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Technical Basis For Analysis of Waste Treatment
Requirements for DOE Mixed Wastes

1.0 Summary and Introduction

1.1 Summary

The risks and costs of managing DOE wastes are a direct function of the total quantities of wastes that are
handled at each step of the management process. As part of the analysis of the management of DOE low-
level mixed wastes (LLMW), a reference scheme has been developed for the treatment of these wastes to
meet EPA criteria. The treatment analysis in a limited form was also applied to one option for treatment of
transuranic wastes. The treatment requirements in all cases analyzed are based on a reference flowsheet
which provides high level treatment trains for all LLMW. This report explains the background and basis
for that treatment scheme.

Reference waste stream chemical compositions and physical properties including densities were
established for each stream in the data base. These compositions are used to define the expected behavior
for wastes as they pass through the treatment train.

Each EPA RCRA waste code was reviewed, the properties, chemical composition, or characteristics which
are of importance to waste behavior in treatment were designated. Properties that dictate treatment
requirements were then used to develop the treatment trains and identify the unit operations that would be
included in these trains.

A table was prepared showing a correlation of the waste physical matrix and the waste treatment
requirements as a guide to the treatment analysis. The analysis of waste treatment loads is done by
assigning wastes to treatment steps which would achieve RCRA compliant treatment These correlation's
allow one to examine the treatment requirements in a condensed manner and to see that all wastes and
contaminant sets are fully considered

Transuranic Waste stream data are take from the Interim Mixed Waste Inventory Report. These wastes are
divided into 19 categories. Low Level Mixed Waste stream data used in this analysis are taken from the
DOE Mixed Waste Inventory Report (MWIR) database. In the MWIR database wastes are assigned to 1 of
134 different physical matrix categories. Some of waste physical matrix codes (WMCodes) in the database
will receive the same or very similar treatment Recognizing this, smaller number of wastes streams was
selected a for analysis of treatment impacts. That smaller set of waste stream combines streams requiring
substantially the same treatment and thereby simplifies the analysis. This reduced waste stream set still
maintains enough resolution of waste matrix types to allow for any significant differences in treatment
requirements and impacts. This reduced set of waste categories has been designated the PEIS waste stream
set.

The analysis of waste stream data is done by Los Alamos National Laboratory (LANL) at the PEIS waste
stream level. This model and its application to analysis of the PEIS alternative cases is fully detailed in a
separate report. To provide clear descriptions of the waste behavior, applicable flowsheet unit operations
were reproduced in segments that represent the treatment train for each waste stream (PEIS waste stream
sets). Separation of the flowsheet into treatment trains for each waste allows the tracking of the individual
wastes through the entire processing facility and clearly shows the reader the treatment assigned to the
waste. The base flowsheet has been correlated with the treatment modules used in the PEIS for costing the
treatment facilities.

1.2 Introduction:

This report explains the background and basis used for the determining the treatment capability
requirements for DOE mixed low level waste. The waste stream database for these analyses is the May

1



1994 Mixed Weiste Inventory Report (MWIR). This database lists waste streams each of which has
assigned to it a waste matrix code; RCRA regulated characteristics and chemical contaminants,
radionuclide content, and radiation handling characteristics as well as inventory are also identified.
Treatment requirements for DOE low-level mixed wastes are established by EPA regulations. The EPA
regulations are based on the source of the wastes, the general characteristics of the waste, and of the
contaminants contained in the waste. (A new rule has been published at the time of this writing which sets
"universal" standards for some wastes. The treatment requirements will no longer depend on the source of
the these wastes. The analyses here have not allowed for potential impacts of that rule.) The necessary
treatment also depends on the physical and chemical form of the wastes and the regulated characteristic or
contaminant These analyses have been structured to apply EPA rules to the various waste streams and
contaminant combinations.

Waste matrix codes have been defined for the DOE LLMW as a means of identifying the physical and
chemical nature of the wastes and to assist in sorting the waste stream data for analysis. These waste
matrix identification codes are structured to segregate various matrix materials ranging from aqueous
streams, to debris, and to inherently hazardous materials such as elemental lead. Data for DOE LLMW
streams are analyzed to determine the quantities of wastes of each radionuclide, physical matrix type, and
contaminant that require treatment The MWI Report contains data at the individual waste stream level. The
wastes are sorted into sets based on the radionuclides contents. The sets are: 1-remote handled, these
waste are high enough in external radiation to require remote handling; 2-contact handled, containing beta
gamma radionuclides only, these wastes are low enough in external radiation to be safely handled by direct
contact; 3-contact handled containing alpha emitting radio nuclides, these wastes are low enough in
external radiation to be safely handled by direct contact but require special containment to assure control of
the alpha emitters during treatment of the wastes. Because of die significantly different containment
requirements, treatment capacity for contact handled alpha, contact handled non alpha, and remote handled
wastes are analyzed separately. The wastes are next sorted into sets which require similar treatment. The
sets are based on similarity of physical, chemical, and hazardous contaminant properties.

Generic treatment flowsheets had been developed previously which represent full RCRA compliant
treatment for any type of waste with any type of RCRA regulated contaminants. The highest level
representation of the treatment concepts combines the treatment trains at the MWIR waste matrix 1000s
level categories into an overall flowsheet. The flowsheet is presented in two figures. The first Figure 1
PEIS Mixed Low Level Waste Base Flowsheet, addresses the waste streams in the matrix categories 1000-
5000. The second, Figure 2 PEIS Mixed Low-Level Waste Special Processing addresses the special and
inherently hazardous wastes 6000-7000. This final version of the Base flowsheet has been correlated with
treatment modules used in the PEIS for costing the treatment facilities. Conceptual treatment trains were
developed for each of the PEIS waste stream sets. These individual treatment trains are represented by the
applicable segments of the overall flowsheet. Sizing of the treatment trains is done through analysis of the
treatment capacity requirements at each step of the train for the quantities of wastes to be treated at each site
for each of the various PEIS cases.
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2.0 Assumptions and Bases for Data Analysis

2.1 Categorization of Mixed Waste Streams

A standardized set of waste stream matrices identification codes, WMCodes, (see appendix A) was used
for DOE wastes in the 1994 Mixed Waste Inventory Report. These codes identify the physical matrix of
the waste and are tabulated to correlate wastes with the same or similar handling and processing
requirements. This categorization also groups wastes into categories having similar RCRA LDR treatment
requirements. Summary definitions of the major categories of wastes are:
1000 aqueous liquids: these waste materials are processed in relatively conventional waste water

processing equipment
2000 organic liquids: includes aqueous organic mixtures and pure organic liquids, are materials that will

generally require complete destruction of the organic matrix rather than separation and
destruction of regulated organic that might be contained. In this analysis these materials
the organic fraction is assumed to consist of the regulated organic.

3000 solids process residues: includes adsorbents, dry particulate packing materials, filter cakes, ashes,
salts materials include sludges stabilized and adsorbed wastes and other semi solids that can
not be easily handled in conventional piping and pumps.

4000 soils: these are straight soils and soils that contain less than 50% debris or other separable wastes
5000 debris: these are, as defined by RCRA regulations, discard materials in excess of 60 mm size that

have not been otherwise regulated by EPA
6000 special wastes: a set of wastes, e.g.. reactive, explosive, pressurized, that will require special

handling in capabilities that might not be readily available in a facility designed for
processing streams 1000 through 5000. The residues from treatment of these wastes are
not necessarily hazardous

7000 inherently hazardous wastes: composed of materials that are inherently hazardous cadmium,
mercury, beryllium, and lead can not be deactivated or neutralized by treatment but
remain hazardous after treatment.

A reduced set of the MWIR wastes matrix categories is summarized in Table 2.1. Listing of Mixed Waste
Inventory Report Waste Matrix Codes. This table shows the waste code and stream names at the 1000 and
100 level categories. In the more detailed tabulation used in the database, there are 102 additional
categories which provides for significant resolution in the assignment of waste matrix codes. Wastes codes
in are arranged in order of physical handling and processing complexity. Beginning with aqueous liquids
the matrix list continues through categories of wastes which require more complex of difficult handling.

2.2 Properties of RCRA Regulated Contaminant Material Important to Treatment

The EPA waste codes cover a wide range of chemicals and material properties. It is not always apparent
from the EPA waste codes what the regulated material is and therefore how it must be managed in the
treatment process. Nor is it obvious what the impacts of secondary products from the waste may be on the
treatment scheme. However, it is necessary to treat contaminated wastes to meet all of the EPA
requirements. Each EPA RCRA waste code was reviewed; the properties: chemical composition, or
characteristics which are important to waste behavior in treatment were designated. All RCRA hazardous
wastes were identified as organic or inorganic, ignitable, corrosive, reactive, water reactive, acid reactive,
explosive, halogenated or non halogenated, toxic metal, with or without mercury. Each of these
characteristics is important to the assignment of wastes to treatment trains. This tabulation of RCRA waste
properties that provide keys to treatment requirements for compliance with EPA codes will be included in
Los Alamos National Laboratory's report on calculation methodology.

Based on the indicated characteristic or property, each wastes was assigned to an appropriate treatment
The identified treatment provides for complete treatment of each regulated property based on the waste
physical and chemical matrix. Different treatment trains provide for handling requirements of various
waste matrices. In some cases more than one characteristic may be treated in a single unit operation. For



Table 2.1 List of Mixed Waste
Report Waste Matrix Codes

Waste Stream Name

Inventory

Matr ix
Code

Aqueous Liquids/Slurries
Waste waters
Aqueous Slurries

Organic Liquids
Aqueous/Organic Liquids
Pure Organic Liquids

Solid Process Residues
Inorganic Process Residues
Organic Process Residues

Soils
Contaminated Soils
Contaminated Soils/Debris

Debris Waste
Metal Debris
Inorganic Non-Metal Debris
Combustible Debris
Heterogeneous Debris

Special Waste
Lab Packs
Lab Packs
Reactive Metals
Explosives/ Propellants
Compressed Gases/Aerosols

Inherently Hazardous Waste
Elemental Mercury
Elemental Lead
Beryllium Waste
Batteries

Unknown Matrix
Unknown Liquids
Unknown Solids

Final Waste Forms
Cement Forms
Vitrified Forms
Metal Forms
Polymer Forms
Other Forms

1 0 0 0
1100
1200
2 0 0 0
2100
2200
3 0 0 0
3100
3200
4 0 0 0
4100
4200
5 0 0 0
5100
5200
5300
5400
6 0 0 0
6100
6100
6200
6300
6400
7 0 0 0
7100
7200
7300
7400
8 0 0 0
8100
8200
9 0 0 0
9100
9200
9300
9400
9900

example, the characteristics of ignitability, organic corrosive, and toxic organic are all treated in the organic
destruction unit operations.

2.3 Waste Stream-Contaminant Correlations

Table 2.2 Waste Matrix-Waste Contaminant Treatment Correlation Chart provides a listing of the key
process steps that are included in a treatment train. Waste matrix names and MWIR numerical codes are
listed on the left hand side. Across the top of the table are the various combinations of contaminants or



Table 2.2

MODIFIED MWTP CATEGORIES

DSTP CATEGORY
LANL CATEGORY

EPA CODES

WASTE MATRIX

CODES

waste water 1000

aqueous slurries 1200

aqueous organic liq 2100

pure organic liq 2200

uncategorized organic liq 2900

inorganic process residues 3100

solidified process residues 3150

organic process residues 3200

contaminated soil 4100

contaminated soil & debris 4200

Waste Matrix/Waste Contaminant-Treatment Correlation Chart
CONTAMINANT

A1 I-
D G
1 S

organic inorganic

ignitable ignitable

D001A D001C

TREATABILITY

H1

E

C

corrosive ,

D002B

CATEGORIES

J"

F
R

reactive
metal?

D003B

P,U

J'

F
A

acid reactive

D003A.3B,

P.U

K1

F
W

water reactive

D003D

P,U

Key Treatment Unit Operations Designation Numbers from PEIS Base Flowsheet

2 7 0 640

2 7 0 640

4 7 0 640

4 7 0 640

4 7 0 640

4 7 0 640

4 7 0 640

4 7 0 640

4 7 0 640

4 7 0 640

140,180

140,180

(240),250

\_ (240),250

(240),250

(340),350

(340),350

(340),350

(340),450

(340),450

150,640,180

150,640,180

250,640

250,640

250,640

350,640

350,640

350,640

450,640

450,640

640

640

640

640

640

640

640

640

640

640

6 4 0

6 4 0

6 4 0

6 4 0

6 4 0

6 4 0

6 4 0

640

640

640



L1

1?
E

explosive

D003C

640

640

640

640

640

640

640

640

640

640

Table 2.2

F'

B
MH

toxic metal w Hq

D004-11

F035,K069A,B

P,U

490*, 795

490*, 795

490*. 795

490*, 795

490*, 795

490*, 795

490*, 795

490*, 795

490*, 795

490*, 795

G1

C
M

toxic metal
w/o Hg

D004-8,10,11

F035,K069A,B

P,U

795

795

795

795

795

795

795

795

795

795

A"
A

0
toxic organic

non halogenated
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470,795
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470,795
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A1"
A
OF

toxic organic

halogenated

D012-17.19-22,
27-29,31-34,37,

39-43,
F,P,U

15,270,795

150,270,180,795

250,470,490,195

250,470,490,195

250,470,490,195

350,470,490,195

350,470,490,195

350,470,490,195

450,470,490,195

450,470,490,195

M

M
X

other

list

O

X

multiple
list



uncategorized soil 4900

metal debris 5100

inorganic/nonmetal debris 5200

combustible debris 5300

heterogeneous debr 5400

lab packs 6100

reactive metals 6200

explosives and propellants 6300

compressed gases & aerosol cans 6400

elemental lead 7100

elemental mercury 7200

beryllium 7300

batteries 7000

unknown 8000

final forms 9000

4 7 0
 RAH640
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6 4 0

640
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640,795



45
0,

47
0,

49
0,

19
5

47
0,

79
5

7
9

5
49

0*
, 

79
5

6
4

0

55
0,

47
0,

49
0,

19
5

4
7

0
,7

9
5

7
9

5
7

9
5

6
4

0

55
0,

47
0,

49
0,

19
5

4
7

0
,7

9
5

m
o>

7
9

5
6

4
0

55
0,

47
0,

49
0,

19
5

4
7

0
,7

9
5

47
0,

 
79

5
49

0*
. 

79
5

6
4

0

55
0,

47
0,

49
0,

19
5

4
7

0
,7

9
5

7
9

5
49

0*
, 

79
5

6
4

0

27
0,

14
0,

47
0,

et
C

27
0,

14
0,

47
0,

et
c

i
i

6
4

0
,7

9
5

6
4

0
,7

9
5

6
4

0
,7

9
5

6
4

0
,7

9
5

64
0,

79
5

64
0,

47
0

64
0,

47
0,

79
5

64
0,

47
0,

79
5

64
0,

47
0

6
4

0
,4

7
0

,7
9

5
64

0,
47

0,
79

5

10
00

, 
47

0,
 7

95
10

00
, 

47
0,

 
79

5
65

0,
47

0,
49

0*
,

14
00

65
0,

47
0,

49
0*

,
1

4
0

0

65
0,

47
0,

79
5

6
5

0
,4

7
0

,7
9

5
64

0,
47

0,
79

5,
10

00
64

0,
47

0,
79

5,
10

00



characteristics for which the waste is treated. To assist the reader in comparing these analyses with other
related documents, the type of contamination or characteristic is identified in the table according to the
various schemes used in different documents. The modified MWTP (Mixed Waste Treatment Project)
categories are an adaptation for this report of the first correlations done for this purpose by the MWTP. In
Federal Facilities Compliance Act efforts, DOE has labeled the wastes with a different set of codes that fcey
the treatment requirements to the waste contaminants. The second row of headings are the single
contaminant categories assigned by the Draft Site Treatment Plan (DSTP) Guidance. A similar set is used
by LANL in the data analysis of treatment capacity requirements for DOE mixed wastes; these are labeled
LANL categories. The LANL categories are listed in the third row of headings.

Key unit operations numbers listed in Table 2.2 correspond with the unit operations shown in the PEIS
Base Alternative Flowsheet, Figure 1.1 and 1.2. An explanation of these waste treatment unit operations
is provided in Table 2.3.

Table 2.3 Unit
unit operations number
110,210,310, 410,

510,610,710
150,250,350, 450,

550,650,750,
140,(240, 340,440)*
270
180
190
470
480

Operations functions in the PEIS
unit operation

receiving, sort for RCRA treatment,
transfer
solid/liquid, solids separation, solids
sorting
neutralization
wet oxidation
evaporation
condenser
incineration (primary chamber)
incineration secondary chamber

Base Alternative Flowsheet
function

receive open, remove contents,
sort waste, packing, and package
remove filterable solids
sort waste solids

neutralize caustic characteristic
organic destruction
concentration of dissolved solids
condense evaporated water
organic destruction
organic destruction

490
540
570
560/565
640
695
195
490**/595
795
796

(gas burner)
off gas treatment
shred
thermal desorption
mercury evaporation and condensation
deactivation
pelletizing debris for volume reduction
polymer solidification
mercury stabilization
grout
grout
chemical/physical decontamination

off gas cleaning
size reduction, debris
organic separation
mercury separation
deactivation
volume reduction
stabilization
stabilization of mercury waste
stabilization of particulate waste
stabilization of debris
decontamination of lead for recycle895

* in the Mixed Waste Treatment Project unit operations numbering scheme, 140 is neutralization operation,
operations 240, 340, and 440 are not indicated in the flowsheet but are compiled as separate potentially
required operations in the analyses
** mercury stabilization is operation 595 corresponding to a waste fixation process numbering system. It is
identified here as 490 because it has been included in the off-gas module (490) in the cost analysis and risk
analysis programs.

2.4 Waste Stream Compositions: Basis for Analysis

Detailed data on the physical and chemical makeup of the waste streams is generally not available. For
analysis purposes reference chemical compositions were established for each stream in the data base; the
compositions are based on the typical properties of representative waste materials. These compositions are
used to define the splits for wastes as they pass through the treatment train. Reference Waste Stream
Compositions are presented as Table 2.4 Waste Analysis Basis Assumed Composition of Waste Streams.
The concentration of contaminants also is not known with any degree of certainty. The occurrence of a
RCRA characteristic or presence of contaminants is based on the EPA codes listed with the wastes in the
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MWIR database. The details of the assumed performance of RCRA contaminants in treatment are also
based on the composition and the contained contaminants as they are listed in the Table 2.4.

A brief summary of the assumptions that went into the values listed in the Waste Analysis Basis Table
follows. The first column lists the waste matrix names and 4 digit codes as they are compiled in the MWIR
database. A uniform assumption was made for the fraction organic, columns 2 & 3, for each different set
of wastes. Waste waters by definition were less than 1% organic. One percent was used for these
calculation as an upper limit Aqueous organic mixtures were assumed to average 50%. "Pure" organics
were defined as 100% organic. Organic particulates were assumed to be a non hazardous organic
parriculate matrix for example activated carbon; the hazardous constituent was assumed to be adsorbed at
5% concentration. Organic sludges were assumed to have 25% non organic materials from the operations
in which they had been produced. Soils and debris were assumed to contain 5% of the regulated organic.
Lab packs were set at 40% packing material, 20% containers, and 40% net contained chemical.
Scintillation vials were set at 35% packing, 55% containers, and 10% contained scintillation fluid.

The HC1 produce in thermal destruction of organics, column 4, was set at 50% of the quantity of contained
organic. Many halogenated organic run higher than this if fully halogenated. This value allows for
mixtures containing non halogenated and less than full halogenated materials.

Percent "suspended" solids, column 5, is an important contributor to the net residual inorganic "ash" that
must be stabilized for disposal. Total dissolved solids also contribute to this residual. The values used are
listed in column 6.

For determining net ash to grout, columns 7 & 8, the values are a sum of the dissolved and suspended
solids plus an assumed 10% inorganic ash from the organic materials present. Organic or combustible
debris is assumed to yield 25% ash from incineration.

If mercury is indicated to be present as a contaminant, it is assumed to be 0.1 % of the initial waste mass,
column 9.

An assumption of 5% regulated organic is probably low in a few cases and certainly very high in many
others. If the contaminant is a halogenated organic, a polymer waste stabilization load and product final
waste form for disposal results from this assumption. The same effect results from the other assumptions
in the table. Net suspended solids, dissolved solids, and mercury all contribute to the residue stream
requiring stabilization and producing net final waste to be disposed. Dissolved and suspended solids
content were intentionally set on the high side to avoid the possible error of projecting too little net residue
to be managed. Some streams, reactive metals, pyrophoric fines and beryllium have "net ash" to grout
indicated at greater than 100%. That increase is due to increase in waste stream mass due to oxidation
reactions. These values are then reflected in the individual waste stream treatment trains that are described
in the segments.
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Table 2.4 Waste Analysis Basis: Assumed Composition of Waste Streams

WASTE MATRIX CODES

1000 Aqueous Liquids/Slurries
waste water

acidic waste waters

basic waste waters
neutral waste waters

cyanide waste waters
uncategorized waste waters

aqueous slurries
acidic aqueous slurries
basic aqueous slurries

neutral aqueous slurries
cyanide aqueous sluries

uncategorized aqueous slurries
2000 Organic Liquids

aqueous organic liq
aqueous/halogenated organic liquids

aqueous nonhalogenated organic liquids
uncategorized aqueous organic liquid

pure organic liq
halogenated pure organic liquid

nonhalogenated pure organic liquid

uncategorized pure organic liquid
uncategorized organic liquid

3000 Solid Process Residues
inorganic process residues

inorganic particulates
inorganic sludges

paint wastes

1100
1110

1120
1130
1140
1190
1200
1210
1220
1230
1240

1290

2100
2110
2120
2190

2200
2210
2220

2290
2900

3100
3110
3120
3130

% organic
if

halogen

1.00
1.00
1.00

1.00
1.00

1.00
1.00
1.00
1.00
1.00

50.00
xxxx

50.00

100.00
0.00

100.00
100.00

5.00
5.00
5.00
5.00

% organic
if

nonhalogen

1.00
1.00
1.00

1.00
1.00

1.00
1.00
1.00
1.00
1.00

xxxx

50.00
xxxx

xxxx

100.00
100.00

100.00

5.00
5.00
5.00
5.00

net %
HCI*

equivalent

0.50
0.50
0.50

0.50
0.50

0.50

0.50
0.50
0.50
0.50

25.00
xxxx

25.00

50.00
0.00

50.00
50.00

2.50
2.50
2.50
2.50

%
suspended

solids

1.00
1.00
1.00
1.00
1.00

15.00
15.00
15.00
15.00
15.00

0.80
0.80
0.80

0.60
0.60
0.60

0.60

95.00
35.00
95.00
95.00

% TDS
inorganic

10.00
10.00
10.00

10.00
10.00

10.00
10.00
10.00
10.00
10.00

5.00
5.00
5.00

0.00
0.00
0.00
0.00

xxxx
xxxx
xxxx
xxxx

net ash to
stabilization

if contains
organic

11.10
11.10
11.10
11.10
11.10

25.10
25.10
25.10
25.10
25.10

10.80
10.80
10.80

10.60

0.60
10.60
10.60

95.50
35.50
95.50
95.50

net ash to
stabilization

if not

organic

11.00
11.00
11.00
11.00
11.00

25.00
25.00
25.00
25.00
25.00

xxxx
xxxx
xxxx

10.00
10.00
10.00
10.00

100.00
100.00
100.00
100.00

% Hg
if

D009

0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1

0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
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Table 2.4 Waste Analysis Basis: Assumed Composition of Waste Streams

WASTE MATRIX CODES

salt wastes
solidified process residues

uncategorized process residues
organic process residues

organic particulates
organic sludges

organic chemicals (solids)
uncategorized organic process residues
4000 Soils

contaminated soil
contaminated soil with debris

uncategorized soils
5000 Debris

metal debris
inorganic nonmetal debris

combustible debris
heterogeneous debris

6000 Special Wastes
lab packs

organic lab packs
aqueous lab packs

solid lab packs
scintillation cocktails

uncategorized lab packs
reactive metals

bulk reactive metals
omponts contamtd with reactive metals

pyrophoric fines

3140
3150
3190
3200
3210
3220
3230
3290

4100
4200
4900

5100
5200
5300
5400

6100
6110
6120
6130
6140
6190
6200
6210
6220
6230

% organic
if

halogen

5.00
5.00

5.00
75.00
75.00
75.00

5.00
5.00
5.00

5.00
5.00
5.00
5.00

30.00
1.00

40.00
xxxx

40.00

5.00
5.00
5.00
5.00

% organic
if

nonhalogen

5.00
5.00

5.00
75.00
75.00
75.00

5.00
5.00
5.00

5.00
5.00
5.00
5.00

30.00
1.00

40.00
10.00
40.00

5.00
5.00
5.00
5.00

net %
HCI*

equivalent

2.50
2.50

2.50
37.50
37.50
37.50

2.50
2.50
2.50

2.50
2.50
2.50
2.50

15.00
0.50

20.00
xxxx

20.00

5.00
5.00
5.00
5.00

%
suspended

solids

65.00
65.00

xxxx
xxxx
xxxx
xxxx

xxxx
xxxx
xxxx

xxxx
xxxx
xxxx
xxxx

0.18
0.40
0.24
0.00
0.24

xxxx
xxxx
xxxx
xxxx

% TDS
inorganic

xxxx
xxxx

10.00
10.00
10.00
10.00

xxxx
xxxx
xxxx

xxxx
xxxx
xxxx
xxxx

xxxx
4.00
xxxx
xxxx
1.50

xxxx
xxxx
xxxx
xxxx

net ash to
stabilization
if contains

organic
65.50
65.50

xxxx
xxxx
xxxx
xxxx

95.50
95.50
95.50

95.50
95.50
25.00
71.77

63.24
64.40
61.53
91.00
64.24

150.00
101.00
150.00
150.00

net ash to
stabilization

if not
organic

100.00
100.00

xxxx
xxxx
xxxx
xxxx

100.00
85.00

100.00

100.00
100.00
25.00
75.00

xxxx
63.30

100.00
xxxx

100.00

150.00
101.00
150.00
150.00

% Hg
if

D009

0.1
0.1

0.1
0.1
0.1
0.1

0.1
0.1
0.1

0.1
0.1

0.1
0.1

0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
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Table 2.4 Waste Analysis Basis: Assumed Composition of Waste Streams

7000

8000
9000

WASTE MATRIX CODES

uncategorized reactive metals
explosives and propellants

compessed gases & aerosol cans
Inherently Hazardous Wastes

elemental mercury
elemental lead

beryllium

batteries
Unknown
Final Forms

6290
6300
6400

7100
7200
7300

7410

% organic
if

halogen

5.00
5.00
5.00
5.00
5.00
5.00
5.00

% organic
if

nonhalogen

5.00
5.00
5.00
5.00
5.00
5.00
5.00

net %
HCI*

equivalent

5.00
5.00
5.00
5.00
5.00
5.00
5.00

%
suspended

solids

xxxx
xxxx

xxxx
xxxx
xxxx
xxxx

% TDS
inorganic

xxxx
xxxx

xxxxx
xxxxx
xxxxx
xxxxx

net ash to
stabilization
if contains

organic
25.00

100.00

25.00
5.00

275.00
100.00

net ash to
stabilization

if not
organic

25.00
100.00

25.00
5.00

278.00
100.00

% Hg
if

D009

0.1
0.1

100
0.1
0.1
0.1

defined as the net amount of solid from
net ash each of the waste streams going to

"secondary treatment" final forms production
means not applicable

xxx chlorine content of the halogenated organics is assumed
net % HCL to be 50 percent

75 percent recycle 25 percent discard
mercury 95 percent recycle 5 percent discard

lead
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3.0 Flowsheets

Combinations of process unit operations called treatment trains were conceptualized for various DOE
mixed wastes. Generic treatment flowsheets were then developed which represent full RCRA compliant
treatment for different waste matrices with any possible RCRA regulated contaminants or characteristic.
The highest level flowsheet presents waste at the MWIR matrix 1000s level categories. Each flowsheets is
MLLW Flowsheet addresses the MWIR waste streams 1000-5000. A second flowsheet MLLW addresses
the special and inherently hazardous wastes 6000-7000. The TRU and ER flowsheets have all of the
waste streams on a single flowsheet

The MWIR database contains information on DOE wastes assigned to one of one hundred and thirty four
possible matrix categories. MWIR waste streams have been combined into a smaller set to simplify the
analysis of PEIS cases. Correlation of MWIR waste streams with the ANL waste streams is provided in
Table 3.1.

The treatment process provided in the flowsheet are a block diagram summarizing complex multi-step
treatment process that would be present in an actual operating plant Treatment in the flowsheet provides
for the treatment: of all RCRA hazardous characteristics. Unit operations in the flowsheet start with sorting
of the wastes in preparation for feed to treatment. Necessary sorting and pre treatment of wastes is
indicated but not detailed explicitly. The second operation provides for any chemical adjustment of the
waste stream, e.g. neutralization, dissociation of complex species, addition of chemical reactants, required
for the follow-on (RCRA primary) treatment steps. If the wastes contain organic, the next step is
destruction; these processes will usually destroy any non hazardous combustible material present as well.
Off-gas processing is used to neutralize acid gases, remove paniculate, and capture volatile metals
especially mercury. Residues from all process including off-gas cleaning are treated for stabilization of
metals and radio nuclides. Special wastes are sorted and treated as required, inherently hazardous wastes
are also treated in special processes.

This final version of the base flowsheet has been correlated with treatment modules used in the PEIS for
costing the treatment facilities.

3.1 Introduction to PEIS Mixed Waste Processing Flowsheets

Seven different flowsheets have been developed for use in the PEIS case analyses.
Three alternatives flowsheets are analyzed for mixed low level mixed wastes. Those are

PEIS LLMW Base Alternative-Debris and Residue Grouted:
This most closely represents the DOE operations and approach to future facilities.

PEIS LLMW Non Flame Alternative-Debris and Residue Grouted:
This alternative provides for total LDR treatment of wastes with use of high temperature
processes

PEIS LLMW Thermal Alternative-Debris and Residue Melted:
This alternative maximizes use of high temperature processes for organic destruction
and maximum volume reduction of treated residuals.

The LLMW flowsheets are discussed in Section 3.2.
Three alternatives flowsheets are analyzed for mixed TRU waste treatment are:

PEIS TRU WIPP WAC Compliance Alternative:
This represents DOE's current strategy and complies with the WIPP Waste
Acceptance Criteria as them now stand.

PEIS TRU Reduced Gas Generation Alternative:
This alternative provides enhanced waste treatment for control of potential gas generation.

PEIS TRU RCRA Compliance Alternative:
This alternative provides for the complete treatment of TRU waste to the equivalent of
the LLMW Base Alternative-Debris and Residue grouted.

These flowsheets are discussed in Section 3.3.
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Table 3.1 MWIR and PEIS Waste Matrix Code
MWIR
Matr ix
Codes

Correlations
PEIS
Matr ix Mixture
Codes Codes

Aqueous Liquids/Slurries
Waste Waters
Acidic Waste Waters
Basic Waste Waters
Neutral Waste Waters
Cyanide Waste Waters
Uncategorized Waste Waters
Aqueous Slurries
Acidic Aqueous Slurries
Basic Aqueous Slurries
Neutral Aqueous Slurries
Cyanide Aqueous Slurries
Uncategorized Aqueous Slurries

Organic Liquids
Aqueous/Organic Liquids
Aqueous/Halogenated Organic Liquids
Aqueous/Nonhalogenated Organic Liquids
Uncategorized Aqueous/Organic Liquids
Pure Organic Liquids
Halogenated Pure Organic Liquids
Nonhalogenated Pure Organic Liquids
Uncategorized Pure Organic Liquids
Uncategorized Organic Liquids

Solid Process Residues
Inorganic Process Residues
Inorganic Particulates
Ash
Sand Blasting Media
Absorbed Aqueous Liquids
Absorbed Organic Liquids
Ion Exchange Media
Calcined Solids
Uncategorized Inorganic Particulates
Inorganic Sludges
Waste water Treatment Sludges
Pond Sludges
Off-Gas Treatment Sludges
Plating Waste Sludges
Reprocessing Sludges
Uncategorized Inorganic Sludges

1000
1 100
1110
1 120
1130
1 140
1190
1200
1210
1220
1230
1240
1290
2000
2100
2110
2120
2190
2200
2210
2220
2290
2900
3000
3100
31 10
3111
31 12
3113
31 14
31 15
3116
3119
3120
3121
3122
3123
3124
3125
3129

1013
1
1
1
1
1
1
2
2
2
2
2
2

1001
1002
3
4
1002
1003
5
6
1003
1001
1004
1005
7
7
7
7
7
7
7
7

8
8
8
8
8
8
8

1 -2

3 - 6
3 - 4

3 - 4
5 - 6

5 - 6
3 - 6
7-1 3
7-1 0

Paint Waste
Paint Chips/Solids
Paint Liquids/Sludge
Uncategorized Paint Waste

3130
3131
3132
3139

7
7
7
7
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Table 3.1 continued
Salt Waste
Chloride Salts
Sulfate Salts
Nitrate Salts
Uncategorized Salt Waste

3140
3141
3142
3143
3149

9
9
9
9
9

Solidified Process Residues
Uncategorized Inorganic Process
Residues
Organic Process Residues
Organic Particulates Nonhalogenated
Activated Carbon Nonhalogenated
Organic Resins Nonhalogenated
Organic Absorbents Nonhalogenated
Uncategorized Organic Particulates
Nonhalogenated
Organic Sludges Nonhalogenated
Biological Materials Nonalogenated
Nonhalogenated Organic Sludges
Uncategorized Organic Sludges
Nonhalogenated
Organic Particulates Halogenated
Activated Carbon Halogenated
Organic Resins Halogenated
Organic Absorbents Halogenated
Uncategorized Organic Particulates
Halogenated
Organic Sludges Halogenated
Biological Materials Halogenated
Halogenated Organic Sludges
Uncategorized Organic Sludges
Halogenated
Organic Chemicals Nonhalgenated
Organic Chemicals Halogenated
Uncategorized Organic Process Residues
Uncategorized Process Residues

So i l s
Contaminated Soils
Contaminated Soils/Debris
Uncategorized Soils

Debris Waste
Metal Debris
Metal Debris Without Pb or Cd
Lead Containing Metal Debris
Cadmium Containing Metal Debris
Uncategorized Metal Debris

3150
3190

3200
3210
321 1
3212
3213
3219

3220
3221
3223
3229

3210
3211
3212
3213
3219

3220
3221
3222
3229

3230
3230
3290
3900
4000
4100
4200
4900
5000
5100
5110
5120
5130
5190

1

1

1

1
1
1
1

1

1
1
1
1

1
1
1
1
1

1
1

1
1

1

1

1
1

1
1

1

1

1
1
1

1
1

1

0
005

006
1
1
1
1

1

1
1
1

1

2
2
2
2
2

2
2
2
2

3
4

0 0 6
0 0 7

008
5
6
008
009
7
7
7
7

7

7

1

1

7

1

1

1

- 1 0

1-13

1-14
-1 4
5 - 1 6

5 -16
7 -20

Inorganic Non-Metal Debris 5200 18
Concrete Debris 5 210 18
Glass Debris 5 220 18
Ceramic/Brick Debris 5 2 30 18
Rock Debris 5 2 4 0 18
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Table 3.1 continued
Asbestos Debris
Uncategorized Inorganic Non-Metal
Debris

5250
5290

1 8
1 8

Combustible Debris
Plastic/Rubber Debris
Leaded Gloves/Aprons Debris
Halogenated Plastic Debris
Nonhalogenated Plastic Debris
Uncategorized Plastic/Rubber Debris
Wood Debris
Paper/Cloth Debris
Graphite Debris
Biological Debris
Uncategorized Combustible Debris

5300
5310
5311
5312
5313
5319
5320
5330
5340
5350
5390

1 9
1 9
1 9
1 9
1 9
1 9
1 9
1 9
1 9
1 9
1 9

Heterogeneous Debris 5400 2 0
Composite Filters 5410 2 0
Predominantly Metal Debris 5420 2 0
Predominantly Inorganic Non-Metal 5430 2 0
Debris
Predominantly Combustible Debris 5440 2 0
Asphalt Debris 5 4 50 2 0
Uncategorized Heterogeneous Debris 5490 2 0

Special Waste
Lab Packs
Organic Lab Packs
Aqueous Lab Packs
Solid Lab Packs
Scintillation Cocktails
Uncategorized Lab Packs

6000
6100
6110
6120
6130
6140
6190

1010
101 1
21
2 2
23
21
101 1

21
21

21

-29
-23

- 2 3

Reactive Metals
Bulk Reactive Metals
Components Contaminated with
Metals
Pyrophoric Fines
Uncategorized Reactive Metals

6200
6210

Reactive 6220

6230
6290

2 4
2 4
2 4

2 4
2 4

Explosives/ Propellants
Compressed Gases/Aerosols

Inherently Hazardous Waste
Elemental Mercury
Elemental Lead
Non-Activated Lead
Activated Lead
Beryllium Waste
Batteries
Lead Acid Batteries
Cadmium Batteries
Uncategorized Batteries

6300
6400
7000
7100
7200
7210
7220
7300
7400
7410
7420
7490

25
26
1012
27
28
28
28
29

o
 

o
 

o
 

o
CO 

C
O

 C
O

 C
O

27-32

Unknown Matrix
Unknown Liquids

8000
8100

31
31
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Table 3.1 continued
Unknown Solids
Uncategorized Unknown

Final Waste Forms
Cement Forms
Vitrified Forms
Metal Forms
Polymer Forms
Other Forms

Multiple Categories

8200
8900
9000
9100
9200
9300
9400
9900

PEIS
Number
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
101 1
1 012
1013

31
31
3 2
3 2
3 2
3 2
3 2
3 2

->PEIS Number

3 - 6
3 - 4
5 - 6
7-1 3
7-1 0
11-13
7-1 3
1 5-1 6
1 7-20
21 -29
21 -23
27-32

One alternative flowsheets was analyzed for ER wastes:
PEIS LLMW Base Alternative-Debris and Residue Grouted:

This alternative provides for the complete treatment of TRU waste to the equivalent of
the LLMW Base Alternative-Debris and Residue grouted.

