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SESSION VI
WASTE TREATMENT
INTRODUCTION
William H. Pechin, Chairman
Oak Ridge National Laboratory

Good afternoon, I am Bill Pechin and I will be your session chairman
for the Waste Treatment papers this afternoon. We have an interesting mix
of papers today: one on solidification techniques* for solid wastes, one on
several specific projects at EPRI, one on waste incineration, a paper on
modeling, and finally, a paper describing a new waste treatment system that
is being installed at West Valley.
I also want to remind you that there are summary papers for this
session on waste reduction, waste characterization, stabilization of mixed
waste, and greater confinement disposal. These are available at the back of
the room.
Ed Jennrich has identified some session issues that he would like
for us to consider in our discussion period. Ed would like for the
discussion to focus on: (1) how well does the technology perform, (2) how
is the system performance improved, (3) what technology is required to place
this (technology) in operation, (4) what are the expected cost/benefits of
such waste treatment technologies, and (5) which wastes require treatment so
disposal may be accomplished.
We will take some time at the end of each paper for questions on
that particular paper and then try to focus the general discussion at the
end of the session on the issues that Ed has identified.

SOLIDIFICATION OF DOE PROBLEM WASTES
E.M. Franz, J.H. Heiser III, and P. Colombo
Brookhaven National Laboratory
Upton, New York 11973

ABSTRACT
Sodium nitrate waste has been successfully solidified
in two types of polymeric materials: polyethylene, a thermoplastic material, and polyester styrene (PES), a thermosetting material. Waste form property evaluation tests
such as ANS 16.1 leaching test and compressive strength
measurements were performed on the waste forms containing
various amounts of sodium nitrate. A single-screw extruder
was employed for incorporating dry waste into polyethylene
at its melt temperature of 120°C to produce a homogenous
mixture. Results of the leaching test for polyethylene
waste forms containing 30, 50, 60 and 70 wt% sodium nitrate
are presented as cumulative fraction leached and leaching
indices ranging from 11 to 7.8. Two PES systems are discussed. The f i r s t is for solidification of dry salt
wastes and the second is a water extendible system that is
compatible with wet waste streams. Leaching data for PES
and water extendible PES waste forms containing 30 wt%
sodium nitrate are presented as cumulative fraction leached
and leaching indices of approximately 9. Results from corapressive strength measurements are also included.

INTRODUCTION
Many low-level radioactive wastes (LLW) generated at DOE f a c i l i t i e s
are routinely treated and/or immobilized prior to disposal by means of
conventional techniques. A significant fraction of DOE defense wastes,
however, either are incompatible with conventional solidification agents
in their as-generated form, are solidified with poor efficiencies or form
s o l i d i f i e d products with poor performance properties in the disposal environment. Based on information obtained at various DOE waste producing
sites and from the DOE Ad Hoc Contractors Committee1*2, sodium nitrate
waste falls into this category. Because of the high volume of nitrate
waste being produced and stored at DOE f a c i l i t i e s and the more stringent
restrictions being placed on the amount of nitrates allowed into the
ground by several states, alternative options for the solidification

of nitrate wastes are being investigated. Two of these options, the use
of polyethylene and polyester-styrene (PES) as s o l i d i f i c a t i o n agents, w i l l
be discussed in this paper.
The selection of polyethylene and PES was based on such considerations as compatibility with waste, material properties (resistance to
water permeability), s o l i d i f i c a t i o n efficiency, ease of processibility,
a v a i l a b i l i t y of materials and economic f e a s i b i l i t y .
SOLIDIFICATION OF SODIUM NITRATE WASTE IN POLYETHYLENE
Polyethylene
Polyethylene is an inert thermoplastic organic polymer of c r y s t a l line-amorphous structure that s o l i d i f i e s upon cooling from the melt w i t h out dependence on complex chemical reactions. A variety of polyethylenes
are commercially available, ranging from soft waxes to very tough plast i c s . The American Society for testing and Materials (ASTM) grades polyethylene into three types: low, medium and high with respective density
ranges of 0.910 to 0.925, 0.926 to 0.940, and 0941 to 0.965 g/cm3.
In addition to density, other factors which affect polyethylene properties include molecular weight, molecular weight distribution and melt
index. The melt index is probably the most important consideration since
i t determines the ease with which the molten polyethylene flows under prescribed conditions of temperature and pressure. The melt index, as specified by ASTM D-1238, is a measure of the viscosity of the melt at 190°C
and is expressed in units of grams/10 minutes. Low-density polyethylene
is preferred for the s o l i d i f i c a t i o n of low-level radioactive waste since
the processing temperatures and pressures are appreciably lower than those
required for high-density polyethylene. 3 >4 A low processing temperature
is more desirable not only for economic reasons, but also for ease of proc e s s i b i l i t y and prevention of v o l a t i l i z a t i o n and/or decomposition of the
waste components.
Formulation and Process Development Studies

Process development studies were conducted with a variety of low-dens i t y polyethylenes having densities between 0.917 and 0.924 g/cm 3 , melt
indices between 2.0 and 55.0 g/10 min, and molecular weights between
19,000 and 70,000.3>^ Based on a balance between achievable waste loadings, processing requirements and the results of waste form performance
t e s t s , the polyethylene found to be best suited for the s o l i d i f i c a t i o n of
sodium nitrate waste has a density of 0.924 g/cm3 and a melt index ranging
from 35 to 55 g/10 min.

For the incorporation of the waste into the polyethylene an extrusion
method was selected based on such considerations as ease of processibility, quality control and the use of a proven available technology. The
extrusion process employs a simultaneous mixing and heating of the waste
and binder material to produce a homogeneous mixture.
For the production of laboratory-scale polyethylene waste forms, a
commercially available 1-1/4 inch single-screw extruder, manufactured by
Killion Extruders, Inc., Verona, NJ was used. The extruder was modified
to accommodate a dynamic feed system consisting of two proportional hoppers to eliminate static premixing and gravity feeding of waste and binder
materials into the extruder. These feeders improved the homogeneity of
the product by closely regulating the rate at which both, waste and
binder, are introduced into the extruder. A photo of the extruder is
shown in Figure 1. Since the laboratory scale extruder was not equipped
with vents to allow water vapor to escape, all waste materials were dried
to facilitate mixing with polyethylene, which is not miscible with water.
The process is described in more detail in References 3, 4, and 5.
Dry sodium nitrate (NaNOa) was used to simulate the waste for most of
the process development work and waste form testing. Two other types of
simulated waste, one with the chemical composition of Savannah River Laboratory (SRL) nitrate waste and the other with the chemical composition of
Rocky Flats Plant (RFP) nitrate waste, were used to determine whether the
various chemical components present in actual waste, in particular sodium
nitrate, potassium nitrate, and sodium nitrite, could result in chemical
instability when combined with organic solidification agents such as polyethylene and PES at elevated processing temperatures. Since the hazard
potential of chemical compounds can be assessed by their thermal behavior,
a differential scanning calorimeter (DSC) was used to characterize the
thermal behavior of the waste components, individually and in combination
with the solidification agents.
Some of the results of the experiments using the DSC up to 400°C are
shown in Figures 2 and 3. In the thermal profiles thus obtained, the only
peaks which were observed were at the melting points of the various compounds, depicting endothermic reactions. The absence of peaks representing exothermic reactions indicates the stability of the polymer/waste mixtures over a range of temperatures to 400°C.
Laboratory size samples containing 30, 50, 60 and 70 wt% sodium
nitrate were prepared for product testing and evaluation. The homogeneous
extruded mixtures were solidified in cylindrical molds, yielding samples
which measured approximately 4.3 cm in diameter and 9.0 cm in height.
Waste Form Stability Evaluation
Testing
The stability of a waste form is an important factor in controlling
the release of NaN0 3 waste into the environment. A series of waste form

Figure 1.

Photograph of laboratory-scale single-screw extruder with dual
hopper/feeders.
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Figure 2. Differential Scanning Calorimeter (DSC)
Thermograms of: NaNOV, polyethylene;
mixture of NaNO, and polyethylene.

200

300

400

TEMPERATURE C*

Figure 3. Differential Scanning of Calorimeter (DSC)
Thermograms of: NaN0 2 ; polyethylene;
mixture of NaNCL and polyethylene.

evaluation tests were suggested in NRC's Branch Technical Position Paper
on Waste Form 6 in support of 10 CFR 61.
Two of these tests, 90-day immersion in water and ANS 16.1 Leach Test7,were used in this study to evaluate
the polyethylene/NaN03 waste forms. In addition, to evaluate the compressive yield strength of the waste forms, the method outlined in ASTM 0-695,
"Standard Test Method for Compressive Properties of Rigid Plastics," was
used.
Results
The leaching data for NaN03 from r e p l i c a t e sets of polyethylene waste
forms was calculated in terms of the cumulative f r a c t i o n leached (CFL),
the leach rates at 90 days of leaching and the leaching indices.
The CFL is presented graphically as a function
days) and is shown in Figure 4. The data in Figure
the dependence of l e a c h a b i l i t y upon increased waste
and 70 wt% NaN03. The average CFL at the end of 90
N.A. % and 73.4%, respectively.

of leaching time ( i n
4 c l e a r l y demonstrate
loadings of 30, 50, 60
days is 0.9%, 6.3«,

The leach rate at 90 days of leaching is shown i n Table 1 as rate per
second and rate per day. The values are averages of data from r e p l i c a t e
samples and range from 7 . 2 x l 0 " 5 day" 1 t o S^xlO" 1 * d a y 1 f o r 30 wt% t o 70
wt% waste loading, respectively.
The leaching indices were calculated as recommended i n the ANS 16.1
method. This index is a dimensionless f i g u r e of merit which quantifies
the r e l a t i v e l e a c h a b i l i t y f o r a given waste t y p e - s o l i d i f i c a t i o n agent.
It
can thus be used as a basis for comparison of the various waste component
retention c a p a b i l i t i e s of d i f f e r e n t s o l i d i f i c a t i o n matrix-waste type combinations.
Average leaching indices were calculated f o r each of the r e p l i c a t e
sets of polyethylene waste forms which had been leached. An average of
the leaching indices of replicate samples is l i s t e d i n Table 2. Since the
leaching index is inversely proportional t o e f f e c t i v e d i f f u s i v i t y , higher
index values represent reduced l e a c h a b i l i t y .
TABLE 1 .

