiréments

Low-Level Waste Disposal Requirements - Impact unlikely - In its
current form, cutoff sludge would 1ikely be suitable for disposal
Respirable fines should not be a problem
considering the manner in which the waste was generated and the
addition of cement should eliminate the free 1iquid problem.

as low-level waste.
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Solvents - Impact un]ikeTy -'Theﬁéﬁtoff sludge must be §amp1ed
and analyzed using the TCLP method to determine for certain
whether the F001 through FO05° solvent standards can be met.

Total volatile analyses indicated only tetrachloroethane at levels
higher that the LOR’s CCWE 1imit and this is comparing a total
analysis to an extraction method (TCLP in this case). Therefore,
LOR 1imits for individual solvents should not be exceeded and
theAl,OOO ppm limit for HOCs should also be met quite easily.

But again, to be certain, the waste should be analyzed for
halogenated semi-volatiles.

Electroplating Waste - Impact uncertain - Until the cutoff sludge
is analyzed for cyanides, it will be uncertain whether these
standards are even applicable. Should cyanides be present, the
waste will undoubtedly exceed the allowable concentration for
metals.

RCRA Characteristics (EP Toxic Metals) - Impact uncertain - The
LDR standards for this type of waste have not been established,
and the waste has not yet been characterized to determine which
of the criteria would be applicable. However, it is assumed that
the sludge will exceed the EP Toxicity limits for some metals.

6.19.4 Treatment Alternatives

Analyses for CCWE solvents and total semi-volatiles would be required
to determine if cutoff sludge is now acceptable for land disposal.
However, in the future cutoff sludge will possibly be unacceptable
because of concentrations of EP Toxic metals. .EPA has not yet
published BDAT treatment standards in the LDR regulations for waste
that exceeds EP Toxicity for metals. It's possible that land disposal
of RCRA characteristic waste in general will be prohibited. As another

- possibility, based on BDATs for similar wastes, a 1imit may be set and
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stabilization of metals may be the reqom@gnded approach to achieve.the
limit. o ' '

Until further characterization is accomplished, it will be assumed that
stabilization of metals and destruction of organics are needed for the
cutoff sludge waste. The treatment alternatives to be considered
include two solidification .methods (cementation and polymer

“solidification),twovitrification methods (Joule melter and microwave),

and incineration.

.6 Evaluation of Alternatives

Four treatment alternatives were evaluated against the criteria
described in section 5.0 and the results are shown in Figure 6.19.
The treatment approaches and the result of their evaluation are
discussed as follows.

Cementation - The use of cement to solidify the cutoff sludge waste
would appéar to be a viable approach except for the possible presence
of organics in the waste. Cementation is not consider a reliable
method to tie up organic materials into a non-leachable form. It does
however eliminate any secondary waste streams and scores high in that
area. Since treatment of this waste is of relatively low priority
because of its small volume, even this simple process is assumed to
take over-two years to reach a production mode. The option received
a low score for "Efficiency” because it increases the waste volume,
and has questionable relfability in satisfactorily preventing the
leaching of organic solvents.

Polymer Solidification - Use of a polymér binding agent scored higher

in "Effectiveness/Development® because it is considered to have better

potential for reducing leachability of organics, but it has not been
tested on the specific waste. It was given a zero for "Secondary

"Waste" because the process temperature may volatilize organics. Like - - - —
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Figure 6.19: Evaluation of the Treatment Alternatives For Catoff Sladge

P
Need: Stabilization of Metals

Alternatives >
&
S
@)
Crteria
Eftectivenesy
Qﬁeoggmem 3
Seconaary
Waste 4
Avaiiabiity 6
Efticmncy 1 1 2 3
TOTAL 14 =} 12 17 .

‘Efectivensss and Stage of Development
Weighting Factor = 3)
4 = BDAT or equivalent as demonstrated
in full scale testing
3 = Bench scale testing complete, BDAT
of encouraging resuits of equivalency
2 = In theory should be BOAT or equivalent,
but no testing on waste
1= Low effectiveness. not.expocted to be
equivalent to BDAT

. Awvgilability for Production

(Weighting Factor = 2)

3 = Production ready in less than 1 year

2 = Proaduction ready in 1 to 2 years

1 = Production ready in greater than 2 years
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Secondary Waste Stream
Weighting Factor = 2)
2 = None generated or, at least,
" none hazardous
1 = Hazardous. but within LDR
0 = Hazardous and exceeds LDR
{treatment needed

Efficiency#
Weighting Factor = 1)

3 = High
2 = Medium
1=Low

#Subjective score taking into consideration

its volume reduction capabiity, quality of final ~~

waste form, its capital cost. and its overall
rehability.




cementation, it is estimated that it would take longer than two years
to get to a production level operation.: The alternative was given a
Tow score for "Efficiency” because the volume is increased and because
of the potential need for off-gas control.