This flowsheet is discussed in section 3.4.

To describe and explain the projected behavior of wastes in the treatment processes, segments of the
flowsheet are set out separately to represent the specific treatment path for the waste streams. Separate
treatment trains are presented for each waste in each PEIS alternative flowsheet. Treatment trains
flowsheets are presented and discussed in Chapter 4 through 6 of this report.

3.2 Mixed Low-Level Waste Treatment Flowsheets

The base flowsheet, Figure 3.1 and 3.2 PEIS LLMW Base Alternative-Debris and Residue Grouted,
provides for treatment of all of DOE stored and newly generated mixed low-level wastes. These
flowsheets include PEIS waste stream numbers assigned to appropriate receiving and sorting operations.
This alternative most nearly represents the current DOE program and preferred operations presented by
DOE in the Draft Site Treatment Plans. Waste streams are sorted for assignment to appropriate treatment.
Wastes are treated in the most straight forward manner available. Regulated organic constituents are
removed or destroyed directly. Organics in waste waters are destroyed by wet oxidation or similar
processes. Incinerators are employed for destruction of organic liquids and regulated organics in process
residues, soils, and combustible debris. Debris is shredded for volume reduction, heated to desorb
organics, and grouted for retention of inorganic contaminants and radionuclides. Within DOE facilities at,
one location or another, there are current operations which approximate most of the steps in this flowsheet
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Figure 3.1: PEIS Low-Level Mixed Waste Base Alternative MWIR Streams 1000-5000, PEIS 1-20 BCMuSgravemeowed,
Livermore CA
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Figure 3.2: PEIS Low-Level Mixed Waste Base Alternative MWIR Streams 6000-8000, PEIS 21-30 BCMusgrave IncoTjwrated
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Special and inherently hazardous wastes treatment is not as near implementation in the DOE complex as is
the first part of this alternative. Treatment of these wastes flowsheet requires sorting of lab packs, other
special wastes, and inherently hazardous wastes and assigning all of these to appropriate treatment. It is
not assumed that any wastes are set aside in this analysis

3.2.1 PEIS Mixed Low Level Waste Flowsheet Base Alternative

The Base Alternative is designed to provide compliance with RCRA treatment requirements through the
use of BDAT technologies to the maximum extent feasible.

Train 100: The 1000 wastes stream set includes aqueous streams with up to 1% organic. Some of these
streams will contain no organic constituents. Aqueous treatment depends heavily on waste water treatment
processes. This line is also used for side stream aqueous wastes that are generated within the facility.
These side streams include evaporator condensate, aqueous waste from lab packs and aqueous organic
separations, and decontamination solutions. After inspection, wastes are assigned to treatment as required.
The objective of treatment processes in the 100 line is to separate or destroy any regulated organic present
and to concentrate and transfer to stabilization any RCRA regulated inorganics and radio nuclides.

Pre treatment provides removal of suspended solids and neutralization if required before further
processing. Suspended solids are separated and sent to line 300 to be treated with similar process
residues. Regulated organics are destroyed by wet oxidation or other aqueous based organic destruction
process. Evaporation maybe applied to concentrate the dissolved solids before the residue is sent to the
stabilization process for final grouting. Some of the concentrated streams are too high in salt to make
acceptable grout These salt streams will be dried and then stabilized with polymer.

Train 200: Conceptually very simple processing is provided for the 2000 organic fluid wastes. After
inspection, wastes are assigned to treatment as needed. Suspended solids are separated and sent to line 300
to be treated with similar process residues. When practical, water is separated and sent to the 100 line for
processing. This will often contain low concentrations of, less than 1%, organics. Remaining organic
fluids are assigned to incineration.

Train 300: The processing in train 300 and beyond becomes somewhat more complex than has been the
case for the first two sets of fluid wastes. These processes must deal with organic and inorganic semi-solid
and adsorbed materials. Any stream may contain regulated organics or regulated inorganics. Destruction of
regulated organics will be required in all matrices. It is necessary to separate regulated inorganic from
organic matrices or destroy the organic matrix. Therefore, all organic matrix materials present are assigned
to the incinerator whether or not they contain regulated organic constituents.

Pre treatment of these wastes provides segregation of salts and any other inorganics that do not contain
regulated organics. This stream will require size reduction to assure access to the incinerator atmosphere
before it can be fed to the incinerator for oxidative destruction of organic contaminants. The segregated
debris is assigned to line 500 for further processing.

Train 400: This treatment train provides for sorting of debris from soils and transfer of the debris to the
500 line for processing as required. Provision is made for the soils to be incinerated if required for
destruction of organics or to go directly to stabilization for grouting. Organic fluids or sludges removed
from the soils streams are assigned to the appropriate treatment line for processing.

Train 500: Debris processing provides options to destroy organic debris, thermally remove optimum
quantities of organic fluids from inorganic debris and finally stabihzation of treated debris residuals. Pre
treatment includes sorting of debris to segregate the organic matrix debris and assigning it to the
incinerator. Inorganic debris both metals and non-metals are shredded to make it easier for organics to
escape when heated in thermal desorption. Organics are removed to a level such that they should not
migrate or interfere with the grouting materials used to produce the final form.
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Pelletizing of the treated debris for volume reduction is provided as an option for sites with enough debris
to justify the cost and effort involved in super compaction-pelletizing operation.

Train 600: Treatment processes for the 6000 wastes represent a slightly different approach than is used in
the 100-500 processes. The first wastes addressed in these processes are the lab packs. It is assumed that
the lab packs may contain a wide variety of organic or inorganic chemicals. Lab packs are opened sorted,
and assigned to other parts of the flowsheet for required treatment Aqueous solutions 1000s wastes
through debris 5000s wastes found in lab packs are sent to the base treatment processes 100-500. Reactive
chemicals, strong acids, oxidizers, and cyanide wastes for example are sent to deactivation process 640
which is not further defined but would need to include a number of special chemical processes. Lab packs
may also contain 7000 series wastes these would be transferred to 700 line.

Train 700: Treatment processes for the 7000 wastes are directed towards preparation of these inherently
hazardous materials for recycle, for reuse, or for stabilization and discard. Mercury is cleaned or distilled
with clean material recycled, and waste mercury stabilized and packaged for disposal. Lead is also cleaned
with clean lead being sent to storage or reuse. Oxide and scale removed from the lead is sent to grout
stabilization. Beryllium is oxidized and stabilized in grout Batteries are separated, treated in special
deactivation , 640, with the clean lead fraction recycled; the residues are stabilized in grout

Stabilization 195-796: Stabilization process are provided for mercury amalgamation or reaction with sulfur
to form mercury sulfide, polymer stabilization primarily for salts, and grout based fixation of all remaining
residues. Stabilization operation 796 differs from 795 in being designed to handle larger feed material.

3.2.2 PEIS MLLW Non Flame Alternative Flowsheet

The Non-Flame Alternative flowsheet has been developed to achieve fully compliant treatment especially
destruction of regulated organics without the use of an incinerator or similar thermal process. The non
flame alternative is presented in Figure 3.3 PEIS Low-Level Waste Mixed Non Flame Alternative MWIR
1000-5000 Wastes Mixed Streams 1-20, and Figure 3.4 PEIS Low-Level Mixed Waste Non Flame
Alternative MWIR 6000-8000 Wastes Streams 21-30. To achieve regulated organic destruction under
these constraints requires that the entire waste stream be conditioned for feed to organic destruction or the
organic contaminants must be separated for feed to aqueous based organic destruction units. Two difficult
functions are key to this flowsheet. Those are, first the removal of hazardous organics from the different
waste matrices by a group of specific wash or extraction technologies, and second the destruction of
hazardous organics in the wash solutions in aqueous based processes. In this flowsheet, destruction of
non-hazardous bulk (non-fluid) organics, primarily combustible debris, is not attempted. Washing of
sludges, soil, and debris will be expected to remove all soluble materials along with the hazardous
organics. The organic destruction units, especially unit 370, will be required to destroy heavy organic oils
and emulsions including chlorosolvents.

Receiving and sorting operations are similar to those in the base flowsheet. Incoming wastes are sorted
into matrix sets. The segregation criteria here may not be severe because all wastes will be size reduced as
necessary to enhance the organic removal by washing or extraction media. This preparation for washing
puts a very significant sized reduction requirement on the feed preparation module.

Train 100: Aqueous treatment depends heavily on waste water treatment processes. This line is also used
for side stream aqueous wastes that are generated within the facility. These recycled wastes include
evaporator condensate, aqueous wastes from lab packs and aqueous-organic separations, and
decontamination solutions. After inspection, wastes are assigned to treatment as required. The 1000
wastes stream set includes aqueous streams with up to 1 % organic. Some of these streams will contain no
organic constituents. The objective of treatment processes in the 100 line is to separate or destroy any
regulated organic present and to concentrate and transfer to stabilization any RCRA regulated inorganics
and radio nuclides.
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Pre treatment provides removal of suspended solids and neutralization if required before further
processing. Suspended solids are separated and sent to line 300 to be treated with similar process
residues. Regulated organics are destroyed by wet oxidation or other aqueous based organic destruction
process. Evaporation maybe applied to concentrate the dissolved solids before the residue is sent to the
stabilization process for final grouting. Some of the concentrated streams are too high in salt to make
acceptable grout These salt streams will be dried and then stabilized with polymer.

Train 200: Conceptually very simple processing is provided for the 2000 organic fluid wastes. After
inspection, wastes are assigned to treatment as needed. Suspended solids are separated and sent to line 300
to be treated with similar process residues. When practical, water is separated and sent to the 100 line for
processing. This will often contain low concentrations, less than 1%, of organics. Organic destruction is
done in an aqueous based unit designed to handle large quantities of suspended and dissolved solids.

Train 300: The processing in train 300 and beyond becomes somewhat more complex than has been the
case for the first two sets of fluid wastes. These processes must deal with organic and inorganic semi-solid
and adsorbed materials. Any stream may contain regulated organics or regulated inorganics. Removal of
regulated organics for destruction will be required in all matrices. It is not necessary to separate regulated
inorganic from organics.

Sludge washing is accomplished in a process similar to patented drilling mud and soil washing technology
which has been developed for CERCLA cleanup activities. Some of the DOE sludge wastes contain
vermiculite, portland cement, clays, gypsum or combinations of these and similar materials. The presence
of these adsorbing and stabilizing materials makes cleaning of DOE sludges much more difficult than has
been accomplished in the available processes. The processes described here provide for overcoming these
complexities. Multiple counter-current washing steps may be necessary to reach the required contaminant
levels. Complex solutions of dissolved and suspended solids will result from sludge washing operations.

The sludge washing process is described more fully in appendix B.

Train 400: This treatment train provides for sorting of debris from soils and transfer of the debris to the
500 line for processing as required. Provision is made for the soils to be washed for removal of organics
or to go directly to stabilization for grouting id free of regulated organics. Organic fluids or sludges
removed from the soils streams are assigned to the appropriate treatment line for processing.

Soil washing will be similar in complexity to sludge washing. Natural soil constituents, humus, clay,
organic plant materials, and sands will make complete removal of organic contaminants quite difficult.
Again multiple counter-current washings will probably be required; as with sludges, and cemented solids,
complex solutions of dissolved and suspended solids will result from soil washing operations.

The soil washing process is discussed in greater detail in Appendix B.

Train 500: Debris processing provides options to separate and destroy only fluid organics; washing is
provided to remove optimum quantities of organic fluid present on all debris. Pre treatment includes
sorting of debris to segregate any sludges and soils. All debris both organic and inorganic are shredded to
make it easier for solvents to access and remove organics. Organics are removed to a level such that they
should not migrate or interfere with the final form grouting materials.

Pelletizing of the treated debris for volume reduction is provide as an option for sites with enough debris to
justify the cost and effort involved in super compaction-pelletizing operation.

EPA approved debris washing technology exists. This technology may require modification for use with
DOE's complex and often heterogeneous debris and will need to be adapted to radioactive materials
processing. Extensive feed preparation will be required to assure the exposure of complex debris surfaces
to solvents for complete cleaning. In debris washing the objective is to significantly decrease the risk from
land disposal of the waste by reducing the potential for remaining organics to migrate or to adversely
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impact the effectiveness of containment of the grouted waste. To achieve the desired containment, it may
not be necessary to expose all internal surfaces to cleaning solutions. Final containment to meet RCRA
LDR rules will foe achieved by combination of micro and macro encapsulation.

Some debris may be decontaminated by washing or chemical extraction processes to a level adequate for
delisting.

Train 600: Treatment processes for the 6000 wastes represent a slightly different approach than is used in
the 100-500 processes. The first wastes addressed in these processes are the lab packs. It is assumed that
the lab packs may contain a wide variety of organic or inorganic chemicals. Lab packs are opened sorted,
and assigned to other parts of the flowsheet for required treatment Aqueous solutions 1000s wastes
through debris 5000s wastes found in lab packs are sent to the base treatment processes 100-500. Reactive
chemicals, strong acids, oxidizers, and cyanide wastes for example are sent to deactivation process 640
which is not further defined but would need to include a number of special chemical processes. Lab packs
may also contain 7000 series wastes these would be transferred to 700 line.

Train 700: Treatment processes for the 7000 wastes are directed towards preparation of these inherently
hazardous materials for recycle for reuse or for stabilization and discard. Mercury is cleaned or distilled
with clean material recycled, and waste mercury stabilized and packaged for disposal. Lead is also cleaned
with clean lead being sent to storage or reuse. Oxide and scale removed from the lead is sent to grout
stabilization. Beryllium is chemically oxidized, 640, and stabilized in grout. Batteries are treated in special
deactivation, 640; the residues are stabilized in grout

Stabilization 195-796: Stabilization process are provided for mercury amalgamation or reaction with sulfur
to form mercury sulfide, polymer stabilization primarily for salts, and grout based fixation of all remaining
residues. Stabilization operation 796 differs from 795 in being designed to handle larger feed material.

3.2.3 PEIS LLMW Thermal Alternative Flowsheet

The thermal treatment flowsheet is used in the PEIS for sensitivity studies to determine the relative impact
of these this alternative. The Thermal Alternative flowsheet provides complete destruction of all organics
and the maximum volume reduction that is achievable through melt consolidation of wastes. There is no
volume increase for metals or oxide debris residues as occurs with grouting. A facility based on this
flowsheet would appear to have the smallest number of unit operations of the three alternatives. The
operations will be at more severe conditions than either of the two other flowsheets. The thermal flowsheet
is presented in Figure 3.5: PEIS Low-Level Mixed Waste Thermal Alternative MWIR 1000-5000 Streams
1-20 and Figure 3.6: PEIS Low-Level Waste Mixed Thermal Alternative MWIR 6000-8000 Streams 21-
30.

Train 100: Aqueous treatment depends heavily on waste water treatment processes. This line is also used
for side stream aqueous wastes that are generated within the facility. These side streams include evaporator
condensate, aqueous wastes from lab packs and aqueous organic separations, and decontamination
solutions. After inspection, wastes are assigned to treatment as required. The 1000 wastes stream set
includes aqueous streams with up to 1% organic. Some of these streams will contain no organic
constituents. The objective of treatment processes in the 100 line is to separate or destroy any regulated
organic present and to concentrate and transfer to stabilization any RCRA regulated inorganics and radio
nuclides.

Pre treatment provides removal of suspended solids and neutralization if required before further
processing. Suspended solids are separated and sent to line 300 to be treated with similar process
residues. Regulated organics are destroyed by wet oxidation or other aqueous based organic destruction
process. Evaporation maybe applied to concentrate the dissolved solids before the residue is sent to the
stabilization process for final vitrification. Some of the concentrated streams are too high in salt to make
acceptable glass. These salt streams will be dried and then stabilized with polymer.
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Train 200: Conceptually very simple processing is provided for the 2000 organic fluid wastes. After
inspection, wastes are assigned to treatment as needed. Suspended solids are separated and sent to line 300
to be treated with similar process residues. When practical, water is separated and sent to the 100 line for
processing. This will often contain low concentrations, less than 1%, of organics. Remaining organic
fluids are assigned to incineration.

Train 300: The processing in train 300 and beyond becomes somewhat more complex than has been the
case for the first two sets of fluid wastes. These processes must deal with organic and inorganic semi-solid
and adsorbed materials. Any stream may contain regulated organics or regulated inorganics. Destruction of
regulated organics will be required in all matrices. In this processing scheme it is not necessary to separate
organics from inorganic matrix materials. All organics presenting the sludge are removed or destroyed in
the glass/oxide melter this approach significantly reduces the load to the incinerator. Size reduction is used
only as necessary for feed to process equipment.

Train 400: This treatment train provides for sorting of debris from soils and transfer of the debris to the
500 line for processing as required. Provision is made for the soils to go directly to vitrification. Organic
fluids or sludges are not removed from the soils streams but are assigned directly to the glass melter for
removal or destruction in the vitrification process. To assure complete destruction of the organics, off-gas
from vitrification is further treated in the second stage burner, 480.

Train 500: Debris processing provides for separation of debris to segregate the organic matrix debris and
assigning it to the incinerator. Inorganic debris are sorted into metals and non-metals. Organics contained
in inorganic matrix debris are destroyed in the corresponding melters or in the off-gases treated in the
second stage burner, 480.

Based on available technology, separate melters are provided for oxide and metal waste streams. Metal
wastes are preroasted to enhance slag formation and separation of oxides, inorganic contaminants, and
radionuclides from the metal ingot. Slag from the metal melter is assigned to the oxide melter to be
incorporated into a glass or ceramic.

Train 600: Treatment processes for the 6000 wastes represent a slightly different approach than is used in
the 100-500 processes. The first wastes addressed in these processes are the lab packs. It is assumed that
the lab packs may contain a wide variety of organic or inorganic chemicals. Lab packs are opened sorted,
and assigned to other parts of the flowsheet for required treatment. Aqueous solutions 1000s wastes
through debris 5000s wastes found in lab packs are sent to the base treatment processes 100-500. Reactive
chemicals, strong acids, oxidizers, and cyanide wastes for example are sent to deactivation process 640
which is not further defined but would need to include a number of special chemical processes. Lab packs
may also contain 7000 series wastes these would be transferred to 700 line.

Train 700: Treatment processes for the 7000 wastes are directed towards preparation of these inherently
hazardous materials for recycle for reuse or for stabilization and discard. Mercury is cleaned or distilled
with clean material recycled, and waste mercury stabilized and packaged for disposal. Lead is also cleaned
with clean lead being sent to storage or reuse. Oxide and scale removed from the lead is sent to glass
melter stabilization. Beryllium is oxidized and stabilized in glass. Batteries are separated, treated in special
deactivation, 640; the residues are stabilized in glass.

Stabilization 195 and 490: stabilization process are provided for mercury amalgamation or reaction with
sulfur to form mercury sulfide, polymer stabilization primarily for salts. All other residues are stabilized in
the melters.

3.3 PEIS TRU WASTE: Discussion of PEIS TRU Flowsheets

Three flowsheets have been developed for treatment of TRU wastes for disposal; three different levels of
treatment are provided pending the final waste acceptance criteria applicable to wastes disposed at WIPP.
Only small volumes of aqueous liquid and organic liquid wastes are present in the existing and projected
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TRU inventory. Soils also are not shown in the MWIR mixed TRU waste inventory. Each of these wastes
aqueous liquid, organic liquid, and soil may occur as components of other waste matrices but are identified
in the MWIR database. It should be expected that these wastes will be present in ER and D&D TRU
wastes.

3.3.1 WIPP WAC Compliance Option

Treatment of TRU wastes according to the first flowsheet provides compliance with the current WIPP
Waste Acceptance Criteria (WAC) Revision 4. This flowsheet is presented in Figure 3.7: PEIS
Transuranic Waste WIPP WAC Alternative. In this flowsheet, only those wastes materials that are not in
compliance with the current WIPP WAC are treated This requires stabilization of free liquids, fixation of
particulates, and repackaging of some wastes to meet thermal or radio nuclide limits.

Train 100: Train 100 identifies only neutralization for aqueous liquids removed from other incoming waste
streams; this is followed by stabilization of the neutralized solutions. To avoid possible concerns over
criticality, concentration of aqueous streams by evaporation is not provided. Aqueous processing also will
be required for those side streams generated internal to the plant

Train 200: Small quantities of organic liquids maybe separated from incoming wastes. These liquids are
assigned to "grout" stabilization. Ignitable organics are not planned for treatment at present and are set aside
in this analysis.

Trains 300, 400, 500, 600: All wastes 3000-8000 are examined for compliance with WffP certification
requirements. Non-compliant items may be aqueous and organic liquids, these may require treatment for
ignitable, corrosive, or reactive characteristics, unsolidified sludges, particulates, explosives, compressed
gases. Treatment and repackaging for WIPP WAC compliance provides the capability to sort and
repackage those packages which exceed the WIPP WAC plutonium-239 fissile gram equivalent limit and
to sort and repackage those packages which exceed the wattage limit for the TRUPACT-II.

Compliant Wastes: Those wastes that are certifiable are sent directly to packaging and certification.

Train 300: After sorting for non compliant items, the organic and inorganic sludges and particulates
containing excess liquid are sent to grouting. All treated materials are then packaged and certified for
shipment to WIPP.

Train 400: There are no mixed TRU soil waste streams listed in the MWIR inventory. Some soils will
likely be present in other streams especially the debris. For WIPP WAC compliant treatment, the only
concern with soils is the potential presence of particulate which if above the WAC criterion will be grouted
before packaging for disposal.

Train 500: There is no special debris treatments in this flowsheet After non compliant items are removed,
debris wastes are packaged and certified for shipment to WIPP.

Train 600: This train provides identification, sorting pre treatment and treatment of all of the special,
inherently hazardous, and unknown wastes. The certifiable wastes will be sent to packaging and
certification. Reactives from sorting of other waste streams are assigned to deactivation along with reactive
compressed gases. Non certifiable wastes will be sorted into the categories identified above for which
treatment has already been discussed in trains 100-500s. There are no lab packs without metals,
explosives, compressed gases, liquid mercury, or beryllium dust indicated in the MWIR inventory.
Batteries, reactive metals, and oxidizers are expected. Those that are readily treatable will be treated in a
special process module or modules as required for compliance with WIPP-WAC. A few ignitable organics
wastes, oxidizers, and some compressed gases will not be processed for shipment to WIPP. These wastes
are set aside for later treatment All compliant wastes are then packaged and certified for shipment to
WIPP.
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3.3.2 PEIS TRU Reduced Gas Alternative Flowsheet

The second flowsheet provides an increased level of treatment primarily to reduce the gas generation rate
from waste disposed in WIPP. This flowsheet is presented in Figure 3.8: PEIS Transuranic Waste
Reduced Gas Generation Alternative. This reduced gas generation is achieved by shredding and stabilizing
unsegregated debris in grout, and placing all wastes in final containers that are expected not to generate
significant gas when disposed at WIPP.

Train 100: Train 100 identifies only neutralization for aqueous liquids removed from incoming wastes;
this is followed by stabilization of the neutralized solutions. To avoid possible concerns over criticality,
TRU aqueous streams are not concentrated by evaporation. Reactives from sorting of other waste streams
are assigned to deactivation along with reactive compressed gases. Aqueous processing will be required
for the streams generated internal to the plant

Train 200: Small quantities of organic liquids maybe separated from incoming wastes. These liquids are
stabilized by organic solidification with such agents as calcium silicate. Ignitable organics are not planned
for treatment at present and are set aside in this analysis.

Train 300, 400, 500, 600: All wastes 3000-8000 are examined for compliance with WIPP certification
requirements. Non-compliant items may be: aqueous and organic liquids these may require treatment for
ignitable, corrosive, or reactive characteristics, unsolidified sludges, particulates, explosives, compressed
gases.

Treatment and repackaging for Reduced Gas Generation provides the capability to sort and repackage
those packages which exceed the WIPP WAC plutonium-239 fissile gram equivalent limit and to sort and
repackage those packages which exceed the wattage limit for the TRUPACT-II.
Compliant Wastes: Except for debris, those wastes that are certifiable are sent directly to packaging and
certification.

Train 300: After1 sorting for non compliant items, the organic sludges and particulates and inorganic
particulates and sludges containing excess liquid are sent to grouting. All treated materials are then
packaged and certified for shipment to WIPP.

Train 400: There are no mixed TRU soils waste streams in the MWIR inventory. Soils will likely be
present in other streams especially the debris. For this level of treatment, the only concern with soils is the
potential presence of paniculate which if above the WAC criterion will be grouted before packaging for
disposal. Ignitable organics are set aside for later management.

Train 500: The primary way that this flowsheet differs from the WIPP WAC flowsheet is debris treatment
After non compliant items are removed, all debris wastes are shredded, grouted, then packaged and
certified for shipment to WIPP. This grouting should provide a major reduction in the gas generation rate
due to degradation of organic materials and corrodible metals.

Train 600: This train provide identification, sorting pre treatment and treatment of all of the special,
inherently hazardous, and unknown wastes. The certifiable wastes will be sent to packaging and
certification. Non certifiable wastes will be sorted into the categories identified above for which treatment
has already been discussed in trains 100-500. There are no explosives, compressed gases, liquid mercury
or beryllium dust indicated in the MWIR inventory. Batteries, reactive metals, and oxidizers are expected.
Those that are readily treatable will be treated in a special process module or modules as required for
compliance with WIPP-WAC. A few ignitable organics wastes, oxidizers, and some compressed gases
will not be processed for shipment to WIPP. These wastes are set aside for later treatment. All compliant
wastes are then packaged and certified for shipment to WIPP.
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3.3.3 PEIS TRU Flowsheet RCRA Compliance Alternative

The third flowsheet is designed to provide compliance with RCRA LDR treatment requirements,
compliance with the WIPP WAC, and reduce gas generation rates. This flowsheet, Figure 3.9: PEIS
Transuranic Waste RCRA Compliance Alternative closely resembles the low level mixed waste base
flowsheet for RCRA compliance. To achieve RCRA organic destruction, organic matrix materials are
destroyed in an incinerator. All wastes are placed in final containers that are expected not to generate
significant gas when disposed at WIPP.

Train 100: Train 100 identifies only neutralization for aqueous liquids and aqueous based organic
destruction for treatment of aqueous streams with RCRA organics. These processes are followed by
stabilization of the neutralized solutions. To avoid possible concerns over criticality, TRU aqueous streams
are not concentrated by evaporation. Reactives from sorting of other waste streams are assigned to
deactivation along with reactive compressed gases. Aqueous processing will be required for the streams
generated internal to the plant

Train 200: Organic liquid waste streams are not expected in most TRU legacy wastes. With the exception
of two streams at Savannah River Site there are no organic liquid streams in the MWIR data. If present
organic liquids are destroyed in the incinerator. Ignitables, including compressed gases, and other organic
liquids separated from incoming wastes are assigned to the incinerator for destruction.

Train 300, 400, 500, 600: All wastes 3000-8000 are examined for RCRA compliance and WIPP
certification requirements. Non compliant items are expected are: aqueous and organic liquids these may
require treatment for RCRA hazardous characteristics or the presence of RCRA listed constituents,
unsolidified sludges, particulates, explosives, compressed gases.

Treatment and packaging for RCRA LDRs is expected to take care of WIPP non-compliance problems
including repackaging for criticality and wattage control.

Trairi 300: After sorting for non compliant items, the organic sludges and particulates and inorganic
particulates and sludges are sent to the incinerator. All treated materials are then grouted, packaged and
certified for shipment to WIPP.

Train 400: Soils are not indicated by the MWIR to be present in the incoming TRU wastes. Soils will
likely be present in other streams especially the debris. For RCRA LDR treatment the soils with RCRA
organics must be treated to destroy or remove the organics; this is accomplished in the incinerator. Soils
with RCRA inorganics only must be stabilized to contain these constituents. This stabilization will also
satisfy the WIPP WAC criterion for particulates; wastes are then packaged and certified for shipment to
WIPP.

Train 500: This flowsheet provides RCRA compliance shred and grout treatment of debris. After other non
compliant items are removed, debris wastes are shredded, grouted, then packaged and certified for
shipment to WtPP. This grouting should provide a major reduction in the generation gas of from
degradation of organic materials and corrodible metals.

Train 600: This train provide identification, sorting pre treatment and treatment of all of the special,
inherently hazardous, and unknown wastes. The LDR compliant wastes will be sent to packaging and
certification. Non compliant wastes will be sorted into the categories identified above for which treatment
has already been discussed in trains 100-500. There are no explosives, compressed gases, liquid mercury
or beryllium dust indicated in the MWIR inventory. Batteries, reactive metals, and oxidizers are expected.
Those will be treated in a special process module or modules as required for compliance with RCRA. All
compliant wastes are then packaged and certified for shipment to WIPP.
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3.4 PEIS ER Waste Flowsheet

3.4.1 ER Wastes: PEIS LLMW Base Alternative-Debris and Residue Grouted.

For ER Wastes one flowsheet has been prepared. The analysis of ER waste load impacts is based on
processing the wastes through the LLMW Base Alternative Flwosheet. This flowsheet is presented in
Figure 3.10: PEIS Environmental Restoration Low-Level Mixed Waste Base Alternative. ER wastes to be
treated to RCRA criteria include only sludges, soils, and debris. No liquids aqueous or organic are
currently projected in those waste loads. In this alternative, all ER wastes are treated in the same manner as
the corresponding mixed low-level wastes from waste operations are treated in the Base Alternative. The
Base Alternative is designed to provide compliance with RCRA treatment requirements through the use of
BDAT technologies to the maximum extent feasible.

Train 100: The 1000 wastes stream set includes aqueous streams with up to 1% organic. Some of these
streams will contain no organic constituents. Aqueous treatment depends heavily on waste water treatment
processes. This line is also used for side stream aqueous wastes that are generated within the facility.
These recycled wastes include evaporator condensate and decontamination solutions. After inspection,
wastes are assigned to treatment as required. The objective of treatment processes in the 100 line is to
separate or destroy any regulated organic present and to concentrate and transfer to stabilization any RCRA
regulated inorganics and radio nuclides.

Pre treatment provides removal of suspended solids and neutralization if required before further
processing. Suspended solids are separated and sent to line 300 to be treated with similar process
residues. Regulated organics are destroyed by wet oxidation or other aqueous based organic destruction
process. Evaporation may be applied to concentrate the dissolved solids before the residue is sent to
grouting for stabilization. Some streams are too high in salt to make acceptable grout. These salt streams
will be dried and then stabilized with polymer.

Train 300: The processing in train 300 and beyond is more complex than has been the case for the aqueous
wastes. These processes must deal with organic and inorganic semi-solid and adsorbed materials. Any
stream may contain regulated organics or regulated inorganics. Destruction of regulated organics will be
required in all matrices. It is necessary to separate regulated inorganic from organics or destroy the organic
matrix. Therefore, all organic matrices present are assigned to the incinerator.

Pre treatment of these wastes provides for removal of debris, segregation of salts and any other inorganics
that do not contain organics. This stream will require size reduction to assure access of the incinerator
atmosphere to the organic contaminant for oxidative destruction of organic contaminants.

Train 500: Debris processing provides options to destroy organic debris, thermally remove optimum
quantities of organic fluid present on inorganic debris and finally stabilization of treated debris residuals.
Pre treatment includes sorting of debris to segregate the organic matrix debris and assigning it to the
incinerator. Inorganic debris both metals and non-metals are shredded to make it easier for organics to
escape when heated in thermal desorption. Organics are removed to a level such that they should not
migrate or interfere with the grouting materials used to produce the final form.

Pelletizing of the treated debris for volume reduction is provide as an option for sites with enough debris to
justify the cost and effort involved in super compaction-pelletizing operation. Some debris may be
decontaminated by washing or chemical extraction rather than thermal desorption.