NaN03 LEACHING RATES FROM POLYETHYLENE WASTE FORMS

NaN0 3 Loading
CwtX)
30
50
60
70

Leach Rate at 90 Days
sec" 1
day- 1

1
i

8.4x10- 10
6.0x10" 9
N.A.
9.8x10" 9

N.A. = data not available at this time.

7.3xlO-5
5.2x10-"
N.A.
8.5x10" *»
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TABLE 2. AVERAGE NaN0 3 LEACHING INDICES FOR POLYETHYLENE WASTE FORMS
Waste Loading
NaN0 3 (wt%)

Average Leaching Index

30
50
60
70

11.1
9.7
9.1*
7.8

The compressive y i e l d strength of polyethylene waste form containing
various amounts of NaN03 waste were measured before and a f t e r 90-day immersion in deionized water. These results are presented i n Table 3. Even
the waste forms with highest waste loadings (70 wt% NaN03) retained a high
compressive y i e l d strength of 720 p s i .
TABLE 3.

COMPRESSIVE YIELD STRENGTHS OF POLYETHYLENE WASTE FORMS
CONTAINING SODIUM NITRATE WASTE
Compressive Yield Strength (psi)

Waste Loading
wt% NaN03
30
50
60
70

Before

After 90 Days Immersion

2370 +_ 280
1920 +_ 160
2200 +. 70
N.A.

2290
1720 + 40
N.A.
720

SOLIDIFICATION OF SODIUM NITRATE WASTE IN POLYESTER-STYRENE
Poiyester-Styrene
The essential ingredients in commercial unsaturated polyester resins
are a linear polyester resin, a cross-linking monomer, such as styrene,
and inhibitors to retard cross-linking u n t i l the resin is ready for use.
The process of converting polyester resins from the l i q u i d to the s o l i d
involves a catalyst promoted chemical reaction between the polyester resin
and the monomer in which the polyester is dissolved, to form a cross-linked, thermoset polymer. Once a thermoset material is formed the plastic
*Based on 20 days of leaching.
N.A. - data not available at this time.

cannot be reformed or remelted as in the case of thermoplastic materials.
In these studies a promoter was used for curing the resin mixture at room
temperature.
Formulation and Process Development Studies
Several types of commercially available polyester-based thermosetting
resins were investigated. Two basic types which were used in these
studies are polyester-styrene (PES) resins which can be used to solidify
dry wastes and those which can be used to immobilize aqueous waste by
forming an emulsion with the water in the waste. The latter type is called a water extendible polyester (WEP) and is usually capable of immobilizing either dry or wet (slurries, solutions) wastes. The physical and
chemical form of the waste, other site specific factors and economics
determine which of these two types of polyester resins are to be used in a
specific solidification process.
For process development work, dry sodium nitrate was used to simulate
nitrate salt waste. Slurries and solutions of the salt were prepared to
simulate wet wastes. As discussed earlier in the polyethylene section,
two other types of simulated waste (with the chemical composition of SRL
and RFP waste) were used in experiments to determine the hazard potential
of some of the compounds when combined with organic solidification agents
at elevated processing temperatures. Examples of the thermal profiles
obtained using the DSC at temperatures up to 400°C are shown in Figures 5
and 6. No exothermic reactions were observed.
The polyester-styrene resin used to solidify dry salt waste was promoted with dimethyl aniline. The catalyst was benzoyl peroxide. Laboratory scale samples (4.6 cm diameter x 9.0 cm length) were prepared containing 33 wt% sodium nitrate, 4.7 wt% thixotropic agent, 0.38% promoter,
and 1% catalyst. In the process which involved the solidification of dry
salt or salt slurries, a thixotropic agent was added to increase the viscosity of the mixture to keep the waste salt dispersed during curing.
Water extendible polyester resins obtained from two different manufacturers (A and B) were used to solidify NaN0 3 slurries and solutions.
Both resins were promoted with cobalt napthenate and methyl ethyl ketone
peroxide (MEKP) was used as the catalyst (1%). Laboratory-scale samples
(4.6 cm diameter x 9.0 cm length) containing salt slurry waste had 27 wt%
and 25 wt% sodium nitrate in WEP resin A and WEP resin B, respectively.
Samples containing salt solutions had 28 wt% sodium nitrate in both types
of resins. Resins used for salt slurries also contained 7-8 wt% (- 4
wt% of the total waste form) thixotropic additives. The resin and waste
were mixed together with a laboratory-scale high-shear mixer. The catalyst MEKP was added to the mixture during mixing.
Table 4 summarizes the various resin/waste/additive combinations and
the relative amounts of each used in this study for the solidification of

10

A

KEY
Poly«»t«r-Styr«n«

B

NmNO £

KEY
A Po I y««fc«r-Styr«n«
(1)1
B N»N0,
C P o l y « « t « r - S t y r « n « + N»N03
( t ) n . p . of N*NO,
U

(1)

C Po!y«»t«r~Styr«n«
( 1 ) m.p. of N«N02
( 2 ) c r y » t « » l ferana.
o f NmNOz

LU
X
1—

o
Q
Z
UJ

o
I—I

a:
UJ

o
X
UJ

100

200
TEMPERATURE

300

400

100

C

Figure 5. Differential Scanning Calorimeter (DSC)
Thermograms of: NaNO,; polyester-styrene;
mixture of NaNO, and polyester-styrene.

200

300

400

TEMPERATURE C"

Figure 6.
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TABLE 4. FORMULATIONS FOR SOLIDIFICATION OF NaNO3 WASTE IN POLYESTER-STYRENE

NaN03 WASTE
WATER
WT %

RESIN
TYPE

WT %

NaNO,
WT %

POLYESTER STYRENE

62.7

31.3

-

WATER EXTENDIBLE
POLYESTER STYRENE
TYPE A

35.4

28.3

WATER EXTENDIBLE
POLYESTER STYRENE
TYPE B

35.6

WATER EXTENDIBLE
POLYESTER STYRENE
TYPE A
WATER EXTENDIBLE
POLYESTER STYRENE
TYPE B

THIXOTROPIC
CATAYLST
MATERIAL
(Initiator)
WT%
TYPE
WT %
4.7

PROMOTER*
(Accelerator)
TYPE

WT %

BENZOYL
0.94
PEROXIDE (BFF-50)

DIMETHYLANILINE
(DMA)

0.38

35.4

MEKP**

0.5

COBALT
NAPHTENATE
(CoN)

0.35

28.5

35.6

MEKP

0.36

CoN

61.5

27.4

5.5

4.4

MEKP

0.6

CoN

55.7

24.9

14.9

4.0

MEKP

0.5

CoN

•Additions to as-received resins.
**Methyl Ethyl Ketone Peroxide.

0.6

nitrate waste. Since many of the resins already contain promoters when
received from the manufacturer, the amount of promoter listed in Table 4
refers to the additional amount that was added during formulation studies.
Waste Form Stability Evaluation
Testing
The same tests that were performed on polyethylene/NaN03 samples were
also used to evaluate the stability of PES/NaN0 3 and WEP/NaNO 3 samples.
These three tests are: a 90-day immersion in water, the ANS 16.1 Leach
Test and a compressive yield strength measurement according to ASTM D-695.
Results
The leaching data for PES and WEP waste forms is presented as CFL,
the leach rate at 90 days of leaching and the average leaching indices.
In Figure 7 the CFL is plotted as a function of leaching time (in
days). As can be seen from these leaching curves, all of the waste forms
have similar leaching characteristics, whether the waste they contain was
incorporated as a dry salt, salt slurry or salt solution. The CFL at2 the
end of 90
days of leaching for these waste forms range between 9x10" and
1.8X10"1.
The leach rate at 90 days of leaching and the average leaching
indices, calculated according to the ANS 16.1 method, are also \/dry
similar for all of the waste forms tested.
The data is presented in Table
5. The leach rates range between 7.3X10"1* and 1.6x10"3 d a y 1 and the
average leaching indices between 8.9 and 9.3.
TABLE 5. AVERAGE NaN0 3 LEACHING INDICES AND LEACHING RATE
Leachingi Rate
at 90 days

Loading
(wt%)

Average
Leaching Index

Resin
Type

Waste
NaN03

PES

33 (dry)

1.8xlO" 8

1.6xlO- 3

9.2

WEP-A

25 (as slurry)

8.6x10- 9 *

7.4x10" *•*

9.3*

WEP-B

27 (as slurry)

1.4xlO" 8

1.2xlO- 3

9.1

WEP-A

28 (as solution)

1.3x10" 8 *

l.lxlO- 3

8.9*

WEP-B

28 (as solution)

8.4xlO"9

7.3x10-*

9.3

s e c " 1 1 day" 1

*Data represents only 47 days of leaching.
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The compressive y i e l d s t r e n g t h of PES and WEP waste
a p p r o x i m a t e l y 30 wt% NaN03 waste was measured before and
immersion i n deionized w a t e r . The r e s u l t s are presented
t h e lowest value measured a f t e r immersion was r e l a t i v e l y

TABLE 6 .

forms c o n t a i n i n g
a f t e r 90-day
i n Table 6 . Even
high a t 1300 p s i .