Vitrification - Both the Joule melter and the microwave are

technologies being considered under this alternative. Both should be
capable of destroying organics and providing a vitrified waste form
for the stabilization of metals. However, neither technology has been
tested with cutoff sludge. Because the destruction efficiency of
organics -is not known at this time, it is assumed that the off-gas will
be of some concern and the alternative was given a two under "Secondary
Waste". In both cases the technology is reasonably complex and could
not be put into production in less than two years. The "Efficiency”
was given a medium score because the reliability of destroying organics
is uncertain, but the resulting waste form is of high quality.

Incineration - Incineration was given the highest evaluation score
because it is considered the BDAT for destruction of organics and is
a proven technology. However, it was also given a zero for "Secondary
Waste" because generates a residue that will undoubtedly require

additiona1 treatment to stabilize the heavy metals. It is assumed that

incineration of cutoff sludge could be done in the existing fluidized
bed incinerator (FBI), although wastes such as this have not been
incinerated in the past at RFP. As with the other technologies, it
is sti11 assumed that full production would be at least two years away.
Incineration received a high score for "Efficiency"” because it is a
proven, reliable technology that can put the waste into a form that
should be easily solidified.

The results of the evaluation scored incineration the highest although -

it does have some limitations and the FBI has not normally been
considered for this type of waste. There are also no current plans

- to develop..othgr incineration capabilities at RFP. Therefore, .
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treatment alternatives that did not score as high as incineration must
also be evaluated. Both types of vitrification and both types of
solidification will be considered for future testing at the RFP.

.6 Schedu]e

The schedule for development activities associated with alternate
treatment approaches for cutoff sludge are shown in Table 6.19. No
development is planned pending characterization results. Cementation
scored very high and will be developed as required. Should the
cemented form prove unacceptable for disposal, vitrification and
polymer solidification technologies will be developed in FY 1992.
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Table

Perform additional
characterization on the
waste, keying on TCLP
for solvents, EP Toxic
metals, semi-volaliles,
and cyanides (lotal and
amenable to chiorination)

FBI Startup Plan

Vilrification
Microwave

Bench Scale Tests
A.N. 3.7.1.09.0004

Joule Melter
Bench Scale Test
AN. 3.7.1.09.0018

Solidification
Cementation
Bench Scale Tests

AN. 3.7.1.09.0012

Polymer
Bench Scale Tests
A.N. 3.7.1.09.0_012

6.19: Schedule for Cutoff

Sludge Activi

ties

FY 90 FY 91

FY 92

NNANNN

s |||

AANANANNNNUNNINUNRANNNNNNNY

ANANNNNNNNRORNINNNNNRNNNNN

ONUNNARNNRNNRNNRNNRNNNNRN

AN. = Aclivity Number in 5 Y1 Plan
P.N. = Program Number foir Current Project




6 6.20 Summary of Waste Streams

Table 6.20 provides a summary of pertinent information for each of the
individual wastes streams discussed in this chapter. As can be seen in
the table, several RCRA Hazardous Waste Numbers are involved in the waste
stfeams, but the treatment needs can be summarized, for the most part, as
destruction of organics and stabilization of metals.

o
/4 -
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TABLE 6.20

SUMMARY OF WASTE STREAM INFORMATION

Treatment Needs to Achieve a
Generation Amount Disposable Waste Form _
Rate fn Storage Applicable RCRA Destruction Stabilization
Waste {Cu Yd/Yr) _(Cu Yd) HW_Numbers of Orqanics of Metals Other
1. Pond Sludge 3,396%! 9,4§é D002, D006, X
and Fo01, FOO2,
Pondcrete F003, FO0O0S,
‘ Fo06, F0O7,
- F009
2. Nitrate 600*? 2,204 pool, Fool, X Nitrate
Salt and . F002, F003, destruction
Saltcrete F005, FO0O6,
n ‘ F007, FO09
(o]
3. Bypass 216 483 D004, D006, X
Sludge D007, DooO8,
D009, DoOl1,
Fo01, FO0O2,
F003, FO0S
4. Roaster None 107 Fo01 None
Oxide anticipated
5. 8l 011 23 143 0001, D008, X Possible
(4,704 (28,965 Fo01, FOO2, stabilization
gal) gal) F003, FO005 of residue
6. Combustible 4] 153 F001, FOO2, X
F003, FO00S
7. Lead 20.4 30.4 D008 X Recycling
*1  pate of generation through October, 1991.
*2  This only includes new generations of nitrate salt, the rate of generation goes up to 2,484 if the
amount of saltcrete scheduled to be reworked is included.
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Hasﬂe