Stabilization 195-796: Stabilization process are provided for mercury amalgamation or reaction with sulfur
to form mercury sulfide, polymer stabilization primarily for salts, and grout based fixation of all remaining
residues.
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4.0 Flowsheet Segments: Waste treatment Trains for Individual Wastes

4.1 Introduction

Waste treatment flowsheets are composed of several treatment processes. Flowsheet discussions have
provided an overview of the treatment process steps. These processes provide feed preparation, removal
or destruction of organic contaminants, removal or recycle of metals, and stabilization of residuals
containing regulated metals and radio nuclides. Flowsheet segments discussed below are based on these
flowsheets and the identification of treatment required for each waste matrix-contaminant combination.

4.2 Treatment Trains and Waste Treatment Flowsheet Segments

4.2.1 Specification of Treatment Requirements Based on Waste Matrix and RCRA
Constituents Present

The RCRA regulations define treatment requirements for each RCRA waste. A combination of processes
necessary to deal with the waste matrix and to achieve RCRA required treatments of the contained
contaminant defines the different treatment trains for DOE low-level mixed wastes. Waste physical and
chemical matrix properties that dictate waste handling requirements were used to identify applicable
treatment operations. Wastes of different matrices with various RCRA characteristics or contaminants are
processed through appropriate combinations of unit operations to create waste specific treatment trains.

The process operations for RCRA compliant treatment of each waste matrix and contaminant combination
are listed in Table 4.1 Waste Stream Contaminant Treatment. The unit operations numbers refer to the
process operations in the flowsheet drawings Figures 4.1 and 4.2. An explanation of the unit operations is
listed in Table 4.2 These table of correlations allows one to see the different wastes and contaminant
combinations are fully considered. Not all contaminant and matrix combinations are physically possible,
and not all of the possible combinations occur in DOE's wastes.

The RCRA codes listed in the MWIR database are used in treatment capacity analyses to sort the wastes
into matrix-contaminant sets for assigning each waste to the appropriate treatment train.

4.2.2 Discussion of Waste Stream Behavior in Waste Treatment Trains As Used In The
PEIS Analyses

The PEIS flowsheets provide a block diagram summarizing complex multi-step treatment process that
would be present in an actual operating plant The path through the flowsheet and the waste fractionation at
each treatment operation depends on the process equipment, the waste matrix and the presence of different
regulated constituents. To more completely define the performance of waste streams during treatment,
separate segments of the flowsheets have been extracted to represent treatment trains that each waste will
be expected to follow. The treatment train segments presented here consists of all of the unit operations in
the flowsheet directly involved in treatment of the subject waste matrix or required to treat any contained
regulated constituent or hazardous waste characteristic. No attempt has been made to identify support
streams such as chemical make up, filters, or cooling water required for the operations.

The segments discussed in the following sections define the treatment trains as indicated by the RCRA
treatment requirements in Table 4.1. Programming of the analysis model is done by LANL at the PEIS
waste stream level based on the treatment trains defined here. To provide clear programming information,
applicable flowsheet unit operations were reproduced in segments that represent the treatment train for each
waste stream (PEIS waste stream sets). Separation of the flowsheet into treatment trains for each waste
allows the tracking of the wastes through the entire processing facility.

The calculations of waste stream treatment loads depends on the prediction of waste stream behaviors in
the flowsheet unit operations. Factors have been assigned for quantities of side streams produced at each
operation or fraction of the waste remaining as residues after any given process operation. These factors
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Table 4.1

APPLICABLE EPA CODES

WASTE MATRIX

CODES

waste water 1000

aqueous slurries 1200

aqueous organic liq 2100

pure organic liq 2200

uncategorized organic liq 2900

inorganic process residues 3100

solidified process residues 3150

organic process residues 3200

contaminated soil 4100

contaminated soil & debris 4200

uncategorized soil 4900

Waste stream contaminant treatment trains

A

toxic organic
ignitable

D001A.12-43

F,P,U

150,270,180,195
795
150,270,180,195
795

250,470,195,795

250,470,195,795

350,470,195,795

350,470,195,795

350,470,195,795

350,470,195,795

450,470,195,795

450,470,195,795

450,470,195,795

B

toxic organic
ignitable ,

toxic metal w Hg
D001A.4-43

F.P.U

150,270,180,
195,795
150,270,180,
195,795
250,470,490, 195
795
250,470,490, 195
795
250,470,490, 195
795
350,470,490,195
795
350,470,490,195
795
350,470,490,195
795
^450,470,490,195
795
450,470,490,195
795
450,470,490,195
795

CONTAMINANT

C

toxic organic
ignitable

toxic metal w/o Hg
D004-8,10-43

F,P,U

150,270,180
195,795
150,270,180
195,795

250,470,195,795

250,470,195,795

250,470,195,795

350,470,195,795

350,470,195,795

350,470,195,795

450,470,195,795

450,470,195,795

450,470,195,795

TREATABILITY

D

toxic organic
ignitabie

toxic metal w Hg
corrosive

D002B.4-11

P,U

,

140,150,270,180,
195,795
140,150,270,180,
195,795
250,470,490,
195,795
250,470,490,
195,795
250,470,490,
195,795
350,470,490,195
795
350,470,490,195
795
350,470,490,195
795
450,470,490,195
795
450,470,490,195
795
450,470,490,195
795
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Table 4.1

CATEGORIES

E

toxic organic
ignitable

toxic metal w/o Hg

corrosive

D002B,4-8,10,11

P,U

150,140,270,
180,195,795

150,140,270,
180,195,795

250,470,490, 195
795
250,470,490, 195
795
250,470,490, 195

795

350,195,795

350,195,795

350,470,195,795

450,470,195,795

450,470,195,795

450,470,195,795

Waste stream contaminant treatment trains

F

toxic metal w Hg
corrosive

D002B.4-11
F035

140,150
195,795
140,150
195,795
250,195
795
250,195
795
250,195
795

350,795

350,795

350,470

450,795

450,795

450,795

K069A.B
P.U

180,

180,

470,490

470,490

470,490

195,795

G

toxic metal w/o Ha
corrosive

D002B,4-8,10,11
F035,K069A,B

140
195
140
195

250,

250,

250,

350

350

350

450

450

450

P,U

,150,180,
,795
,150,180,
,795

470,195 795

470,195 795

470,195 795

,795

,795

470,195,795

,795

795

795

H

corrosive
D002B

150,140,180,
795
150,140,180,
795

250,470,195

250,470,195

250,470,195

350,795

350,795

350,470,195,

450,795

450,795

450,795

195

195

795

795

795

795

I

ignitable inorganic

150
195
150
195

250

250

250

350

350

350

450

450

450

D001C

,270,180
,795
,270,180
,795

470,195

470,195

470,195

,795

,795

,470,195,

,795

,795

,795

795

795

795

795

J

acid reactive
i D003A.3B

150,270,180
195,795
150,270,180
195,795

250,470,195

250,470,195

250,470,195

350,795

350,795

350,470,195,

450,795

450,795

450,795

,PU

795

795

795

795
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Table 4.1

K

water reactive
D003d,PU

150,270,180
195,795
150,270,180
195,795

250,470,195 795

250,470,195 795

250,470,195 795

350,795

350,795

350,470,195,795

450,795

450,795

450,795

Waste stream contaminant treatment trains

L

explosive
I D003C

XXX

XXX

XXX

XXX

XXX

350,795

350,795

350,470,195,795

450,795

450,795

450,795

M

reactive
D003

XXX

XXX

XXX

XXX

XXX

350,470,195,795

450,795

450,795

450,795

N

.

other, list

0

note
multiple
callouts

i eg A&J
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metal debris 5100

inorganic/nonmetal debris 5200

combustible debris 5300

heterogeneous debris 5400

lab packs 6100

reactive metals 6200

explosives and propellants 6300

compressed gases & aerosol cans 6400

elemental mercury 7100

elemental lead 7200

beryllium 7300

batteries 7000

unknown 8000

final forms 9000

550,540,470,570,
695,195,797,796

550,540,470,570,
695,195,796,796

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,540
195,795
650,640,540
195,795

XXX

750,470,795 1000

750,640,795

750,640,795, 1000

550,540,470,490,
570,195,695,795,
796
550,540,470,490, ^
570,195,695,795,
796
550,470,490,195
795

550540,—

fei 0,270,140,150,
470,195,695

640,795

650,640,540,490
195,795
650,640,540,490
,195,795
750,560,565,470,
490*, 1400

750,470,490*, 1000

750,640,795

750,640,795, 1000

550,540,470,570,
695,195,797,796

550,540,470,570,
695,195,796,796

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,540
195,795
^50,640,540
i1 95,795

xxxxx

750,470,795, 1000

750,640,795

750,640,795, 1000

550,540,470,490,
570,195,695,795,
796
550,540,470,490,
570,195,695,795,
796
'550,470,490,195
795

550540,—

610,270,140,150,
470,195,695

640,795

1650,640,540,490
195,795
650,640,540,490
195,795
750,560,565,470,
490*, 1400

750,470,490*, 1000

750,640,795

750,640,795, 1000
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550,540,470,570,
695,195,797,796

550,540,470,570,
695,195,796,796

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,540
195,795
650,640,540
195,795

XXX

750,470,795, 1000

750,640,795

750,640,795, 1000

550,540,695,796,
795

550,540,695,796,
795

550,470,490,195
795

550540,—

610,270,140,150,
470,195,695

640,795

650,640,795

650,640,795

750,560,565 1400

750,795, 1000

750,640,795

750,640,795, 1000

550,540,695,796,
795

550,540,695,796,
795

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,795

650,640,795

XXX

XXX

750,640,795

750,640,795, 1000

550,540,695,796,
795

550,540,695,796,
795

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,795

650,640,795

XXX

XXX

XXX

XXX

550,540,695,796,
795

550,540,695,796,
795

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,795

650,640,795

XXX

XXX

XXX

XXX

550,540,695,796,
795

550,540,695,796,
795

550,470,195,759

550540,—

610,270,140,150,
470,195,695

640,795

650,640,795

650,640,795

XXX

XXX

XXX

XXX

45



55
0,

54
0,

69
5,

79
6,

79
5

55
0,

54
0,

69
5,

79
6,

79
5

55
0,

54
0,

69
5,

79
6,

79
5

55
0,

54
0,

69
5,

79
6,

79
5

55
0,

54
0,

69
5,

79
6,

79
5

55
0,

54
0,

69
5,

79
6,

79
5

55
0,

47
0,

19
5,

75
9

55
0,

47
0,

19
5,

75
9

55
0,

47
0,

19
5,

75
9

5
5

0
5

4
0

,-
-

55
05

40
,-

--
55

05
40

,—

61
0,

27
0,

14
0,

15
0,

4
7

0
,1

9
5

,6
9

5
61

0,
27

0,
14

0,
15

0,
47

0,
19

5,
69

5
61

0,
27

0,
14

0,
15

0,
47

0,
19

5,
69

5

6
4

0
,7

9
5

64
0,

79
5

64
0,

79
5

65
0,

64
0,

79
5

65
0,

64
0,

79
5

65
0,

64
0,

79
5

65
0,

64
0,

79
5

65
0,

64
0,

79
5

65
0,

64
0,

79
5

X
X

X
X

X
X

X
X

X

X
X

X

X
X

X
X

X
X

X
X

X

X
X
X

X
X

X

X
X

X
X

X
X

X
X

X
CD



for the sorting and assigning incoming wastes to appropriate treatments. The second set of splits defines
the secondary waste or residues streams from processing wastes in any given unit operation and the
destination to which these secondary streams are assigned.

Table 4.2 Unit
unit operations number
110,210,310,410,

510,610,710
150,250,350, 450,

550,650,750,
140,(240, 340,440)*
270
180
190
470
480
490
540
570
560/565
640

695
195
490**7595
795
796
895

Operations Functions in the PEIS Base Alternative Flowsheet
unit operations

receive, sort for RCRA treatment, transfer

solids/liquid-solids separation, solids
sorting
neutralization
wet oxidation
evaporation
condenser
incinerator (primary chamber)
incinerator gas burner (secondary chamber)
off gas treatment
size reduction
thermal desorption
mercury evaporation and condensation
deactivation, chemical oxidation, chemical
reduction
pelletizing (debris)
polymer solidification
mercury stabilization
grout (stabilization of particulate wastes)
grout (stabilization of debris)
chemical/physical decontamination (lead)

function
receive open, remove contents,
sort waste, packing, and package
remove filterable solids, sort wastes

neutralization of caustic characteristic
inorganic destruction
concentration of dissolved solids
condense evaporated water
organic destruction
organic destruction
off gas cleaning
shred (debris)
organic separation
mercury separation
deactivation

volume reduction
stabilization
stabilization
stabilization
stabilization
decontamination for recycle

* in the Mixed Waste Treatment Project unit operations numbering scheme, 140 is neutralization
operation, operations 240, 340, and 440 are not indicated in the flowsheet but are compiled in the
analyses as separate potentially required operations
** in the Mixed Waste Treatment Project unit operations numbering scheme, mercury stabilization
is operation 595 corresponding to a waste fixation process numbering system. It is identified as
490* because it has been included in the off-gas module (490) in the cost analysis programs.

For the incoming waste streams the sorting slits selected are generally averages of values estimated from
examination of the MWIR data. In most cases values selected were intended to be on the conservative side.
That was done by picking a typical or higher than average value for assignment of waste quantities to the
more difficult waste operation. The splits values for secondary streams out of the treatment operations are
based on the expected makeup of the incoming streams, previous calculations in the F&ORs, and in some
instances engineering judgments of the expected waste stream behavior in the specific process operation.
To the extent that operations in different treatment trains are the same or equivalent, the same values are
used for the splits.

The assumed waste compositions used in these calculations are listed in Table 2.4. There are no good data
in hand to establish a value for these streams. Several assumptions on splits used in the current PEIS
calculations maybe very conservative. In the evaporation of the aqueous, the evaporator bottoms fraction,
10%, may be too high for an average of all aqueous waste streams. The assumption that 1200 slurry
streams contain 15% suspended solids may also be to high for a DOE wide average or for any specific
site. The result of these two assumptions is to produce solids from the evaporator bottoms that must be
stabilized, packaged, and disposed. Halogenated organic materials are assumed to contain chlorine
equivalent to 50% of the feed; this implies that the organics generally not diluted with significant fractions
of non Halogenated solvents. Some caution should be taken with respect to the results of these
calculations. Use of common values for waste compositions and analysis of splits at all sites may result in
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significantly more residuals, ash and evaporator residues, and chlorinated waste than may be appropriate
for any given site.

4.3 LLMW Base Alternative Flowsheet Waste Stream Specific Treatment Segments

PEIS LLMW Base Alternative Flowsheet provides the basis for the analysis of treatment capacity
requirements. The wastes streams in the MWIR data base have been grouped into sets of similar wastes to
reduce the number of streams carried through the detailed analyses. The PEIS waste stream sets on these
drawings indicate the point of introduction of the waste to the flowsheet processes. The base alternative
flowsheet figures are reproduced as figures 4.1 and 4.2 showing the PEIS waste stream numbers fall on
the flowsheets. This also provides a guide to that part of the flowsheet from which the applicable treatment
trains are developed. The routing of LLMW waste into these alternative paths is done on a stream by
stream basis based on matrix codes and RCRA waste codes associated with the waste in the MWIR data
base.

In presentation of the treatment trains, the base flowsheet has been cut into many separate but overlapping
pieces. For clarity and help in following waste streams through the analysis, the treatment train segments
have been reproduced for each PEIS waste stream number to maintain the relative orientation the specific
treatment boxes have in the base flowsheet. In some cases, because of potentially significant differences in
the treatment for wastes within a given PEIS-number set more than one treatment train is provided for a
given waste stream number. Summary comments in the lower left hand corner of each treatment train
figure help explain the values for the splits and quantities of residues from each process. The fractions of
each waste stream that follow the different paths are also entered on the charts. The routing, basis for
routing, and basis for quantitative performance are discussed fully below.

The treatment trains and quantitative waste stream behavior in treatment are detailed in the following
discussions.

1100 Waste Stream Treatment Train

Figure 4.1a Base Flowsheet Low-Level Mixed Waste Stream MWIR 1100, PEIS 1 Treatment Train

Stream 1 aqueous liquids, waste waters, incoming stream is introduced into the 100 process line at
receiving operation 110. Solids separation at operation 150 is estimated to remove 1.0% filterable solids
which is sent to 310 wet solids for further treatment as inorganic process residue; treatment of he wet
solids ion the 300 line depends on the RCRA codes associated with this waste.

Stream 1 aqueous non organic containing waste waters: contains 10 % dissolved solids. This stream is
sent to neutralization if corrosive, or directly to evaporation if neutralization treatment is not required. The
dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator concentrate stream
is assumed to be high enough in halide salt to require polymer solidification; a net 1.5% of stream 1 goes
to polymer solidification unit 195; The remaining 85% of the evaporator bottoms is acceptable for
stabilization in p>ortland cement grout; a net 8.5% of stream 1 goes to grouting unit 795.

Stream 1 aqueous organic non halogenated containing waste waters: contains 10 % dissolved solids and
1% dissolved organic. This stream is sent to neutralization, 140, if corrosive, then to wet oxidation unit
270, if containing organics, and to evaporation unit 180. Destruction of the organic component yields 10%
ash. The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore
10.1 % of stream 1. Fifteen % of the evaporator concentrate stream is assumed to be high enough in halide
salt to require polymer solidification; a net 15% of stream 10.1 % of stream 1 goes to polymer
solidification unit 195; The remaining 85% of 10.1 % the evaporator bottoms is acceptable for
stabilization in portland cement grout in unit 795.

Stream 1 aqueous halogenated organic containing waste waters: contains 10 % dissolved solids and 1 %
dissolved organic. This stream is sent to neutralization, 140, if corrosive, then to wet oxidation unit 270, if
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PEIS LLMW BASE ALTERNATIVE - DEBRIS AND RESIDUE GROUTED PEIS Waste Stream Sets

Wastes " u m u i u Pre-treatment Primary treatmentFront end
Handling

Pl-IS Waste stream
groupings lor
analysis

1000
aqueous

liquid

110

receive sort for
RCRA treatment

1-1100 wasie water
2-1200 aqueous slurries

from
610

2003
organic-
liquids from I

MO '610

210

receive sort for
RCRA treatment

3-2110 aqueous/halogenaled organic liquid
4-2120 aqueous non halogenaud organic liquid
5-22 10 halog?nati;d pure organic liquid
6-2220 aqueous non halogonated organic liquid

from
1110,150.250

3000
solid process

residues from
MO

receive sort for
RCRA treatment

7-3110,3130 inorganic particulars
8-3120 inorganic sludges
9-3140 salt wastes

10-3150 solidified process residues
11-3220 organic paniculates non halogenated
12-3220 organic paniculates nalogenaled
13-3230 organic chemicals (solid) non halogenated
14-3230 organic chemicals (solid) halogenated

receive sort for
RCRA treatment

15-4100 comaiminated soil

16-4200 contaminated soil

receive sort for
RCRA treatment

17-5100 meral debris
18-5200 inorganic nonmelal debris
19-5300 combustible debris
20-5400 heterogeneous debris

Secondary
treatment

1150
solids

separation

to-MO

I14O
neutralize

evaporate '
1180

wet
oxidation

|27O

250

liquid/solids
separation

aqueous
solution
w/organic

organic

wet
solkls
to 310

350

solids
separation

inorganic

organic

1480
gas burner

salt

residues

|45O soils
solids

separation

debris

soils

organic debris

470

T55O

solids
separation

540

shred

ash
salt

condenser

off-gas | 49C
treatment and
Hg stabilization

high
chloride
solids

polymer
solidification

195

1795
grout

ash & residues

organic
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desorption

[695
pelletize

grout
|796

Final
Forms

water
recycle

discharge
to stack

solidified
mercury

• polymer

• grout

grout

February 1995

Figure 4.1 Base Flowsheet Low-Level Mixed Waste MWIR 1000-5000, PEIS 1-20 BCMusgrave, Incorporated
Livermore, CA
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RCRA treatment
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receive sort for
RCRA treatment
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RCRA treatment
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. 24 reactive metals 6200

25 explosives and propellents 6300
26 compressed gas & aerosol cans 6400
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28 elemental Pb 7200
29 beryllium 7300
30 batteries 7400

unknown 6000
final forms 9000
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solids
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liquid/solids
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separation
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solids
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treatment
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to the
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treatment
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Figure 4.2 Base FLowsheet Low- Level Mixed Waste Streams MWIR 6000-8000, PEIS 21-30 February 1995
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1100 stream treatment trains
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10.6% to 195

dissolved solids (evaporator bottoms from 180) content is 10%:

for the first two sets it is assumed that 15% of these solids contains halides, this goes to
195 polymer 85% are non halide, this goes to 795 grout

for the third stream the entire solids stream contains halides because of the halogen in
the organic contaminants; therefore this stream all goes to 195 for polymer solidification.

Figure 4.1a: Base Flowsheet Low-Level Mixed Waste Stream MWIR 1100, PEIS 1
February 1995

BCMusgrave, Incorporated
Livermore, CA



containing organics, and to evaporation unit 180. Destruction of the organic component yields 10% ash,
plus a 50% equivalent chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. The
total residue is therefore 10.6% of stream 1. Because of the presence of the halide, all of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification; a net
10.6% of stream 1 goes to polymer solidification unit 195. There is no portland cement grout stream from
this waste.

1200 Waste Stream Treatment Train

Treatment train 100: Figure 4.1b: Base Flowsheet Low-Level Mixed Waste Stream MWIR-1200, PEIS 2
Treatment Train

Stream 2 aqueous slurries incoming stream is introduced into the 100 process line at receiving operation
110. Solids separation at operation 150 is estimated to remove 15.0% filterable solids; this stream is sent
to 310 wet solids for further treatment as inorganic process residue; treatment depends on the RCRA codes
associated with this waste.

Stream 2 non organic containing aqueous slurries still contains 10 % dissolved solids out of operation
150. This stream is sent to neutralization if corrosive, or directly to evaporation if neutralization treatment
is not required. The dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification; a net 85%
x 1.5% of stream 2 goes to polymer solidification unit 195. The remaining 85% of the evaporator bottoms
is acceptable for stabilization in portland cement grout; a net 8.5% x 85% of stream 2 goes to grouting unit
795.

Stream 2 aqueous organic non halogenated containing aqueous slurries contain 10% dissolved solids and
1% dissolved organic. The remaining 85% stream is sent to neutralization if corrosive, then to wet
oxidation unit 270, and to evaporation unit 180. Destruction of the organic component yields 10% ash.
The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore 10.1% of
85% of stream 2. Fifteen % of the evaporator concentrate stream is assumed to be high enough in halide
salt to require polymer solidification; a net 1.5% x 85% of stream of the 10.1% evaporator bottoms from
stream 2 goes to polymer solidification unit 195; The remaining 8.5% x 85% of 10.1% of stream 2 is
acceptable for stabilization in portland cement grout in unit 795.

Stream 2 aqueous halogenated organic containing aqueous slurries contain 10 % dissolved solids and 1 %
dissolved organic. The 85% stream is sent to neutralization if corrosive, then to wet oxidation unit 270,
and to evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50% equivalent
chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore
10.6% of the 85% of stream 2. Because of the presence of the halide, all of the evaporator concentrate
stream is assumed to be high enough in halide salt to require polymer solidification in unit 195. There is no
portland cement grout stream from this process.

2100 Aqueous Organic Liquid Waste Streams Treatment Trains

Figure 4.1c: Base Flowsheet Low-Level Waste Mixed Stream MWIR-2100 & 2200, PEIS 3-6
There are two aqueous organic liquid streams introduced to train 200 at operation 210: stream 3 aqueous
halogenated organic liquids and stream 4 aqueous non halogenated organic liquids. Out of liquid solids
separation, 250., 0.8% wet solids stream is consigned to the 310 wet solids train. This side stream is
estimated to also contain RCRA regulated organics and therefore require treatment for organic destruction.
The remaining liquid is split so that a net 4.5% stream containing less than 1.0% organic is sent to train
100 to be combined with the incoming aqueous stream for assignment to organic destruction, 270. The
remaining liquid 94.7% is sent directly to the incinerator.

There are two pure organic liquid streams introduced to train 200 at operation 210: stream 5 halogenated
pure organic liquids and stream 6 non halogenated pure organic liquids. Out of liquid solids separation,
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incinerator ash; dissolved solids (equivalent to evaporator bottoms from 180 appears as ash in 470) content is 10% of aqueous streams: the aqueous-organic streams
is assumed 50% aqueous therefore 5% net ash from dissolved solids, ash from the organic component is taken as 10 %; therefore, in the aqueous organic streams, ash from
organic is 10% of 50% or 5% also, total ash from 2110 and 2120 is 10% out of the incinerator, because of the halide content of dissolved inorganics this splits 15% to 195
and 85% to 795.
for the second two streams, 2210 and 2220, it is assumed that the streams are 100% organic yielding 10% ash out of the incinerator, there is no significant inorganic ash,
the organic halide goes into the off-gas; therefore, the ash from pure organics, halogenated or non halogenated, is all low enough in halide to go to grout.
high chloride solids from off-gas: halogenated organic content of stream 2110 is 50%; if the organic contaminant is halogenated, the waste yields 25% chloride
stream to polymer; the organic contaminant in stream 2120 is not halogenated, there will be no halide produced in the off gas from organic destruction, the halogenated
organic content of stream 2210 is 100%, this corresponds to 50% chloride stream to polymer; the organic contaminant in 2220 is not halogenated, there will be no halide
produced in the off -gas to 195 polymer stabilization.

Figure 4.1c: Base Flowsheet Low-Level Mixed Waste Stream MWIR 2100 & 2200, PEIS 3-6
February 1995
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250, 0.8% wet solids stream is consigned to the 310 wet solids train. This side stream is estimated also to
contain RCRA regulated organics and therefore require treatment for organic destruction. The remaining
pure organic liquid is sent to the incinerator 470 for organic destruction.

Material balances around and following the incinerator are given as fractions of the waste to the
incinerator. For streams 3,4,5, 6;

Dissolved solids (equivalent to evaporator bottoms from 180 appears as ash in 470) content of the
aqueous fraction of the incoming streams is 10%: the aqueous-organic streams is assumed 50% aqueous
therefore there is a 5% net ash from dissolved solids. Ash from the organic component is taken as 10%;
therefore, in the aqueous organic streams, ash from organic is also 10% of 50% or 5%. Total ash from
stream 3 MWIR 2110 and stream 4 MWIR 2120 is 10% out of the incinerator. Due to the assumed halide
content of dissolved inorganics this residue from streams containing non halogenated organics is split 15%
to 195 and 85% to 795 as in the aqueous streams.

For the two pure organic liquid streams, stream 5 and stream 6, it is assumed that the streams are 100%
organic yielding 10% ash out of the incinerator. The organic halide goes into the off-gas; therefore, the
ash from pure organics, halogenated or non halogenated, is all low enough in halide to go to grout

Solids to grout is therefore 8.5% of streams 3 & 4 and 10% of streams 5 & 6.

High chloride solids are produced in the incinerator ash and from off-gas blowdown. The ash from the
incinerator is 10% of the organic feed; if the organic contaminant is halogenated, in addition to the
incinerator ash, the waste yields 50% equivalent chloride stream to polymer. The halogenated organic
content of stream 3 is 50% therefore the net halide solids in the off gas from this stream is 25% of feed to
the incinerator. The organic contaminant in stream 4 is not halogenated, there will be no halide produced
in the off gas from organic destruction.

The halogenated organic content of stream 5 is 100%, this corresponds to 50% chloride stream from the
off-gas blowdown to polymer solidification. The organic contaminant in stream 6 is not halogenated, there
will be no halide produced in the off-gas to 195 polymer stabilization.

If mercury is present it is assumed to be 0.1 % of any waste 3-6 to the incinerator. Mercury is removed and
stabilized in the off gas treatment module.

3100 Waste Stream Treatment Train

Figure 4.1d: Base Flowsheet Low-Level Mixed Waste Stream MWIR 3100, PEIS 7, 8, 9, 10

Solids process residues streams 7, 8, 9, 10 are sorted at 350. Inorganic sludge, paniculate, salt, and
stabilized solids which contain regulated organics are sent to the incinerator for destruction of the organic.

The organic containing wastes sent the incinerator are assumed to contain 5% organic contaminants, The
Residue is 95 % of the waste that is inorganic and 0.5% as ash from the organic component. If the organic
is halogenated, destruction in the incinerator produces 2.5% chloride wastes from the off gas system. The
ash is 95% for stream 7 inorganic particulate and paint waste. Inorganic sludges are 65% water, the net
ash is 35% plus 10% of the organic contaminant for a total of 35.5% to 795 grout stabilization. Cemented
solids with organic are 5% organic, 30% water, and 65% inorganic solids. The net ash is 65% plus 0.5%
ash from the organic or a total of 65.5% to 795 grout stabilization.

Salts, stream 9, without organic contaminant are sent directly to polymer solidification, unit 195, "net ash"
is 100%. This salt residue from incineration also goes to polymer stabilization. Inorganic sludges,
particulates, and stabilized process residues without organic contaminants go to grout solidification, unit
795, "net ash" is 100%.
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for the 3110, 3130, wastes the matrix is inorganic these v«Lstes are assumed to contain 5% organic contaminants, if halogenated, these produce 2.5%
chloride wastes from the off gas system; if the wastes are not organic contaminated, they go directly to grout stabilization, "net ash" is 100%;
3140, salt if organic contaminated goes to 470. residue goes to 195 for stabilization, if not organic contaminated, goes directly to 195 for stabilization;
the inorganic sludges 3120 are 65% water, the net ash is 35% plus 10% of the organic contaminant;
organic paniculate, organic sludges, and organic chemicals are all sent to the incinerator for destruction, if halogenated, 3210 is assumed to contain
5%organic contaminants, total ash is 10%, halide from off-gas is 2.5%; for streams 3220 and 3230 the corresponding assumptions are 75% organic
contaminants and 25 % non hazardous organic with 10% net ash and halides of 37.5% out of the off-gas.

Figure 4.1d Base Flowsheet Low-Level Mixed Waste Stream MWIR 3100 & 3200, PEIS 7-14 February 1995
BCMusgrave, Incorporated
Livermore, CA



3200 Waste Stream Treatment Train

Figure 4.1 d: Base Flowsheet Low-Level Mixed Waste Streams MWIR 3200, PEIS 11, 12, 13, 14

The organic paniculate, organic sludges, and organic chemicals are all sent to the incinerator, 470, for
destruction. Stream 11, organic particulates and sludges non halogenated, is assumed to be non hazardous
organic matrix containing 5% organic contaminants. If the contaminant is halogenated, halide from off-
gas is 2.5%.

Stream 13 non halogenated organic chemical stream the corresponding assumptions are 10% net ash no
halides out of the off-gas.

For streams 12 organic sludges halogenated and 14 organic chemicals halogenated (there are no
halogenated organic chemicals identified in the MWIR database) the corresponding assumptions are 75%
organic contaminants and 25% non hazardous organic with 10% net ash and halides of 37.5% out of the
off-gas.

Total ash from 11, 12, 13, & 14 is 10% from organic and inorganic components; all organic halides is
driven into the off-gas; the ash is low enough in halides to be sent to 795 grout solidification.

4100 Waste Stream Treatment Train

Figure 4. le Base Flowsheet Low-Level Mixed Waste Stream MWIR 4100 & 4200 PEIS 15 & 16

Soils, stream 15 go directly to incineration, 470, if organic containing. The assumed organic content is
5%. After incineration, the ash, 95% soil and 0.5% ash from the organic, goes to grout stabilization, 795.
If the soil does not contain organic contaminants it goes directly to 795, grout stabilization.

If the organic contaminant is halogenated, 2.5% equivalent halide solids are produced in the off-gas
blowdown. This material is sent to unit 195 for polymer stabilization.

4200 Waste Stream Treatment Train

Figure 4.1e Base Flowsheet Low-Level Mixed Waste Stream MWIR 4100 & 4200, PEIS 15 & 16
Treatment Trains

At unit 450, solids separation, 25% of stream 16, soils with debris, is separated is sent to the 500 line
debris treatment train. Following separation the soils are treated as described above for stream 4100. Soils,
stream 15 go directly to incineration, 470, if organic containing. The assumed organic content is 5%. After
incineration, the ash , 95% soil and 0.5% ash from the organic, goes to grout stabilization, 795. If the soil
does not contain organic contaminants it goes directly to 795, grout stabilization.

If the organic contaminant is halogenated, 2.5% equivalent halide solids are produced in the off-gas
blowdown. This material is sent to unit 195 for polymer stabilization.

5300 Waste Stream Treatment Train

Figure 4.If: Base Flowsheet Mixed Low-Level Waste Stream MWIR 5300 & 5400, ANL Streams 19 &
20

All of stream 19 is assigned to the incinerator. The net ash is assumed to be 25% out of the incinerator; the
residue goes to grout stabilization, 795. If the waste contains halogenated organic it is assumed to be
present at 5%; halide solids from the off-gas is equivalent to 2.5% of the waste to the incinerator. If
mercury is present, 0.1% of is removed and stabilized in off-gas treatment.
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all combustible debris is sent to the incinerator, 100% of 5300 and 1/3 of 5400, organic contaminant fraction is 5%; for that
fraction containing halogenated organics a net 2.5% is sent to polymer solidification

when organic contaminaied, inorganic debris are assumed also to contain 5% organic, this material is removed in thermal
desorption and destroyed by incineration, if halogenated this organic also produces 2.5% stream to polymer solidification

mercury soilidified in operation 490 is 0.1% of those wastes going to the incinerator, that also contain mercury

the ash out of the incinerator is 25% of the combustible debris to the incinerator

net debris to the pelletizing is 100% of inorganic debris not containing regulated organics and 95% of the debris which does
contain organic contaminants

Figure 4.1f: Base Flowsheet Low-Level Mixed Waste Stream MWIR 5300 & 5400, PEIS 19 & 20
February 1995

RCMusgrave, Incorporated
Uvermore, CA



5400 Waste Stream Treatment Train

Figure 4. If: Base Flowsheet Low-Level Mixed Waste Stream MWIR 5300 & 5400, PEIS Streams 19 &
20

Stream 20, heterogeneous debris is sorted in operation 550 into 1/3 Combustible stream 19, 1/3 metal 17,
and 1/3 inorganic non-metal debris 18. The sorted debris is then treated in the applicable treatment train.

5100 Waste Stream Treatment Train

Figure 4.1g: Base Flowsheet Low-Level Mixed Waste Stream MWIR 5300 & 5400, PEIS Streams 18 &
19

Stream 17 metal debris is size reduced in unit 540. If organic containing, the debris is treated by thermal
desorption in 570. Organic removed is 5% of the debris to thermal desorption. The Desorbed organic is
destroyed by incineration yielding a net ash equal to 10% of 5% of metal debris to desorption. If
halogenated, the organic yields a 2.5% halide equivalent solids in off-gas blowdown to polymer
solidification.