COMPRESSIVE YIELD STRENGTHS OF POLYESTER-STYRENE WASTE FORMS

Compressive Yield Strength (psi)
Resin
Type

Wt% NaN03

PES

Before

After 90 Days Immersion

33 (dry)

7730 ± 490

7540

WEP-A

25 (as s l u r r y )

3180 ± 130

2744

WEP-B

27 (as s l u r r y )

5420 ± 40

1300

WEP-A

28 (as solution)

2440 ± 130

2125

WEP-B

28 (as solution)

2400 ± 40

1930

CONCLUSIONS

The work described i n t h i s paper demonstrates t h e f e a s i b i l i t y o f
polyethylene and polyester-styrene as potential s o l i d i f i c a t i o n agents for
sodium nitrate waste.
Both materials demonstrated good leaching characteristics and high
compressive y i e l d strength. High loading efficiencies (up to 70 wt%) are
shown for polyethylene. To date, waste loading studies have not been
completed in the case of polyester-sty rene above 33 wt% loading.
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EPRI WASTE PROCESSING PROJECTS
Robert A. Shaw
Electric Power Research Institute

INTRODUCTION
The Electric Power Research Institute (EPRI) manages research for its
sponsoring electric utilities in the United States. Research in the area
of low level radioactive waste (LLRW) from light water reactors focuses
primarily on waste processing within the nuclear power plants, monitoring
of the waste packages* and assessments of disposal technologies. Accompanying these areas and complimentary to them is thr: determination and
evaluation of the sources of nuclear power plants radioactive waste. This
paper will focus on source characterization of nuclear power plant waste,
LLRW processing within nuclear power plants, and the monitoring of these
wastes. EPRI's work in waste disposal technology is described 1n another
paper in this proceeding by the same author.
SOURCE CHARACTERIZATION
The term "LLRW source characterization" can mean different things to
different people. In some cases, it will refer to the radioactive source
present in various waste streams within the power plant, such as laundry
drains or resins. It could also refer to the wastes present after they
have been processed, such as dry active wastes or wet wastes. A third
characterization considers the form of the waste shipment.
EPRI sponsored a survey to determine the waste volume sources and
radiological characteristics of these wastes during the period 1978
through 1981 (1). We are now in the process of conducting an update of
that survey so as to (1) summarize new volume minimization techniques and
their effect on the wastes; (2) document relative volumes of class A, B
and C wastes shipped from nuclear power plants; (3) summarize plant liquid
effluent releases; (4) document both the volumes and the characteristics
of irradiated components either shipped by or present at nuclear power
plants; (5) analyze correlations and trends in LLRW generated; and (6) to
develop a waste trending and tracking spreadsheet which would be available
on a PC and which could be accessed by modem.
This survey update is presently underway. Some preliminary results
are available and are presented here. The response has been quite incredible with approximately 95% of all PWRs who have operated more than one
full power year responding, and over 96X of BWRs who have operated similarly responding. The results compiled so far indicate that the total
waste generation for PWRs over the period 1981 to 1985 shows a median of
approximately 11,000 cubic feet per plant per year. Corresponding median
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for BWRs is 26,000 cubic feet per plant per year. As in the previous
survey, BWRs continue to show about twice as much waste generated as for
the PWRs.
The trends in BWR waste generation are shown in Figure 1 on a
calendar year basis. The bar drawn at 18,400 cubic feet on Figure 1 is
the limit specified for those plants who are in an unsited region for
waste disposal by the year 1990. Below it are indicated INPO targets
which are 1056 less than this particular value. This figure shows that the
BWRs after reducing their waste generation in the early '80's came Into an
unchanging period from '83 through '85. I believe this indicates that
despite improvements in volume reduction techniques, the BWRs experienced
significant maintenance projects especially with regard to pipe replacement, which probably significantly influenced the nature of the trends.
Figure 2 shows the component of this total waste generation that was dry
active waste. The trend here is a regular decrease throughout the
'80•s. Figure 3 shows the amount of wet waste generated which relatively
unchanged over the eight-year period of the survey.
The waste generated for PWRs continues to decrease. In Table 1 the
averages are shown for PWRs that are common to both the previous and the
current survey. It shows approximately 50# reduction in the averages
between 1981 and 1985 surveys.
BWR LLRW PROCESSING
The results presented above indicate that there is need in BWRs for
reduction in wet waste generation. Consequently, we initiated and have
underway a project on improving the performance of filter demineralizers,
i.e., powdered resin systems, in BWR radwaste. Our objective was to see
if we could increase the capacity of these filter demineralizer systems
for radioisotopes. Frequently filter demineralizers are expended due to
either chemical exhaustion from absorbing a particular chemical species
such as sodium or sulfate or by pressure drop as a result of particulates.
Since the primary aim of these systems is to remove radiioisotopes, this
project focuses on improving the efficiency for removal of these species.
The starting point was to survey the industry for performance data on
such systems. Following this, we executed lab-scale screening tests for
various additives that may improve the performance of these systems,
having first identified appropriate additives. We then proceeded to execute in-plant large-scale testing of these additives with filter demineralizer systems. Two of the earliest tests were conducted at Pennsylvania
Power & Light's Susquehanna plant and at Mississippi Power & Light's Grand
Gulf plant. At Susquehanna, where the average total dissolved solids of
the waste stream was 45 ppm, the precoat material was modified and a bodyfeed of absorbing material was added to the waste stream. This resulted
in the filter performance almost doubling from a little over 10,000
gallons per cubic foot of resin material to 22,000 gallons. The latter
case, of course, used more resin material due to the added precoat and the
bodyfeed. The resultant improvement in run length for resin beds was from
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93,000 gallons to 303,000 gallons. At Susquehanna the cost of disposing
of a cubic foot of waste is a little over $200. This comes from considering on-plant processing costs including resin materials, dewatering and
solidification, transportation costs, and burial costs. The changes Instituted with this filtration system and the benefits gained from 1t in
run length, calculate to a cost savings of over $300,000 per year for
Susquehanna.
A similar test at Grand Gulf showed an improvement in filter performance from 1600 gallons per cubic foot to 12,000 gallons per cubic foot,
resulting is a cost savings for this plant estimated to be over $1,000,000
per year.
With costs escalating for the disposal of wastes from nuclear power
plants, and volume allotments restricting the waste that each utility can
ship to a burial site, reduction in the volume of wastes that are produced
on site such as demonstrated in the above two examples can be very significant for BWRs in particular. Each waste stream must be tested appropriately to determine the additive or additives which will be effective 1n
Improving filter performance. Certainly these tests show that the performance improvements can be very substantial.
LLRW MONITORING
With the implementation of 10CFR61, approximately three and one-half
years ago, utilities became concerned about a number of issues associated
with this new regulation. These included how to carry out sampling in a
representative fashion without excessive radiation exposure, developing
appropriate laboratory analytical capabilities either on site or through a
contractor, satisfying waste form requirements, and the total costs of
compliance with 10CRF61. Since its implementation, these concerns have
proved valid and as a result, studies have been undertaken to assess some
of these concerns by EPRI, AIF, and the Utility Nuclear Waste Management
Group of the EEI.
Illustrative of EPRI's effort is a project to evaluate the direct
assay of heavily loaded resins. Since these resins are heavily loaded
with radioisotopes, small samples are generally withdrawn for
radiochemical analyses in order to avoid high radiation doses. The
smaller the sample, the higher the risk of the sample not being representative of the total waste package. Such waste packages, however, can be
detected through gamma spectroscopy as a total waste package. These detections can then be used to calculate the homogeneous source within the
waste package that will be necessary in order to give the count rates
which are determined by this counting system.
Figure 4 shows the result of a test where sampling in the traditional
manner was carried out, but direct assay was also carried out on the same
waste package. Two different contractors carried out this effort, each in
their own separate ways. This figure shows the results presented for the
two different contractors labeled "B" and "S" on the figure, for direct