8. PCB Waste

9. FBI Ash

10. Berjllium
Dust

11. Met#l Chips

- 12. Filters

13. Fluérescent
Lights

14, Acid

15. Composite
Chips

16. Absorbed
Organic

Hasﬂe

Y N
Lo 3y
’ y/

TABLE 6.20

SUMMARY OF WASTE STREAM INFORMATION

Treatment Needs to Achieve a

Generation Amount . Disposable Waste Form
Rate in Storage Applicable RCRA Destruction Stabilization
{Cu Yd/Yr) _(Cu Yd) HW_Numbers of Organics of Metals Other
v _
None 38 Foo1l, FO02 X
None 11.5 F001-F005, X
D004-D011
1.0 0.8 PO15 X
0.3 3.0 FoO01 X
0.3 3.0 F0O1-F005 X
0.4 0.3 D009 X
0.6 8.0 D002-D004, X Neutralization,
0006-D008, cyanide
D011, FOO6, destruction,

" F009 and
pretreatment by
flocculation
and 3
precipitation

15.6 106 FoOol X
None 1.4 ool Elimination of

ignitability
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Generation
Rate
Waste (Cu Yd/Yr)
17. ECM Sludge None
| A e
18. Contami- 3.6
nateﬂ Dirt
19. Cutoff None

Sludge

~
. N\ - .
N oL
R M E R
-
y, .

TABLE 6.20

SUMMARY OF WASTE STREAM INFORMATION

Amount

| Treatment Needs to Achieve a
Disposable Waste Form

in Storage Applicable RCRA Destruction Stabilization

(Cu_Yd)

S

12

10

HW Numbers

of Organics

F006-F009
FO01-F005

0004-0009,
Doll,
F001-F003,
F005-F009

of Metals

Other._

Cyanide
destruction




7.0 CONCLUSIONS/SUMMARY

The preceding section presented a waste-by-waste description of the problem
low-1evel mixed wastes, their characteristics, the disposal criteria
applicable to them, treatment alternatives to meet that criteria, and an
evaluation of those treatment alternatives. Each waste section concluded with
a description and schedule of events that represent the next step in working
towards the implementation of successful treatment technologies. As a summary
of those individual findings the results will be presented in terms of the
steps that are scheduled. The wastes applicable to each of the actions will
then be shown.

7.1 Waste Currently Meeting Disposal Requirements

Several of the low-level mixed waste streams have already been accepted
for disposal by NTS; others appear to meet applicab]e LDR and waste form
requirements in their current condition. In most cases, the latter
situation needs additional characterization to verify the assumptions
that support that conclusion. The additional LDR standards that go into
effect on May 8, 1990 will also change the acceptability of a number of
the wastes streams, or, in cases where standards have not yet been
promulgated, make their acceptability unknown. This information is
summarized by waste stream as follows:

~ Currently Provisions' After
Haste Stream Acceptable on Acceptance $/8/90

1. Pondcrete Yes 1 . No

2. Saltcrete Yes 1 Unknown

3. Bypass Sludge Yes 1,2 Unknown

4. Roaster Oxide Yes 2 Unknown

5. FBI 0il No No

6. Combustibles No No -

7. Lead Yes Unknown

8. PCBs No ’ No

9. FBI Ash ' Yes 1,2 Unknown

10. Beryllium Dust Yes 1 ' Unknown
._11. _ Metal Chips _ __ Unknown Unknown

12. Filters ' Unknown T T T T Unknown T T

13. Fluorescent Lights Yes 1 Unknown
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7.2

14. Acid No A No
"15. Composite Chips Unknown Unknown
16. Absorbed Organic Yes 1,2 Yes
17. ECM Sludge Yes 2 Unknown
18. Contaminated Dirt Unknown Unknown
19. Cutoff Sludge Yes 1,2 Unknown

*] Provisions: 1. No free liquids and/or no fine particulate
2.. Additional analytical characterization supports
assumptions made