Metal debris after thermal desorption along with metal debris without organic is compacted in pelletizing
unit 695. Net debris to the pelletizing is 100% of inorganic debris not containing regulated organics and
95% of the debris which does contain organic contaminants. Volume reduction is a factor of 2 between
695 pelletize and debris grouting 796.

Mercury solidified in operation 490 is 0.1% of those wastes going to the thermal desorption that also
contain mercury.

5200 Waste Stream Treatment Train

Figure 4.1g: Base Flowsheet Low-Level Mixed Waste Stream MWIR 5300 & 5400, PEIS Streams 17 &
18

Stream 18 inorganic non metal debris is size reduced in unit 540. If organic containing, the debris is
treated by thermal desorption in 570. Organic removed is 5% of the debris to thermal desorption. The
desorbed organic is destroyed by incineration yielding a net ash equal to 10% of 5% of inorganic non
metal debris to desorption. If halogenated, the organic yields a 2.5% halide equivalent solids in off-gas
blowdown to polymer solidification.

Inorganic non metal debris after thermal desorption along with inorganic non metal debris without organic
is compacted in pelletizing unit 695. Net debris to the pelletizing is 100% of inorganic debris not
containing regulated organics and 95% of the debris which does contain organic contaminants. Volume
reduction is a factor of 2 between 695 pelletize and debris grouting 796.

Mercury solidified in operation 490 is 0.1 % of those wastes going to the incinerator that also contain
mercury.

6100 Organic Waste Stream Treatment Trains

Figure 4.2a: Base Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 21 & 23

Stream 21 organic liquid lab packs are assumed to be net 40% chemical, 40% packing, and 20% container;
chemical retention on the crushed containers is 5% of the container volume for organic liquids. The
packing material, e.g. verrniculite, is sent to 310 process residues for processing. The crushed container is
sent to 510 inorganic debris treatment. Liquid organic is filtered for removal of suspended solids (0.6% of
the organic liquid) which are sent to 310 wet solids processing. The filtered liquid is incinerated. Ash from
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polymer solidification

when organic contaminated, inorganic debris are assumed also to contain 5% organic, this material
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Figure 4.1g Base Flowsheet Low-Level Mixed Waste Stream MWIR 5100 & 5200, PEIS 17 & 18
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Figure 4.2a: Base Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 21 & 23
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the organic is 10% of waste to the incinerator. Halide bearing solids out of off-gas sent to polymer
solidification, 195, is 50% of the quantity of halogenated organic sent to incineration.

Stream 21 scintillation vials are assumed net 10% scintillation fluid, 35% packaging and 55% vials; liquid
retention on the crushed vials is 2% of the vial bulk volume. The packing material, e.g. vermiculite, is sent
to 310 process residues for processing. The crushed container is sent to 510 inorganic debris treatment.
The scintillation liquid organic is filtered for removal of suspended solids (0.6% of the organic liquid)
which are sent to 310 wet solids processing. The filtered liquid is incinerated. Ash from the organic is
10% of waste to the incinerator.

Stream 23 organic solid lab packs are assumed to be net 40% chemical, 40% packing, and 20% container;
chemical retention on the crushed containers is 2% of the container volume for organic solids. The packing
material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed container is sent to
510 inorganic debris treatment. Solid organic is incinerated Ash from the organic is 10% of waste to the
incinerator. Halide bearing solids out of off-gas sent to polymer solidification, 195, is 50% of the quantity
of halogenated organic sent to incineration.

Mercury solidified in operation 490 is 0.1% of those wastes going to the incinerator that also contain
mercury.

6100 Inorganic Waste Stream Treatment Trains

Figure 4.2b: Base Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 22 & 23

Stream 22 aqueous liquid lab packs are assumed to be net 40% chemical, 40% packing, and 20%
container; chemical retention on the containers is 5% of the crushed container volume for aqueous liquids
and 2% of the crushed container volume for dry solids. The packing material, e.g. vermiculite, is sent to
310 process residues for processing. The crushed container is sent to 510 inorganic debris treatment
Aqueous liquids are filtered yielding 1%, net 0.4%, solids to 310 for further treatment. The stream is
neutralized if caustic and treated in wet oxidation 270 if organic is present The organic free aqueous is
evaporated in unit 180. Evaporator bottoms are 10 of the stream from 150. Out of the evaporator the
bottoms are assumed to be 15% high enough in halide to require stabilization in Polymer, unit 195. The
remaining 85 % is stabilized in grout, 795.

Mercury solidified in operation 490 is 0.1% of those wastes going to the evaporator that also contain
mercury.

Stream 22 solid inorganic lab packs are assumed to be net 40% chemical, 40% packing, and 20%
container; chemical retention on die crushed containers is 2% of the container volume for dry solids. The
packing material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed container is
sent to 510 inorganic debris treatment The solid inorganic stream is sent to deactivation 640 where
corrosives, reactives, and oxidizers are destroyed. The residue from the deactivation is sent to grout
solidification or polymer if high level of halide is present from salts or organic destruction.

Mercury solidified in operation 490 is 0.1% of those wastes going to deactivation that also contain
mercury.

6200 Waste Stream Treatment Train

Figure 4.2c: Base Flowsheet Low-Level Mixed Waste Stream MWIR 6200, 6300, & 6400, PEIS 24, 25,
&26

Waste 24, reactive metals is treated by chemical oxidation. The process yields a metal oxide with an
increase in quantity by a factor of 1.5. The oxide is stabilized in grout, unit 795.
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6300 Waste Stream Treatment Train

Figure 4.2c: Base Flowsheet Low-Level Mixed Waste MWIR 6200, 6300, & 6400, PEIS 24, 25, & 26

Waste stream 25 explosives and propellants are treated in special processing module 640 which provides
chemical oxidation, passivation, and deactivation. The explosives and propellants are oxidized with 75%
going to the off-gas and 25% ash residual sent to gout stabilization, unit 795.

6400 Waste Stream Treatment Train

Figure 4.2c: Base Flowsheet Low-Level Mixed Waste MWIR 6200,6300, & 6400, PEIS 24,25, & 26

Waste stream 26 compressed gas and aerosol cans are treated in special processing module 640 which
provides chemical oxidation, passivation, and deactivation. The compressed gas and aerosols are estimated
to make up only 5% of the container quantity; 100% of the container bulk quantity is sent to debris
processing after the aerosol and gas are removed. The contained gas and aerosol, 5% of the waste mass is
oxidized with 75% going to the off-gas and 25% sent to gout stabilization, unit 795.

7000 Waste Stream Treatment Train

Figure 4.2d: Base Flowsheet Low-Level Mixed Waste MWIR 7000, PEIS 27, 2 8, 29, & 30

Stream 27 elemental mercury is assumed distilled for removal of clean mercury, units 560 and 565; 75% is
recycled as clean mercury 25% is sent to mercury stabilization in the off-gas treatment, unit 490.

Stream 28 elemental lead is chemically or physically decontaminated, unit 895; 5% of the lead is removed
as an oxide and sent to grout stabilization, unit 795; 95% of the lead goes to storage for recycle.

Stream 29 beryllium is chemically oxidized, unit 640, yielding an increase to 278% of the feed to
treatment The beryllium oxide is stabilized in grout, unit 795.

Stream 30 batteries are assumed to be dismantled, 50% oxidized in unit 640, and 50% recycled unit 1450.

4.4 LLMW Non Flame Alternative Flowsheet Waste Stream Specific Treatment Train
Segments

PEIS LLMW Non Flame Alternative Flowsheet provides treatment process for separation of organic
contaminants and treatment to RCRA requirements without the use of an incinerator for organic
destruction. The Non Flame Flowsheet is presented in Figures 4.3 and 4.4. These figures show where
the PEIS waste stream numbers fall on the flowsheets. The PEIS waste stream sets on these drawings
indicate the point of introduction of the waste to the flowsheet processes. This also provides a guide to that
part of the flowsheet from which the applicable treatment trains are developed. The treatment trains and
quantitative waste stream behavior in treatment are detailed in the following discussions. As in the base
flowsheet, the routing of LLMW waste into these alternative paths is done on a stream by stream basis
based on RCRA. waste codes associated with the waste in the MWIR data base.

In presentation of the treatment trains, the base flowsheet has been cut into many separate but overlapping
pieces. For clarity and help in following waste streams through the analysis, the treatment train segments
have been reproduced for each PEIS waste stream number to maintain the relative orientation the specific
treatment boxes have in the base flowsheet. In some cases, because of potentially significant differences in
the treatment for wastes within a given PEIS number set more than one treatment train is presented.

Summary comments in the lower left hand corner of each segment figure help explain the values for the
splits and quantities of residues from each process. The fractions of each waste stream that follow the
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different paths are also entered on the charts. The routing, basis for routing, and basis for quantitative
performance are discussed fully below.

1100 Waste Stream Treatment Train

Figure 4.3a: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR-1100, PEIS 1

Stream 1 aqueous liquids, waste waters, incoming stream is introduced into the 100 process line at
receiving operation 110. Solids separation at operation 150 is estimated to remove 1.0% filterable solids
which is sent to 310 wet solids for further treatment as inorganic process residues; treatment of the wet
solids in the 300 line depends on the RCRA codes associated with the waste.

Stream 1 aqueous non organic containing waste waters: contains 10% dissolved solids. This stream is sent
to neutralization if corrosive, or directly to evaporation if neutralization treatment is not required. The
dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator concentrate stream
is assumed to be high enough in halide salt to require polymer solidification; a net 1.5% of stream 1 goes
to polymer solidification unit 195; The remaining 85% of the evaporator bottoms is acceptable for
stabilization in portland cement grout; a net 8.5% of stream 1 goes to grouting unit 795.

Stream 1 aqueous organic non halogenated containing waste waters: contains 10% dissolved solids and
1 % dissolved organic. This stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and
to evaporation unit 180. Destruction of the organic component yields 10% ash. The 10% dissolved solids
precipitate out in the evaporator unit 180. The total residue is therefore 10.1% of stream 1. Fifteen % of
the evaporator concentrate stream is assumed to be high enough in halide salt to require polymer
solidification; a net 15% of stream 10.1 % of stream 1 goes to polymer solidification unit 195; The
remaining 85% of 10.1 % the evaporator bottoms is acceptable for stabilization in portland cement grout
in unit 795.

Stream 1 aqueous halogenated organic containing waste waters: contains 10% dissolved solids and 1%
dissolved organic. This stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and to
evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50% equivalent
chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore
10.6% of stream 1. Because of the presence of the halide, all of the evaporator concentrate stream is
assumed to be high enough in halide salt to require polymer solidification; a net 10.6% of stream 1 goes to
polymer solidification unit 195. There is no portland cement grout stream from this process.

1200 Waste Stream Treatment Train

Treatment train 100: Figure 4.3b: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR-1200,
PEIS 2

Stream 2 aqueous slurries incoming stream is introduced into the 100 process line at receiving operation
110. Solids separation at operation 150 is estimated to remove 15.0% filterable solids; this stream is sent
to 310 wet solids for further treatment.

Stream 2 non organic containing aqueous slurries contains 10% dissolved solids out of operation 150.
This stream is sent to neutralization if corrosive, or directly to evaporation if neutralization treatment is not
required. The dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification; a net 85%
x 1.5% of stream 2 goes to polymer solidification unit 195; The remaining 85% of the evaporator bottoms
is acceptable for stabilization in portland cement grout; a net 8.5% x 85% of stream 2 goes to grouting unit
795.

Stream 2 aqueous organic non halogenated containing aqueous slurries contains 10% dissolved solids and
1% dissolved organic. The remaining 85% stream is sent to neutralization if corrosive, then to wet
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oxidation unit 270, and to evaporation unit 180. Destruction of the organic component yields 10% ash.
The 10% dissolved solids precipitate out in the evaporator unit, 180. The total residue is therefore 10.1% of
85% of stream 2. Fifteen % of the evaporator concentrate stream is assumed to be high enough in halide
salt to require polymer solidification; a net 1.5% x 85% of stream of the 10.1% evaporator bottoms from
stream 2 goes to polymer solidification unit 195; The remaining 8.5% x 85% of 10.1% of stream 2 is
acceptable for stabilization in portland cement grout in unit 795.

Stream 2 aqueous halogenated organic containing aqueous slurries still contains 10 % dissolved solids and
1% dissolved organic. The 85% stream is sent to neutralization if corrosive, then to wet oxidation unit
270, and to evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50%
equivalent chloride. The 10% dissolved solids precipitate out in the evaporator unit 180, The total residue
is therefore 10.6% of the 85% of stream 2. Because of the presence of the halide, all of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification in unit 195.
There is no portland cement grout stream from this process.

2100 Aqueous Organic Liquid Waste Streams Treatment Trains

Figure 4.3c: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR-2100 & 2200, PEIS 3-6

There are two aqueous organic liquid streams introduced to train 200 at operation 210: 3-aqueous
halogenated organic liquids and 4-aqueous non halogenated organic liquids. Out of liquid solids
separation, 250, 0.8% wet solids stream is consigned to the 310 wet solids train. This side stream is
estimated also to contain RCRA regulated organics and therefore require treatment for organic destruction.
The remaining liquid is split so that a net 4.5% stream containing less than 1.0% organic is sent to train
100 to be combined with the incoming aqueous stream for assignment to organic destruction, 270. The
remaining liquid 94.7% is sent directly to the incinerator.

There are two pure organic liquid streams introduced to train 200 at operation 210: 5- halogenated pure
organic liquids and 6-non halogenated pure organic liquids. Out of liquid solids separation, 250,0.8% wet
solids stream is consigned to the 310 wet solids train. This side stream is estimated also to contain RCRA
regulated organics and therefore require treatment for organic destruction. The remaining pure organic
liquid is sent to the aqueous organic destruction 370. Material balances around and following the
incinerator are given as fractions of the waste to the organic destruction.

Dissolved solids (equivalent to evaporator bottoms from 180 appears as residue in 370) content of the
incoming aqueous streams is 10%: the aqueous-organic streams is assumed 50% aqueous therefore there
is a 5% net residue from dissolved solids. Residue from the organic component is 10%; therefore, in the
aqueous organic streams, "ash" from organic is also 10% of 50% or 5%. Total inorganic residue from
streams 3, MWIR-2110 and 4, MWIR-2120 is 10% out of aqueous organic destruction. Due to the
assumed halide content of dissolved inorganics this residue from streams containing non halogenated
organics is split 15% to 195 and 85% to 795 as in the aqueous streams.

For the two pure organic liquid streams, 2210 and 2220, it is assumed that the streams are 100% organic
yielding 10% ash out of organic destruction. The organic halide goes into the off-gas as it did from
incineration; therefore, the residue from pure organics, halogenated or non halogenated, is all low enough
in halide to go to grout. Solids to grout is therefore 8.5% of streams 3 & 4 and 10% of 5 & 6.

High chloride solids are produced from off-gas blowdown. The residue from the aqueous organic
destruction is 10% of the organic feed; if the organic contaminant is halogenated, in addition to the
aqueous residue, the waste yields 50% equivalent chloride stream to polymer. The halogenated organic
content of stream 3 is 50% therefore the net halide solids in the off gas from this stream is 25% of feed to
the aqueous organic destruction. The organic contaminant in stream 4 is not halogenated, there will be no
halide produced in the off gas from organic destruction.
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The halogenated organic content of stream 5 is 100%, this corresponds to 50% chloride stream from the
off-gas blowdown to polymer solidification. The organic contaminant in stream PEIS 6 is not halogenated,
there will be no halide produced in the off-gas to 195 polymer stabilization.

If mercury is present it is assumed to be 0.1% of any waste streams 3-6 to the incinerator. Mercury is
removed and stabilized in the off gas treatment module.

3100 Waste Stream Treatment Train

Figure 4.3d: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR-3100 & 3200, PEIS 7, 8, 9,
10

Solids process residues streams 7, 8, 9, 10 are sorted at 350. Inorganic sludge, particulate, salt, and
stabilized solids which contain regulated organics are sent to the sludge washing for removal of organic.
The separated pure organic is destroyed in 370 aqueous organic destruction.

The organic containing wastes sent the sludge washing are assumed to contain 5% organic contaminants,
The residue from these streams is 95 % of the waste that is inorganic and 0.5% as ash from the organic
destruction process. If the organic is halogenated, destruction of the organic produces 2.5% chloride
wastes from the off gas system. The ash is 95% for stream 7 inorganic particulate and paint waste.
Inorganic sludges are 65% water, the net ash is 35% plus 10% of the organic contaminant for a total of
35.5% to 795 grout stabilization. Cemented solids with organic are 5% organic, 30% water, and 65%
inorganic solids. The net ash is 65% plus 0.5% ash from the organic or a total of 65.5% to 795 grout
stabilization.

Salts, stream 9, without organic contaminant are sent directly to polymer solidification, unit 195, "net ash"
is 100%. This salt residue from aqueous organic destruction also goes to polymer stabilization. Inorganic
sludges, particulates, and stabilized process residues without organic contaminants go to grout
solidification, unit 795, "net ash" is 100%.

3200 Waste Stream Treatment Train

Figure 4.3d: Non Flame Flowsheet Low-Level Mixed Waste Streams MWIR-3200, PEIS 11, 12,13,14

The organic paniculate, organic sludges, and organic chemicals are all sent to the aqueous organic
destruction, 370, for destruction of the organic matrix and contaminant. PEIS 11, organic particulates and
sludges non halogenated, is assumed to be non hazardous organic matrix containing 5% regulated organic
contaminants. If the contaminant is halogenated, halide from off-gas is 2.5%.

Stream 13 non halogenated organic chemical stream the corresponding assumptions are 10% net residue
no halides out of the off-gas.

For streams 12 organic sludges halogenated and stream 14 organic chemicals halogenated the
corresponding assumptions are 75% organic contaminants and 25 % non hazardous organic with 10% net
residue and halides of 37.5% out of the off-gas.

Total ash from 11, 12, 13, & 14 is 10% from organic and inorganic components; all organic halides is
driven into the off-gas; the residue is low enough in halides to be sent to 795 grout solidification.

Note 1. Sludge Washing Process 335 Detail

Figure 4.3e: Non Flame Flowsheet Sludge Washing Process Detail

The material balances for the non sludge washing splits is show in greater detail in Figure 4.3e.
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for the 3100 wastes the matrix is inorganic, if the wastes are not organic contaminated they go directly to grout stabilization, "net ash" is 100%, if organic contaminant is
present, these wastes are assumed to contain 5% , if halogenated, these produce 2.5% chloride wastes requiring stabilization in polymer
3140, salt if organic contaminated is assumed to dissolve in the sludge washing process, residue goes to 195 for stabilization, if not organic contaminated, goes directly to
195 for stabilization;
the inorganic sludges are 65% water, the net ash is 35% plus 10% of the organic contaminant;
organic particulate, organic sludges, and organic chemicals are all sent to aqueous organic destruction , if halogenated, 3210 is assumed to contain 5% organic
contaminants, total ash is 10%, haiide from organic destruction is 2.5% if halogenated ; for streams 3220 and 3230 the corresponding assumptions are 75% organic
contaminants and 25 %non hazardous organic with 10% net ash and halides of 37.5% out of the off-gas.

Figure 4.3d: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR 3100 & 3200, PEIS 7-14
February 1995

BCMusgrave, Incorporated
livermore, CA



Note 1. 3000 process residue treatment: sludge washing process
detail

this chart provides
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0.97% of solids feed to 335
plus 100% of organic -
5.9215% of matrix 7-3110,
3130,8-3120,10-3150
100% of 9-3140,
plus 0.1% if mercury

streams 7-3110,3130
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5%organic 95% inorganic
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washing
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if the organic is halogenated
plus 0.1% if mercury

1.4215% of matrix 7-3110,
3130,8-3120,10-3150,
95% 9-3140,
or
3.9215% of matrix 7-3110,
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chart.

Figure 4.3e Non Flame Flowsheet Low-Level Mixed Waste Sludge Washing Detail February 1995

BCMusgrave, Incorporated
Livermore, CA



Estimates are based on reported behavior of similar materials in sludge washing processes. Streams 7, 8,
9,10 are all washed in process unit 335.

"All" of the organic (99.99% of the 5% contaminant present) is removed from the inorganic matrix.

The salts are assumed to dissolve completely. All other matrices are assumed insoluble; a small fraction,
about one percent, of the matrix is suspended into the wash stream.

When organic contaminants are halide bearing, a high halide residue is produced at the equivalent of 50%
of the organic component

When present mercury at 0.1 % of the feed is stabilized as part of the stabilization of residue from organic
destruction.

4100 Waste Stream Treatment Train

Figure 4.3f: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR 4100 & 4200 PEIS 15 & 16

Soils, stream 15 go directly to soil washing, 435, if organic containing. The assumed organic content is
5%. Most of the organic (70.8%) and all mercury are removed in soil washing and sent to wet oxidation
for organic destruction. All of the mercury remains in the residue from unit 270. If the organic is
halogenated, 50% equivalent halide residue is also produced in wet oxidation.

In the first step of soil washing, a large fraction of the soil fines are suspended by the detergent solution.
This dissolved and suspended material is sent to sludge washing operation 335 and follows the behavior
described for that process earlier. The balance of the organic is removed in sludge washing and destroyed
in aqueous organic destruction.

The washed soil 39.84% goes to grout stabilization, 795.

If the soil does not contain organic contaminants it goes directly to 795, grout stabilization.

If the organic contaminant is halogenated, 2.5% equivalent halide solids are produced in the off-gas
blowdown. This material is sent to unit 195 for polymer stabilization.

4200 Waste Stream Treatment Train

Figure 4.3f: Non Flame Flowsheet Mixed Low-Level Waste Streams MWIR 4100 & 4200 ANL 15 & 16

Soils and debris, stream 16 are sorted for removal of debris the debris is sent to the debris treatment line
for further processing. The soil fraction is processed as described for the soil stream 15.

Soil Washing 435 Detail

Figure 4.3g: Non Flame Flowsheet Mixed Low-Level Waste Soil Washing Detail

The material balance for soil washing , 435, was developed from results of soil washing and oil shale
extraction experiments. The finer soil particles are expected to be suspended by the detergent solution. In
typical soils mis can be over 55%. Over 70% of the organic will be removed in a aqueous stream that is
low in suspended paniculate and can be treated in process 270. The high particulate stream, still containing
nearly 30% of the organic is treated in sludge processing to remove organics down to clean soil discard
levels.

The washed soil is sent to grout stabilization.
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5000 Waste Streams Treatment Trains

Figure 4.3h: Non Flame Flowsheet Low-Level Mixed Wastes MWIR 5100-5400, PEIS 17-20

No attempt is made to destroy the combustible debris matrix in this flowsheet All debris wastes are sent to
sorting unit 550, and shredding unit 540. If debris contains organic contaminants, the concentration is
assumed to be 5%. This organic material is removed in two different streams from the debris washing
process, 535. The first stream contains paniculate and loose material removed along with 5% of the
organic in the first stage washing. It is assumed that 10% of the debris, net 9.5% of feed to 535, is
dissolved or suspended and transferred out as a sludge stream. This material is sent to sludge washing for
further cleaning of the paniculate material.

The second stage washing produces a stream with the remaining 95% (4.75% net) of the organic, the
mercury and 0.5% of the debris matrix is removed. This stream is sent to aqueous organic destruction unit
370.
If non halogenated, the organic yields a 10% residue which along with the 5% inorganic sludge
component from second stage washing yields a net total of 0.975% from 370 to grouting 795. If the
organic is halogenated, the corresponding residue from 370 to polymer solidification 195 is a total of
3.35%.

When present, mercury is 0.1% in these wastes; the mercury is separated in the organic destruction
process off-gas treatment and stabilized

Washed debris and shredded debris without organic contaminants is pelletized, unit 695, for volume
reduction and stabilized in grout unit 796. This process provides pre treatment for stabilization of mercury.

6100 Organic Waste Stream Treatment Trains

Figure 4.4a: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 21 & 23

Stream 21 organic liquid lab packs are assumed to be net 40% chemical, 40% packing, and 20% container;
chemical retention on the crushed containers is 5% of the container volume for organic liquids. The
packing material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed container is
sent to 510 inorganic debris treatment. Liquid organic is filtered for removal of suspended solids (0.6% of
the organic liquid) which are sent to 310 wet solids processing. The filtered liquid is processed in aqueous
organic destruction unit 370. Residue from the organic is 10% of waste to the organic destruction. Halide
bearing solids sent to polymer solidification, 195, is 50% of the quantity of halogenated organic sent to
aqueous organic destruction.

Stream 21 scintillation vials are assumed net 10% scintillation fluid, 35% packaging and 55% vials; liquid
retention on the crushed vials is 2% of the vial bulk volume. The packing material, e.g. vermiculite, is sent
to 310 process residues for processing. The crushed container is sent to 510 inorganic debris treatment
The scintillation liquid organic is filtered for removal of suspended solids (0.6% of the organic liquid)
which are sent to 310 wet solids processing. The filtered liquid is treated in aqueous organic destruction.
Residue from the organic is 10% of waste to destruction.

Stream 23 organic solid lab packs are assumed to be net 40% chemical, 40% packing, and 20% container;
chemical retention on the crushed containers is 2% of the crushed container volume for organic solids. The
packing material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed container is
sent to 510 inorganic debris treatment. Solid organic is treated in aqueous organic destruction. Residue
from the organic is 10% of waste to destruction. Halide bearing solids out of off-gas sent to polymer
solidification, 195, is 50% of the quantity of halogenated organic sent to aqueous organic destruction.

Mercury solidified in operation 490 is 0.1% of those wastes going to the incinerator that also contain
mercury.
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all debris is sent to sorting and shredding, if it contains organic contaminants the concentration is assumed to be 5%; this organic material is removed in two
different streams from the debris washing process, both organic bearing streams go to aqueous based organic destruction, during the first stage debris
washing, it is assumed that 10% of the debris is dissolved or suspended and transferred out of the oil water separator as a sludge stream. This is equivalent to
9.5% of the waste feed. 5% of the organic equivalent to 0.5% of the waste feed goes with this first stream to sludge washing.

in the second stage debris washing the remainder of the organic (95%) 4.75% net) of the feed sttream and 0.5% of the debris as inorganic sludge goes with the
organic stream to aqueous organic destruction, 370.

if non halogenated, the organic yields a 10% residue; if halogenated, this residue is equivalent to 50% plus 10% of the organic in the feed to organic
destruction process.

mercury is 0.1% in those wastes containing mercury, the mercury is separated in the organic destruction process and sent to stabilization, 490,

debris not containing organics by passes debris washing and is pelletized and grouted.

Figure 4.3h Non Flame Flowsheet Low-Level Mixed Waste MWIR 5100-5400, PEIS 17-20
February 1995

BCMusgrave, Incorporated
Uvermore, CA
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6100 Inorganic Waste Stream Treatment Trains

Figure 4.4b: Non flame Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 22 & 23

Stream 22 aqueous liquid lab packs are assumed to be net 40% chemical, 40% packing, and 20%
container, chemical retention on the crushed containers is 5% of the container volume for aqueous liquids
and 2% of the crushed container volume for dry solids. The packing material, e.g. vermiculite, is sent to
310 process residues for processing. The crushed container is sent to 510 inorganic debris treatment
Aqueous liquids are filtered yielding 1%, net 0.4%, solids to 310 for further treatment. The stream is
neutralized if caustic and treated in wet oxidation 270 if organic is present The organic free aqueous is
evaporated in unit 180. Evaporator bottoms are 10 of the stream from 150. Out of the evaporator the
bottoms are assumed to be 15% high enough in halide to require stabilization in Polymer, unit 195. The
remaining 85 % is stabilized in grout, 795.

Mercury solidified in operation 490 is 0.1 % of those wastes going to the evaporator that also contain
mercury.

Stream 22 solid inorganic lab packs are assumed to be net 40% chemical, 40% packing, and 20%
container; chemical retention on the crushed containers is 2% of the container volume for dry solids. The
packing material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed
container is sent to 510 inorganic debris treatment The solid inorganic stream is sent to deactivation 640
where corrosives, reactive, and oxidizers are destroyed. The residue from the deactivation is sent to grout
solidification or polymer if high level of halide is present from salts or organic destruction.

Mercury solidified in operation 490 is 0.1% of those wastes going to deactivation that also contain
mercury.

6200 Waste Stream Treatment Train

Figure 4.4c: Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR 6200, 6300, & 6400, PEIS
24, 25, & 26

Waste 24, reactive metals is treated by chemical oxidation. The process yields a metal oxide with an
increase in quantity by a factor of 1.5. The oxide is stabilized in grout, unit 795.

6300 Waste Stream Treatment Train

Figure 4.4c: Non Flame Flowsheet Low-Level Mixed Waste MWIR 6200,6300, & 6400, PEIS 24, 25, &
26

Waste stream 25 explosives and propellants are treated in special processing module 640 which provides
chemical oxidation, passivation, and deactivation. The explosives and propellants are oxidized with 75%
going to the off-gas and 25% ash residual sent to gout stabilization, unit 795.

6400 Waste Stream Treatment Train

Figure 4.4c: Non Flame Flowsheet Low-Level Mixed Waste MWIR 6200, 6300, & 6400, PEIS 24, 25,
&26

Waste stream 26 compressed gas and aerosol cans are treated in special processing module 640 which
provides chemical oxidation, passivation, and deactivation. The compressed gas and aerosols are estimated
to make up only 5% of the container quantity; 100% of the container bulk quantity is sent to debris
processing after the aerosol and gas are removed. The contained gas and aerosol, 5% of the waste mass is
oxidized with 75% going to the off-gas and 25% sent to gout stabilization, unit 795.
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Figure 4.4b Non Flame Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 22 & 23 February 1995
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7000 Waste Stream Treatment Train

Figure 4.4d: Non Flame Flowsheet Low-Level Mixed Waste MWIR 7000, PEIS 27,28, 29, & 30

Stream 27 elemental mercury is assumed distilled for removal of clean mercury, units 560 and 565. 75% is
recycled al clean mercury 25% is sent to mercury stabilization in the off-gas treatment unit 490.

Stream 28 elemental lead is chemically or physically decontaminated, unit 895. 5% of the lead is removed
as an oxide and sent to grout stabilization, unit 795.95% of the lead goes to storage for recycle.

Stream 29 beryllium is chemically oxidized yielding, unit 640, an increase to 278% of the feed to
treatment The beryllium oxide is stabilized in grout, unit 795.

Stream 30 batteries are assumed to be dismantled, 50% oxidized in unit 640, and 50% recycled unit 1450.

4.5 LLMW Thermal Alternative Flowsheet Waste Stream Specific Treatment Train
Segments

PEIS LLMW Thermal Alternative Flowsheet provides the treatment of most wastes for organic destruction
and final for stabilization in thermal processes. The thermal flowsheet is are reproduced as Figures 4.5
PEIS streams 1-20 and 4.6 PEIS streams 21-30 showing the PEIS waste stream numbers fall on the
flowsheets. The wastes streams in the MWIR data base have been grouped into sets of similar wastes to
reduce the number of streams carried through the detailed analyses. The waste stream sets on these
drawings indicate the point of introduction of the waste to the flowsheet processes. This also provides a
guide to that part of the flowsheet from which the applicable treatment trains are developed. The treatment
trains and quantitative waste stream behavior in treatment are detailed in the following discussions. The
routing of MLLW waste into these alternative paths is done on a stream by stream basis based on RCRA
waste codes associated with the waste in the MWIR data base.

In presentation of the treatment trains, the thermal flowsheet has been cut into many separate but
overlapping pieces. For clarity and help in following waste streams through the analysis, the treatment
train segments have been reproduced for each PEIS waste stream number to maintain the relative
orientation the specific treatment boxes have in the base flowsheet In some cases, because of potentially
significant differences in the treatment for wastes within a given number set more man one treatment train
is provided.

The aqueous line, mercury solidification, and stabilization of high salt wastes in polymer are retained from
the base flowsheet alternative. All process splits are the same as for the base flowsheet down through 350
where there is a change in destination of some wastes. The evaporator bottoms from 180 go to the glass
melter rather than grout.

Along with the narrative discussions, summary comments in the lower left hand corner of each treatment
train figure help explain the values for the splits and quantities of residues from each process. The
fractions of each waste stream that follow the different paths are also entered on the charts. The routing,
basis for routing, and basis for quantitative performance are discussed fully below.

1100 Waste Stream Treatment Train

Figure 4.5a Thermal Flowsheet Low-Level Mixed Waste Stream MWIR-1100, PEIS 1
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Stream 1 aqueous liquids, waste waters, incoming stream is introduced into the 100 process line at
receiving operation 110. Solids separation at operation 150 is estimated to remove 1.0% filterable solids;
this stream is sent to 310 wet solids for further treatment.

Stream 1 aqueous non organic containing waste waters: contains 10% dissolved solids. This stream is sent
to neutralization if corrosive, or directly to evaporation if neutralization treatment is not required. The
dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator concentrate stream
is assumed to be high enough in halide salt to require polymer solidification; a net 1.5% of stream 1 goes
to polymer solidification unit 195; the remaining 85% of the evaporator bottoms goes to the glass melter
unit 670.

Stream 1 aqueous non halogenated organic containing waste waters: contains 10% dissolved solids and
1% dissolved organic. This stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and
to evaporation unit 180. Destruction of the organic component yields 10% ash. The 10% dissolved solids
precipitate out in the evaporator unit 180. The total residue is therefore 10.1% of stream 1. Fifteen % of
the evaporator concentrate stream is assumed to be high enough in halide salt to require polymer
solidification; a net 15% of stream 10.1 % of stream 1 goes to polymer solidification unit 195; The
remaining 85% of the evaporator bottoms the remaining 85% of the evaporator bottoms goes to the glass
melter unit 670.

Stream 1 aqueous halogenated organic containing waste waters: contains 10% dissolved solids and 1%
dissolved organic, This stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and to
evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50% equivalent
chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore
10.6% of stream 1. Because of the presence of the halide, all of the evaporator concentrate stream is
assumed to be high enough in halide salt to require polymer solidification; a net 10.6% of stream 1 goes to
polymer solidification unit 195. There is no other residue stream to solidification from this waste.

1200 Waste Stream Treatment Train

Treatment train 100: Figure 4.5b: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR-1200, PEIS
2

Stream 2 aqueous slurries incoming stream is introduced into the 100 process line at receiving operation
110. Solids separation at operation 150 is estimated to remove 15.0% filterable solids; this stream is sent
to 310 wet solids for further treatment.

Stream 2 non organic containing aqueous slurries contains 10 % dissolved solids out of operation 150.
This stream is sent to neutralization if corrosive, or directly to evaporation if neutralization treatment is not
required. The dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification; a net 85%
x 1.5% of stream 2 goes to polymer solidification unit 195; The remaining 85% of the evaporator bottoms
is sent to glass melter unit 670.

Stream 2 aqueous organic non halogenated containing aqueous slurries contains 10% dissolved solids and
1 % dissolved organic. The stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and
to evaporation unit 180. Destruction of the organic component yields 10% ash. The 10% dissolved solids
precipitate out in the evaporator unit 180. The total residue is therefore 10.1 % of 85% of stream 2. Fifteen
% of the evaporator concentrate stream is assumed to be high enough in halide salt to require polymer
solidification unit 195. The remaining 85% of the residue from stream 2 is sent to the glass melter unit
670.