assay using the counting system and for radiochemical assays using a
sample from this waste package. What it shows are similar results for the
two contractors, but very dissimilar results between the direct assay and
the radiochemical assay. In particular, the direct assay shows more than
a factor of 2 less content of cesium 137 than does the sampling assay.
Reasons for this are somewhat speculative at this point, but could include
the fact that radioisotope absorption on resins could be highly
stratified. Materials such as cesium are present in very low chemical
content in the waste streams, and consequently, would tend to be absorbed
in upper layers of the resin. If this is the region which was sampled
then the measurements would indicate a much higher concentration than
would exist throughout the bulk of the resin. In cases where this is true
and loadings are significant, significant cost savings can be gained by
the utilities by a reduction in the curie surcharges at the disposal
sites. In addition, disposal site inventory of various isotopes may be
significantly over represented by the results from radiochemical sampling.
The impacts of 10CFR61 are currently being assessed under an EPRI
project. In particular, there will be a focus on the extent to which
problems and concerns have been addressed, on any new problems and
concerns which have arisen more recently, on the economic impacts of complying with 10CFR61, on the long term impact on the use of volume
reduction techniques, and on the Impact of new disposal techniques. In
general, the approach is to look at the effect of 10CRF61 on plant measurement and disposal.
BELOW REGULATORY CONCERN
Below regulatory* concern is a term which is used to describe the
exemption of very Tow activity waste streams from disposal at LLRW
disposal sites. Wastes qualifying as below regulatory concern tv'vld be
disposed of in municipal waste sites. NRC Is presently considering establishing rules for petition to them by utilities or other waste generators
to qualify certain streams as below regulatory concern. The potential
impact is quite significant. If the exemption dose rate was established
at approximately 10# of the normal background dose rate in the United
States, almost all of the PWR and 8WR dry active wastes would be exempt.
This could produce savings of hundreds of thousands of dollars for each
BWR and PWR from disposal costs. However, it is important to recognize
that a reduction in the amount of wastes sent to disposal sites will most
likely result in an increase in the costs per unit volume of disposal sent
to that site. It may become important to run faster and faster just to
stay where we are.
CONCLUSIONS
Significant reductions have taken place in the volume of LLRW
produced by both BWRs and PWRs over the last five years. BWRs continue to
produce approximately twice as much waste per plant as PWRs. In the BWRs
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the wet waste produced can be reduced significantly by the addition of
appropriate additives to Improve the performance of filter demineralization systems. Enactment of 10CFR61 has had a significant Impact on the
monitoring of LLRW packages.
Improvements in such monitoring,
particularly those which enable the entire waste package to be monitored
rather than requiring samples, could result in significant cost savings
for waste generation. Similar significant savings could be realized if a
realistic exemption dose rate is established as below regulatory concern.
It is important to realize that starting with the source of radioisotopes and proceeding through the processing, packaging, transportation,
and disposal of these radioisotopes that most of these steps will have
significant interaction with the other steps in the process as well. The
system must be considered as a system, and not as individual components in
isolation.

Reference:
1. "Identification of Radwaste Sources and Reduction Techniques,"
prepared by Gilbert Associates for EPRI, EPRI NP-337O, January 1984.
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RESULTS:
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PWR's Common to Old & New Survey
1981 Avg

1985 Avg

%Change

Dry Waste

14,075

7,025

50% Deer.

Wet Waste

4,575

2,650

42% Deer.