Waste Characterization Requirements

Several of the low-level mixed waste streams had inadequate waste
characterization to be certain of the applicable disposal criteria.
Assumptions were made, but sampling and analysis is required to verify
those assumptions or to determine if other criteria must be considered.
The waste streams requiring additional characterization and the minimum
analyses that appear necessary are as follows:

Required Analyses

' ‘ TCLP TCLP EP Toxic Free Total & Amenable
Waste Metals Solvents _Metals Liquids Cyanides
Pondcrete X X '
Saltcrete . X ,
Bypass Sludge ! X X X
Roaster Oxide X
Combustibles X X X
FBI Ash ~ X
Metal Chips X X
Filters X X
Acid X
Composite Chips , X X
Absorbed Organic 2 X
ECM Sludge X X X
Contaminated Djrt X X
Cutoff Sludge X X X

*] Bypass sludge should also be inspected/ analyzed for fine particulate
*2 A determination of ignitability must also be made for this waste

*3 Cutoff sludge should also be analyzed for semi-volatile contaminants -
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The'analyses shown are those that appeared to be necessary to complete or
finalize the waste form requirements for disposal. Schedules for the

- individual waste stream activities indicated the above analyses being

7.3

performed for the existing inventory of stored waste before the end of FY
1990. Other parameters should also be considered to provide a better
overall description of the waste. Wastes streams that continue to be
generated should periodically be sampled and analyzed to insure the
existing characterization data remains applicable.

Stabilization/Solidification

Many of the problem low-level mixed waste streams can possibly be put
into a disposable form by solidifying the waste into a less leachable
matrix. The non-thermal methods being considered to accomplish this are
through the use of cement or polymer binders. (The use of polymer
binders does involve heating, but for these purposes is not considered a
thermal treatment.) Development of these treatment capabilities
invariably require testing samples of the wasté‘with various recipes of
the binding agents and then measuring their leachabilities. Hopefully,
an optimum recipe will meet the necessary waste form requirements. The
waste streams that are being considered for such an approach and the time
frames in which the lab or bench scale testing will be done are provided
in the fo]]owing:‘ ‘

Date Bench Scale

E

Testing Completed
Waste. Cement Polymer Cement  Polymer
Pondcrete X X 9/90 3/91
Saltcrete X X 9/90 3/91
Bypass Sludge X - X - 9/90 9/91
Combustibles X 9/91
Lead X X 9/91 9/92
FBI Ash X X 6/91 9/91
Beryllium Dust X X 9/91 9/92
Filters X X 9/91 9/92
Fluorescent Lights X X 8/91 9/92
Acid X X 6/91 (both-lab scale)
ECM Sludge X X 9/92 9/92
Contaminated Dirt X 9/91

" Cutoff Sludge X X S 9/91 - 9/92 o
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7.4

It should be noted that the results of solidification testing should be
evaluated through use of both the EP and the TCLP methods. EPA has
proposed to eliminate the EP in favor of the TCLP. This may make the
required standards more difficult to meet with traditional solidification
techniques (cement and polymer); thereby making processes like
vitrification more necessary.

Incineration

Many of the problem low-level mixed waste streams appear to be amenable
to treatment through incineration; in fact, for many of the wastes EPA
has established incineration as the Best Demonstrated Available
Technology (BDAT). This fact should provide justification for pursuing
the start up of the existing fluidized bed incinerator at the RFP. For
one waste, the FBI oil, activities are on-going to negotiate incineration
off-site, at the Idaho National Engineering Laboratory (INEL). A plan is
now being prepared (to be completed by the end of CY 1989) to detail
actions needed to put the existing fluidized bed incinerator into an
operational mode. Once that plan has been prepared and reviewed, the
decision will be made whether or not to implement the plan. At the
present time, the possibility of developing another incinerator for use
at the RFP is considered small and is not identified in the schedule.
Mixed wastes tggt were identified as potentially appropriate for
incineration are as follows:

Incinerable Appropriate Other than

Wastes for FBI FBI
FBI 0i1 X
Combustibles X

PCB Solids/Capacitors X
PCB Liquids X

Metal Chips X
Filters X

Composite Chips X

"~ Contaminated Dirt - S X -

Cutoff Sludge X
234
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7.5 Melting/Vitrification