Stream 2 aqueous halogenated organic containing aqueous slurries contains 10% dissolved solids and 1%
dissolved organic. The stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and to
evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50% equivalent
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chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. Because of the presence of
the halide, all of the evaporator concentrate stream is assumed to be high enough in halide salt to require
polymer solidification in unit 195. There is no other solidification residue stream from this waste.

2100 Aqueous Organic Liquid Waste Streams Treatment Trains

Figure 4.5c: Thermal Flowsheet Low-Level Waste Mixed Stream MWIR-2100 & 2200, PEIS 3-6

There are two aqueous organic liquid streams introduced to train 200 at operation 210.

Stream 3 aqueous halogenated organic liquids. Out of liquid solids separation, 250, 0.8% wet solids
stream is consigned to the 310 wet solids train. This side stream is estimated to also contain RCRA
regulated organics and therefore require treatment for organic destruction. The remaining liquid is split so
that a net 4.5% stream containing less than 1.0% organic is sent to train 100 to be combined with the
incoming aqueous stream for assignment to organic destruction, 270. The remaining liquid 94.7% is sent
directly to the incinerator unit 470.

Stream 4 aqueous non halogenated organic liquids. Out of liquid solids separation, 250, 0.8% wet solids
stream is consigned to the 310 wet solids train. This side stream is estimated to also contain RCRA
regulated organics and therefore require treatment for organic destruction. The remaining liquid is split so
that a net 4.5% s;tream containing less than 1.0% organic is sent to train 100 to be treated as corresponding
aqueous wastes.

2200 Aqueous Organic Liquid Waste Streams Treatment Trains

Figure 4.5c: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 2100 & 2200, PEIS 3-6

There are two pure organic liquid streams introduced to train 200 at operation 210.

Stream 5 halogenated pure organic liquids. Out of liquid solids separation, 250,0.8% wet solids stream is
consigned to the 310 wet solids train. This side stream is estimated to also contain RCRA regulated
organics and therefore require treatment for organic destruction. The remaining pure organic liquid is sent
to the incinerator 470 for organic destruction.

Stream 6 non halogenated pure organic liquids. Out of liquid solids separation, 250, 0.8% wet solids
stream is consigned to the 310 wet solids train. This side stream is estimated to also contain RCRA
regulated organics and therefore require treatment for organic destruction. The remaining pure organic
liquid is sent to the incinerator 470 for organic destruction.

Material balances around and following the incinerator are given as fractions of the waste to the
incinerator. For streams 3,4, 5, 6;

Dissolved solids (equivalent to evaporator bottoms from 180 appears as ash in 470) content of the
incoming aqueous streams is 10%: the aqueous-organic streams is assumed 50% aqueous therefore there
is a 5% net ash from dissolved solids. Ash from the organic component is taken as 10%; therefore, in the
aqueous organic: streams, ash from organic is also 10% of 50% or 5%. Total ash from 3 and 4 is 10% out
of the incinerator. Due to the assumed halide content of dissolved inorganics this residue from streams
containing non halogenated organics is split 15% to 195 and 85% to 670.

For the two pun; organic liquid streams 5 and 6 it is assumed that the streams are 100% organic yielding
10% ash out of the incinerator. The organic halide goes into the off-gas; therefore, the ash from pure
organics, halogenated or non halogenated, is all low enough in halide to go to glass melter unit 670.

Solids to glass nnelter is therefore 8.5% of ANL streams 3 & 4 and 10% of 5 & 6.
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incinerator ash; dissolved solids (equivalent to evaporator bottoms from 180 appears as ash in 470) content is 10% of aqueous streams: the
aqueous-organic streams is assumed 50% aqueous therefore 5% net ash from dissolved solids, ash from the organic component is taken as 10 %;
therefore, in the aqueous organic streams, ash from organic is 10% of 50% or 5% also, total ash from 2110 and 2120 is 10% out of the Incinerator,
because of the halide content of dissolved inorganics this splits 15% to 195 and 85% to 795.
for the second two streams, 2210 and 2220, it is assumed that the streams are 100% organic yielding 10% ash out of the incinerator, there is no
significant inorganic ash, the organic halide goes into the off-gas; therefore, the ash from pure organics, halogenated or non halogenated, Is all low
enough in halide to go to grout.

high chloride solids from off-gas; halogenated organic content of stream 2110 is 50%; if the organic contaminant is halogenated, the waste
yields 25% chloride stream to polymer; the organic contaminant in stream 2120 is not halogenated, there will be no halide produced in the off gas from
organic destruction.
the halogenated organic content of stream 2210 is 100%, this corresponds to 50% chloride stream to polymer; the organic contaminant in 2220 is not
halogenated. there will be no halide produced in the off -gas to 195 polymer stabilization.

Figure 4.5c: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 2100-2200, PEIS 3-6
February 1995
BCMusgrave, Incorporated
Livermore, CA



High chloride solids are also produced in the incinerator off-gas blowdown. If the organic contaminant is
halogenated, the off-gas yields 50% equivalent chloride stream to polymer. The halogenated organic
content of stream 3 is 50% therefore the net halide solids in the off gas from this stream is 25% of feed to
the incinerator. The organic contaminant in stream 4 is not halogenated, there will be no halide produced in
the off gas from organic destruction.

The halogenated organic content of stream 5 is 100%, this corresponds to 50% chloride stream from the
off-gas blowdown to polymer solidification. The organic contaminant in stream ANL-6 is not halogenated,
there will be no halide produced in the off-gas to 195 polymer stabilization.

If mercury is present it is assumed to be 0.1% of any waste streams 3-6 to the incinerator. Mercury is
removed and stabilized in the off gas treatment module.

3100 Waste Stream Treatment Train

Figure 4.5d: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR-3100, PFJS 7, 8,9,10

Streams 7, 8, 9, 10 are sorted at 350.

Stream 7 inorgainic particulate and inorganic paint residues are sent to the glass melter, unit 670, for
destruction of the organic and stabilization of the residues. When present, the assumed organic content of
each of these is 5%.

Stream 8 inorganic sludge are sent to the glass melter, unit 670, for destruction of the organic and
stabilization of the residues. When present, the assumed organic content is 5%.

Stream 9 salt which contain regulated organics is sent to the incinerator for destruction of the organic.
The assumed organic content is 5%.

Stream 10 solidified solids are sent to the glass melter, unit 670, for destruction of the organic and
stabilization of the residues. When present, the assumed organic content is 5%.

The organic containing salt wastes sent the incinerator are assumed to contain 5% organic contaminants.
The residue is 95 % of the waste that is inorganic and 0.5% as ash from the organic component If the
organic is halogenated, destruction in the incinerator produces 2.5% chloride wastes from the off gas
system. The incinerator ash is sent to polymer stabilization 195.

Organic containing waste 7 sent to the glass melter are assumed to contain 95% and 5% organic. The net
melter out put from 7 is 95.5 % if organic is present and 100% if the waste is organic free.
Inorganic sludges 8 are 60% water and 40% inorganic or 60%, and 35% if there is 5% organic in the

waste. The net ash is 35% plus 10% of the organic contaminant for a total of 35.5% from 670 glass melter
for stream 8 waste with organic. The net ash is 40% from 670 glass melter if there is no organic present.

Salts stream 9 without organic contaminant are sent directly to polymer solidification, unit 195, net ash is
100%. This salt residue from incineration also goes to polymer stabilization.

Stream 10 cemented solids with organic are 30% water, and 70% inorganic solids or 30% water, and 65%
inorganic solids if there is 5% organic. The melter solid from stream 10 is 65% plus 0.5% ash from the
organic or a total of 65.5% from 670 glass melter from waste with organic. The net ash is 70% from 670
glass melter if mere is no organic present

3200 Waste Stream Treatment Train

Figure 4.5 d: Base Flowsheet Low-Level Mixed Waste Streams MWIR 3200, PEIS 11, 12,13, 14
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for the 3100 wastes the matrix is inorganic these wastes are assumed to contain 5% organic when organic contaminants are present, if halogenated, these
produce 2.5% chloride wastes from the off gas system, all 3100 except 3140 wastes go to the glass melter, 670;
3140, salt goss to 470 if organic conaminated: if no organic is present the salt goes directly to polymer stabilization, 195.
the inorganic sludges are 65% water, the net ash in the glass melter is 35% plus 10% of the organic contaminant, stabilized sludges are 65% residue and 35%
water;
organic particulate, organic sludges, and organic chemicals are all sent to the incinerator for destruction, if halogenated, 3210 is assumed to contain 5%organic
contaminants, total ash is 10%, this ash is converted lo glass in unit 670. halide from off-gas is 2.5%; for streams 3220 and 3230 the corresponding assumptions
are 75% organic contaminants and 25 %non hazardous organic with 10% net ash and halides of 37.5% out of the off-gas.

Figure 4.5d: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 3100 & 3200, PEIS 7-14
February 1995

RCMusgrave, Incorporated
livermore, CA



The organic paniculate, organic sludges, and organic chemicals are all sent to the glass melter, unit 470,
for organic destruction and residue stabilization.

Stream 11 organic particulates and sludges non halogenated, is assumed to be non hazardous organic
matrix containing 5% organic contaminants. The organic material is destroyed in the glass melter yielding
a net 10% melted residue.

Stream 13 non halogenated organic chemical stream produces a 10% net ash residue from the melter.

Stream 12 organic sludges halogenated are assumed 75% organic contaminants and 25% non hazardous
organic with 10% net ash stabilized in the melter, 37.5% halides out of the off-gas go to 195 polymer
stabilization.

Stream 14 organic chemicals halogenated 75% organic contaminants and 25% non hazardous organic with
10% net ash stabilized in the melter, 37.5% halides out of the off-gas go to 195 polymer stabilization.

4100 Waste Stream Treatment Train

Figure 4.5e Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 4100 & 4200, PEIS 15 & 16

Stream 15 soils all go directly to glass melter 670. The assumed organic content is 5%. Material splits for
each waste stream around the glass melter and off gas system are the same as for the incinerator unit
operation. After treatment, the residue is 95% from soil and 0.5% ash from the organic. If the soil does
not contain organic contaminants, the net residues is equivalent to the soil feed.

If the organic contaminant is halogenated, 2.5% equivalent halide solids are produced in the off-gas
blowdown. This material is sent to unit 195 for polymer stabilization.

Mercury, if present, is assumed to be 0.1% of the soil feed to the melter. Mercury is removed and
stabilized in off-gas treatment unit 490.

4200 Waste Stream Treatment Train

Figure 4.5e Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 4100 & 4200, PEIS 15 & 16

Stream 16 soils with debris is processed in unit 450 solids separation for debris removal. The debris is
transferred to the debris treatment line. The soils fraction of this stream is treated as ANL 15 described
above.

5000 Waste Streams Treatment Trains

Figure 4.5f: Thermal Flowsheet Low-Level Mixed Wastes MWIR 5300-5400, PEIS 19-20

Stream 19-20 debris wastes are sent to sorting unit 550.

Stream 19 inorganic non metal debris is sent to the glass melter unit 670 for destruction of organics and
production of glass waste form for disposal. If debris contains organic contaminants, the concentration is
assumed to be 5%. Ash from organic destruction, 0.5%, is incorporated into the glass in melting operation
670. Any organic not destroyed directly in the metal melter will be destroyed in the incinerator second
stage with the ash returned to the glass melter for incorporation into glass. This pathway has not been
calculated separately in this analysis.

Stream 20 heterogeneous debris after sorting in operation 550 is identified as 1/3 each streams 17, 18, &
19. One third is transferred to combustible debris treatment, one third is transferred to metal debris
treatment, one third is transferred to inorganic non metal debris treatment
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all combustible debris is sent to the incinerator, 100% of 5300 and 1/3 of 5400 and 1/12 of 4200,
organic contaminant fraction is 5%; for that fraction containing halogenaled organics a net 2.5% is
sent to polymer solidification

mercury soilidified in operation 490 is 0.1% of those wastes going to the incinerator, that also
contain mercury

the ash out of the incinerator is 25% of the combustible debris to the incinerator
when organic contaminated, inorganic debris are assumed also to contain 5% organic, this material
is destroyed in glass and metal melters with the secondary combustion chamber as backup, if
halogenated this organic also produces 2.5%stream to polymer solidification

Figure 4.5F Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 5300-5400, PEIS 19-20
February 1995

BCMusgrave, Incorporated
Livermore, CA



5000 Waste Streams Treatment Trains

Figure 4.5g: Thermal Flowsheet Low-Level Mixed Wastes MWIR 5300 & 5400, PEIS 17 & 18

Stream 17 & 18 debris wastes are sent to sorting unit 550.

Stream 17 combustible debris is sent from 550 to the incinerator unit 470. The total combustible debris is
assumed to be that labeled as combustible in the data base, plus 1/3 of heterogeneous debris plus 1/3 of the
1/4 of soil and debris stream ANL 16 transferred to debris treatment. Residue out of the incinerator, 25%
from destruction of combustible debris, is transferred to glass melter unit 670. If the waste contains
halogenated organic incineration also produces 2.5% halide waste stream from off-gas to polymer
solidification unit 195.

Stream 18 metal debris is sent to the metal melter unit 770 for destruction of organics, removal of oxide
slag and production of a metal ingot for disposal. If debris contains organic contaminants, the
concentration is assumed to be 5%. Ash from organic destruction, 0.5%, is combined with slag from the
metal melting operation, 10%, and transferred to the glass melting operation 670. Any organic not
destroyed directly in the metal melter will be destroyed in the incinerator second stage with the ash returned
to the glass melter for incorporation into glass. This pathway has not been calculated separately in this
analysis.

Off-gas treatment removes the halides from halogenated organic destruction in the thermal units and
mercury that has also been released during thermal processing. If debris contains organic contaminants,
the concentration is assumed to be 5%. The high halide salts from incinerator blowdown is 2.5% of those
wastes containing halogenated organic. The mercury removed from the off-gas is equivalent to 0.1% of
those waste sent to thermal processing which contain mercury.

5000 Waste Streams Treatment Trains Combined

Figure 4.5h: Thermal Flowsheet Low-Level Mixed Wastes MWIR 5300 & 5400, PEIS 17 & 18

Streams 17-20 are presented combined to show the overall treatment processes applicable to debris wastes.

6100 Organic Waste Stream Treatment Trains

Figure 4.6a: Non Flame Flowsheet Mixed Low-Level Waste Stream MWIR 6100, 21 & 23

Stream 21 organic liquid lab packs are assumed to be net 40% chemical, 40% packing, and 20% container;
chemical retention on the crushed containers is 5% of the crushed container volume for organic liquids.
The packing material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed
container is sent to 510 inorganic debris treatment. Liquid organic is filtered for removal of suspended
solids (0.6% of the organic liquid) which are sent to 310 wet solids processing. The filtered liquid is
processed in aqueous organic destruction unit 370. Residue from the organic is 10% of waste to the
organic destruction. Halide bearing solids sent to polymer solidification, 195, is 50% of the quantity of
halogenated organic sent to aqueous organic destruction.

Stream 21 scintillation vials are assumed net 10% scintillation fluid, 35% packaging and 55% vials; liquid
retention on the crushed vials is 2% of the vial bulk volume. The packing material, e.g. vermiculite, is sent
to 310 process residues for processing. The crushed container is sent to 510 inorganic debris treatment
The scintillation liquid organic is filtered for removal of suspended solids (0.6% of the organic liquid)
which are sent to 310 wet solids processing. The filtered liquid is incinerated. Residue from the organic,
10% of waste to destruction, is sent to glass melter 670 for stabilization.

Stream 23 organic solid lab packs are assumed to be net 40% chemical, 40% packing, and 20% container;
chemical retention on the crushed containers is 2% of the container volume for organic solids. The packing
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all combustible debris is sent to the incinerator, 100% of 5300 and 1/3 of 5400 and 1/12 of 4200, organic contaminant fraction is 5%; for that fraction containing
halogenated organics a net 2.5% is sent to polymer solidification

mercury soilidified in operation 490 is 0.1%of those wastes going to the incinerator, that also contain mercury

the ash out of the incinerator is 25% of the combustible debris to the incinerator
when organic contaminated, inorganic debris are assumed also to contain 5% organic, this material is destroyed in glass and metal melters with the secondary
combustion chamber as backup, if halogenated this organic also produces 2.5% stream to polymer solidification

all non metal debris is sent to the glass melter, 100% of 5200 and 1/3 of 5400 and 1/12 of 4200, when organic contaminated, organic contaminant fraction is 5% with a
10% ash.; for that fraction containing halogenated organics a net 2.5% is sent to polymer solidification

all metal debris is sent to the metal melter, 100% of 5100 and 1/3 of 5400 and 1/12 of 42OO,when organic contaminated organic contaminant fraction is 5% with a 10%
ash; for that fraction containing halogenated organics a net 2.5% is sent to polymer solidification, a slag is produce from metal melting that is 10% of the feed to the
melter (consistent with the assumptions on the non flame flowsheet) this slag goes to the glass melter where it is incorporated into the glass.

Figure 4.5 g Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 5100-5200, PEIS 17 & 18
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Figure 4.6a: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 6100 , PEIS 21 & 23 BCMusgrave, Incorporated
Livermore, CA



material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed container is sent to
510 inorganic debris treatment. Solid organic is incinerated. Residue from the organic, 10% of waste to
destruction, is sent to glass melter 670 for stabilization. Halide bearing solids out of off-gas sent to
polymer solidification 195, is 50% of the quantity of halogenated organic sent to aqueous organic
destruction.

Mercury solidified in operation 490 is 0.1% of those wastes going to the incinerator that also contain
mercury.

6100 Inorganic Waste Stream Treatment Trains

Figure 4.6b: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 22 & 23

Stream 22 aqueous liquid lab packs are assumed to be net 40% chemical, 40% packing, and 20%
container, chemical retention on the crushed containers is 5% of the crushed container volume for aqueous
liquids and 2% of the crushed container volume for dry solids. The packing material, e.g. vermiculite, is
sent to 310 process residues for processing. The crushed container is sent to 510 inorganic debris
treatment. Aqueous liquids are filtered yielding 1%, net 0.4%, solids to 310 for further treatment. The
stream is neutralized if caustic and treated in wet oxidation 270 if organic is present The organic free
aqueous is evaporated in unit 180. Evaporator bottoms are 10 of the stream from 150. Out of the
evaporator the bottoms are assumed to be 15% high enough in halide to require stabilization in Polymer,
unit 195. The remaining 85 % is stabilized in grout, 795.

Stream 23 solid inorganic lab packs are assumed to be net 40% chemical, 40% packing, and 20%
container; chemical retention on the crushed containers is 2% of the crushed container volume for dry
solids. The packing material, e.g. vermiculite, is sent to 310 process residues for processing. The crushed
container is sent to 510 inorganic debris treatment The solid inorganic stream is sent to deactivation 640
where corrosives, reactives, and oxidizers are destroyed. The residue from the deactivation is sent to grout
solidification or polymer if high level of halide is present from salts or organic destruction.

Mercury solidified in operation 490 is 0.1% of those wastes going to deactivation that also contain
mercury.

6200 Waste Stream Treatment Train

Figure 4.6c: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 6200, 6300, & 6400, PEIS 24,
25, & 26

Waste 24 reactive metals is treated by chemical oxidation. The process yields a metal oxide with an
increase in quantity by a factor of 1.5. The oxide is stabilized in grout, unit 795.

6300 Waste Stream Treatment Train

Figure 4.6c: Thermal Flowsheet Low-Level Mixed Waste MWIR 6200, 6300, & 6400, PEIS 24, 25, &
26

Waste stream 25 explosives and propellants are treated in special processing module 640 which provides
chemical oxidation, passivation, and deactivation. The explosives and propellants are oxidized with 75%
going to the off-gas and 25% ash residual sent to glass melter unit 670.

6400 Waste Stream Treatment Train

Figure 4.6c: Thermal Flowsheet Low-Level Mixed Waste MWIR 6200, 6300, & 6400, PEIS 24, 25, &
26
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Figure 4.6b Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 6100, PEIS 22 & 23
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Figure 4.6c: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 6200-6400, PEIS 24-26



Waste stream 26 compressed gas and aerosol cans are treated in special processing module 640 which
provides chemical oxidation, passivation, and deactivation. The compressed gas and aerosols are estimated
to make up only 5% of the container quantity; 100% of the container bulk quantity is sent to debris
processing after the aerosol and gas are removed. The contained gas and aerosol, 5% of the waste mass is
oxidized with 75% going to the off-gas and 25% sent to glass melter unit 670.

7000 Waste Stream Treatment Train

Figure 4.6d: Thermal Flowsheet Low-Level Mixed Waste MWIR 7000, PEIS 27,28,29, &30

Stream 27 elemental mercury is assumed distilled for removal of clean mercury, units 560 and 565; 75% is
recycled as clean mercury 25% is sent to mercury stabilization in the off-gas treatment unit 490.

Stream 28 elemental lead is chemically or physically decontaminated, unit 895. 5% of the lead is removed
as an oxide and sent to glass melter unit 670, unit 795.95% of the lead goes to storage for recycle.

Stream 29 beryllium is chemically oxidized, unit 640, yielding an increase to 278% of the feed to
treatment. The beryllium oxide is sent to glass melter unit 670.

Stream 30 batteries are assumed to be dismantled, 50% oxidized in unit 640 and sent to glass melter unit
670, and 50% recycled unit 1450.
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Figure 4.6d: Thermal Flowsheet Low-Level Mixed Waste Stream MWIR 7000, PEIS 27-30 BCMusgrave, Incorporated
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5.0 TRU WASTE FLOWSHEETS STREAM SPLITS

5.1 Introduction

The flowsheets evaluate for treatment of Low Level Mixed Wastes are each an alternative means of treating
wastes to meet the RCRA LDR criteria. In contrast, the three flowsheets evaluate for treatment of TRU
Mixed Waste are: developed to meet three different sets of criteria. Analysis of TRU Mixed Waste treatment
by these alternatives is therefore comparison of the treatment requirements to meet different objectives for a
single waste type.

To aid the reader these flowsheets are presented in a format very close to that used for the LLMW
alternatives. Each flowsheets are composed of several treatment processes. Flowsheet discussions have
provided an overview of the treatment process steps. These processes provide feed preparation, removal
or destruction of organic contaminants, removal or recycle of metals, and stabilization of residuals
containing regulated metals and radio nuclides. Flowsheet segments discussed below are based on these
flowsheets and the identification of treatment required for each waste matrix to reach the applicable waste
acceptance criterion according to the particular flowsheet under discussion. The following discussions will
describe the expscted behavior of TRU wastes for three flowsheets.

5.2 Specification of Treatment Requirements Based on Waste Treatment Objective for
Each Waste Matrix

Waste physical and chemical matrix properties that dictate waste handling requirements were used to
identify applicable treatment operations. Wastes of different matrices with the same waste treatment
requirements are processed through waste specific treatment trains. An explanation of the unit operations is
listed in Table 5.1.

Table 5.1 Unit Operations functions in the PEIS Base Alternative Flowsheet
unit operations unit operation function
number
110,210,310, 410, receive, sort for RCRA treatment, receive open, remove contents,

510,610 transfer sort waste, packing, and package

150,250,350, 450, solids/liquid separation , solids sorting remove filterable solids
550,650 sort solid wastes

140 neutralization neutralization of caustic characteristic
270 wet oxidation organic destruction
470 incineration primary chamber organic destruction
480 incinerator gas burner (secondary organic destruction

chamber)
490 off gas treatment off gas cleaning
540 shred (debris) size reduction
640 deactivation, chemical oxidation, deactivation of various reactive

chemical reduction materials
695 pelletizing debris volume reduction
195 polymer solidification stabilization
490*/595 mercury stabilization stabilization
793 packaging packing of high chloride solids
794 organic solidification stabilize organic liquids and sludges
795 grout stabilization of paniculate wastes
796 grout stabilization of debris

* in the Mixed Waste Treatment Project unit operations numbering scheme, mercury stabilization
is operation 595 corresponding to a waste fixation process numbering system. It is identified as
490* because it has been included in the off-gas module (490) costing in the cost analysis
programs.
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5.3 WIPP WAC Compliance Flowsheet Transuranic Waste Treatment

This case provides for the treatment of TRU wastes for compliance with the WIPP WAC. The key criteria
being met are 1) stabilization of free aqueous liquids 2) stabilization of free organic liquids 3) stabilization
of paniculate 4) neutralizing corrosives 5) sorting for criticality control 6) sorting for wattage control 7)
packaging for disposal. The waste stream quantities used in the PEIS are from the Interim Mixed Waste
Inventory Report (IMWIR) database.

The fractions of noncompliant wastes is based on experimental data from EG&G. Although the splits are
indicated in this flowsheet for the 6-8000 wastes, these wastes are not included in the material balance
calculations provided by LANL for these TRU waste alternatives.

Figure 5.1 PEIS Transuranic Flowsheet WIPP WAC Compliance Alternative Splits

Certifiable wastes are transferred directly to packaging and shipping.

All of aqueous stream IMWIR 2 is assigned to grout

Liquids sorted from incoming wastes for were split between corrosives, reactives, and organic liquids.
This sends corrosives 8 percent of 3,4,5 and 4 percent of 6, 7, 8 to neutralization.
Reactives, 1 percent of 3,4,5, 6, 7, 8 are assigned to deactivation.

Organic liquids, 8 percent of 3, 4, 5 and 3 percent of 6, 7, 8 are also assigned to organic solidification.
One IF organic liquid is set aside at present
Pressurized gas canisters, 1 percent of 6,7, 8, are assigned to deactivation.

Particulates from process residues are sent to grouting; this is 6 percent of 3,4,5 and 4 percent of 6, 7, 8.

The remaining incoming wastes: 58 percent of 3, 4, 5 and 45 percent of 6, 7, 8 are certifiable and go to
packaging with out treatment.

Special processing of streams in the 6000 and 7000 set is indicated on the flowsheet These wastes are set
aside, treatment capacity was not included in the analyses.

5.4 Stabilization-Reduced Gas Generation Flowsheet Transuranic Waste Treatment

Figure 5.2 PEIS Transuranic Flowsheet Stabilization Alternative Waste Splits

The objective of this flowsheet is to reduce the potential for gas generation due to degradation of organic
and corrodible metals from TRU waste disposed in WIPP. This requirement is in addition to meeting the
WIPP WAC.

Liquid wastes are sorted and assigned as in the WTPP WAC Compliance Option.

All of aqueous stream IMWIR 2 is assigned to grout

Liquids sorted from incoming wastes for were split between corrosives, reactives, and organic liquids.
This sends corrosives 8 percent of 3, 4,5 and 4 percent of 6, 7, 8 to neutralization.

Organic liquids 8 percent of 3,4, 5 and 3 percent of 6, 7, 8 are also assigned to organic solidification.
One IF organic liquid is set aside at present.

Reactives and compressed gases are also treated for WIPP WAC.
Reactives, 1 percent of 3, 4, 5, 6, 7, 8 are assigned to deactivation.
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Pressurized gas canisters, 1 percent of 6, 7, 8, are assigned to deactivation.
After deactivation, the reaction products are stabilized in grout

Particulates from process residues are sent to grouting; this is 6 percent of 3, 4,5 .

It is assumed that the handling and repackaging that will be done for the debris wastes, 6,7,8, will include
the sorting for wattage and fissionable radionuclide control.

Organic liquids, 8 percent of 3, 4, 5 and 3 percent of 6, 7, 8 are also assigned to organic solidification.
The one 1-F (ignitable liquid) is set aside at present

Particulates from process residue wastes were sent to grouting; this is 6 percent of 3, 4, 5. Particulates in
debris wastes will be adequately treated in the debris grouting operation and do not require a separate
grouting operation.

Nineteen percent of process residues 3,4,5 requires special repackaging for wattage or criticality control.

Most of the debris wastes, 91 percent of 6, 7, 8, are processed by shredding and grouting.

The remaining incoming wastes: 58 percent of 3, 4, 5 are certifiable and go to packaging without
treatment

Special processing of streams in the 6000 and 7000 set is indicated on the flowsheet These wastes are set
aside, treatment capacity was not included in the analyses.

As a last step all wastes are packaged in non gassing package for shipment to WIPP.

5.5 RCRA Compliance Flowsheet Transuranic Waste Treatment

Figure 5.3 PEIS Transuranic Flowsheet RCRA Compliance Waste Splits

This flowsheet and the splits treatment is the same as the PEIS LLMW Base Alternative except that debris
wastes are shredded and grouted rather than being treated by thermal desorption or by pelletization.

Treatment train 100:
The MWIR stream 2 aqueous liquids is the single incoming stream to the 100 process. Additionally 8% of
streams 3, 4, 5,4% of 6, 7, 8 and 20% of 11, and 12 are separated and sent to aqueous liquids treatment
Solids separation, 150, based on calculations in the MWTP F&ORs this stream is estimated to contain
0.6% filterable solids. The remaining 99.4% of the aqueous stream goes to neutralization. After
neutralization, 140, the waste stream is estimated that 20 percent of the aqueous requires destruction of
regulated organics and 80 percent only requires concentration and grouting to meet LDR disposal
requirements. After organic destruction the 20% stream is also evaporated with the bottoms sent to
grouting. Ten percent of this stream is estimated to be high chloride requiring solidification in polymer,
ninety percent is low enough in chloride to go to grout unit 795.

Treatment Train 200: The single EMWIR stream to train 200 is IMWIR Stream 1-organic liquids. Out of
liquid solids separation, 250, an 11.5% wet solids stream is consigned to the 300 wet solids train. This
side stream is estimated to also contain RCRA regulated organics and therefore require treatment in the
incinerator. The remaining liquid 84.1% is sent directly to the incinerator. These estimates are again based
on the earlier F&ORs.

Treatment train 300: Solids process residues IMWIR 3, 4, 5 streams are sorted at 350 based on the detail
in summary roll up analyses done of the IMWIR data. All of the organic sludges are sent to the incinerator
for destruction of the organic matrix and any regulated organic present Seventy seven percent of the
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streams 4 and 5 are also estimated to have RCRA organic contaminants. The remaining 14 percent does
not contain RCRA organics. This is divided 5 percent debris, and 9 percent inorganic/oxide residues.

Treatment train 400: There are no soils indicated in the TRU data. Solids separation, 450, separates debris
from soils. It is estimated that the stream 9 contains an average of 10 percent debris. That debris is sent to
shredding in the debris treatment train. The data indicate that virtually all of the soils contain RCRA
organic contaminants and are therefore assigned to the incinerator for organic destruction.

Treatment of the off gas from the incinerator, 490, produces a 5 percent concentrate. This stream is
considered likely to be high enough in chloride to require stabilization in polymer rather than grout

Treatment train 500: Debris streams are all treated by a two step process shred and grout. Waste handling
at the front of this module will provide for sorting for radio nuclide limit Any particulates present will be
adequately treated by the grouting process to meet the WIPP WAC.
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6.0 ER Base Flowsheet LLMW

6.1 Introduction

One flowsheet has been prepared for ER wastes. The analysis of ER waste load impacts is based on
processing the wastes through the MLLW Base Alternative Flowsheet This flowsheet is presented in
Figure 6.1: Environmental Restoration Mixed Low-Level Waste Base flowsheet. ER wastes to be treated
to RCRA criteria include only sludges, soils, and debris. Wastes treatment trains and waste behavior in the
trains is the same as for corresponding mixed low-level wastes from Waste Operations.

The ER wastes streams are listed as occurring in only a very limited number of the PELS waste sets. The
PEIS waste stream numbers on these drawings indicate the point of introduction of the waste to the
flowsheet processes. This also provides a guide to that part of the flowsheet from which the applicable
treatment trains are developed. The treatment trains and quantitative waste stream behavior in treatment are
detailed in the following discussions.

In presentation of the treatment trains the base flowsheet for ER has been cut into the same treatment trains
described for mixed low-level wastes from DOE Waste Operations. For clarity and help in following waste
streams through the analysis, the treatment trains have been reproduced for each PEIS waste stream
number to maintain the relative orientation the specific treatment boxes have in the base flowsheet. Because
of potentially significant differences in the treatment of waste water streams three treatment trains are
provided.

1100 Waste Stream Treatment Train

Figure 6.1a Base Flowsheet ER Low-Level Mixed Waste Stream MWIR-1100, PEIS 1

Stream 1 aqueous liquids, waste waters, incoming stream is introduced into the 100 process line at
receiving operation 110. Solids separation at operation 150 is estimated to remove 1.0% filterable solids;
this stream is sent to 310 wet solids for further treatment.

Stream 1 aqueous non organic containing waste waters: contains 10% dissolved solids. This stream is sent
to neutralization if corrosive, or directly to evaporation if neutralization treatment is not required. The
dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator concentrate stream
is assumed to be high enough in halide salt to require polymer solidification; a net 1.5% of stream 1 goes
to polymer solidification unit 195. The remaining 85% of the evaporator bottoms is acceptable for
stabilization in portland cement grout; a net 8.5% of stream 1 goes to grouting unit 795.

Stream 1 aqueous organic non halogenated containing waste waters contains 10% dissolved solids and 1%
dissolved organic. This stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and to
evaporation unit 180. Destruction of the organic component yields 10% ash. The 10% dissolved solids
precipitate out in the evaporator unit 180. The total residue is therefore 10.1% of stream 1. Fifteen % of
the evaporator concentrate stream is assumed to be high enough in halide salt to require polymer
solidification; a net 15% of stream 10.1 % of stream 1 goes to polymer solidification unit 195; The
remaining 85% of 10.1 % the evaporator bottoms is acceptable for stabilization in portland cement grout
in unit 795.

Stream 1 aqueous halogenated organic containing waste waters: contains 10% dissolved solids and 1%
dissolved organic. This stream is sent to neutralization if corrosive, then to wet oxidation unit 270, and to
evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50% equivalent
chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore
10.6% of stream 1. Because of the presence of the halide, all of the evaporator concentrate stream is
assumed to be high enough in halide salt to require polymer solidification; a net 10.6% of stream 1 goes to
polymer solidification unit 195. There is no portland cement grout stream from this process.
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1200 Waste Stream Treatment Train

Treatment train 100: Figure 6. lb: Base Flowsheet Low-Level Mixed Waste Stream MWIR-1200, PELS 2

Stream 2 aqueous slurries is introduced into the 100 process line at receiving operation 110. Solids
separation at operation 150 is estimated to remove 15.0% filterable solids; this stream is sent to 310 wet
solids for further treatment as inorganic process residue; treatment depends on the RCRA codes associated
with this waste.

Stream 2 non organic containing aqueous slurries still contains 10% dissolved solids out of operation 150.
This stream is sent to neutralization if corrosive, or directly to evaporation if neutralization treatment is not
required. The dissolved solids precipitate out in the evaporator unit 180. Fifteen % of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification; a net 85%
x 1.5% of stream 2 goes to polymer solidification unit 195; The remaining 85% of the evaporator bottoms
is acceptable for stabilization in portland cement grout; a net 8.5% x 85% of stream 2 goes to grouting unit
795.