Total Waste

18,650

9,675

48% Deer.
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FIGURE 5. PWR RADWASTE SOURCE CHARACTERIZATION
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LOW LEVEL WASTE INCINERATION
EXPERIENCE AT THE IDAHO NATIONAL ENGINEERING LABORATORY
H. A. Bohrer and J. D. Dal ton
Waste Reduction Group
Waste Management Division
EG&G Idaho, Inc.
P. 0. Box 1625
Idaho Falls, ID 83415
ABSTRACT
The Waste Experimental Reduction Facility (WERF) is a low level
radioactive waste treatment facility being operated at the Idaho National
Engineering Laboratory (INEL). A key component of the facility is a dual
chambered controlled air incinerator with a dry off-gas treatment
system. The incinerator began processing radioactive waste in September,
1984.
Limited operations continued from that date until October, 1985,
at which time all INEL generators began shipping combustible waste for
incineration. The incinerator is presently processing all available INEL
combustible Dry Active Waste (DAW) (approximately 1700 nr per year)
operating about five days per month.
Performance to date has
demonstrated the effectiveness, viability and safety of incineration as a
volume reduction method of DAW.
Introduction
The Waste Experimental Reduction Facility, commonly called WERF, is a
low-level radioactive waste incineration unit located at the Idaho
National Engineering Laboratory (INEL).
This facility is currently
burning all combustible, low-level beta/gamma solid waste generated at
the INEL.
The decision to build the WERF incinerator resulted from a
survey of all solid waste sent to the INEL disposal site. This survey
revealed that 33% of the waste was combustible and that 80% of the waste
had low levels (less than 10 mrem/hr) of radiation.
Construction of the incinerator began in the early 1980's. The
primary goals were to construct an operable facility at low cost and
minimal environmental impact.
These goals were accomplished by using
processes based on proven technologies, using commercially available
off-the-shelf equipment to the maximum extent feasible, and using an
existing facility to house the system. As a result, the facility was
constructed at a cost of between three to four million dollars.
Non-contaminated incineration began in March, 1984, accumulating
88
hours of operations.
During this checkout phase 41 m 3 of waste of
various compositions were incinerated in six burns. Contaminated waste
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incineration began in September, 1984, and has now.accumulated over 1500
hours of operation.
During this time 1620 nr of waste has been
incinerated in 21 burn cycles. In fiscal 1986 approximately 1410 m 3 of
waste was processed with a volume reduction factor of about 300 to 1.
Incinerator Equipment
A schematic of the WERF incinerator system is shown in Figure 1. The
feed and characterization system consists of an automated roller conveyor
with a beta/gamma detector for monitoring waste radiation levels, a
standard airport style x-ray monitor for inspection of the waste for
undersirable components, and a scale to weigh the waste boxes for control
of burn rates.
A lift and roller conveyor system introduces the waste
into the top loading chute of the incinerator.
The incinerator is a dual chamber, controlled air incinerator
manufactured by Ecolair Combustion Products in Charlotte, North
Carolina.
It is fuel oil fired and is capable of burning 180 kg/hr of
27.9x10° joules/kg waste. Principal incinerator components include the
loading chute that acts as an airlock for introducing waste into the
incinerator, the lower chamber that pyrolyzes and partially combusts the
waste, the upper chamber that acts as an afterburner for the volatile
gases generated in the lowar chamber, and an ash ram that periodically
strokes along the hearth pushing residual ash to the rear of the lower
chamber and into a cooling hopper. Since the original construction, a
liquid waste burner system has been added for the destruction of liquid
hazardous waste.
The liquid waste is pumped from a drum to a Trane
Thermal vortex burner mounted in the lower chamber wall. This addition
is not yet permitted for use.
The off-gas from the incinerator is first cooled by mixing with
dilution air.
Additional cooling is provided by a parallel flow
shell-and-tube heat exchanger.
The parallel flow design was chosen to
minimize tube temperature extremes and thereby reduce hot-end and
cold-end corrosion.
Final exhaust gas cooling is provided by the
addition of facility ventilation air. Off-gas filtration is provided by
baghouse filters and a HEPA bank. The HEPA filters provide a 99.97%
removal efficiency for particles greater that 0.3 microns. Therefore, no
additional gas cleaning is needed.
This dry off-gas system was
inexpensive and avoids high maintenance costs and the generation of a
secondary waste stream. One major factor influencing the decision to use
a dry off-gas system was the establishment of waste substitution and
segregation programs at the generator facilities. These programs assure
the incinerator a waste stream free of compounds harmful to the
incinerator system.
Incinerator Performance
Operation of the incinerator has been and continues to be a a fairly
complex evolution involving a number of parameters including incinerator
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feed rate, temperature, pressure, and off-gas flow rate, temperature and
pressure.
The incinerator is operated at a negative 370 pascalsand at
temperatures ranging from 800°C to 1150°C.
The waste feed rate and
the off-gas flow rate are adjusted to maintain the required temperature
and still provide sufficient residence time for complete combustion. A
negative system pressure is used for contamination control.
The lower chamber is run in a substoichiometric mode while waste
loading is occurring and the volatile components of the waste are driven
off.
Combustion of the volatiles is completed in the upper chamber were
excess air is injected.
After several hours of feeding waste, the
nonvolatile heel remaining in the lower chamber is burnt off by
discontinuing feeding and slowly changing
to an excess air mode by
introducing underfire air through ports in the hearth.
Incineration operations requires a four man operating crew consisting
of a supervisor, incinerator console operator, incinerator operator, and
a health physicist.
The waste comes to WERF prepackaged in cardboard
boxes that are lined with polyethylene bags. These boxes are placed on
the feed conveyor system by the incinerator operator. As each box passes
through the characterization system, the remote console operator
evaluates the box and passes or rejects it on the basis of radiation
levels, x-ray examination, and weight.
Proper waste characterization is an important concern in
incineration.
The incineration process concentrates the radioactive
constituents in the residual ash.
To protect against high personnel
exposures from ash handling, radiation limits are placed on incoming
waste.
Initially, only boxes with contact radiation levels less than 10
mrem/hr were accepted for processing; however, an evaluation of this
limit was recently completed, and the limit is in the process of being
raised to 20 mrem/hr.
A second concern regarding waste constituents is material
performance.
As previously mentioned, the WERF incinerator has a dry
off-gas system using only cooling and filtering for off-gas treatment.
This means that those components which can generate corrosive species
during incineration must be kept out of the waste stream. The compounds
of most concern are those containing halogens such as chlorine and
fluorine which can form acids.
Those compounds containing alkaline
metals such as sodium, potassium and calcium are also detrimental. These
metals can penetrate the refractory and cause slagging.
It is not practical to expect that these materials are completely
excluded from the waste stream and the system is tolerant of a minimum
amount.
To help assess the off-gas system material performance, a
continuing program of corrosion coupon evaluation is in place. At this
time only one set of coupons has been analyzed. The analyses indicate
that the off-gas components could be subjected to some pitting and stress
corrosion cracking.
Non-protective oxidation was also found in the
higher temperature regions.
This oxide scale is spall ing off, most
likely because of the frequent thermal cycling during start-up,
operations, and shutdown.
In addition to the coupon program, visual
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inspections are conducted on components such as the heat exchanger and
the furnace refractory. To date, the performance has been satisfactory.
Another important issue concerning the WERF incinerator is the metals
in the ash. Although hazardous wastes are not currently being processed,
analysis of ash samples reveal the presence of hazardous materials in the
form of leachable heavy metals, primarily lead and cadmium. This fact
prevents disposal of the ash as a low-level radioactive waste. To
address this problem, testing is currently underway to solidify ash in
concrete.
It is expected that this testing will be successful and will
meet with EPA approval. It should be noted that it is not necessary to
develop a large solidification system since only about 30 drums are
filled each year.
Operational Problems
While waste volume reduction via the WERF incinerator has been
successful in general, there have been some difficulties. Premature
failure of the baghouse bags has probably been the most significant
problem so far. The original bags were made from a fiber glass material
trade named Huyckglass. These bags operated satisfactorily through the
initial testing and production phase of the incinerator, but then in
February, 1986, the bags began to fail.
These bags are cleaned of
accumulated dust by a pulse back system which introduces short bursts of
air in the top of the bag causing the fabric to ripple down its length.
This back pulsing had been done while the bags were at ambient
temperatures. Subsequent investigation revealed that at low temperatures
this material is brittle and back pulsing when below 120°C causes
premature fatigue failure. Because of their poor condition throughout,
all 288 bags were replaced with the same type bags, and new operating
procedures specified not to pulse the bags while cold.
Subsequently, the bags failed again after about four months. This
premature failure was probably due to a combination of factors. The
Huyckglass material can become brittle when exposed to moisture in a
chemically active environment. Unfortunately, this problem was not known
and the bags were exposed to high levels of moisture from condensation
during start-up and shutdown.
Additionally, the presence of some
chemical compounds in the waste stream can have a dramatic effect on the
off-gas dew point allowing for moist conditions even during steady-state
operation.
This problem may have been enhanced by the large quantity of
wood being burnt at this time. The wood has a relatively high moisture
content and contains fire retardants.
Finally, the spark arrestor,
located between the heat exchanger and the baghouse, was partially
plugged allowing hot particles to remain entrained in the gas stream.
These factors are thought to have combined to create an environment
in which the incinerator flyash was sticking to the bags and not being
removed by pulsing.
Any particulate carry-over from the incinerator
could then become lodged on the bags causing degradation and bag
failure. As a result of this problem, several corrective steps have been
taken.
Wood burning has stopped until its effect can be evaluated.
During start-up, accelerated heat-up schedules, consistent with
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refractory limits, have reduced the time that the baghouses are cold and
condensation can take place. The baghouses are also operated at higher
temperatures to overcome raised dew points. Operating procedures have
been changed to minimize the potential for particulate carry-over. And
finally, Tefaire bag fabric, which is more tolerant of moisture, is now
being used.
To date after about three months, these measures appear to
have been effective.
A second problem experienced with the WERF incinerator is in the ash
removal system. Figure 2 depicts the main ash removal system. It has an
ash cooling hopper and was designed to remove ash during operation.
During incineration, clinkers are produced in the bottom ash. These
clinkers obstruct the feed gates preventing them from closing. This
problem has not prevented operations, however, as the incinerator is
inspected after each burn.
During this inspection the bottom ash is
manually drummed out.
A similar problem resulted with the removal of residue that was
pulled back into the hearth ram housing when retracting the ram after
stroking.
This material contained slow burning molten plastics which
when pulled out of the incinerator chamber solidified and completely
filled up and plugged off the rear ash hopper. Again, this problem is
over come by manually cleaning out the residue.
The last major problem encountered was a fire in the loading chute.
Figure 3 shows a sketch of the vertical loading chute. As shown, there
are three doors associated with the chute. The upper hatch is opened and
the waste box drops onto the upper door. The hatch is then shut and the
upper and lower doors open together allowing the box to drop into the
incinerator.
A time delay holds the door open for a short period and
then they are shut. The problem occurred when a very light box, about 20
pounds, was loaded. The doors opened but the box did not drop through,
apparently catching on the door lifting lug. The doors then shut and
jammed the box against the chute wall. Due to a wiring error in the
recycle timer, the doors failed to recycle to the open position. The box
then ignited melting the hatch gasket and causing minor cosmetic damage
to the chute externals. To reduce the possibility of a reoccurrence the
lifting lug was removed, and the doors were made to recycle open if they
do not completely close in a specified time. In addition new procedures
were written specifying that the loading hatch be slightly opened to
provide cooling air into the loading chute in the event a box is caught
and ignites. No further occurrence of this type has occurred.
Environmental and Regulatory Issues
From the safety and environmental standpoint, several observations
can be made. First, radiological stack monitoring shows only background
levels of radiation. In addition, environmental monitoring indicates no
impact on the surroundings.
Since beginning contaminated waste
incineration, no contamination above permissible uncontrolled area limits
has been detected outside of the incinerator systems. Additionally, the
contamination on system internals, is low (less than 5-10 mrem/hr) and is
easily managed. The highest radiation level detected on a drum of ash
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has been 13 mrem/hr at contact.
The flyash is typically less than 5
mrem/hr at contact.
Thus, the dose commitment to workers is very low.
There are three reasons for this safe, low radiation exposure operation.
First, waste radiation levels are low, and even though the contamination
is concentrated in the ash, the exposure from ash handling is safe.
Second,
incinerator design and operation minimized particulate
carry-over.
The third reason is that the off-gas filtration system does
an excellent job of cleaning all exhaust gases.
At this time regulatory controls have not been a problem. State and
federal permits were not required for the initial construction and
operation of the facility due to the developmental nature of the project.
Since that time, the desire for state involvement has increased, and an
application for an Idaho Air Quality Permit will be submitted in the near
future. The only emission criterion for this permit that is applicable to
the WERF incinerator is particulate emissions, which due to the HEPA
filters, should pose no problem.
The incinerator is also listed on the INEL Part A and Part B Permit
applications with the EPA. Additional Part B permitting is in progress
for incineration of hazardous waste. This permitting includes not only
the liquid waste burner, but also destruction of liquid waste absorbed
into solid sorbents and then fed to the incinerator inside boxes using the
solid waste feed system. The significant milestone for this permit is the
trail burn scheduled in November, 1986.
Incinerator Economics
In closing it is relevant to discuss incinerator economics. The cost
of processing INEL combustible waste is presently about $847/m3. This
is the cost to process approximately 1420 nr of waste per year with an
operating schedule of five days per month. This figure is for all costs
including administrative and technical support functions. It is readily
seen that significant over capacity exits, and so a reasonable cost for
this unit operating at full capacity is calculated to be about $423/m .
Summary
In conclusion, the WERF incinerator has proven to be safe, economical,
and effective in reducing the volume of low level waste. Furthermore, the
problems encountered during the early production stage have had
operational, not technical roots.
These problems have been solved by
learning how to most effectively operate and monitor the system. And
finally, a key element in incinerator design and operation is exerting
some control on waste generation through the development and
implementation of effective acceptance criteria.
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WASTE MANAGEMENT SYSTEMS MODEL
FUR ENERGY SYSTEMS SITES ON
THE OAK RIDGE RESERVATION
B. R. Rodgers, J. W. Nehls, Jr., A. L. Rivera,
W. H. Pechin, and R. K. Genung
Chemical Technology Division
Oak Ridge National Laboratory
Martin Marietta Energy Systems, Inc.
Oak Ridge, Tennessee