7.6

Melting techniques to solidify or Qitrify waste are being considered as
potential treatment technologies for a several of the low-level mixed
wastes where traditional cementation has not provided a consistent
quality waste form. This type treatment may also be beneficial in
destroying listed organics. Waste streams being considered, the
corresponding melting technique to be tested, and the date bench scale
testing is to be completed are provided as follows:

Meltina/Vitrification Technigue Bench Scale
Waste Joule Melter Microwave Testing Completed
Pondcrete, : X 9/90
Saltcrete ! X X 9/91 (both)
Bypass Sludge X 9/91
FBI 0i1l X 9/93
Combustibles X 9/91
FBI Ash X X 9/92-3 9/91-M .
Beryllium Dust X X 3/92 (both-1ab scale)
Filters X 9/92 ‘ ,
Fluorescent Lights X 9/92 (lab scale)
Acid X 3/92 (lab scale)
ECM Sludge X 9/92
Contaminated Dirt X X - 9/92 (both)
Cutoff Sludge X X 9/92 (both)

*] In this case, these treatment technologies are also being considered
for their ability to destroy nitrates.

~
Extraction

Techniques to remove hazardous components from the waste may be feasible
in some instances. This approach is primarily being considered for
removal of organics, but in one instance extraction of metal contaminants
is proposed. The extract will likely still require additional treatment
after the extraction process, as may the original waste. However, if two
wastes streams are generated which are relatively easy to deal with

 versus the original difficult waste, then the process mﬁy be worth whi]e{

Waste streams to be considered, the corresponding extraction process
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1.7

7.8

being considered, the type action proposed and the completion date for
that action are provided as follows:

Supercritical Aqueous For Completion
Waste -0, Wash  Metal Action __Date
Pondcrete X Study 9/91
Combustibles X X Bench Scale 9/92 (both)
PCBs (solids/ X Bench Scale 9/92
capacitors)
Metal Chips X X Bench Scale. 9/92 (both)
“Filters X Bench Scale 9/92
Composite Chips X X Bench Scale 9/92 (both)
Contaminated Dirt X Bench Scale 9/92

Wet Oxidation

Wet oxidation will be tested for treatment of several waste streams
consisting of solid materials that are contaminated with organic
solvents. The testing will involve the use of sulfuric acid and hydrogen
peroxide at elevated temperatures to decompose the waste. The Tow-level
mixed wastes being considered for the testing and the dates lab scale
testing is to be completed are as follows:

Wastes Considered for

Lab Study
—NWet Oxidation _  Testing Completed
FBI 011 6/93
.Combustibles 6/92
Filters ‘ 9/92
Biodegradation

Biodegradation will be considered for the destruction of organics in some
of the mixed wastes. Because of the necessity to develop bacteria
strains specific to the waste, these lab scale tests are expected to
extend to the end of FY 1994. The waste to be addressed in these studies
are as follows:
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~.j. Wastes Considered
- ' r Biodegr ion

FBI 0il
PCBs (liquids)

7.9 Metal Precipitation Pretreatment

Lab scale testing is scheduled to be completed by the end of CY 1991 on
the ability to flocculate and precipitate metals from one waste stream.
The precipitate would then require additional treatment.

Waste to be Tested for Metal Precipitation: Acid

7.10 Cyanide Destruction

Pending the results of needed sampling and analysis, two wastes may
require treatment for the destruction of cyanides. Full scale treatment
equipment is scheduled to be in place by the end of the end of FY 1991.
The waste to be treated is:

Wastes Cpnsidered for

_Cvanide Destruction
Acid
ECM Sludge

~.

7.11 Decontamination of Lead

Lab scale testing is scheduled on the development of capabilities to
decontaminate lead through the use of smelting and removal of
radiological contamination in the dross. Lab scale testing of this
decontamination process is scheduled to be completed by the end of FY

1991.
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7.12

7.13

7.14

Ultra-violet (UV) Ozonation

Tests will be performed to determine the feasibility of treating one of

the wastes through UV ozonation to destroy organics. Lab scale tests are
scheduled to be completed by the end of FY 1992. The waste to be tested
is as follows: ' '

Waste to be lgg;gg by UY Ozonation: Contaminated Dirt
'P1asma Arc

The plasma arc furnace is being pursued on a DOE-wide basis as a
potential alternative for the treatment of mixed waste. A demonstration
model is currént]y being tested at the DOE facility in Butte, Montana,
and is being monitored by RFP personnel. The wastes that are considered
to be potential candidates for treatment by the plasma arc are as
follows:

Wastes Considered Appropriate
for the
Plasma Arc ]
- PCB Solid e
PCB Capacitors
Metal Chips
Composite Chips