Stream 2 aqueous organic non halogenated containing aqueous slurries still contains 10% dissolved solids
and 1% dissolved organic. The remaining 85% stream is sent to neutralization if corrosive, then to wet
oxidation unit 270, and to evaporation unit 180. Destruction of the organic component yields 10% ash.
The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue is therefore 10.1% of
85% of stream 2,, Fifteen % of the evaporator concentrate stream is assumed to be high enough in halide
salt to require polymer solidification; a net 1.5% x 85% of stream of the 10.1% evaporator bottoms from
stream 2 goes to polymer solidification unit 195; The remaining 8.5% x 85% of 10.1% of stream 2 is
acceptable for stabilization in portland cement grout in unit 795.

Stream 2 aqueous halogenated organic containing aqueous slurries still contains 10% dissolved solids and
1% dissolved organic. The 85% stream is sent to neutralization if corrosive, then to wet oxidation unit
270, and to evaporation unit 180. Destruction of the organic component yields 10% ash, plus a 50%
equivalent chloride. The 10% dissolved solids precipitate out in the evaporator unit 180. The total residue
is therefore 10.6% of the 85% of stream 2. Because of the presence of the halide, all of the evaporator
concentrate stream is assumed to be high enough in halide salt to require polymer solidification in unit 195.
There is no portland cement grout stream from this process.

3100 Waste Stream Treatment Trains

Figure 6.1c: Base Flowsheet Low-Level Mixed Wastes Streams MWIR 3100, PEIS 7, 8, & 12

Solids process residues streams ANL 7, 8, are sorted at 350. Inorganic sludge and particulate which
contain regulated organics are sent to the incinerator for destruction of the organic.

The organic containing wastes sent the incinerator are assumed to contain 5% regulated organic
contaminants. The Residue is 95 % of the waste that is inorganic and 0.5% as ash from the organic
component. If the organic contaminant is halogenated, destruction in the incinerator produces 2.5%
chloride wastes from the off gas system. The ash is 95% for stream 7 inorganic particulate. Inorganic
sludges, stream 7, are 65% water, the net ash is 35% plus 10% of the organic contaminant for a total of
35.5% to 795 grout stabilization.

3200 Waste Stream Treatment Train

Figure 6.1c: Base Flowsheet Low-Level Mixed Wastes Streams MWIR 3100, PEIS 7, 8, & 12

The organic particulates are sent to the incinerator, 470, for destruction. For stream 12 organic sludges
halogenated the assumptions are 75% organic contaminants and 25 % non hazardous organic with 10% net
ash and halides of 37.5% out of the off-gas.
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Total ash from 12 is 10% from organic and inorganic components; all organic halides is driven into the
off-gas; the ash is low enough in halides to be sent to 795 grout solidification.

5000 Waste Stream Treatment Train

Figure 6.1D: Base Flowsheet ER Low-Level Mixed Waste Stream MWIR 5100, 5200, 5300 & 5400,
PEIS 17, 18, 19 & 20

The ER data list debris streams 17,18, & 20. Treatment trains are therefore provided for all debris waste
numbers.

Stream 17 stream metal debris is size reduced in unit 540. If organic containing, the debris is treated by
thermal desorption in 570. Organic removed is 5% of the debris to thermal desorption. The Desorbed
organic is destroyed by incineration yielding a net ash equal to 10% of 5% of metal debris to desorption. If
halogenated, the organic yields 2.5% equivalent halide solids in off-gas blowdown to polymer
solidification. Metal debris, after thermal desorption, along with metal debris without organic is compacted
in pelletizing unit 695. Net debris to the pelletizing is 100% of inorganic debris not containing regulated
organics and 95% of the debris which does contain organic contaminants. Volume reduction is a factor of
2 between 695 pelletize and debris grouting 796.

Stream 18 stream inorganic non metal debris is size reduced in unit 540. If organic containing, the debris
is treated by thermal desorption in 570. Organic removed is 5% of the debris to thermal desorption. The
Desorbed organic is destroyed by incineration yielding a net ash equal to 10% of 5% of inorganic non
metal debris to desorption. If halogenated, the organic yields a 2.5% halide equivalent solids in off-gas
blowdown to polymer solidification.

Inorganic non metal debris after thermal desorption along with inorganic non metal debris without organic
is compacted in pelletizing unit 695. Net debris to the pelletizing is 100% of inorganic debris not
containing regulated organics and 95% of the debris which does contain organic contaminants. Volume
reduction is a factor of 2 between 695 pelletize and debris grouting 796.

All of stream 19 is assigned to the incinerator. The net ash is assumed to be 25% out of the incinerator, the
residue goes to grout stabilization, 795. If the waste contains halogenated organic it is assumed to be
present at 5%; halide solids from the off-gas is equivalent to 2.5% of the waste to the incinerator. If
mercury is present, 0.1 % of is removed and stabilized in off-gas treatment.

Stream 20, heterogeneous debris is sorted in operation 550 into 1/3 combustible 19,1/3 metal 17, and 1/3
stream 18 inorganic non-metal debris. The sorted debris is then treated in the applicable treatment train.

Mercury solidified in operation 490 is 0.1% of those wastes going to the thermal desorption that also
contain mercury.
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7.0 Discussion of Application of Analyses to PEIS Cases

7.1 Introduction

Analysis of treatment capacity requirements under various alternatives has been done for the DOE PEIS
using the analysis approach described in this report. The complete descriptions of cases and alternatives
and the results of waste stream data analyses are presented in other PEIS related documents (include
references in the final draft of this report). Examples of the results of these analyses are summarized here
to complete a description of the analyses.

Waste stream data in the MWIR report includes the radio nuclide category, waste matrix code, waste
inventory, expected future generation up to 20 years, and the regulated contaminants. Waste streams at a
site with a given radio nuclide category and like matrix are combined into the waste matrix sub sets; PEIS
waste stream sets are further combined according to the contaminant treatment requirements.

For example, all waste streams in the MWIR 1200 waste matrix codes would be tabulated as stream 2.
The waste treatment capacity requirement is calculated depending on the assumption that the current
inventory of any given stream, is held for 10 years while a treatment capability is designed and built The
total inventory to be treated at the time the facility is ready, 10 years from the data of the analysis, is to be
worked off in the next ten years; in addition the facility will have capacity to treat the quantity of this
waste, that is generated annually during the 10th to 20th year. Each individual waste stream creates a
demand for treatment capacity at each of the steps in the treatment train through which it is to be processed.
The calculation of unit operations treatment capacity is done for each individual stream. The total capacity
required at any facility is the sum of that required for each individual waste stream.

The analysis can be best understood by following the calculations for a particular waste. Figure 5.1, 1200
stream splits for the PEIS MLLW Base Alternative, presents the treatment options for the 1200 streams.
There are three different contaminant combinations that require different treatment trains.

These are:
aqueous slurries without organic contaminants
aqueous slurries with non halogenated organic contaminants
aqueous slurries with halogenated organic contaminants

The RCRA waste codes in the regulations have all been labeled with indications of whether they are
corrosive, reactive, acid base, ignitable halogenated organic, or non halogenated organic, etc. Each waste
stream is assigned to the matrix specific treatment train that will provide treatment to RCRA requirement
for the associated waste codes. For example if an aqueous waste does not contain regulated organic
constituents, it would processed according to the first treatment train 1200 aqueous non organic. After
opening, the waste is treated to remove filterable solids the filtered stream if indicated to be corrosive is
neutralized; wastes not indicated as corrosive by pass neutralization and go only to evaporation.

The analysis calculates required capacity demand for treatment of this waste stream quantity at unit
operations, 110, 150, 140 if corrosive, 180, 190, 195 and 795. Given volume reduction factors at the
evaporator and volume increase factors in the final stabilization, a net final quantity of waste to be stored
shipped and disposed is calculated for each waste stream. This calculation is made for each waste stream
for a particular site and case. The wastes are quantities are summed at the ANL waste number and at the
MWIR 1000s level. Treatment capacities for each unit operation are then summed over all waste stream.
This gives the total annual treatment capacity required for each unit operation in the flowsheet Those
capacities adjusted for operating schedules, or on-line hours per year, define the size of the unit operation.
As a result of the calculations, reports are prepared for the capacity required for each site and each unit
operation in the particular flowsheet and PEIS configuration option.

Examples of the results of these capacity calculations are given in tables 7.1 through 7.3. The processing
capacity for Oak Ridge National Laboratory, Hanford Site, and Savannah River Site are presented for each
of the three PEIS Flowsheet alternatives. The process capacity requirements for the Base, Thermal, and
Non Flame are presented in Tables &.1, 7.2, and 7.3 respectively. The tables are formatted to be
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Table 7.1 Process Capacity Requirements PEIS Base Alternative
11 site case Oak Ridge National Laboratory

Name
Aqueous Waste Strear
Organic Liquid Waste

Soiid Process Residue

Soils
Debris
Lab Packs
Inherently Hazardous \
Unknown Matrix
Unknown Matrix
TOTAL

Receive and Sort

Receive and Sort
Receive and Sort
Receive and Sort
Receive and Sort
Receive and Sort
Sort and Receive
Sort and Receive
Sort and Receive

TOTAL
Solids Separation
Solids Separation
Solid separation

Solid separation
Solid separation
Solid separation
Solids Separation

Characterize/Hold
Characterize/Hold

TOTAL

Neutralize

Neutralize

Volume
m A 3/y r

123.2

2035.8
2172.2

656.9
505.8

21.1
26.0
25.8

1576.2

7142.9

124.0
2043.7
2197.4

656.9
513.7

21.1
26.0
25.8

1576.2

7184.6
148.4

2038.4
2197.4

656.9
513.7

2.5
26.0
25.8

1576.2
7185.2

111.7
38.2

masss
kg/yr
121077.4

2044397.1
1522283.4
513539.2
210501.5

18508.8
49880.3
50961.3

4492170.0
9023319.0

121720.5
2050883.2
1546730.2
513539.2
217368.0

18508.6
49880.3
50961.3

4492170.0
9061761.3

146126.3
2046550.4
1546730.2
513539.2
217368.0

2436.8
49880.3
50961.3

4492170.0
9065762.5

109405.2
37834.7

masss
kg/hr

30.0
507.0
377.6
127.4

52.2
4.6

12.4
12.6

1114.1
2237.9

30.2
508.7
383.6
127.4

53.9
4.6

12.4
12.6

1114.1
2247.5

36.2
507.6
383.6
127.4

53.9
0.6

12.4
12.6

1114.1
2248.5

27.1
9.4

Volume
mA3/yr
11460.0

0.0
835.0
847.0
968.7
919.2

62.0
1.0
0.3

15093.3
1 1468.3

542.7
1319.1
847.0

1161.4
919.2

62.0
1.0
0.3

16321.1
1 1465.5

352.8
1319.1
847.0

1161.4
62.0

1.0
0.0
0.3

15209.2
3.9
0.0

Debris-Residue
Hanford Site

masss
kg/yr

11013060.0
61.8

660606.1
708279.8
385492.8
766433.8
121268.8

1571.7
0.0

13656774.8
11020016.0

452466.8
1078758.2
708279.8
546199.3
766433.8
121268.8

1571.7
0.0

14694994.4
11017649.0

294125.0
1078758.2

708279.8
546199.3
121268.8

1571.7
0.0
0.0

13767851.8
3009.1

0.0

Grouted

masss
kg/hr
2731.4

0.0
163.8
175.7

95.6
190.1
30.1

0.4

0.0
3387.1
2733.1

112.2
267.5
175.7
135.5
190.1

30.1
0.4

0.0
3644.6
2732.6

72.9
267.5
175.7
135.5

30.1
0.4
0.0
0.0

3414.6
0.7

0.0

Volume
mA3/yr

0.5
533.9
234.3

0.0
136.0

0.1
33.9

0.0
50.0

988.8
0.5

533.9
237.6

0.0
136.0

0.1
33.9

0.0
50.0

992.1
0.5

533.9
237.6

0.0
136.0

0.0
33.9

0.0
50.0

992.0
0.4

0.0

LLMW CH
Savannah River

masss
kg/yr

528.4
534384.8
163493.4

0.0
128169.1

98.3
67831.4

0.0
135000.0

1029505.4
530.8

534392.1
166786.0

0.0
128173.8

98.3
67831.4

0.0
135000.0

1032812.4
540.8

534388.2
166786.0

0.0
128173.8

0.0
67831.4

0.0
135000.0

1032720.2
437.8

0.0

Site
masss
kg/hr

0.1
132.5

40.5
0.0

31.8
0.0

16.8
0.0

33.5
255.3

0.1
132.5

41.4
0.0

31.8
0.0

16.8
0.0

33.5
256.2

0.1
132.5

41.4
0.0

31.8
0.0

16.8
0.0

33.5
256.1

0.1
0.0
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Table 7.1 Process Capacity Requirements (continued)
11 site case Oak Ridge National Laboratory

Name
Neutralize
Neutralization
total neutralize
Shred
Chemical Oxidation/Re
Chemical/Physical Sep
Mercury Distillation
Organic Destruction
Thermal Destruction
Thermal Desorption
Evaporate
Secondary Burner
Condenser
Hg Solidification
Polymer Solidification
Pelletize
Grout
Grout
Recycle/Stabilization

total process
Polymer
Hg Solid
Hg Recycle
Pb Recycle
Recycled/Stabilized
Grout

TOTAL waste
Stack
water recycle
waste/feed

Volume
mA3/yr

10.4
0.0

160.3
359.0

1 1.1
2.4

17.4
105.7

4126.8
282.0
141.7

2670.5
126.7

7.1

751.8
344.9

2058.2
172.5

6.2

11183.9
1503.6

14.3
13.0

2.3
6.2

2899.9
4439.2
2233.1

126.6
0.6

masss
kg/yr
10465.6

0.0
157705.5
224567.3

15123.0
4813.5

34773.2
102596.2

3434976.5
169127.8
139287.3

2411739.8
124502.3

11110.9
736095.9
216111.0

1562498.1
216111.0

10293.4
9413727.2
1472191.9

22221.8
26079.9

4572.8
10293.4

2312191.8
3847551.6
1791288.4
1224483.3

masss
kg/hr

2.6
0.0

39.1
55.7

3.8
1.2

8.6
25.4

851.9
41.9
34.5

598.1
30.9

2.8
182.6

53.6
387.5

53.6
2.6

2334.8
365.1

5.5
6.5
1.1

2.6
573.5
954.3
444.3
303.7

PEIS Base Alternative Debris-Residue

Volume
mA3/yr

436.4
26.4

466.7
975.1

9.1
44.1

9.7
1 1349.2
2341.8

819.9
11350.9

699.4
10147.0

2.6
1352.1

934.1
1709.1

467.1
8.3

42219.4
2704.3

5.1
7.3

41.9
8.3

2829.1
5595.9

890.0
10147.0

0.4

Hanford Site
masss
kg/yr
336768.7

19824.7
359602.5
527206.5

14625.8
88122.0
19354.0

10906717.0
1752882.0

457320.7
10907475.0

552580.5
9750636.0

4941.5
1284394.6

504340.5
1440763.2

504340.5
13792.8

38729492.6
2568789.2

9883.0
14515.5
83715.9
13792.8

2528633.2
5219329.6

558515.9
9750636.0

masss
kg/hr

83.5
4.9

89.2
130.8

3.6
21.9

4.8
2705.0

434.7
113.4

2705.2
137.0

2418.3
1.2

318.6
125.1
357.3
125.1

3.4
9605.5

637.1
2.5
3.6

20.8
3.4

627.1
1294.5

138.5
2418.3

3 routed

Volume
mA3/yr

0.1
0.0
0.5

113.4
0.1

33.9
0.0
0.0

564.1
101.7

0.4
484.4

0.4

0.5
268.6
108.4
290.9

54.2
0.0

2021.0
537.2

1.1
0.0

32.2
0

448.6
1019.1

237.8
0.4

1.0

LLMW CH
Savannah River

masss
kg/yr

77.6
0.0

515.4
107259.9

82.3
67768.0

63.4
10.8

561608.0
101279.3

461.5
484728.6

407.4
544.0

268773.5
102195.9
221845.3
102195.9

0.0
2019223.8

537547.1
1087.9

47.5
64379.6

0
421253.5

1024315.6
236353.0

407.4

Site
masss
kg/hr

0.0
0.0
0.1

26.6
0.0

16.8
0.0
0.0

139.3
25.1

0.1
120.2

0.1
0.1

66.7
25.3
55.0
25.3

0.0
500.8
133.3

0.3
0.0

16.0
0

104.5
254.0

58.6
0.1
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Unit
1000
2000
3000
4000
5000
6000
7000
8000
9000

110
210
310
410
510
610
710
810
910

150
250
350

450
550
650
750
850
950

140
240

Table 7.2 Process Capacity
11 Site Case

Name
Aqueous Waste Streams
Organic Liquid Waste
Solid Process Residues
Soils
Debris
Lab Packs
Inherently Hazardous Wastes
Unknown Matrix
Final Forms
Total Feed
Receive and Sort
Receive and Sort
Receive and Sort
Receive and Sort
Receive and Sort
Receive and Sort
Receive and Sort
Sort and Receive
Sort and Receive
Total Receive and Sort
Solids Separation
Solids Separation
Solids Separation
Solids Separation
Solids Separation
Solid separation
Solids Separation
Characterize/Hold
Characterize/Hold
Total solids separation
Neutralize
Neutralize

Requirements F
Oak Ridge

volume
mA3/yr

123.2
2035.8
2172.2

656.9
505.8

21.1
26.0
25.8

1576.2
7142.9

124.0
2043.7
2197.4

656.9
917.3

21.1
26.0
25.8

1576.2
7588.2

123.7
2038.4
2197.4

656.9
917.3

2.5

26.0
25.8

1576.2
7564.1

110.5
14.2

3EIS Thermal Alternative, Debris-Residue Melted
National Laboratory

mass
Kg/yr

121077.4
2044397.1
1522283.4

513539.2
210501.5

18508.8
49880.3
50961.3

4492170.0
9023319.0

121720.5
2050883.2
1546730.2
513539.2
467245.9

18508.6
49880.3
50961.3

4492170.0
9311639.2

121501.8
2046550.4
1546730.2

513539.2
467245.9

2436.8
49880.3
50961.3

4492170.0
9291015.9

108209.0
13857.0

mass
Kg/hr

30.0
507.0
377.6
127.4

52.2
4.6

12.4
12.6

1114.1
2237.9

30.2
508.7
383.6
127.4
115.9

4.6
12.4
12.6

1114.1
2309.4

30.1
507.6
383.6
127.4
115.9

0.6
12.4
12.6

1114.1
2304.3

26.8
3.4

volume
mA3/yr
11460.0

0.0
835.0
847.0
968.7
919.2

62.0
1.0
0.0

15093.0
11468.3

542.7
1319.1
847.0

2056.8
919.2

62.0
1.0
0.0

17216.2
11465.5

352.8
1319.1
847.0

2056.8
0.0

62.0
1.0
0.0

16104.3
3.9

436.4

Hanford Site
mass
Kg/yr

11013060.0
61.8

660606.1
708279.8
385492.8
766433.8
121268.8

1571.7
0.0

13656774.8
11020016.0

452466.8
1078757.4
708279.8
997463.1
766433.8
121268.8

1571.7
0.0

15146257.4
11017649.0

294125.0
1078757.4
708279.8
997463.1

0.0

121268.8
1571.7

0.0
14219114.8

3009.1
336768.3

mass
Kg/hr
2731.4

0.0
163.8
175.7
95.6

190.1
30.1

0.4
0.0

3387.1
2733.1

112.2
267.5
175.7
247.4
190.1

30.1
0.4
0.0

3756.5
2732.6

72.9
267.5
175.7
247.4

0.0
30.1

0.4
0.0

3526.6
0.7

83.5

volume
mA3/yr

0.5
533.9
234.3

0.0
136.0

0.1
33.9

0.0
50.0

988.8
0,5

533.9
237.6

0.0
142.751

0.1

33.9
0.0

50.0
998.8

0.5
533.9
237.6

0.0
142.751

0.0

33.9
0.0

50.0
998.7

0.4

0.0

LLMW-CH
Savannah River

mass
Kg/yr

528.4
534384.8
163493.4

0.0
128169.1

98.3
67831.4

0.0
135000.0

1029505.4
530.8

534392.1
166786.0

0.0
134470

98.3
67831.4

0.0

135000.0
1039108.6

530.0
534388.2
166786.0

0.0
134470

0.0
67831.4

0.0
135000.0

1039005.6
437.8

0.0

Site
mass
Kg/hr

0.1
132.5

40.5
0

31.8
0.0

16.8
0.0

33.5
255.3

0.1
132.5

41.4
0.0

33.4
0.0

16.8
0.0

33.5
257.7

0.1
132.5
41.4

0.0
33.4

0.0
16.8

0.0
33.5

257.7
0.1
0.0
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Unit
340

640
740
560
270
470
670
770
180

190
480
490
195
895

Table 7.2 Process Capacity

Name
Neutralize
Total neutralize
Chemical Oxidation/Reduction

Chemical/Physical Separation
Mercury Distillation
Organic Destruction

Thermal Destruction
Glass Melter
Metal Melter

Evaporate
Condenser
Secondary Burner
Hg Solidification
Polymer Solidification

Pb Cleaning

Total process
Polymer

Hg Solid
Recycled/Stabilized

Glass
Metal
Total* waste forms

Hg Recycle

Pb Recycle
Stack
Water Recycle
waste/feed

Requirements (continued) F
Oak Ridge

volume
m A 3/yr

10.4
135.1

11.1
2.4

17.4
105.7

2410.0
3148.7

129.7
141.7

126.5
3500.4

10.1
819.5

3.1
10426.2

1639.0
20.1

3.1
1794.1

110.3
3566.7

13.0
2.3

2688.0
126.5

0.50

3EIS Thermal Alternative, Debris-Residue Melted
National Laboratory

mass
Kg/yr
10465.6

132531.6
15123.0

4813.5
34773.2

102659.8
2172556.8
2303019.8

71227.2
139287.3
124355.8

2915161.0
12554.0

742423.5
5146.7

8643101.6
1484847.0

25108.0
5146.7

1343678.2
60482.5

2919262.4
26079.9

4572.8
2181660.2

124336.9

mass
Kg/hr

2.6
32.9

3.8
1.2

8.6
25.5

538.8
571.2

17.7
34.5
30.8

723.0
3.1

184.1
1.3

2143.6
368.3

6.2
1.3

333.3
15.0

724.0
6.5
1.1

541.1
30.8

volume
mA3/yr

61.0
501.3

9.1
44.1

9.7
11349.2

743.4
2745.7

367.9
11350.9
10135.5

1064.7
2.7

1482.7
4.1

39309.7
2965.4

5.4

4.1
2396.7

314.9
5686.5

7.3
41.9

796.8
10135.5

0.38

Hanford Site
mass
Kg/yr
45766.1

385543.5
14625.8
88122.0
19354.0

10906717.0
466134.8

2096085.2
165775.6

10907475.0
9739618.0

731431.7
5001.6

1348232.1
6896.4

36495469.2
2696464.2

10003.1
6896.4

1816042.2
141826.7

4671232.6
14515.5
83715.9

550738.1
9739618.0

mass
Kg/hr

11.4
95.6

3.6
21.9

4.8
2705.0

115.6
519.9

41.1
2705.2
2415.6

181.4
1.2

334.4
1.7

9051.5
668.8

2.5
1.7

450.4
35.2

1158.5
3.6

20.8
136.6

2415.6

volume
mA3/yr

0.1
0.5
0.1

33.9
0.0
0.0

553.3
312.9
110.1

0.4
0.4

651.7
0.6

13.0
0.0

1676.4
25.9

1.2

0.0
161.7

93.7
282.5

0.0
32.2

638.2
0.4

0.29

LLMW-CH
Savannah River

mass
Kg/yr

77.6
515.4

82.3
67768.0

63.4
10.8

552084.5
242654.4
104107.1

461.5
406.8

605994.9
559.5

12789.8
0.0

1586983.0
25579.6

1119.0
0.0

137151.0
88297.7

252147.3
47.5

64379.6
592674.1

406.8

Site
mass
Kg/hr

0.0
0.1
0.0

16.8
0.0
0.0

136.9
60.2
25.8

0.1
0.1

150.3
0.1
3.2

0.0
393.6

6.3
0.3
0.0

34.0
21.9
62.5

0.0

16.0
147.0

0.1

* Total waste form is sum of Polymer, Hg solid, Recycle/Stabilize, Glass, and Metal
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Unit

1000
2000

3000
4000
5000
6000

7000
8000
9000

1 10
210
310
410
510
610
710
810
910

150
250
350
450
550
650
750
850
950

140
240

Table 7.3 Process Capacity Requirements P
11 site case Oak Ridge National Laboratory

Name
Aqueous Waste Strear
Organic Liquid Waste

Solid Process Residue

Soils
Debris
Lab Packs

Inherently Hazardous '
Unknown Matrix

Final Forms
Total Feed
Receive and Sort
Receive and Sort
Receive and Sort

Receive and Sort
Receive and Sort

Receive and Sort
Receive and Sort
Sort and Receive
Sort and Receive
Total Receive and Soil
Solids Separation
Solids Separation
Solids Separation
Solids Separation
Solids Separation
Solid separation

Solids Separation

Characterize/Hold
Characterize/Hold
Total solids separatio
Neutralize
Neutralize

volume
m3/yr

123.2

2035.8
2172.2

656.9
505.8

21.1

26.0
25.8

1576.2

7142.9
124.0

2043.6
2197.4

656.9
513.7

21.1

26.0
25.8

1576.2

7184.6
123.7

2038.4
2197.4

656.9
513.7

2.5
26.0
25.8

1576.2

7160.5
110.5

14.2

mass
Kg/yr
121077.4

2044397.1
1522283.4

513539.2
210501.5

18508.8
49880.3
50961.3

4492170.0
9023319.0

121720.5
2050866.1
1546747.2
513539.2
217368.0

18508.6
49880.3
50961.3

4492170.0
9061761.2

121501.8
2046539.1
1546741.4
513539.2
217368.0

2436.8
49880.3
50961.3

4492170.0
9041137.9

108209.0
13857.0

EIS MLLW

mass
Kg/hr

30.0
507.0
377.6
127.4

52.2
4.6

12.4
12.6

1 114.1
2237.9

30.2
508.6
383.6
127.4

53.9
4.6

12.4
12.6

1 114.1
2247.5

30.1
507.6
383.6
127.4

53.9
0.6

12.4
12.6

1114.1
2242.3

26.8
3.4

Non Flame
1

volume
m3/yr
11460.0

0.0

835.0
847.0
968.7
919.2

62.0
1.0
0.0

15093.0
11468.3

542.7
1319.1

847.0
1161.4
919.2

62.0
1.0

0.0
16320.9
11465.5

352.8
1319.1

847.0
1161.4

0.0
62.0

1.0

0.0
15208.9

3.9
0.0

Alternative, Debris-Residue Grouted
Hanford site

mass
Kg/yr
11013060

61.8
660606.1
708279.8
385492.8
766433.8
121268.8

1571.7
0.0

13656774.8
11020016
452466.8

1078758.2
708279.8
546199.5
766433.8
121268.8

1571.7
0.0

14694994.6
11017649

294125
1078758.2
708279.8
546199.5

0.0
121268.8

1571.7
0.0

13767852.0
3009.1

0.0

mass
Kg/hr
2731.4

0.0
163.8
175.7

95.6
190.1

30.1
0.4

0.0
3387.1
2733.1

112.2
267.5
175.7
135.5
190.1

30.1
0.4

0.0

3644.6
2732.6

72.9
267.5
175.7
135.5

0.0
30.1

0.4
0.0

3414.6
0.7
0.0

volume
m3/yr

0.5
533.9
234.3

136.0
0.1

33.9

50.0
988.8

0.5
533.9
237.6

136.0
0.1

33.9

50.0
992.1

0.5

533.9
237.6

136.0

33.9

50.0
992.0

0.4

LLMW CH
Savannah River

mass
Kg/yr

528.4
534384.8
163493.4

128169.1
98.3

67831,4

135000
1029505.4

530.8
534389.8
166788.4

128173.8
98.3

67831.4

135000
1032812.5

530
534386.7
166787.5

128173.8

67831.4

135000
1032709.4

437.8

Site
mass
Kg/hr

0.1
132.5

40.5
0.0

31.8
0.0

16.8
0.0

33.5
255.3

0.1
132.5

41.4
0.0

31.8
0.0

16.8
0.0

33.5
256.2

0.1
132.5

41.4
0.0

31.8
0.0

16.8
0.0

33.5
256.1

0.1
0.0
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340
440

540
640
740
335
435
535
560
270
370
470
570
670
770
180
190
695
480
490
195
795
796

895

Neutralize
Neutralize
Total neutralize
Shred
Chemical Oxidation/Re
Chemical/Physical Sep
Sludge Washing
Soil Washing
Debris Washing
Mercury Distillation
Organic Destruction
Aqueous Organic Desi
Thermal Destruction
Thermal Desorption
Glass Melter
Metal Melter
Evaporate
Condenser
Pelletize
Secondary Burner
Hg Solidification
Polymer Solidification
Grout
Grout
Pb Cleaning
Total process
Water Recycle
Polymer
Hg Solid
Hg Recycle
Pb Recycle
Recycled/Stabilized
Grout
Glass
Metal
Total* waste forms

10.4
0.0

135.1
359.0

1 1.1
2.4

1592.1
494,2
586.4

17.4
130.0

2444.3
0.0
0.0
0.0
0.0

141.7
126.8
575.1

0.0
657.1
793.0

1670.4
575.1

6.2
10182.2

126.8
1586.0

8.8
13.0

2.3
6.2

5613.8
0.0
0.0

7221.7

10465.6
0.0

132531.6
224536.0

15123.0
4813.5

1147153.1
386813.2
274415.9

34773.2
123164.0

2318327.0
0.0
0.0
0.0
0.0

139287.3
124649.7
288493.8

0.0
657684.3
739715.3

1219481.6
288493.8

10293.4
7997218.1

124630.6
1479430.6

17419.8
26079.9

4572.8
10293.4

3769946.0
0.0
0.0

5292876.3

2.6
0.0

32.9
55.7

3.8
1.2

284.5
95.9
68.1

8.6
30.5

575.0
0.0
0.0
0.0
0.0

34.5
30.9
71.6

0.0
163.1
183.5
302.5

71.6
2.6

1983.4
30.9

366.9
4.3
6.5
1.1
2.6

935.0
0.0
0.0

1312.7

436.4
61.0

501.3
972.5

9.1
44.1

1483.1
446.7

1165.9
9.7

11365.0
738.0

0.0
0.0
0.0
0.0

11350.9
10204.3
1146.1

0.0
4.8

361.2
2481.4
1146.1

8.3
42937.2
10204.3

722.3
4.8
7.3

41.9
8.3

9068.9
0.0
0.0

9803.3

336768.7
45766.1

385543.9
524471.9

14625.8
88122

1183570.9
336932.1
596050.4

19354
10918652
573426.4

0.0

0.0
0.0

0.0
10907475
9805710
576494.9

0.0
6795.3

304195.2
2209671.2

576494.9
13792.8

38655834.8
9805710
608390.5

9677.1
14515.5
83715.9
13792.8

6965417.5
0.0
0.0

7598000.6

83.5
11.4
95.6

130.1
3.6

21.9
293.5

83.6
147.8

4.8
2708.0

142.2
0.0
0.0
0.0
0.0

2705.2
2432.0

143.0
0.0
1.7

75.4
548.0
143.0

3.4

9587.3
2432.0

150.9
2.4

3.6
20.8

3.4

1727.5
0.0
0.0

1884.4

0.1

0.5
113.4

0.1
33.9
17.8

124.3
0.0
0.0

538.3

0.4

0.4
117.4

264.7
269.1
241.7
117.4

0.0
1839.0

0.4

538.3
0.0
0.0

32.2

897.7

538.3

77.6

515.4
107259.8

82.3
67768

16373.4

122193.2
63.4
10.8

538560.6

461.5
407.4

109844.2

264672.1
269097.5
172495.7
109844.2

0
1779134.1

407.4
538195.1

31.7
47.5

64379.6

705849.2

538274.3

0.0
0.0
0.1

26.6
0.0

16.8
4.1
0.0

30.3
0.0
0.0

133.6
0.0
0.0
0.0
0.0
0.1
0.1

27.2
0.0

65.6
66.7
42.8
27.2

0.0
441.3

0.1
133.5

0.0

0.0
16.0

0.0
0.0

175.1
0.0

133.5
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understood in conjunction with the flowsheets discussed in this report The tables lists the quantity of
incoming wastes; in matrix number order summarized at the 1000s level. Capacity required to treat the
assigned wastes are tabulated for each listed treatment unit The quantity of process wastes, recycle
materials, and effluents are calculated for each alternative. The first 9 lines are the quantities of incoming
wastes to a processing facility. The following lines units 110 through 895 are the quantities of wastes to be
processed annually at each listed treatment operation. The final lines list recycled water, lead, battery
components, and mercury, polymer, glass, metal, and grout waste forms, and stack gas effluents as
appropriate to the particular alternative.

The reader can see by quickly scanning the data in these tables the differences in the combinations of
wastes that would be processed at each site under the different alternatives. The first sub total in each table
shows the quantity of waste to be treated at the site under the 11 Site Treatment Option. The column
headed mass-kilograms per hour shows ORNL has a requirement for 2237 Kg/hr treatment of waste but
for which approximately one half is still matrix unknown. Hanford Site has an indicated requirement for
3387 Kg/hr of which 2731 Kg are aqueous solutions. Savannah River Site shows a much smaller LLMW
treatment requirement only 255 Kg/hr.

The same waste streams are introduced into processing at each site for each alternative treatment flowsheet.

There are many interesting details within the data listed in these tables. A few examples will be pointed out
for illustration only.

Following the wastes through the treatment trains described in the earlier parts of this report one can see
capacity requirements created by the waste inventories. In the base flowsheet and the thermal flowsheets
the primary destruction process for organic contaminants and organic matrix materials is the incinerator
unit 470; this process provides capacity for organic liquids, organic matrix sludges and process residues,
and for combustible debris. In addition, any inorganic sludges and soils with organic contaminants are
treated in this unit. The secondary combustion chamber, 480, treats all off-gas from the primary
combustion unit. In the thermal flowsheet the secondary chamber processes the off-gas from the
incinerator as well as the glass and metal melters. That unit is accordingly a bit larger in the thermal option
than it is in the base flowsheet. This unit does not occur in the non flame alternative. In the non flame
alternative all organic destruction occurs in the aqueous based units 270 and 370. Because these treat only
organic materials that have been removed from the bulk matrix, the capacity required for organic
destruction is smaller than is required for the thermal treatment units. These comparisons will be more
apparent later when we discuss the results for the three alternatives from Savannah River Site data side-by-
side.