INTRODUCTION
The Oak Ridge Model (URM) is a DUE/Oak Ridge Operations (DOE/ORO)
initiative which involves regulators and the public at the problem definition stage to attempt to reach a consensus on acceptable approaches to the
solution of waste management problems. Once the approaches have been
defined, the private sector participates in identifying and demonstrating
the technologies to be employed. The Waste Management Systems Model (WSM),
a major part of the ORM, is discussed in this paper. It can be generically
described as employing a number of computer models to:
1. determine waste management requirements (e.g., capabilities and
capacities);
2. develop scenarios that respond to changes in requirements and that
evaluate alternatives as they become available;
3. compare these scenarios technically, operationally, and financially;
and
4. select the most promising technologies for demonstration.
SCOPE OF THE WASTE MANAGEMENT SYSTEMS MODEL
The major facilities under the jurisdiction of 0R0 cover a broad range
of DOE's activities and, thus, provide an excellent basis for demonstration
efforts, the results of which can be utilized throughout the DOE complex.
These facilities include a defense specialty plant (Y-12), a national
laboratory (UKNL), three gaseous diffusion plants (Oak Ridge, Paducah, and
Portsmouth), and a feed materials production center (Fernald). DOE intends
to use facilities in the 0R0 complex as a laboratory for the demonstration
of radioactive and hazardous waste management technologies.
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DESCRIPTION OF THE WASTE MANAGEMENT SYSTEMS MODEL
The first component of the WSM is a flowsheet of the waste activities
at the three Oak Ridge plants. This flowsheet, described in detail later,
has been developed using Computer-Aided Modeling (CAM) equipment due to its
dynamic nature; it is constantly being changed as new information flows
into the system. The computer-aided flowsheet (CAF) provides an overview
of current waste management practices at the Oak Ridge complex and is used
as a basis for identifying gaps in the information data base, the second
component of the WSM. While considerable information is available on DOE
facilities from the Integrated Data Base (IDB) at ORNL, the level of waste
characterization data needed to perform process modeling of potential
treatment, storage, and disposal (TSD) technologies does not exist.
Process modeling, the third component of the Waste Management Systems
Model, is an efficient way of comparing potential TSD technologies before
committing the funds necessary for demonstration.. Comprehensive models,
such as the ASPEN process simulator, will be used to compare technical,
operating, and economic parameters of selected processes before demonstration. The process models will be fed from the Waste Characterization Data
Base (WCD) currently under development.
The CAF, which was generated by CADAM modeling software, is an extensive flowsheet which attempts to include all information needed to
understand the interactions involved in the Oak Ridge three-plant waste
management operation. Thus, it is too large to display in its generated
form. Figure 1 shows the central block flow diagram. Note that at present
the broad waste categories only include low-level waste (LLW), transuranic
waste (TRU), hazardous (chemical), mixed (radioactive and chemical),
sanitary/industrial, and wastes that are secondary to the main processes of
the operation. A drawing similar to Fig. 1 exists for each of the three
plants at the Oak Kidge site since the operations are separate at the present time. The next level of the CAF model expands each of the blocks in
Fig. 1 to a 3 x 6 matrix, as shown in Fig. 2. The final CAF model would
then identify all streams (e.g., streams generated, treated, stored,
discharged, and disposed of) and provide the connective information. The
goal is to eventually have a single system which optimally handles the combined wastes. ' Reviewing the information gathered thus far, contained in
Figs. 3 through 12, it is clear that many streams need additional clarification and characterization.
The WCD effort is in its formative stages. Information available at
present comes from three sources: ORNL's Integrated Data Base, a survey of
low-level and mixed wastes (SLM) on the three-plant Oak Ridge complex
(completed by Martin Marietta Energy Systems, Inc., Engineering in 1985),
and the DOE National Hazardous Waste Program's Waste Information Network
(WIN). The IDB contains "total-quantity" information only, and the WIN only
partially identifies the existing streams; neither has a significant amount
of stream characterization data. The SLM does include characterization
data, but they are far from complete. Software for construction of the WCD
is being selected, and the data above are being formatted to form a single

37

data base. The SLM effort is continuing, with interaction from the CAF
effort helping to define data gaps. The WCD will continuously evolve as
surveys are completed and the quality of available information improves.
The Process Modeling effort is currently limited to the selection of
software and hardware for simulation. ASPEN has been chosen for the
detailed simulations since it has the most comprehensive set of models and
backup property data available. Software for simpler simulations not
requiring the power of ASPEN is under consideration. Use of Artificial
Intelligence techniques to provide simple user-friendly access to relational data bases, such as the WCU being developed at URNL, and to process
simulators is also being considered.
SUMMARY
There is a model on the Oak Ridge Reservation which provides requirements for determining capacities and capabilities related to low-level,
hazardous, and mixed wastes. In FY 1987, the model will be sufficiently
advanced to provide various waste management scenarios. These scenarios
will be compared technically, operationally, and financially by use of
waste characterization data and process simulators that are currently
under development. The results of the process simulations will be used to
help identify waste treatment, storage, and disposal technologies that need
to be demonstrated prior to full-scale development for UUE use. The information derived from this effort will be made available to all DOE
facilities.
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Fig. 1. Waste Management Systems Model: central block flow diagram.
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Fig. 2. Waste Management Systems Model: waste categories.
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Fig. 3. Waste Management Systems Model: streams generated - LLW.
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Fig. 4. Waste Management Systems Model: streams generated - TRU, HAZ, and MIXED.
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Fig. 5. Waste Management Systems Model: generated - sanitary and secondary.
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Fig. 6. Waste Management Systems Model: streams treated - LLW, TRU, HAZ, and MIXED.
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Fig. 7. Waste Management Systems Model: streams treated - sanitary and secondary.
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Fig, 8. Waste Management Systems Model: streams stored - LLW, TRU, HAZ, and MIXED.
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Fig. 9. Waste Management Systems Model: streams stored - sanitary and secondary.
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Fig. 10. Waste Management Systems Model: streams to staging areas.
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LOW-LEVEL WASTE TREATMENT AT THE
WEST VALLEY DEMONSTRATION PROJECT
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DOE West Valley Project Office
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New York State Energy Research and Development Authority
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West Valley Nuclear Services Co.» Inc.

ABSTRACT
The West Valley Demonstration Project, mandated by
Public Law 96-368, directed the United States
Department of Energy (DOE) to solidify 580,000
gallons of high-level radioactive waste generated
at a former nuclear fuel reprocessing plant and
decontaminate and decommission the f a c i l i t i e s used
in support of the solidification program. Lowlevel waste generated as part of the Project w i l l
be treated and disposed of onsite. A quality
control and assurance program is planned to assure
compliance with the applicable portions of 10 CFR 61
and DOE Order 5820.2. This paper describes the
unique characteristics of the West Valley waste
streams, the methods of liquid waste treatment for
volume reduction and.subsequent solidification by
cement, TRU decon, size reduction of equipment
using both contact and remote handling, and
compaction techniques.

INTRODUCTION
The Western New York Nuclear Service Center (3,345 acres) is
located in a rural area about 50 km (30 miles) southeast of Buffalo;
the communities of West Valley, Riceville, Ashford Hollow, and
Springville are located within 8 km (5 miles) of the Center. The
Center's f a c i l i t i e s include a shut down commercial nuclear fuel
reprocessing plant, a spent nuclear fuel receiving and storage
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facility, disposal areas for solid radioactive wastes, and underground
tanks containing liquid high-level radioactive wastes (HLW). The
native soil is composed of silty till.
The facilities were constructed on land leased from New York State
to Nuclear Fuel Services, Inc. (NFS), the former commercial operator
of the Center. NFS reprocessed both commercial nuclear power reactor
fuels and defense production reactor fuels at the Center from 1966 to
1972. Approximately 2.2 x 10° litres (580,000 gallons) of liquid
high-level radioactive wastes, currently stored in underground tanks,
resulted from the reprocessing. These activities were regulated
pursuant to a license from the U. S. Nuclear Regulatory Commission
(NRC) and its predecessor agency, the Atomic Energy Commission.
The lease between New York State and NFS provided that the first
term of the lease would terminate at the end of 1980, and in 1976 NFS
advised the state of its intention not to renew the lease
thereafter. New York State requested that the Federal government take
over the site. In October 1980, Congress enacted the West Valley
Demonstration Act, which directed the Department of Energy to use the
facilities to demonstrate the solidification of the liquid high-level
wastes at West Valley,
The solidification activities are the responsibility of the United
States Department of Energy (US DOE), Idaho Operations Office (ID),
West Valley Project Office. West Valley Nuclear Services Company,
Inc. (WVNS), a wholly owned subsidiary of Westinghouse Electric
Corporation, is the prime contractor and site operator under Contract
DE-AC07-81NE44139. All waste generation and management activities are
controlled by the contractor under the direction of the Ub OQt.
Funding is appropriated through Project sources and the Project is
funded 90 percent by the US DOE and 10 percent by New York State
(NYS).
PROJECT ACTIVITIES
The West Valley Demonstration Project involves a f u l l y integrated
waste management system. The spectrum of Project activities includes
spent fuel shipments, high-level waste s o l i d i f i c a t i o n , f a c i l i t y
decontamination and dismantlement, and treatment, interim storage and
disposal of wastes.
Spent Fuel Shipments
At the cessation of reprocessing operations in 1972, 750 spent
fuel assemblies remained onsite in the storage pool. These assemblies
contained a total of 165 Metric Tons Heavy Metal — Uranium and
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Plutonium. From the end of 1983 through June 1986, a total of 625
assemblies were safely shipped to the owners ( u t i l i t i e s ) of the
f u e l . The remaining assemblies, originally owned by NFS, w i l l be
shipped to Idaho National Engineering Laboratory for dry cask storage
demonstrations. Project plans are to decontaminate the vacated
storage pool areas and convert i t to a size reduction f a c i l i t y
beginning in 1987. The aluminum storage canisters used to position
the fuel assemblies have been size reduced by cutting and compacted by
crushing. They w i l l be packaged in steel boxes and disposed of as
low-level Class A waste in the on-site disposal area.
High-level Waste Treatment
Over 90 percent by volume of the high-level waste (HLW) is a
supernatant liquid containing about 40 weight percent dissolved sodium
salts ( n i t r a t e , n i t r i t e , carbonate, sulfate) and about half the total
radioactivity, mostly as cesium salts, with minor amounts of strontium
and lesser amounts of plutonium as fine particulate matter. The
remaining 10 percent is sludge on the bottom of the tank, composed
mostly of phosphates, hydroxides, and oxides. This sludge contains
the other half of the radioactivity, primarily as strontium with
lesser amounts of other fission products and actinides. A complete
description of the HLW is contained in "Description of the WVDP
Reference High-Level Waste Form and Canister" WVDP-056.
The Project strategy is to reduce the volume of bulk material that
ultimately w i l l become solidified HLW. Thus, the supernatant w i l l be
decanted, passed through an ion exchange medium to remove the
radioactive cesium, which w i l l go into the glass and the resulting
low-level waste (LLW) w i l l be solidified in cement. The low-level
waste w i l l be assayed to assure that i t is nontransuranic and to
classify the waste as A, B, or C per 10 CFR 61 c r i t e r i a . The sludge
w i l l be washed to remove the i n t e r s t i t i a l soluble salts to the extent
practical and the water wash similarly treated and solidified for
disposal.
The washed sludge, the ion exchange media, and a small amount of
l i q u i d waste containing thorium nitrate which resulted from
reprocessing a thorium based fuel, will be homogenized. This waste
w i l l be blended with glass forming chemicals, concentrated to 350
grams of oxide equivalent per l i t r e , and fed to the Slurry-Fed Ceramic
Melter (SFCM). In the melter, the remaining water is evaporated, the
salts are decomposed to oxides which are melted together at 1150°C
through joule heating. The glass w i l l be thoroughly mixed by
convection in the glass melter, poured, and cast into a stainless
steel canister. The canisters w i l l be sealed shut, cooled and stored
on the WVDP site until a federal repository is ready to receive them.
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As a result of the solidification of HLW, approximately 2,300
cubic metres of waste w i l l be immobilized as LLW into about 2,100
cubic metres of cement in a volume equivalent to 15,000 208-litre
drums. The high-level portion w i l l be v i t r i f i e d into about 240 cubic
metres of borosilicate glass in about 300 stainless steel canisters.