Scale Up of Technology Development

The preceding sections have summarized the first steps to be taken in the
development of treatment technologies for RFP low-level mixed waste.
Completion of these steps should result in reaching the point where pilot

. or full scale technologies can be pursued. At that time, economic

commitment increases significantly. As a point of reference, rough order
of magnitude (ROM) cost estimates were generated fpr fu1]-sca1e versions
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of the major technologies being considered for the RFP wastes. The costs
were based roughly on published information and experience gained at the
INEL. The cost estimates and a brief description of the process are
provided as follows:

ROM Cost
Technology Estimate Pescription

Incinerator $10M One ton/hr capacity. Modified controlled
~ air type, to enable limited alpha
contamination control (even though its low-
level waste)

¢

Joule Melter $10-15M 500 1b/hr capacity. It is assumed that an
: afterburner would not have to be included
to treat many of the wastes considered.

Microwave $5-10M 500 1b/hr capacity. It is assumed no
: afterburner is required for the type of
wastes considered.

Solidification $1-5M One ton/hr capacity. Large enough for
' pondcrete and saltcrete waste streams.
Would include some type of preconditioning
process such as a shredder/grinder.

Plasma Arc $10-20M One ton/hr capacity. Includes off-gas
- system and limited alpha control.

The above ROM estimates do not include the construction of facilities
needed to house any equipment, but they do give consideration to
reasonable start up costs such as permitting, performahce of a trial
burn, operator training, etc. It should be noted that "reasonable"”
assumes a fairly simple permitting and public involvement scenario, which
may not be probable for some of these treatment alternatives.

Recommendations for Future Activities

The activities described by the plan can be summarized as the development
of specifications for well established technologies and performing bench
scale testing of those not so well established. As was noted in section
7.10, the costs to install full scale treatment technologies are

significant to say the least. Therefore, it is suggested that once bench
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scale testing has been completed, the treatment alternatives be i
reevaluated based on the results of those tests. At that time, only the
technologies considered to be fully affective should be evaluated. and the
capability of a technology to treat multiple waste streams should be

given a high weighting.
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@ | APPENDIX A
6 ' Brief Description of .
' ‘ Treatment Technologies

Air Stripping Air stripping is the mass transfer of VOCs from a liquid
to a gas (air) phase. The transfer continues until an
equilibrium is established between the two phases. The
mass transfer rate is 1imited by the amount of liquid
surface area exposed to the air, because diffusion occurs
at the air-liquid interface only. Within an air stripping
column, 1iquid flows, from top-to-bottom, over packing -
material creating a broad surface area. At the same time,
air (several times the volume of liquid) passes from
bottom-to-top (countercurrent) over the liquid. The VOCs
enter the passing air which is then emitted to the

 atmosphere or treated (e.g., vapor phase carbon
absorption) and then emitted.

Air Sparging - This process is similar to the air
stripping process, but in this plan is used to refer to
the mass transfer of the VOCs from a porous solid waste to
the ajr. The transfer continues until an equilibrium is
established between the two phases.

Alkaline This process utilizes chlorine gas in combination with
@ Chlorination caustic, chlorine dioxide, or hypochlorite (sodium or
(for Cyanides) N calcium) to destroy cyanide by converting it to nitrogen

: \3 and carbon dioxide. This process is specifically designed
4{ /V 3 ; to treat wastes containing cyanide or complex cyanides.
P WO4XJ Toxic volatiles may be released if the pH is not carefully
ot contro]led(fg‘igH 7.5 to 9).

|
|
|
|
1
Aqueous Wash In this process wastes are fed into a washing unit where
water or a water solution is used to extract contaminants.
The washing fluid is then treated to remove the
~ contaminants. Solutions may include water and chelating
agents or water and surfactants. Types of contaminants
that can potentially be removed include heavy metals,
halogenated solvents, aromatics, gasoline, fuel oils,
PCBs, and chlorinated phenols. Variable composition
wastes complicate the selection of a suitable cleaning
solution. For example, trying to remove two or more types
of contaminants simultaneously with the same cleaning
solution may be difficult. :
|

Biodegradation Biodegradation is a biological treatment that uses
microorganisms to degrade hazardous organic compounds to |
non hazardous constituents. Two classes of biological - |
processes are of general interest for treating hazardous- |
wastes, aerobic, with oxygen and "anaerobic, without :
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Cementation

High Temperature
Fluid Wall
Reactor

Incineration

oxygen. Biological reactors have long been used for the
treatment of wastewater (particular sanitary wastewater),
and have more recently been considered for hazardous
wastes. In situ processes have also been used for
decontaminating soils. Microorganisms in the soil degrade
the organic contaminants to derive by-products needed for
growth. Additional nutrients, oxygen, and/or
microorganisms may be injected into the soil, if needed,
to assist in expanding the organism population.
Biodegradation is likely applicable to any organic

~ compounds, but at much slower rates for some than others,

and can be sensitive to environmental changes.