7.2 Discussion of Savannah River Site Results

Table 7.4 lists the capacity calculations for Savannah River Site for the three processing alternatives. Here
in a side-by-side comparison one can see the differences in flowsheet requirements at various steps in the
facility.

The treatment capacity calculations show the same quantities through receiving and handling of incoming
wastes. Differences in the flowsheets begin to show up in the treatment areas of the flowsheets. With the
treatment process in the different flowsheets represented at roughly comparable levels of detail very
different unit operations annual capacity requirements appear for different process alternatives. The key
waste treatment processes are numbered 180 through 895. These are tabulated in the table, not in
numerical order, 540 through 895.

The key differences in the treatment capacities are the a result of the number of unit operations shown in
the flowsheets and used in the calculations. The primary differences are in the treatment processes which
are needed to achieve RCRA compliance. The thermal flowsheet with incinerator, and two melters shows
fewer operating steps than the base and non flame alternatives. Part of this difference comes from using
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the melters for waste processing for organic destruction, while simultaneously achieving waste volume
reduction and production of a final form. If the processing simplicity turns out not to be achievable in

Table 7.4 LLMW Process Capacity Comparison for Three Flowsheets Savannah River Site
11 Site Contact Handled

Base Alternative Thermal Alternative Non Flame Alternative
Volume volume volume

Name mA3/yr Unit Name mA3/yr Unit Name m3/yr
Unit

1 000 Aqueous Waste
Streams

2000 Organic Liquid
Waste

3000 Solid Process
Residues

4000Soils
5000 Debris
6000 Lab Packs
7000 Inherently

Hazardous Wastes
8000 Unknown Matrix
9 000 Unknown Matrix

TOTAL
11 0 Receive and Sort
21 0 Receive and Sort
31 0 Receive and Sort
410 Receive and Sort
51 0 Receive and Sort
610 Receive and Sort
710 Sort and Receive
810 Sort and Receive
910 Sort and Receive

TOTAL

1 5 0 Solids Separation
2 50Solids Separation
3 50Solid separation
4 50Solid separation
550Solid separation
650Solid separation
7 50Solids Separation
8 5 0 Characterize/Hold
9 5 0 Characterize/Hold

TOTAL

1 4 0 Neutralize
240 Neutralize
3 40 Neutralize
440 Neutralization

total neutralize
5 4 0 Shred

0.5

533.9

234.3

0.0
136.0

0.1
33.9

0.0
50.0

988.8
0.5

533.9
237.6

0.0
136.0

0.1
33.9

0.0
50.0

992.1

0.5
533.9
237.6

0.0
136.0

0.0
33.9

0.0
50.0

992.0

0.4
0.0
0.1
0.0

0.5
1 13.4

1000 Aqueous Waste
Streams

2000Organic Liquid
Waste

3 000 Solid Process
Residues

4000 Soils
5000 Debris
6000 Lab Packs
7000 Inherently

Hazardous Wastes
8000 Unknown Matrix
9000 Final Forms

Total Feed
1 1 0 Receive and Sort
210 Receive and Sort
310 Receive and Sort
410 Receive and Sort
51 0 Receive and Sort
61 0 Receive and Sort
71 0 Receive and Sort
81 0 Sort and Receive
91 0 Sort and Receive

Total Receive and
Sort

1 5 0 Solids Separation
250Solids Separation
350Solids Separation
450Solids Separation
5 50 Solids Separation
650Solid separation
750Solids Separation
8 5 0 Characterize/Hold
9 5 0 Characterize/Hold

Total solids
separation

1 4 0 Neutralize
2 40 Neutralize
3 40 Neutralize

Total neutralize

0.5

533.9

234.3

0.0
136.0

0.1
33.9

0.0
50.0

988.8
0.5

533.9
237.6

0.0
142.8

0.1
33.9

0.0
50.0

998.8

0.5
533.9
237.6

0.0
142.8

0.0
33.9

0.0
50.0

998.7

0.4
0.0
0.1

0.5

1000 Aqueous Waste
Streams

2 000 Organic Liquid
Waste

3000Solid Process
Residues

4000Soils
5000 Debris
6000 Lab Packs
7000 Inherently

Hazardous Wastes
8 000 Unknown Matrix
9 000 Final Forms

Total Feed
1 1 0 Receive and Sort
21 0 Receive and Sort
31 0 Receive and Sort
410 Receive and Sort
510 Receive and Sort
610 Receive and Sort
71 0 Receive and Sort
81 0 Sort and Receive
910 Sort and Receive

Total Receive and
Sort

150 Solids Separation
250Solids Separation
350Solids Separation
450Solids Separation
550Solids Separation
6 50Solid separation
750Solids Separation
8 5 0 Characterize/Hold
9 5 0 Characterize/Hold

Total solids
separation

140 Neutralize
2 40 Neutralize
340 Neutralize
4 40 Neutralize

Total neutralize
5 4 0 Shred

0.5

533.9

234.3

0.0
136.0

0.1
33.9

0.0
50.0

988.8
0.5

533.9
237.6

0.0
136.0

0.1
33.9

0.0
50.0

992.1

0.5
533.9
237.6

0.0
136.0

0.0
33.9

0.0
50.0

992.0

0.4
0.0
0.1
0.0
0.5

113.4
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Table 7.4 LLMW Process Capacity Comparison for Three Flowsheets Savannah River Site (continued)

Base Alternative

Unit Name
6 40 Chemical

Oxidation/Red ucti
on

7 4 0 Chemical/Physica
1 Separation

560 Mercury
Distillation

2 7 0 Organic
Destruction

4 70 Thermal
Destruction

5 70 Thermal
Desorption

1 80 Evaporate
1 9 0 Condenser
69 5 Pelletize
4 80 Secondary Burner
4 90 Hg Solidification
195 Polymer

Solidification
7 95 Grout
7 96 Grout
8 9 5 Pb Cleaning

total process

Polymer
Hg Solid
Recycled/Stabiliz
ed
Grout

Total* waste forms
Hg Recycle
Pb Recycle
Stack
water recycle
waste/feed

Volume
mA3/yr

0.1

33.9

0.0

0.0

564.1

101.7

0.4
0.4

108.4
484.4

0.5
268.6

290.9
54.2

0.0
2021.0

537.2
1 .1

0

448.6

986.9
0.0

32.2
237.8

0.4
1.0

Thermal
Alternative

Unit Name
640 Chemical

Oxidation/Red ucti
on

7 4 0 Chemical/Physica
I Separation

560Mercury
Distillation

2 7 0 Organic
Destruction

4 70 Thermal
Destruction

6 70Glass Melter
770Metal Melter
1 8 0 Evaporate
190 Condenser

4 80Secondary Burner
4 9 0 Hg Solidification
1 95 Polymer

Solidification

8 9 5 Pb Cleaning
Total process

Polymer
Hg Solid
Recycled/Stabiliz
ed

Glass
Metal

Total* waste forms
Hg Recycle
Pb Recycle
Stack
Water Recycle
waste/feed

volume
mA3/yr

0.1

33.9

0.0

0.0

553.3

312.9
110.1

0.4
0.4

651.7
0.6

13.0

0.0
1676.4

25.9
1 .2
0.0

161.7
93.7

282.5
0.0

32.2
638.2

0.4
0.29

Non Flame
Alternative

Unit Name
640 Chemical

Oxidation/Reducti
on

7 40 Chemical/Physica
I Separation

335 Sludge Washing
4 35Soil Washing
5 35 Debris Washing
560Mercury

Distillation
2 7 0 Organic

Destruction
3 7 0 Aqueous Organic

Destruction

1 8 0 Evaporate
1 9 0 Condenser
6 95 Pelletize
480Secondary Burner
4 90 Hg Solidification
1 95 Polymer

Solidification
7 95 Grout
7 96 Grout
8 9 5 Pb Cleaning

Total process

Polymer
Hg Solid
Recycled/Stabiliz
ed
Grout
Glass
Metal

Total* waste forms
Hg Recycle
Pb Recycle
Stack
Water Recycle

waste/feed

volume
m3/yr

0.1

33.9

17.8

124.3
0.0

0.0

538.3

0.4
0.4

117.4

264.7
269.1

241.7
117.4

0.0
1839.0

538.3
0.0
0.0

897.7

1436.0
0.0

32.2
269.0

0.4
0.3
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Table 7.5 Summary of the Capacity Results from Table 7.4

mA3/yr
Total Process operations

Total waste form for disposal
ratio

Off-gas: Stack

Material Recycle-Lead

Ratio net waste to feed

Base
2021

987
3.50

237.8

32.2

0.998

Thermal
1676

282
1.00

638.2

32.2

0.286

Non Flame
1839

1436
5.09

269

32.2

1.452

plant operations this operating advantage for the thermal alternative may disappear. A larger difference
appears in the comparison of total final waste form produced that requires disposal. Total thermal treatment
is expected to achieve the greatest volume reduction of the three alternatives analyzed. All organics are
burned, and glass and metal is reduced to a minimum volume. The net change in mass will not be as great
as the change in volume. Volume of final form is of most interest here because the measure of waste
disposal cost is usually n terms of net volume of final disposal facility used by the waste. The base
flowsheet achieves less volume reduction than does the totally thermal alternative because only part of the
waste is volume reduced. Grouting of ash and residue for bom the base and non flame flowsheets leads to
net volume increase much higher man for the equivalent material stabilized by thermal processes.

The detail of the analysis model and the analysis results are discussed separately in a report from Los
Alamos National Laboratory. Complete analysis and discussion of the results is presented in other
documents prepared in support of the PEIS.
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Appendix A

Waste Matrices

From the MWIR Database



Appendix A-l

This appendix presents a correlation of the waste matrix codes that were used in
the Interim Mixed Waste Inventory Report (DOE 1993) and the later Mixed
Waste Inventory Report (DOE 1994).

MWIR
CODE

1000

2000
3100

3150
3200

4200
4100
5300
5100
5200
5400

6100-
6190

6 100-
6190
6200
6300
6400
7100
7200
7300
7400
8000

PHYSICAL MATRIX

aqueous liquids and
slurries
organic liquids
inorganic process residues

solidified process residues
organic process residues

contaminated soil/debris
contaminated soil
organic debris
metal debris
inorganic non metal debris
heterogeneous debris
lab packs

lab packs

reactive metals
explosives/propellants
compressed gases/aerosols
elemental mercury
elemental lead
beryllium
batteries
unknown

IMWIR
CODE

2

1
4

5
3

9
1 0

6
7
7
8

1 1

1 2

1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 0

PHYSICAL MATRIX

aqueous liquid

organic liquid
inorganic sludges and
particulate
cemented solids
inorganic sludges and
particulate
soils and debris
soils
organic debris
inorganic debris
inorganic debris
heterogeneous debris
lab packs with metals

lab packs without metals

reactive metals
explosives
compressed gases
liquid mercury
elemental lead
beryllium
batteries
other



Appendix A-2

This appendix contains the waste matrix codes, waste stream names, and
narrative descriptions used in the Mixed Waste Inventory Report.



WASTE MATRICES

Waste
Matrix
Code

1000

1100

1110

1120

1130

1140

1190

1200

1210

1220

1230

1240

1290

2000

2100

Name

Aqueous Liquids/Slurries

Wastewaters

Acidic Wastewaters

Basic Wastewaters

Neutral Wastewaters

Cyanide Wastcwaters

Uncategorized
Wastewaters

Aqueous Slurries

Acidic Aqueous Slurries

Basic Aqueous Slurries

Neutral Aqueous Slurries

Cyanide Aqueous Slumes

Uncategorized Aqueous
Slurries

Organic Liquids

Aqueous/Organic Liquids

Description

This category includes liquids and slurries containing less than 1% total

organic carbon (TOC).

This category includes aqueous liquids/slurries containing less than 1 %
TSS.

This category includes wastewaters with a ;JH < 2.0.

This category includes wastewaters with a pH > 12^5. Basic
wastewaters that contain cyanides at, or above, applicable LDR
treatment standard levels are assigned to category 1140.

This category includes wastewaters with 2.0 < pH < 12L5.

This category includes basic wastewatcrs containing cyanides at, or
above, applicable LDR treatment standard levels.

This category includes wastewaters that: (1) are insufficiently
characterized to categorize more definitively into one of categories
1110 through 1140; or (2) do not meet the criteria for categorization
into one of the 1110 through 1140 categories; or (3) are mixtures of
two or more of the 1110 through 1140 categories.

This category includes pumpable aqueous liquids/slurries with TSS >

\% or with an unknown TSS level.

This category includes aqueous slurries with a pH < 2.0.

This category includes aqueous slumes with a pH > 12.5. Basic
aqueous slurries that contain cyanides at, or above, applicable LDR
treatment standard levels are assigned to category 1240.

This category includes aqueous slurries with 10 < pH < 12.5.

This category includes basic aqueous slurries containing cyanides at, or
above, applicable LDR treatment standard levels.

This category includes aqueous slurries that: (1) are insufficiently
characterized to assign into one of categories 1210 through 1240; or
(2) do not meet the criteria for assignment into one of the 1210
through 1240 categories; or (3) are mixtures of two or more of the
1210 through 1240 categories.

This category includes liquids and slurries containing > 7% TOC.

This category includes miscible and immiscible mixtures of aqueous
and organic liquids. The TOC content of the mixture is at least 1%
but less than about 99%.



WASTE MATRICES

Waste
Matrix

Code

2110

2120

2190

2200

2210

2220

2290

2900

3000

3100

3110

3111

Name

Aqueous/Halogenated
Organic Liquids

Aqueous/Nonhalogenated
Organic Liquids

Uncategorized
Aqueous/Organic Liquids

Pure Organic Liquids

Halogenated Pure Organic
Liquids

Nonhalogenated Pure
Organic Liquids

Uncategorized Pure
Organic Liquids

Uncategorized Organic
Liquids

Solid Process Residues

Inorganic Process Residues

Inorganic Paniculates

Ash

Description

This category includes aqueous/organic liquids that contain at least
1000 ppm halogenated organic compounds (HOC).

This category includes aqueous/organic liquids that contain less than
1000 ppm HOC

This category includes aqueous/organic liquids for which it is not
known whether the HOC content is less than, equal to, or greater
than 1000 ppm.

This category includes liquids that are essentially purely organic (e.g.
TOC > 99%).

This category includes pure organic liquids that contain at least 1000
ppm HOC

This category includes pure organic liquids that contain less than 1000
ppm HOC.

This category includes pure organic liquids for which it is not known
whether the HOC content is less than, equal to, or greater than 1000
ppm.

This category includes liquids with TOC > 1% for which insufficient
information is available to determine if the liquid is essentially purely
organic (e.g. TOC > 99%).

Solid Process Residues are defined as solid materials, excluding soil,
that do not meet the LDR criteria for classification as debris.
Examples of solid process residues are sludge and paniculate type
materials. This category includes wastes that are at least 50% by
volume solid process residues. The balance of the matrix may be
debris or soil.

This category includes waste that is at least 50% by volume inorganic
process residues. These are defined as process residues with sufficient
inorganic solids content such that a minimum of approximately 209c by
weight of the waste would remain as residue (i.e., ash/solids) following
incineration.

This category includes waste that is at least 50% by volume inorganic
particulates, including residual or absorbed liquids, if present. Typical
examples of inorganic particulates are incinerator ash, dust, sand
blasting residue, vermiculite, and ion exchange media.

This category includes waste that is primarily (e.g. > 50% by volume)
bottom or fry ash resulting from waste incineration.



WASTE MATRICES

Waste
Matrix
Code

3112

3113

3114

3115

3116

3119

3120

3121

3122

3123

3124

Name

Sand Blasting Media

Absorbed Aqueous
Liquids

Absorbed Organic Liquids

Ion Exchange Media

Calcined Solids

Uncategorized Inorganic
Particulates

Inorganic Sludges

Wastewater Treatment
Sludges

Pond Sludges

Off-Gas Treatment
Sludges

Plating Waste Sludges

Description

This category includes waste that is primarily (e.g. > 50% by volume)
unused, or spent, surface cleaning or decontamination paniculate
material. Typical examples of surface f i n i n g or decontamination
paniculate materials are coarse sand and glass beads.

This category includes waste that is primarily (e.g. > 50% by volume)
inorganic paniculate absorbent materials, including absorbed aqueous
liquids, if present Typical examples of inorganic paniculate absorbent
materials are clay, vermiculite, and diatomaceous earth.

This category includes waste that is primarily (e.g. > 50% by volume)
inorganic paniculate absorbent materials with absorbed organic
liquids. Typical examples of inorganic paniculate absorbent materials
are clay, vermiculite, and diatomaceous earth.

This category includes waste that is primarily (e.g. > 50% by volume)
unused, or spent, inorganic ion exchange resins.

This category includes waste that is primarily (e.g. > 50% by volume)
solid materials generated from the calcination of liquids. A specific
example is the HLW calcine at the INEL.

This category includes waste that is: (1) consistent with the definition
for inorganic paniculates but lack adequate characterization
information for assignment into one of the 3111 through 3116
categories; or (2) consistent with the definition for inorganic
particulates but inconsistent with the definitions for categories 3111
through 3116; or (3) a mixture of categories 3111 through 3116 with
none contributing at least 50% by volume to the matrix.

This category includes waste that is at least 50% by volume inorganic
sludges. The inorganic sludge may be mixed with stabilization agents,
such as cement, provided the mixture has not properly cured to form
a solidified monolith (see category 3150). <Tie inorganic sludge may
also be mixed with inorganic paniculate absorbent materials.

This category includes waste that is at leasi 50% by volume secondary
sludge or filtercake from wastewater treatment processes.

This category includes waste that is at least 50% by volume inorganic
sludge generated from the remediation of surface impoundments,
such as evaporation or sedimentation basins.

This category includes waste that is at least 50% by volume inorganic
sludge generated from wet off-gas treatment systems.

This category includes waste that is at least 50% by volume inorganic
sludge generated from plating operations.



WASTE MATRICES

Waste
Matrix

Code

3125

3129

3130

3131

3132

3139

3140

3141

3142

3143

Name

Reprocessing Sludges

Uncategorized Inorganic
Sludges

Paint Waste

Paint Chips/Solids

Paint liquids/Sludge

Uncategorized Paint
Waste

Salt Waste

Chloride Salts

Sulfate Salts

Nitrate Salts

Description

This category includes waste that is at least 50% by volume inorganic
sludge generated from nuclear fuel reprocessing operations.

This category includes waste that is: (1) consistent with the definition
for inorganic sludges but lack adequate characterization information
for assignment into one of the 3121 through 3125 categories; or (2)
consistent with the definition for inorganic sludges but inconsistent
with the definitions for categories 3121 through 3125; or (3) a mixture
of categories 3121 through 3125 with none contributing more than
50% by volume to the matrix.

This category includes waste that is at least 50% by volume new, used,
or removed paint.

This category includes waste that is at least 50% by volume solid or
unpourable paint Examples of waste that might be included in this
category are dried paint chips or containers filled with dried paint.
Painting equipment (e.g. brushes, rollers, etc.) are categorized as
debris.

This category includes waste that is at leasi 50% by volume pourable
paint. Examples of waste that might be included in this category are
opened or unopened cans of paint.

This category includes waste that is: (1) consistent with the definition
for salt waste but lack adequate characterization information for
assignment into one of the 3131 and 3132 categories; or (2) consistent
with the definition for salt waste but inconsistent with the definitions
for categories 3131 and 3132.

This category includes waste that is at least 50% by volume salts,
including interstitial liquids, if present.

This category includes waste that is at least 50% by volume salts and
contain more than trace (i.e. > 1000 ppm) levels of chlorides or other
halogens.

This category includes waste that is at least 50% by volume salts and
contain more than trace (i.e. > 1000 ppm) levels of sulfur
compounds.

This category includes waste that is at least 50% by volume salts. The
salts are predominantly nitrates.



WASTE MATRICES

Waste
Matrix
Code

3149

3150

3190

3200

3210

3211

3212

3213

Name

Uncategorized Salt Waste

Solidified Process Residues

Uncategorized Inorganic
Process Residues

Organic Process Residues

Organic Particu laces

Activated Carbon

Organic Resins

Organic Absorbents

Description

This category includes waste that is: (1) consistent with the definition
for salt waste but lack adequate characterization information for
assignment into one of the 3141 through 3143 categories; or (2)
consistent with the definition for salt waste but inconsistent with the
definitions for categories 3141 through 3143; or (3) a mixture of
categories 3141 through 3143 with none contributing more than 50%
by volume to the matrix.

This category includes waste that has been immobilized with cement, or
other inorganic stabilization agents, and cured into a solidified form but
do not meet disposal criteria.

This category includes waste that is: (1) consistent with the definition
for inorganic homogeneous solids but lack adequate characterization
information for assignment into one of the 3110 through 3150
categories; or (2) consistent with the definition for inorganic
homogeneous solids but inconsistent with the definitions for categories
3110 through 3150; or (3) a mixture of categories 3110 through 3150
with none contributing more than 50% by volume to the matrix.

This category includes waste that is at least 50% by volume organic
process residues. These are defined as process residues with a base
structure that is primarily organic The matrix may contain some
inorganic solids content such that up to approximately 20% by weight of
the waste would remain as residue (i.e., ash/solids) following
incineration.

This category includes waste that is at least 50% by volume organic
particulates, including residua! or absorbed liquids, if present. Typical
examples of organic particulates are resins and activated carbon used
in wastewater treatment or paniculate organic absorbent materials.

This category includes waste that is primarily (e.g. > 50% by volume)
spent or unused activated carbon. Activated carbon is typically used
for removal of organic materials during off-gas or wastewater
treatment operations.

This category includes waste that is primarily (e.g. > 50% by volume)
spent or unused organic based resins, other than activated carbon,
used in wastcwatcr treatment or other applications. An example of
waste that might be included in this category is organic ion exchange
resins.

This category includes waste that is primarily (e.g. > 50% by volume)
organic paniculate absorbent materials, including any absorbed
aqueous or organic liquids. Examples of waste that might be included
in this category are sawdust or ground corn cobs with absorbed
aqueous or organic liquids.



WASTE MATRICES

Waste
Matrix
Code

3219

3220

3221

3222

3223

3229

3230

3290

Name

Uncategorized Organic
Psirticulates

Organic Sludges

Biological Materials

Halogenated Organic
Sludges

Nonhalogenated Organic
Sludges

Uncategorized Organic
Sludges

Organic Chemicals

Uncategonzed Organic
Process Residues

Description

This category includes waste that is: (1) consistent with the definition
for organic particulates but lack adequate charaaerization infonnatioa
for assignment into one of tne 3211 through 3213 categories; or (2)
consistent with the definition for organic particulates but inconsistent
with the definitions for categories 3211 through 3213; or (3) mixtures
of categories 3211 through 3213 with none contributing more than
50% by volume to the matrix.

This category includes waste that is at least 50% by volume organic
sludges. Examples of waste streams included in this category arc
biological sludges and heavy, unpourable organic materials, such as
tars or greases.

This category includes waste that is at least 50% by volume biological
materials generated in treating wastewater from animals or people, or
other biological materials that cannot be classified as debris.

This category includes waste that is at least 50% by volume organic
sludges which contain at least 1000 ppm HOC

This category includes waste that is at least 50% by volume organic
sludges which contain less than 1000 ppm HOC.

This category includes waste that is: (1) consistent with the definition
for organic sludges but lack adequate characterization information for
assignment into one of the 3221 through 3223 categories; or (2)
consistent with the definition for organic sludges but inconsistent with
the definitions for categories 3221 through 3223; or (3) mixtures of
categories 3221 through 3223 with none contributing more than 50%
by volume to the matrix.

This category includes waste that is at least 50% by volume solid,
unused organic chemicals packaged in bulk form that are either being
excessed or have expired. This category does not include solid organic
chemicals packaged as lab packs (see category 6100).

This category includes waste that is: (1) consistent with the definition
for organic homogeneous solids but lack adequate characterization
information for assignment into one of the 3210 through 3230
categories; or (2) consistent with the definition for organic
homogeneous solids but inconsistent with tne definitions for categories
3210 through 3230; or (3) mixtures of categories 3210 through 3230
with none contributing more than 50% by volume to the matrix.



WASTE MATRICES

Waste
Matrix
Code

3900

4000

4100

4200

4900

5000

5100

Name

Uncategorized Process

Residues

Soils

Contaminated Soils

Contaminated Soils/Debris

Uncategorized Soils

Debris Waste ,

Metal Debris

Description

This category includes waste that is: (1) consistent with the definition
for homogeneous solids but lade adequate characterization
information for assignment into one of tht 3100 or 3200 categories; or
(2) consistent with the definition for homogeneous solids but
inconsistent with the definitions for categories 3100 or 3200.

This category includes waste streams that are at least 50% by volume
soil, including contamination from spills, etc. Soils are further
categorized based on the amount of debris included in the matrix

This category includes waste that is greater than approximately 95% by

volume soil and rock, including contamination from spills, etc

This category includes waste that is at least 50% by volume soil and 5%
by volume other debris, not including rock. This category includes
contaminated soil and rock from spills etc, with the balance of the
matrix being debris.

This category includes waste that are: (1) consistent with the
definition for soils but lack adequate characterization information for
assignment into one of the 4100 or 4200 categories; or (2) consistent
with the definition for soils but inconsistent with the definitions for
categories 4100 or 4200.

This category includes waste that is at least 50% by volume materials
which meet the EPA criteria for classification as debris is: "Debris
means solid material exceeding a 60 mm [.article size that is intended
for disposal and that is: (1) a manufactured object; or (2) plant or
animal matter, or 3) natural geologic material. However, the
following materials are not debris: (1) ai,y material for which a
specific treatment standard is provided in Subpart D, Part 268; (2)
process residuals such as smelter slag and residues from the treatment
of waste, wastewater, sludges, or air emission residues; and (3) intact
containers of hazardous waste that are not ruptured and that retain at
least 75% of their original volume. A mature of debris that has not
been treated to the standards provided by §268.45 and other material
is subject to regulation as debris if the mixture is comprised primarily
of debris, by volume, based on visual inspection." [40 CFR §268.2(g)]
"Hazardous Debris means debris that contains a hazardous waste
listed in Subpart D of Pan 261, or that exhibits a characteristic of
hazardous waste identified in Subpan C of Part 261." [40 CFR
§268.2(h)].

77ix5 category includes debris that is approximately 95% by volume, or
more, metal Metal debris is further categorized according to lead and
cadmium content.



WASTE MATRICES

Waste
Matrix
Code

5110

5120

5130

5190

5200

5210

5220

5230

5240

Name

Metal Debris without Pb
orCd

Lead Containing Metal
Debris

Cadmium remaining
Metal Debris

Uncategorized Metal
Debris

Inorganic Non-Metal
Debris

Concrete Debris

Glass Debns

Ceramic/Brick Debris

Rock Debns

Description

This category includes debris that is approximately 95% by volume, or
more, metal and do not contain any bulk, separable or bonded, lead
or cadmium as part of the matrix.

This category includes debris that is approximately 95% by volume, or
more, metal and contain bulk, separable or bonded, lead as part of
the matrix. Examples of waste that might be included in this category
are glovebox parts with lead clad in stainless steel or scrap metal that
includes some lead bricks. This category does not include waste that
meets the criteria for categorization as elemental lead or lead acid
batteries (see Category 7200).

This category includes debris that is approximately 95% by volume, or
more, metal and contain bulk, separable or bonded, cadmium as pan
of the matrix. This category includes debris that is essentially entirety
elemental cadmium, such as cadmium sheets. This category does not
include cadmium batteries (see Category 7200).

This category includes debris that is consisient with the definition for
category 5100 but: (1) lack adequate characterization information for
assignment into one of the 5110 through 5130 categories; or (2)
contain both lead and cadmium, separable or bonded, as part of the
bulk matrix.

This category includes waste that is approximately 95% by volume, or
more, inorganic nonmetal debris.

This category includes debris that is approximately 95% by volume, or
more, concrete. An example of waste that might be included in this
category is concrete chunks and blocks from decontamination and
decommissioning activities. This category does not include waste
solidified with cementious stabilization agents (see section 3150).

This category includes debris that is approximately 95% by volume, or
more, glass. Examples of waste that might be included in this
category is leaded glass windows, bottles, or light bulbs. Crushed glass
may be included in this category provided it meets the LDR particle
size criteria for classification as debris.

This category includes debris that is approximately 95% by volume, or
more, ceramic or brick materials. Examples of waste that might be
included in this category are bricks, ceramic crucibles, and ceramic
refractories.

This category includes debris that is approximately 95% by volume, or
more, rock or gravel materials provided the panicle size meets the
LDR criteria for classification as debris.



WASTE MATRICES

Waste
Matrix
Code

5250

5290

5300

5310

5311

5312

5313

5319

Name

Asbestos Debris

Uncategorized Inorganic
Non-Metal Debris

Combustible Debris

Plastic/Rubber Debris

Leaded Gloves/Aprons
Debris

Halogenated Plastic
Debris

Nonhalogenated Plastic
Debris

Uncategorized
Plastic/Rubber Debns

Description

This category includes debris that is approximately 95% by volume, or
more, asbestos or asbestos-based materials Examples of waste that
might be included in this category are asbestos-containing gloves,
firehoses, aprons, flooring tiles, pipe insulation, boiler jackets, and
laboratory tabletops.

This category includes debris that is consistent with the definition for
category 5200 bu t (1) lack adequate characterization information for
assignment into one of the 5210 through 5250 categories; or (2)
inconsistent with the definitions for categories 5210 through 5250; or
3) is a mixture of the debris materials included in categories 5210
through 5250 with none contributing more than 95% by volume, or
more, to the matrix.

This category includes debris that is approximately 95% by volume, or
more, combustible materials. Examples of combustible debris are
materials constructed of plastic, rubber, wood, paper, cloth, and graphite
and biological materials.

This category includes debris that is approximately 95% by volume, or
more, plastic and/or rubber materials. Examples of waste that might
be included in this category are plastic or rubber sheeting, containers,
gloves, gaskets, and components of Benelux or Plexiglas.

This category includes debris that is approximately 95% by volume, or
more, rubber materials which contain a high fraction of lead or lead
compounds. Examples of waste that migh; be included in this
category are leaded glovebox gloves or aprons.

This category includes debris that is approximately 95% by volume, or
more, plastic/rubber materials which contain halogenated plastics, such
as PVC, as part of the matrix.

This category includes debris that is approximately 95% by volume, or
more, plastic/rubber materials, excluding leaded gloves and aprons,
which do not contain halogcnated plastics as part of the matrix.

This category includes debris that is consistent with the definition for
category 5310 but: (1) lack adequate characterization information for
assignment into one of the 5311 through 5313 categories; or (2)
inconsistent with the definitions for categories 5311 through 5313; or
(3) is a mixture of the debris materials included in categories 5311
through 5313 with none contributing more than 95% by volume, or
more, to the matrix.



WASTE MATRICES

Waste
Matrix

Code

5320

5330

5340

5350

5390

5400

5410

Name

Wood Debris

Paper/Cloth Debris

4

Graphite Debris

Biological Debris

Uncatcgorized
Combustible Debris

Heterogeneous Debris

Composite Filters

Description

This category includes debris that is approximately 95% by volume, or
more, wood or wood products other than paper. Examples of waste
that might be included in this category are structural timbers, boxes,
or pallets.

This category includes debris that is approximately 95% by volume, or
more, paper or cloth materials. Examples of waste that might be
included in this category are protective clothing, rags, or wipes. Rags
and wipes may contain some absorbed organic or aqueous liquids.

This category includes debris that is approximately 95% by volume, or
more, graphite-based solid materials. Examples of waste that might
be included in this category are crucibles, graphite components, and
pure graphite.

This category includes debris that is approximately 95% by volume, or
more, biological materials, including any chemical agents such as lime
or formaldehyde. Examples of waste that might be included in this
category are biological samples and animal carcasses.

This category includes debris that is consistent with the definition for
category 5300 but: (1) lack adequate characterization information for
assignment into one of the 5310 through 5350 categories; or (2)
inconsistent with the definitions for categories 5310 through 5350; or
(3) is a mixture of the debris materials included in categories 5310
through 5350 with none contributing more than 95%, by volume, or
more, to the matrix.

77iis category includes waste that is at least 50% by volume debris
materials which do not meet the criteria for assignment into categories
5100, 5200, or 5300 and associated subcategories. An example is waste
that is essentially entirely debris but is not dominant (i.e., approximately
95% by volume, or more) in either metal, inorganic nonmetal, or
combustible debris materials. Another example is waste that is at least
50fe by volume debris materials with the balance being soil or solid
process residues.

This category includes debris that is approximately 50% by volume, or
more, HEPA or other filters constructed of more than one material
type (i.e. metal, inorganic nonmetal, and combustible). Filters
constructed of a single material type are assigned into the appropriate
metal, inorganic nonmetal, combustible, or heterogeneous debris
category depending on the composition of the entire waste matrix.



WASTE MATRICES

Waste
Matrix
Code

5420

5430

5440

5450

5490

6000

6100

Name

Predominantly Metal
Debris

Predominantly Inorganic
Non-Metal Debris

Predominantly
Combustible Debris

Asphalt Debris

Uncategorized*
Heterogeneous Debris

Special Waste

Lab Packs

Description

This category includes debris that contains approximately 50% by
volume, or more, but less than approximately 95% by volume metal
materials. The balance of the matrix may be other types of debris
materials (i.e. inorganic nonmetal, combustible), soil, or solid process
residues.

This category includes debris that contains approximately 50% by
volume, or more, but less than approximately 95% by volume
inorganic nonmetal materials. The balance of the matrix may be
other types of debris materials (i.e. metal, combustible), soil, or solid
process residues.

This category includes debris that contains approximately 50% by
volume, or more, but less than approximately 95% by volume
combustible materials. The balance of the matrix may be other types
of debris materials (i.e. metal, inorganic nonmetal), soil, or solid
process residues.

This category includes debris that is approximately 50% by volume, or
more, asphalt or other bituminous materials. Examples of waste that
might be included in this category are asphalt materials from
roadways, shingles, bituminous cement, or other materials containing
both tar and gravel.

This category includes debris that is consisient with the definition for
category 5400 but (1) lack adequate characterization information for
assignment into one of the 5410 through 5450 categories; or (2)
inconsistent with the definitions for categories 5410 through 5450; or
(3) is a mixture of heterogeneous debris materials included in
categories 5410 through 5450 with none contributing more than 50%
by volume, or more, to the matrix

This category includes various specific waste forms which will require
specific treatment methods that are not expected to be common with
other waste forms. The waste forms include lab packs, reactive
metals, explosives, and compressed gases and aerosols.

This category includes waste packaged as lab packs. Lab packs are
defined as waste with inner containers of free liquids or solid chemicals
surrounded by absorbents and packaged within a larger outer container.
The absorbents can be solid process residue materials or debris.
Examples of the absorbent materials include rags, vermiculite,
diatomaceous earth, and paper wipes. This category does not include lab
packs of elemental liquid mercury (see Category 7100).