LIQUID LOW-LEVEL WASTE RADWASTE TREATMENT SYSTEM
A Radwaste Treatment System (RTS) is being installed at West
Valley to pretreat, volume reduce, and solidify in cement the liquid
and wet solid LLW streams. Figure 1 is a flow diagram of the RTS, and
Tables 1A and IB list the waste streams it will process. The system
will be able to collect wastes for sampling and classification as A,
B, C, or TRU; pretreat and volume reduce liquid streams; solidify
resins, concentrates, and sludges; polish effluents; and be capable of
handling containers of solidified waste. The RTS is split into two
subsystems, the liquid waste treatment system, and the cement
solidification system. The resultant drums of cemented waste are then
disposed of as Class A or Classes B/C in trenches or the tumulus
described later. TRU wastes are segregated and stored until a DOE
repository is identified for final disposal.
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RADWASTE TREATMENT SYSTEM (RTS) PROCESSING FLOW SHEET
Figure 1
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Liquid Waste Treamtment System (LWTS)
The LWTS w i l l consist of two parallel process t r a i n s , one for
processing decontaminated supernatant and other liquid waste streams
with a high Total Dissolved Solids (TDS) content and a second one for
processing low TDS waste.
The high TDS waste processing train w i l l include chemical
adjustment, evaporation, and ion exchange polishing of condensates.
Evaporator concentrates w i l l be pumped to the Cement Solidification
System (CSS) for s o l i d i f i c a t i o n . The low TDS waste processing t r a i n
w i l l include f i l t r a t i o n and ion exchange. The ion exchange media is a
natural clay zeolite which removes primarily cesium and strontium. A
more detailed description of the liquid waste treatment system can be
found in the WVDP Long-Range Waste Management Plan (WVDP-019). Target
date for i n i t i a l hot operation is March 1987. Completion of cold test
operations is to be performed prior to hot operations.
Cement Solidification System (CSS)
The Cement Solidification System (CSS) is a batch process system
which is automatically controlled to provide the optimum mixing time
and cement-to-waste ratio for the particular waste to be processed.
The heart of this CSS is a high-shear mixer. This mixer has the
a b i l i t y to encapsulate the wide variety of radioactive wastes produced
by the WVDP. The highshear provides a strong mechanical action which
has been demonstrated to overcome the adverse effects of various waste
chemistries. The solidifed waste product from the CSS w i l l meet the
stable waste form requirements of 10 CFR 61.
The CSS is installed in the 01-14 Building, a portion of the
former reprocessing f a c i l i t y . Process equipment removal, building
modifications and installation of the CSS were completed in FY 1985
and uranyl nitrate waste solidification was completed in FY 1986. The
CSS consists of three subsystems: (1) the Waste Encapsulation System
which consists of the High-Shear Mixer and i t s associated equipment;
(2) the Cement Storage and Transfer System which consists of the S i l o ,
the Cement Storage Bin for the day's operation and the Transfer System
for metering the cement to the Mixer; and (3) the Material Handling
System which moves and monitors the drums from the Drum Storage Mixing
Station, Capping Station, Survey Station, Decon Station, Waste
Storage, and Waste Loadout.
The final step of the Radwaste Treatment System is to send the
solidified cement drums to the disposal f a c i l i t y onsite called the
drum c e l l . The drums are f i r s t processed in the drum loadout f a c i l i t y
located adjacent to the CSS, which in essense is a staging area which
has the following capabilities:
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o

Bar codes numbering System

o

Storage of 12-24 drums prior to shipment

o

Automated in-cell smear station

o

Overpack station to handle contaminated drums

o

Loading on a shielded transport vehicle (6-12 drums)

Square Drums
The containers for receiving the output of the cement
solidification system will be square mild steel drums. The drums are
the same height as a standard 55-gal Ion drum except the drum diameter
is equal to the square drums width. The lid has been specified to
have a 6" round opening which is mated to the CSS fill head nozzle.
The square drums are rated DOE 17H and have a capacity of 71
gallons. In the disposal array, the volumetric efficiency is
increased 14% through elimination of the void spaces normally found
between round drums. The incremental cost of square drum versus round
drums per unit/volume is about 5%.
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Facility Decontamination and Dismantling
The Process Plant, which is the largest building on the West
Valley site, has over 2.83 E + 04 m 3 (1.00 E + 06 ft 3 ) of volume on
six elevations, five above grade and one below grade. There are 235
area divisions in this building, including a fuel storage pool, 24
shielded cells of various sizes, several laboratories, and other
auxiliary areas.
Decontamination and dismantling (D&D) operations are in progress
with extensive work being accomplished in several plant areas. The
areas of the plant that have been completed and are in progress are
shown in Figure 2.
Several new and innovative methods are being employed in
dismantling of cells to accelerate the schedule and reduce exposure to
personnel. Robotics have played a part with the development of the
robot to enter the large cells to conduct sampling, vacuuming, and
pick up debris and place in a box. Also developed was a hydraulic arm
for removal of pipe from the Extraction Cells. A hydroblast has also
been demonstrated that uses a high pressure water jet to cut through
pipe, cement, etc. At the start of the first quarter FY 1987, 54% of
the facilities are classified as clean. The pipe and equipment is
packaged and temporarily stored prior to undergoing transuranic
decontamination. Following decon, the hardware will be size reduced,
compacted, and packaged for final disposal on-site.
PCR
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Figure 2
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SOLID LOW-LEVEL WASTE VOLUME REDUCTION
In the a c t i v i t i e s of the WVDP, s o l i d radioactive waste is
generated and i s typical of most i n d u s t r i a l nuclear f a c i l i t i e s . Trash
and miscellaneous dry solids consist of protective c l o t h i n g , paper,
p l a s t i c , and other dry s o l i d materials contaminated w i t h low levels of
r a d i o a c t i v i t y . Processing techniques are used i f they are determined
to be cost e f f e c t i v e and would reduce the potential environmental
impacts f o r each p a r t i c u l a r waste stream. Such processing w i l l not
a l t e r the curie content of the waste but a l t e r i t s physical form and
usually involves compaction.
Equipment and hardware are basically contaminated m e t a l l i c objects
r e q u i r i n g disposal. These components w i l l be segregated as practical
and volume-reduced.
Large equipment waste; e . g . tanks, are c u r r e n t l y being
decontaminated and f i x e d to acceptable levels on the e x t e r i o r only.
This equipment i s wrapped i n p l a s t i c sheeting and/or containerized and
stored on-site for future size reduction and additional
decontamination. I t i s planned to decontaminate components insofar as
possible so t h a t the r e s u l t i n g equipment i s c l e a r l y c l a s s i f i e d LLW.
The secondary waste stream containing the bulk of radionuclides w i l l
be processed as l i q u i d waste to a s o l i d form f o r l a t e r disposal.
A large radioactive waste compactor, rectangular container type
w i t h HEPA f i l t r a t i o n , is c u r r e n t l y operational at the WVDP. The u n i t
has a compaction force of 45,000 kg (100,000 l b s ) . I t i s designed to
compact materials i n the B-25 rectangular container. The compactor
has been operating with a compaction r a t i o of approximately 5 : 1 . A l l
low-level (non-TRU) compactible waste w i l l be compacted. I t i s not
planned to use t h i s equipment to compact TRU waste.
A super compactor to volume-reduce l i g h t density waste has been
ordered to augment the above rectangular compactor. The
supercompactor w i l l be i n s t a l l e d as part of the size reduction
f a c i l i t y now being designed. This f a c i l i t y w i l l also have a plasma
arc torch f o r metal size reduction and a decontamination s t a t i o n . The
f a c i l i t y w i l l be operational i n 1987 and i s being located i n one o f
the previously decontaminated processing c e l l s of the former
reprocessing p l a n t .
Low-Level Waste Disposal
Environmental documentation was prepared i n the form of an
Environmental Assessement (EA) which considered the incremental
environmental impact placed on the Center r e s u l t i n g from WVDP waste
disposal practices f o r both Class A and Class B/C wastes. A Finding