Cementation involves the addition of portland cement,
water and, possibly, other additives to a waste to form a
solidified product. In general, solidification processes
are designed to improve the handling and physical
characteristics of the waste and/or limit the solubility
of hazardous constituents. The process is normally tested
on a lab or bench scale to develop an optimum recipe for
producing a solidified product. With cementation it can
be difficult to produce a uniform waste on a production
basis if the chemical or physical (such as amount of
1iquid present) characteristics of the waste stream being
solidified changes with time. Also, material such as
oils, grease, and soft fines do not lend themselves to
forming a good stabilized product.

In this process, also known as an advanced electric
reactor, wastes are converted to nonhazardous compounds
such as'carbon, carbon monoxide, and hydrogen by
thermolysis (i.e., pure heating). Destruction of the
wastes takes place in an electrically-heated, porous-
carbon core reactor. The wastes are added at the top of
‘the reactor and are decomposed at temperatures of
approximately 2,200°C while passing through the reactor;
thermal energy is transferred to the wastes by means of
radiation rather than conduction or convection. Off-gases
pass through a secondary combustion chamber to ensure
complete combustion of organic substances. This process
is limited to 11quid wastes atomized to droplets no larger
than 1,500-microns and solid wastes no larger than 35
mesh. Sludges cannot be handled by this process.

Incineration is one of many thermal processes that are
destructive technologies when used for wastes containing
organic compounds. Because of the potential for
generating off-gases containing particulates, acids, and
other undesirable constituents, it is expected that an
off-gas system may be required with components usually
“{ncluding an after-burner, a scrubber, a filter bank, or a
combination of these. The paragraphs that follow
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Joule Melter

Microwave Melting

described specific types of incinerators pertinent to this
plan. .

Fluidize ncinerator (FBI) - Fluidized bed
incineration utilizes a bed of inert material which is
heated and expanded using forced air. The wastes are
injected into the expanded bed material and are burned,
with the heat being transferred back to the bed. A
secondary combustion chamber containing an oxidation
catalyst ensures complete combustion of the pyrolyzed
gases. Inorganic wastes will collect in the bed requiring
occasional replacement of the bed material. The FBI does
not accommodate large, bulky wastes and depending on the
specific configuration, may not handle wastes well that
yield high volumes of ash generation. The existing waste
incinerator at the RFP is an FBI.

Controll i inerator - Controlled air
incineration i1s a variation of conventional incineration
practices. Wastes enter the pr1marg combustion chamber
and are heated to approximately 870°C in an oxygen poor
atmosphere. The wastes are broken down into gases and
ash. By minimizing the oxygen flow rate, turbulence in
the chamber is restricted and ash dispersion reduced.
O0ff-gases then enter a secondary combustion chamber and
are oxidized in an oxygen rich atmosphere. Limitations on
the types of wastes appropriate for the CAI are very
similar to the FBI. The WERF incinerator at the Ildaho
National Engineering Laboratory (INEL) is a CAI.

The Joule melter process is based on the principle that
molten glass is a conducting solution because of its ionic
composition. Therefore, it is possible to pass an

alternating current through electrodes at either end of a

refractory vessel to directly generate heat within the
molten glass pool. The Joule-heated glass melting process
generally uses an electric furnace to melt the waste feed
material and glass formers. The feed material and glass
formers are added directly to the Joule-heated glass
melter. Once inside the melter, a cold cap of feed
material forms on top of the molten glass. The feed
material can be wet sludge, dry sludge, or combustibles.
The glass formers can be soda-ash, lime or glass frit, At
atmospheric pressures, temperatures in excess of 1200°C
are required to maintain the proper viscosity of the :
molten glass. At the elevated temperatures, both nitrate
salts and volatile organics are destroyed. The molten
glass is drawn from the bottom of the melter into drums.