WASTE MATRICES

Waste
Matrix

Code

6110

6120

6130

6140

6190

6200

6210

6220

6230

Name

Organic Lab Packs

Aqueous Lab Packs

Solid Lab Packs

Scintillation Cocktails

Uncategorized Lab Packs

Reactive Metals

Bulk Reactive Metals

Components
Contaminated with
Reactive Metals

Pyrophoric Fines

Description

This category includes lab packs that contain only organic liquids.
This category does not include organic scintillation fluids contained in
vials that are packaged in a lab pack configuration (see Category
6140).

This category includes lab packs that contain only aqueous liquids.
This category does not include aqueous scintillation fluids contained in
vials that are packaged in a lab pack configuration (see Category
6140).

This category includes lab packs of only solid chemicals or other solid
materials.

This category includes scintillation fluids contained in vials that are
packaged in a lab pack configuration.

This category includes lab packs that: (1) lack adequate
characterization information for assignment into one of the 6110
through 6140 categories; or (2) are inconsistent with the definitions
for categories 6110 through 6140; or (3) contain two, or more, of the
above listed specific lab pack category materials (organic liquids,
aqueous liquids, and solid chemicals).

This category includes reactive metal waste. These are defined as waste
meeting the criteria for classification as water reactive or ignitable
reactive per the Third Third LDR rule (55 FR 22545 and 22553).
Typically these waste streams are sodium metal or sodium metal alloys,
but can also include particulale fines of aluminum, uranium, zirconium,
or other pyrophoric materials. The waste may be mixed with stabilizing
materials.

This category includes waste that is essentially bulk reactive metals and
meets the criteria for classification as watt, reactive per the Third
Third LDR rule. Typically this waste is sodium metal or sodium
metal alloys.

This category includes piping, pumps and other retired equipment
waste that is considered water reactive per the Third Third LDR rule
due to reactive metal contamination. The bulk of the material is not
reactive metals, but the reactive metals require treatment before
disposal.

This category includes waste that is essentially bulk materials which
meets the criteria for classification as ignitable reactive per the Third
Third LDR rule. Examples are fines of aluminum, uranium,
zirconium, or other pyrophoric materials. The waste may be mixed
with stabilizing materials.



WASTE MATRICES

Waste
Matrix
Code

6290

6300

6400

7000

7100

7200

7210

7220

7300

7400

Name

Uncatcgorizcd Reactive
Metals

ExplosiveslPropeuants

Compressed Gases/Aerosols

Inherently Hazardous
Waste

Elemental Mercury

Elemental Lead

Non-Activated Lead

Activated Lead

Beryllium Waste

Batteries

Description

This category includes reactive metal waste with characteristics that
are not consistent with the definitions for categories 6210 through
6230.

This category includes waste consisting of substances which undergo
rapid chemical transfonnations which produce large amounts of gases
and heat The gases rapidly expand at velocities exceeding the speed of
sound (due to the heat of reaction), which creates a shock wave and
explosion. Waste that meets this definition should be identified here
regardless of the specific physical form. Liquid nitroglycerine, for
instance, should be categorized as explosive and not organic liquid.
Similarly, TNT would be categorized as explosive rather than solid
process residue.

This category includes waste meeting the criteria for classification as
ignitable compressed gases per the Third Third LDR rule (55 FR
22545). Typically, this is waste consisting of pressurized gas cylinders or
aerosol cans. Depressurized gas cylinders or aerosol cans would not be
included in this category. These would be cUegorized into the
appropriate debris category (see Category 5000).

This category includes waste in which the entire matrix is hazardous,
such as elemental lead, or which the entire waste form is regulated,
such as batteries.

This category includes waste that is bulk, pourable liquid mercury. The
liquid mercury may be packaged in small containers within a larger
container holding other materials (e.g. lab pack configuration).

This category includes waste that contain at least 50% by volume bulk
elemental lead. Examples of waste in this category are lead bricks,
sheets, and pipes.

This category includes waste meeting the above criteria for
categorization as elemental lead in which the elemental lead shapes
are only surface contaminated with radionuclides.

This category includes waste meeting the above criteria for
categorization as elemental lead in which the elemental lead shapes
are activated.

This category includes waste that is essentially beryllium dust or
beryllium chips and fines that may also con at • beryllium dust. This
category does not include debris waste that L contaminated with
beryllium dust

This category includes waste consisting of batteries. The batteries may be
packaged with absorbent materials (e.g. particulates, rags, etc.).



WASTE MATRICES

Waste
Matrix

Code

7410

7420

7490

8000

8100

8200

8900

9000

9100

9200

9300

9400

9900

Name

Lead Acid Batteries

Cadmium Batteries

Uncategorized Batteries

Unknown Matrix

Unknown liquids

Unknown Solids

Uncategorized Unknown

Final Waste Forms

Cement Forms

Vitrified Forms

Metal Forms

Polymer Forms

Other Forms

Description

This category includes waste consisting of drained or undrained lead
acid batteries.

This category includes waste consisting of cadmium batteries.

This category includes waste consisting of catteries that (1) lack
adequate characteristic information to determine battery type; or (2) is
of a type other than lead acid or cadmium- or (3) are a mixture of the
above, or other, types.

There are three unknown matrix subcategories as defined below.

This category includes bulk liquid or slurry waste which cannot be
further categorized as aqueous or organic because it is not known if
the TOC level is less, or greater than 1%.

This category includes solid waste for which insufficient
characterization information exists to further categorize as a solid
process residue, soil, or debris per the definitions.

This category includes waste for which insufficient characterization
information is known to enable categorization as a liquid or solid or as
one of the specific waste forms.

There are five subcategories of final waste forms as defined below.

This category includes waste that h2S been immobilized with grout or
other cement type binders and meet disposal criteria, including
applicable LDR treatment standards.

This category includes waste that has been immobilized via vitrification
and meet disposal criteria, including applicable LDR treatment
standards.

This category includes metal waste that has been consolidated or
decontaminated and is ready for disposal or recycle.

This category includes waste that has been immobilized with organic
binders and meet disposal criteria, including applicable LDR treatment
standards.

This category includes all other final waste forms not addressed by
categories 9100 through 9400 which meet disposal criteria, including
applicable LDR treatment standards. Examples are amalgamated
mercury and macroencapsulated lead.
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Description Non Flame Flowsheet Waste Stream Washing Processes.

Introduction

The Non Flame Flowsheet is developed to treat wastes at low temperatures (arbitrarily defined at this
point as below 350c). Processing wastes at these temperatures including the destruction of hazardous
organics will avoid the conditions that generate dibenzodioxins and dibenzofurans in thermal oxidation
systems. To achieve this objective the flowsheet is highly dependent on three waste washing processes
which are adapted from existing or developmental technologies. These technologies have not been
operated on radioactive wastes. In this applications, the processes have been extended with some
operations added which are expected to improve the prospects of success with DOE wastes. For the
most part, it would appear that these processes are potentially applicable with appropriate engineering
for containment of radioactive materials. Because these are liquid based low temperature processes,
primary containment is provided by the process piping and vessels. Containment will likely not require
a major change in the engineering, design, or operation of these processes. More difficulty or greater
amount of work will be required at several points in the processes to treat the DOE waste matrices;
changes have been made in the referenced processes where necessary. The pre-treatment of stabilized
process residues, and cutting, or shredding of debris wastes to provide for complete access of solvents
and surfactants to the wastes will be difficult operations.

Non-Flame Option

The Non-Flame Flowsheet, Figure 1, has been developed to achieve fully compliant treatment especially
destruction of regulated organics without the use of an incinerator or similar thermal process. To achieve
regulated organic destruction under these constraints requires that the organics be separated from the
waste matrix for feed to aqueous based treatment units. Two functions are key to this flowsheet. Those
are, first, three waste streams washing processes are provided for the removal of hazardous organics
from the different waste matrices. Washing of sludges, soil, and debris will be expected to remove all
soluble non hazardous organic and water soluble inorganic materials along with the hazardous organics. In
this flowsheet, destruction of non-hazardous bulk (non-fluid) organics, primarily debris, is not
attempted. The second key process is the hydrothermal organic destruction unit 370 which must be
designed to destroy heavy organic oils and emulsions including chlorosolvents. This organic destruction
process will be discussed in a separate document. Following the washing operations the organic bearing
streams treated in the aqueous organic destruction unit can be expected to carry high levels of dissolved
and suspended inorganic materials.

References to waste treatment trains and unit operations identifications in this document are consistent
with those shown in Figure 1. Waste feed streams categories 1000 through 5000 are consistent with the
MWTP and the current DOE Treatability Guidance for Federal Facility Compliance Act activities.
References made to the waste sets 1 through 20 are as designated in the PEIS data set; these streams are
a sub set of the larger Mixed Waste Inventory Report Treatability Guidance set.

Receiving and sorting operations are similar to those in the PEIS base flowsheet. Incoming wastes are
sorted into matrix sets. The segregation criteria here may not be severe because all wastes will be size
reduced as necessary to enhance the organic removal by washing or extraction media. Unsorted wastes
will, however, tend to put severe dissolved and suspended solids loading into wash and extraction
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streams, e.g.. sludges and soils removed in debris washing. This preparation for washing puts a very
significant sized reduction requirement on the feed preparation module.

Train 100: Aqueous treatment depends heavily on waste water treatment processes. This line is also
used for recycled aqueous wastes that are generated within the facility. These recycled wastes include
evaporator condensate and decontamination solutions. After inspection, wastes are assigned to treatment
as required. The 1000 wastes stream set includes aqueous streams with up to 1% organic. Some of these
streams will contain no organic constituents. The objective of treatment processes in the 100 line is to
separate or destroy any regulated organic present and to concentrate and transfer to stabilization any
RCRA regulated inorganics and radio nuclides.

Pre treatment provides removal of suspended solids and neutralization if required before further
processing. Filtered solids are separated and sent to line 300 to be treated with similar process residues.
Regulated organics are destroyed by wet oxidation or other aqueous based organic destruction process.
Evaporation maybe applied to concentrate the dissolved solids before the residue is sent to the
stabilization process for final grouting. Some of the concentrated streams are too high in salt to make
acceptable grout. These salt streams will be dried and then stabilized with polymer.

Train 200: Conceptually very simple processing is provided for the 2000 organic fluid wastes. After
inspection, wastes are assigned to treatment as needed. Suspended solids are separated and sent to line
300 to be treated with similar process residues. When practical, water is separated and sent to the 100
line for processing. This will often contain low concentrations of organics. Organic destruction is done in
an aqueous based unit (370) designed to handle large quantities of suspended and dissolved solids.

Train 300: The processing in train 300 and beyond becomes somewhat more complex than has been the
case for the first two sets of fluid wastes. These processes must deal with organic and inorganic semi-
solid and adsorbed materials. The MWIR categories in this stream are:

3. organic particulates and sludges: this category may include any nonpourable organic: organic
sludges; organic sludges high in suspended inorganic; partially stabilized organics fluids adsorbed
on vermiculite or clay, or stabilized with calcium silicate; graphite chunks, scrapings, and
particulate; organic resins; organic materials below the size cutoff for debris.

4. inorganic particulates and sludges, this category may include any non pourable inorganic
sludges many will be high in water; particulates from grinding; organic oils and sludges adsorbed
on vermiculite or clay may be included in this category at some sites; soils; floor sweepings;

5. cemented solids, this category will include inorganic and organic sludges and particulates and
soils stabilized with portland cement; organics oils and sludges stabilized with calcium sulfate;
organics stabilized with calcium silicate; cemented debris; contaminated concrete; asphalt; and
may include bricks, cement blocks and debris

No single waste stream would contain all of the complete mix described above. Some of the sludge waste
contain vermiculite, portland cement, clays, gypsum or combinations of these and similar materials. It is
necessary to separate regulated organics from the inorganic matrix to allow destruction of the organic in
the aqueous organic destruction unit. Multiple counter-current washing steps may be necessary to reach
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the required contaminant levels. The washing process will remove soluble organic and inorganic materials
resulting in complex solutions of dissolved and suspended solids. Any stream may contain regulated
organics or regulated inorganics including mercury. It is not necessary to separate the organics from the
dissolved inorganics in the wash stream if the inorganics will not interfere with the organic destruction
process.

Sludge Washing

Sludge washing is accomplished in a two stage counter current process which includes solvent recycle
and the addition of chemical which may be required for extraction of adsorbed materials or the
dissolution of stabilized particulates and sludges. The process conceptualized here is heavily dependent
on the Carver Greenfield process described in reference 1.

"The Carver-Greenfield (C-G) Process is a patented drying and extraction process for treating
wastes such as contaminated soils and sludges, petroleum K-wastes, and spent drilling mud. The
primary purpose of the C-G process is to separate multiphase waste mixture into solids,
indigenous oils, and aqueous fractions."

The sludge washing process is illustrated in Figure 2. Sludge and paniculate wastes are delivered from
the receiving and sorting operations. These materials may also be separated from any of the other waste
treatment lines in the facility.

Following is a description of the process steps. Pumps, valves, controls and thermal requirements are
not provided at this level of detail. Size Reduction: All incoming wastes must be size reduced to allow
complete access of the solvents and chemicals to the contaminants. Streams 3 and 4 should only require
breakup of agglomerated materials. In these uncemented materials this should be as simple as screening
and low impact crushing or shredding. Stream 5 including cemented solids, contaminated concrete, and
asphalt will require heavier duty processing; this is achieved through crushing in a grizzly or a jaw
crusher then grinding in a ball mill. The first stage of blending for washing may be accomplished by
slurrying the ground material out of the ball mill in to the washer.

Slurry Washing 1st Stage: Washing operations start in the solids slurrying step. This will involve initial
blending of heated solvent, stream 17, with the waste, stream 1, to achieve dispersion followed by
continued agitation by mechanical agitators or recirculation of the
wash solution. This is operated in a batch mode due to the fact that wash time will be different for
different waste matrix and contaminant combinations. For adsorbed solids and cemented solids chemical
addition, stream 2, may be necessary to adequately breakdown the chemical structures that entrap
contaminants at sizes too small to be released easily by grinding operations. A treatability process
support function will be critical to the adequate operation and control of this process.

Evaporation. The solids and solvent stream from the washing operation is transferred to a moderate
temperature evaporation step. Here the objective is to remove as much light-volatile organics and water
as is practical without loss of the working solvent. The evaporated material, stream 4, goes to a
condenser where the condensate, stream 5, containing most of the removed organics is collected and
transferred to aqueous organic destruction. Depending on the organic concentration, this condensate may
be processed in operation 270 for low, less than 1%, organics or 370 for higher concentration streams.
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The off gas from the evaporator is filtered through a charcoal filter then goes to the facility vessel off-gas
system. Charcoal filters are either cleaned and recycled to process or sent to operation 310 for
processing as waste.

Centrifugation: Wet wastes, stream 7, still loaded with solvent but basically free of water and light
organics are transferred to the centrifuge. The removed solvent is sent to cleanup. This solvent has been
used for two stages of washing and carries all of the heavy organic from the sludges. Water soluble
inorganics are expected to have precipitated when the water is removed in the evaporation step and
remain with the washed sludge, stream 8, which is transferred to the second stage slurry washer.

1
Solvent cleanup: The spent solvent, stream 9, is transferred to the high temperature distillation column.
Here clean solvent is recovered from heavy organic sludge. To avoid carry over of hazardous organics,
the solvent will not be completely removed in the evaporator; some fraction of the solvent remains with
the sludge. The fraction solvent remaining with the sludge depends on the quantity of heavy organics
removed from the sludge. Distilled solvent is condensed; the off gas, stream 10, goes to the activated
carbon filter; cleaned solvent, stream 20, is combined with fresh solvent, stream 22, and introduced,
stream 23, into the second stage slurry/washing operation.

Slurry Washing 2nd Stage: The second stage washing operation combines the solids from the first
centrifuge with clean solvent to achieve complete removal of RCRA regulated organics from the sludge.
Here again sludge solids are slurried with the solvent. The slurry, stream 13, is transferred to the second
centrifuge where the used solvent, stream 17, is removed and transferred to first stage washing.

Solids Drying: The objective of the treatment at this point is to achieve delisting of the treated sludge for
organic constituents. Wet solids, stream 14, are transfer to a solids dryer where they are heated to
remove the last traces of the solvent. The solvent is not a RCRA hazardous organic, its removal is
however important to avoid interference with the grouting for stabilization of RCRA regulated inorganics
and radio nuclides. The evaporated solvent from solids drying, stream 18, will contain some of the
RCRA organic removed in the final washing step; this material is condensed, stream 15, and transferred
to solvent cleanup where it is combined with stream 9 before introduction into the distillation column.
Off-gas from the condenser, stream 16, is filtered through activated carbon and released to the plant off-
gas. The organic free dried solids, stream 19, is transferred to waste stabilization processing for grouting
into final form.

Train 400: This treatment train provides for sorting of debris from soils and transfer of the debris to the
500 line for processing as required. Provision is made for the soils to be washed for removal of organics
or to go directly to stabilization for grouting. Organic fluids or organic bearing sludges removed from the
soils streams are assigned to the appropriate treatment line for processing. It is expected that soils may
also occur in the process residues and debris waste streams. Where these can be removed mechanically
they will be segregated and transferred to the soil treatment line.

Soil Washing

Soil washing will be similar in complexity to sludge washing. Natural soil constituents, humus, clay,
organic plant materials, and sands will make complete removal of organic contaminants quite difficult.
Multiple step washings will probably be required; as with sludges, and cemented solids, complex
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solutions of dissolved and suspended solids will result from soil washing operations. The soil washing
process is shown in Figure 3. This process is developed from the soil washing work described in
reference 2 with some consideration from the sludge washing process. This process has been modified to
provide for two stage washing with the first stage directed towards removal of organics, a second stage
washing operation also could be used for organic removal if necessary. Because this operation is aqueous
based there is not the same advantage in a counter current process including recycling of solvent as is the
case of sludge washing process. Emphasis in the second stage is to achieve removal of RCRA regulated
inorganics and radio nuclides with the objective of releasing clean soils.

In cases where there is a small amount of soil to treat and a sludge washing facility is available, it may be
more practical to crush all of the soil to a relatively small size and then run the whole stream through the
sludge washing process.

Following is a description of the soil washing process. Pumps, valves, controls and thermal requirements
are not provided at this level of detail.

Screening: Incoming soils streams 1, 2, & 3 are combined into stream 4 and fed to screening. Screening is
used to separate the fine materials form the coarser fraction for more effective processing. The largest
sized fraction greater than 60mm, rock, removed in the first step screening before soil crushing is
undertaken, is sent to debris washing.
Generally in contaminated soils, metals and radio nuclides are found associated with the finer particles.
This process assumes that is the case for the organics also. The finer fraction from screening, stream 5,
goes to washing for organic removal. The coarser fraction, stream 12, goes to second stage for washing
and leaching of metals and radio nuclides low concentrations of organics also will be removed.
Mixing and Scrubbing: Soil fines, stream 5, are mixed with surfactant solutions, stream 6, the combined
stream, 7, is transferred to the agitation scrubber. The scrubber is agitated mechanically to improve
contact between the solution and the particles to ensure removal of all organics present. Following the
agitation-washing operation, the slurry, stream 8, is transferred to particle size separation.

Particle Size Separation: This operation is used to provide a further separation of fine soil particles. This
unit is operated with a slow flotation water stream, 14, which serves to separate the organic fraction and
the very finest particles, these are carried over, stream 9, to the oil-water separator. The coarser fraction
of the washed soil settles out and is removed as washed fines, stream 13; this material goes to second
stage washing and chemical leaching.

Oil Water Separation: The over flow stream from particle size separation, stream 9, is introduced to the
oil-water separator. Although the primary function of this operation is the separation of a concentrated
oily waste, stream 10, from the bulk of the aqueous stream, 11, the unit also allows a long enough
residence time to allow most of the fine paniculate to settle out. This fine, wet solids, stream 15, will
normally carry most of the metals and radio nuclide contaminants that were originally in the soil. This
wet solids is transferred to stabilization. The oily waste is transferred to organic liquids treatment for
destruction in unit 370. The aqueous steam goes to aqueous treatment for organic destruction in unit 270.

Depending on the conditions found in treatment of a specific soil in the washing process it may be most
practical at this point to sent the entire stream, 9, to the aqueous based organic destruction operation.
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This will have to be decided in treatability studies on a specific waste stream; this decision is subject to
change as the properties of a soil feed stream change.

Mixing and Scrubbing 2nd Stage: Washed soil fines, stream 13, are mixed with chemical leaching
solutions, stream 16, the combined stream, 17, is transferred to the second stage agitation scrubber. The
choice of dissolution or leaching solution will depend on the inorganics and radio-nuclides to be
removed. The scrubber is agitated mechanically to enhance contact between the solution and the particles
to enhance dissolution of all RCRA regulated metals and radio-nuclides present. Following the agitation
washing operation, the slurry, stream 18, is transferred to filtration.

Solids Removal: Soil particulate removal is accomplished in two steps. Scrubbed stream 18 is introduced
into the grit separator where the bulk of the soil is removed, stream 21. This step avoids over loading
the filters. The separator may be a settling tank or a hydroclone depending on the particle size
distribution and the throughput required. The grit separator overflow, stream 19, carrying the fine soil
particles slurry is fed to a filter for removal of all suspended solids present. The solids from the
separator and on the filter may be washed by resuspension and refiltering if required. The objective is for
these washed soil solids to be at least RCRA delistable for organics but preferably completely clean and
releasable. Wet solids from the settling tank, stream 21, and the filter, stream 22, go to stabilization
where they are either grouted for disposal or dried for discard. The filtrate and wash, stream 20, goes to
aqueous treatment.

Soil Washing Alternative Process

Some soils may have a high organic content requiring that all size fractions be washed for organic
removal. An alternative soil washing process based on two stage washing all of the soil stream is shown
in Figure 4.

Following is a description of the soil washing process. Pumps, valves, controls and thermal requirements
are not provided at this level of detail.

Screening: Incoming soils streams 1, 2, 3 are combined into stream 4 and fed to screening. Screening is
used to separate the fine materials form the coarser fraction for more effective processing. Generally in
contaminated soils, metals and radio nuclides are found associated with the finer particles. This process
assumes all particle sizes in the soil are contaminated with organics. The coarsest fraction is size reduced
for best washing performance. The size reduced material is combined with the finer fraction from
screening, the combined stream, 5, is transferred to mixing.

Mixing and Scrubbing: Soil fines, stream 5, are mixed with surfactant solutions, stream 6, the combined
stream, 7, is transferred to the second stage agitation scrubber. The scrubber is agitated mechanically to
improve contact between the solution and the particles to enhance removal of organics. Following the
agitation washing operation, the slurry, stream 8, is transferred to particle size separation.

Particle Size Separation: This operation is used to provide a further separation of fine soil particles. This
unit is operated with a slow stream, 14, of flotation water which serves to separate the organic fraction
and the very finest particles; these are carried over, stream 9, to the oil water separator. The coarser
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fraction of the washed soil settles out and is removed as washed fines, stream 13. This material goes to
second stage washing and chemical leaching.

Oil Water Separation. The over flow stream from particle size separation, stream 9, is introduced to the
oil-water separator. Although the primary function of this operation is the separation of a concentrated
oily waste, stream 10, from the bulk of the aqueous stream, 11, the unit also allows a long enough
residence time to allow most of the fine particulate to settle out. This fine, wet solids, stream 15, will
normally carry most of the metals and radio nuclide contaminants that were originally in the soil. These
wet solids are transferred to stabilization. For soils which are initially highly contaminated with
organic, these soil fines may still carry RCRA organic above the LDR limit. In that case, this material
would be transferred to sludge washing for further treatment. The oily waste is transferred to organic
liquids treatment for destruction in unit 370. The aqueous steam goes to aqueous treatment for organic
destruction in unit 270.

Depending on the conditions found in treatment of a specific soil in the washing process it may be most
practical at this point to sent the entire stream, 9, to the aqueous based organic destruction operation.
This will have to be decided in treatability studies on a specific waste stream; this decision is subject to
change as the properties of a soil feed stream change.

Mixing and Scrubbing 2nd Stage: Washed soil fines, stream 13, are mixed with chemical leaching
solutions, stream 16, the combined stream, 17, is transferred to the agitation scrubber. The choice of
dissolution or leaching solution will depend on the inorganics and radio-nuclides to be removed. The
scrubber is agitated mechanically to assure contact between the solution and the particles to enhance
dissolution of all RCRA regulated organic and metals and radio-nuclides present. Following the agitation
washing operation, the slurry, stream 18, is transferred to filtration.

Solids Removal: Soil particulate removal is accomplished in two steps. Scrubbed stream 18 is introduced
into the grit separator where the bulk of the soil is removed, stream 21. This step avoids over loading
the filters. The separator may be a settling tank or a hydroclone depending on the particle size
distribution and the throughput required. The grit separator overflow, stream 19, carrying the fine soil
particles slurry is fed to a filter for removal of all suspended solids present. The solids in the settling
tank and on the filter may be washed by resuspension and refiltering if required. The objective is for
these washed soil solids to be at least RCRA delistable for organics but preferably completely clean and
releasable. Wet solids from the settling tank, stream 21, and the filter, stream 22, go to stabilization
where they are either grouted for disposal or dried for discard. The filtrate and wash, stream 20, goes to
aqueous treatment.

Train 500: Debris processing provides options to separate and destroy only fluid organics; washing is
provided to remove organic fluid present in and on all debris matrices. Pretreatment includes sorting of
debris to segregate any sludges and soils for assignment to the appropriate treatment. All debris both
organic and inorganic is shredded to make it easier for solvents to access and remove organics. The
primary objective of organic removal is delisting the treated waste. At a minimum, removal will be to a
level such that the residual organic will not migrate or interfere with the grouting materials used to
produce the final form.
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Debris Washing

EPA approved hazardous debris washing technology is available. This technology will require
modification for use with DOE's complex and often heterogeneous mixtures of debris and will need to be
adapted to radioactive containment. The objective of debris washing is to achieve delisting of the washed
debris. To achieve the desired decontamination it will be necessary to expose all external and internal
surfaces to cleaning solutions. Extensive feed preparation will be required to assure the exposure of
debris surfaces to solvents for complete cleaning. For debris wastes that can not be completely cleaned,
the washing process will significantly decrease the risk from land disposal of the waste by reducing the
potential for remaining organics to migrate or to adversely impact the effectiveness of containment of the
grouted waste. If any debris cannot be washed sufficiently for delisting, final containment to meet RCRA
LDR rules will be achieved by combination of micro and macro encapsulation.

Following is a description of the debris washing process. Pumps, valves, controls, and process
conditions are not described at this level of detail.

Introduction: The Debris Washing process is shown in Figure 5. This process provides for segregating
and handling debris in three broad categories. The first category, flat or open debris, is represented by
cell windows, cutup gloveboxes, and containers and tanks; the second category, complex shaped debris,
includes such materials as pipe and valves, equipment, and glassware; the third category is soft debris:
cloth, paper, rubber, and plastics.

The high pressure washing steps in this process (described in references 3 and 4) was developed and
demonstrated by IT Corporation on metal debris only. That process will be most directly applicable to
the open or flat debris and as a preliminary or partial treatment of complex shaped debris. The process
discussed below is far more complicated than is the basic IT debris treatment process because of
provisions made for more complex debris including equipment and process piping and the different
handling that will be necessary for soft debris.

Debris Cutting and Sizing: Debris will be delivered to the process from receiving and sorting. This debris
will have come into the facility as 5000 waste streams or will have been removed from the other waste
matrix categories in the sorting operation. Some waste containers and plant process equipment will also
be discarded as debris. Waste from all sources in the facility will be size reduced as needed for washing.
This step provides for cutting debris to expose internal services to the washing solutions and reducing
oversized debris to pieces that will fit into the washing vessels.

Size reduction method used for the waste is dictated by the nature of the debris and the subsequent
washing processes. Different handling will be required for hard and soft debris each operation must be
conducted to prevent micro encapsulation of the contaminants by crushing or crimping in the size
reduction process. Debris such as glove boxes and containers are cut apart into more or less flat segments
by abrasive or laser saws to avoid crimped edges that are formed by shearing.

Metallic complex shaped debris will also be cut with abrasive or laser saws to avoid crimped edges.
Glass is crushed.
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Soft debris is chopped or sheared to small enough sizes to assure exposure of all surfaces during agitation
washing.

First Stage Washing. High Pressure Spray Washing: For the first two categories of debris, the first
washing step is high pressure spraying to remove any scale, soil, sludge or other loosely adhering
materials. Cut up waste, streams 5a & 5b, are handled for the washing and rinsing steps in a basket
which is designed to be moved through the cleaning steps. The spray solution, stream 10, contains
surfactants, stream 9, to aid in suspension of fines particulates and organic materials to avoid
redeposition on the debris. In debris with soils, sludges, or highly corroded metals, the recycle wash
solution, stream 11, may contain a very large quantity of suspended and dissolved material. Treatability
studies in support of the process will be necessary to define the most effective combinations of
surfactants and pressure conditions for the spray-wash operation. The spray scrubbed waste, streams 6a
& 6b, are transferred to second stage washing. Wash solution, stream 11, returns to the spray solution
hold tank.

Agitation Washing: High pressure spray can be expected to compact paper, cardboard, and some cloth
which will increase the difficulty of decontaminating of the debris. Soft debris, stream 5c, will be washed
in surfactant bearing solution, stream 10, by vigorous agitation at lower temperature. Recycle wash,
stream 11, will contain dissolved organics and inorganics as well as suspended particulate. Washed soft
debris, stream 6c, is transferred to second stage washing.

Second Stage Washing: High Pressure Spray Washing: The first stage spray-scrubbed debris is
transferred to a second stage washing tank. Two stage washing allows a change in the operating mode in
the second chamber. In a completely integrated facility this second stage will consist of several options.
For flat or open debris the second stage is again high pressure solution spraying. Fresh wash solution
with surfactant, stream 12, is used in the high pressure cleaning step. Cleaned debris, stream 7a, is
transferred to the rinsing step. Used spray solution, stream 13, returns to the second stage solution hold
tank.

Super Critical CO2 Cleaning: Complex shaped debris, stream 6b, has been partially opened up in the
cutting operation. Large pieces of scale, sludge, and soil will have been removed in the first step by high
pressure washing. The debris which cannot be adequately cleaned by direct high pressure spraying is
cleaned in super critical CO2. Carbon dioxide is heated and pressurized to the super critical phase. The
super critical fluid contacts all internal and external surfaces of the complex debris, organics are dissolved
removing some of the inorganic contaminants as well. Treatability testing support will be critical to the
successful cleaning of debris in this process.

Agitation Washing: A third processing option is also provided at this stage. Soft debris, stream 6c, will
be again be washed with the surfactant bearing wash solution, stream 12, by vigorous agitation at lower
temperature. Washed debris, stream 7c, is transferred to rinsing operation. Used wash solution, stream
13, is returned to the second stage solution hold tank.

An alternative process option at this point is to totally dissolve paper and cardboard and then destroy
the cellulosics along with the RCRA organics in aqueous based organic destruction.
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Rinsing: All three categories of wastes are rinsed in the same or equivalent step. Still in the appropriate
handling baskets, the debris is placed in the rinsing tank(s) where it is contacted with clean rinse water,
stream 16, until the rinse water return, stream 17, shows the debris is adequately cleaned. Washed and
rinsed debris, stream 8, is transferred to stabilization.

Solution Cleaning Support Operations: The washing and rinsing streams require continuous cleaning.
Used solution, stream 18, from the first stage wash solution holding tank will be highly loaded with
suspended solids. All scale, soil, and particulate removed in the first high pressure step will be swept out
of the hold tank into this stream. The grit settling tank is provided for removal by gravitation of the
larger sizes and much of the smaller sized particulate.

The partially cleaned stream, 18, is then transferred to the grit filter where most of the remaining
particulate is removed. Filtered solution, stream 19, is transferred to the oil-water separator for the
removal of insoluble organics. During the oil-water separation process some fine particulate is settled
out; this particulate is removed, stream 22, and sent to process residue treatment. An oily-waste, stream
23, is removed from the top of the oil water separator and assigned to organic liquid treatment. Cleaned
water, stream 24, from oil-water separation is returned to the wash hold tank. A side stream, 25, is
removed from this cleaned solution and discharged through an activated carbon filter. This stream
provides removal of soluble inorganic and organics to prevents build up in the recycled solution. The side
stream out of activated carbon, 26, is sent to ion exchange for complete cleaning before discharge or
recycle in the process.

Cleaning of the second stage aqueous wash solution is conducted in manner similar to the first stage
except the special steps for removal of large quantities of particulate are not provided. Used wash
solution, stream 28, is transferred to the oil-water separator for the removal of insoluble organics. During
the oil-water separation process some fine particulate is settled out; this particulate is removed, stream
31, and sent to process residue treatment. An oily-waste, stream 30, is removed from the top of the oil
water separator and assigned to organic fluid treatment. Cleaned water, stream 29, from oil-water
separation is returned to the wash hold tank. A side stream, 32, is removed from this cleaned solution
and discharged through an activated carbon filter. This provides removal of soluble inorganics and
organics and prevents build up in the recycled solution. The side stream out of activated carbon, 33, is
sent to ion exchange for complete cleaning for discharge or recycle in the process.

Cleaning Carbon Dioxide: The supercritical carbon dioxide return stream is allowed to expand in the
separator vessel; dissolved organic and inorganic constituents separate and settle out in the separator
vessel to be removed as oily wastes, stream 35. These are assigned to organic fluid waste treatment. In
some cases these wastes may be sludges rather than fluids and would be assigned to treatment
accordingly.

Rinse Water Cleaning and Recycle: The final cleaning of debris in all of these processes depends on
thorough rinsing in clean rinse water. The rinse water is cleaned by filtration, activated carbon, and
finally ion exchange. Discharge rinse water, stream 36, is passed through a particulate filter. Very little
particulate is expected at this point. This filter serves to protect and avoid plugging of the carbon filter.
Activated carbon filtration will remove any trace organics in the filtered rinse solution, stream 37. The
outlet of carbon filtration, stream 40, is combined with streams 26 and 33 from cleaning the discard
washing solutions. Those streams have also been cleaned by activate carbon filtration. The combined
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stream, 41, is treated by ion exchange to remove metals and radio nuclides. The final cleaned water
stream is recycled in the debris washings unit operations, stream, 43 or sent to recycle in other plant
processes, stream 44

Secondary Treatment: Periodically the grit filter , streams 21 & 38, and the activated carbon filters,
streams 27, 34, & 39, are transferred to process residues for recovery or discard.

Periodically the ion exchange medium, stream 42, is sent to process residues for disposal.

Pelletizing of the treated debris is provide as an option for sites with enough debris to justify the cost
and effort involved in super compaction-pelletizing operation. Some debris may be decontaminated by
washing or chemical extraction processes to a level adequate for delisting. Final wastes are all stabilized
in grout excerpt for a small fraction of salt wastes that remain too high in salt to be grouted satisfactorily.
These salts are stabilized in polymer.
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