Glass melters in general are used for processing wastes by
trapping-inorganic and metallic constituents in a glass

matrix while destroying the organic constituents. Wastes -
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Plasma Arc

o
S Polymer
~Solidification

are first mixed with glass formers and then introduced
into ;the cavity of a glass melter. Microwave melters are
similar to glass melters except for the method used to
heat the wastes. Wastes, in the form of dried sludges,
are introduced into the cavity of the microwave melter,
and melted at temperatures between 700-1,300°C. Organic
substances, air and moisture are driven off, and metallic
and inorganic substances are trapped in the glass matrix.

"~ Microwave melters may reduce the volume (up to 80%) of

certain types of wastes, while at the same time forming a
solidified, glass-1ike mass. When the glass is removed
from the chamber, the waste is in a form that is
appropriate for shipment and disposal. As described, a
disadvantage of the microwave melter is that it would not
be expected to provide a high efficiency for destruction
of organics without additional off-gas control.

. The plasma arc process consists of a low pressure air flow.

being passed through an electric arc, which ionizes the
air molecules. As the molecules return to a lower energy
state, intense ultraviolet radiation is emitted. The
process is used to reduce atomized wastes into ;their
constituent elements. A cooling zone permits the
recombination of the elements into nonhazardous molecules
such as hydrogen, carbon, carbon monoxide and hydrogen
chloride. The off-gasses then pass through poliution
control devices to remove particulates, acid gases, and
combustible gases.

In this process, sometimes referred to as thermoplastic
microencapsulation, waste is dried then mixed with a
plastic material to form a malleable solid. A commonly
used material is asphalt, but other materials used include
polyethylene, polypropylene, wax, or elemental sulfur. A
problem that may develop is softening of the solid, if
solvents or greases are present in the wastes.

Solvent'Extraction \This is the transference of various substances from one

solvent to another. This process is applicable to
solvents containing both metallic and organic substances.
The solvents treated are generally an aqueous solution
containing the substances to be extracted and a second
solvent, usually organic. The extraction may be performed
in a mixer-settler, centrifugal contactor, or a packed
tower. The solvent passes countercurrent to the aqueous
stream where the exchange is made. After the exchange,
the now contaminated solvent is sent to a regeneration
process (e.g., distillation, extraction, evaporation -
chemical reactor) to reclaim the solvent.
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(/‘\ _ Supercritical

UV Ozonation

Wet Oxidation

Fluids a certain critical temperatures and pressures act
as exceptional solvents and are superior to distillation
and conventional extraction procedures. The paragraph
that follows addresses the specific fluid being considered

-at RFP for use in supercritical extraction.’

€0, - Supercrmtical carbon dioxide extraction is a process
used to extract organic hazardous constituents from waste.
The process, which operates at or above the critical
temperature (31.1°C) and pressure (7.5 MPa) of carbon
dioxide, has been used to remove hazardous organic
compounds from soils, recover oil from sludge, and recover’
solvents from slurries. Additional processing steps are
required if destruction of the solvents and waste o0ils is
required.

The ultraviolet (UV)/ozone process uses a strong ox1d1zing
agent, ozone (0;), in the presence of UV 1light to ‘
decontaminate aqueous waste streams containing hazardous
organic compounds. The ozone is added to the wastewater;
which is then irradiated with UV light. The UV 1ight
converts the 0, into hydroxyl radicals (OH');
decontamination occurs by the organic contaminants
reacting with the hydroxyl radicals to form nonhazardous
compounds: carbon dioxide, chlorides, and water. The
efficiency of the process 1s dependent upon the quantity
of oxidants applied to the waste stream, the UV dosage,
and the residence time in the UV reactor. The efficiency
would also be impacted by the suspended solids present as
they would 1imit the amount of light entering the
solution, reducing the production of hydroxy radicals, and
consequently reducing the overall effectiveness of the
treatment.

Wet oxidation may refer to any of several technologies,
but for purposes of this plan, refers to acid digestion.
In this process, combustible waste is added to sulfuric
acid heated to 230-300°C. This causes carbonization of
the organic material, after which hydrogen peroxide is
added to oxidize the carbon. Sulfur dioxide produced from
sulfuric acid degradation can react with additional
hydrogen peroxide (the oxidant) to regenerate sulfuric
acid. Most solid and 1iquid organic materials carbonize
readily, although lower boiling materials tend to
volatilize to varying degrees, and others, particu]ar]y
halogenated materials, tend to react more slowly. " In all
cases off-gas scrubbing is necessary, and sulfuric acid is
regenerated and reused.
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