of No Significant Impact (FONSI) for the EA was issued by the
Assistant Secretary for Environment, Health, and Safety in August of
1936. The WVDP has selected the above ground disposal method
(Tumulus) for Class B/C and shallow land disposal for Class A waste.
The concept for these disposal methods are described in the
Environmental Assessment for Disposal of Project Low-Level Waste
DOE/EA-O295. in d e t a i l .
Class A LLW resulting from normal plant operations is currently
disposed of onsite in the NRC Disposal Area (NDA) using improved
shallow land disposal techniques. These disposals are u t i l i z i n g that
part of the Western New York Nuclear Service Center which has been
authorized by the USNRC for the disposal of LLW in accordance with the
technical specifications approved in the license granted to NFS.
Improved shallow land disposal is considered to be an effective and
environmentally acceptable alternative for disposal of WVDP LLW.
The Class A waste trenches w i l l be excavated in the Lavery T i l l
Formation, (compact s i l t y clay glacial t i l l ) . The t i l l has a very low
hydraulic conductivity (approximately 2cm/year). There w i l l be at
least 7m of t i l l below the bottom of the trenches. The top of the
waste w i l l be at least 4.5m below the existing ground surface and more
than 6.5m below post closure site grade to preclude a hydraulic
connection between the waste cell and transient perched aquifers in
the weathered Lavery T i l l near the surface. A compacted clay cap,
with tensile reinforcement and two internal drains w i l l be constructed
over the waste to minimize the formation of dessication and settlement
cracks and to prevent i n f i l t r a t i o n of water into the wastes.
For Class B/C wastes, a drum cell w i l l be constructed above grade
on a gravel pad which w i l l also serve as an underdrain for the
waste. The underdrain will be connected to the peripheral drainage
system, which w i l l surround the structure. The waste drums w i l l be
placed on the gravel in successive l i f t s . Each l i f t w i l l be one
container high.
The drum cell has the capacity to dispose of 21,000 55-gallon
round drums or 15,000 71-gallon square drums. The cell is constructed
with a 20" thick shield wall. I t is designed to move drums remotely
with a computerized crane system. Drums w i l l be stacked
horizontally. The building w i l l be insulated and have the capability
of being heated during winter months for curing of the cement waste
form i f necessary.
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When all the waste is placed, the drum cell will be converted to a
tumulus. The tumulus is constructed by removing the sheet metal
building above the drum cell and placing a clay cap over the waste and
shield walls. The cap consisting of a compacted clay liner will be
placed over the waste mass. The clay liner will in turn be covered by
a layer of gravel and engineered intruder barrier elements which will
be overlaid by a compacted soil cover. Each of the above layers will
be separated by filter layers to limit the migration of material
between layers. The rip-rap layer between the soil cover and the clay
liner serves as an intruder barrier and also is intended to function
as a drainage diversion in the event that infiltration were to occur
through the compacted soil cover. It should be noted that prior to
placement of the final clay cap, the waste containers are recoverable
should there be a DOE requirement to change the disposal strategy or
methodology.
The combination of disposal methods was selected for the
referenced design to minimize environmental impacts. The Class A
waste inventory will decay to a level which will not cause a
significant environmental impact in the event that the engineered caps
fail and permit "bathtubbing" to occur in a below grade trench. The
Classes B and C wastes might not decay sufficiently by the onset of
trench cap failure. Therefore, in order to preclude the possibility
of "bathtubbing" with a resultant high leach rate, above grade
disposal technology was selected for Classes B and C wastes which
would result in a rapid pass through of water through the waste with
minimal leaching.
CONCLUSION
The waste management strategy for the West Valley Demonstration
Project is to place as many of the curies in the liquid high level
waste into the v i t r i f i e d waste form for disposal at the future Federal
Repository. This, in turn w i l l minimize the a c t i v i t y which w i l l be
disposed of as low-level waste on s i t e . Likewise, the volume of low
level waste is minimized by using techniques such as concentrations of
liquids, size reduction of hardware and compaction to accomplish this
objective.
Since 1982, the West Valley Demonstration Project has been making
great strides in managing radioactive wastes at the former fuel
reprocessing f a c i l i t y . A high-level waste reference glass composition
has been selected and testing of the v i t r i f i c a t i o n equipment is now
underway. The low-level liquid waste solidification systems and drum
cell f a c i l i t y are well along in construction with operational
experience already achieved with the cement solidification
component. The f u l l y integrated radioactive l i q u i d treatment system,
through disposal w i l l be operational by mid FY 1987.
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In the decontamination phase of the Project, better than 54
percent of the reprocessing plant is now clean and can be entered with
normal street clothing.
The West Valley Demonstration Project has progressed through the
study and design phases. Major construction activities are nearing
their end with checkout and initial operations of the systems to occur
in FY 1987.
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INEL WASTE REDUCTION
William A. Rhoades
EG&G Idaho, Inc.
SUMMARY PAPER
INTRODUCTION
The Idaho National Engineering Laboratory (INEL) is a Department of
Energy (DOE) facility located in southeastern Idaho. The INEL is
comprised of various contractor operated nuclear research, testing and
training facilities which are spread out over some 890 square miles. Also
located at the INEL are a Waste Experimental Reduction Facility (WERF)
which processes low level radioactive waste (LLW) materials and a
Radioactive Waste Management Complex (RWMC) which provides for disposal of
radioactive waste materials.
There are currently 9 active facilities (waste generators) at the INEL
which produce an average total volume of about 5000 cubic meters of solid
LLW annually. This boxed or bulk waste is ultimately disposed of at the
RWMC Subsurface Disposal Area (SDA). The SDA, which over the years has
become very limited in available space, is currently the only active LLW
disposal site at the INEL, and the prospects for opening another shallow
land burial disposal facility are uncertain. Therefore, it has become
imperative that EG&G Idaho Waste Management Department make every
reasonable effort to extend the "disposal life" of the SDA.
Among Waste Management Department's principal efforts to extend the
SDA disposal life are operation of the Waste Experimental Reduction
Facility (WERF) and administration of the INEL Waste Reduction Program.
The INEL Waste Reduction Program is charged with providing assistance to
all INEL facilities in reducing LLW generation rates to the lowest
practical levels while at the same time encouraging optimum utilization of
the volume reduction capabilities of WERF.
WASTE VOLUME REDUCTION
Waste volume reduction at the INEL is presently accomplished through
compaction, incineration, and metal sizing processes. LLW compaction is
accomplished at the RWMC and the incineration and metal sizing processes
at WERF. In the near future a new 200-ton box compactor will be installed
at WERF at which point all volume reduction processes will be handled at
that facility. The WERF facility also has the capability of melting metal
waste products into ingot form; however, due to limited capacity this
process is not currently in a production mode.

Since the WERF facility has been receiving waste from all INEL
generators for only about one year, statistical waste reduction data
contained herein will be limited to CY-86. During the first two quarters
of CY-86 approximately 2000 cu.m. (60%) of the LLW generated at the INEL
received volume reduction processing prior to disposal at the SDA. Figure
1 is provided to illustrate the effectiveness of volume reduction
processing at the INEL. Actual waste volume generated, distribution of
waste by type, and waste reduction process ratios are all shown on this
figure for the second quarter of CY-86. The generated/disposed volume
blocks are scaled to represent actual proportions. For the quarter shown,
about 55% of the generated waste fell into one of the reduction process
categories and a net volume reduction of about 48% will be realized; thus,
a net space savings of 980 cubic meters (48%) can be expected at the SDA.
WASTE GENERATION REDUCTION
Waste generation reduction is a relatively new concept at the INEL; it
applies directly to all LLW generators and its objective is to assist,
encourage, and/or direct the waste generator facilities on matters which
will result in the reduction of LLW. Current waste generation reduction
efforts at the INEL include the following:
Obtain management attention, support, and involvement in waste
generation reduction.
Create a high level of awareness in all INEL employees of what
waste generation reduction is and how they can help. This
includes developing training guidelines, video tapes, posters,
etc.
Establish a suggestion and incentive award program to encourage
employee interest and involvement in waste reduction.
Work with each waste generator facility to develop a Waste
Reduction Plan which includes waste stream analysis and waste
reduction goals.
Segregate LLW (according to type) in order to gain the best use
of available waste reduction processes (i.e. the incineration
reduction factor is much greater than that of compaction).
Locate and clearly label waste receptacles to enhance waste
segregation efforts.
Substitute materials which are compatible with waste volume
reduction processes whereever possible. (Combustible vs.
non-combustible, compact!ble vs. non-compactible).
Issue quarterly reports summarizing waste volume generated, waste
distribution by type, waste reduction processing, waste volume
disposed, and appropriate trends.
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Design, develop and implement a facility customized database
system to assist waste generators in LLW management.
Again, the waste generation reduction concept is relatively new and
the efforts listed above are, in some cases, still in preliminary stages;
however, some of these efforts are already proving to be very worthwhile.
Efforts such as waste segregation, which tend to maximize the benefits of
volume reduction, are proving very helpful. As a result, the trend in
waste volume sent to WERF for processing prior to disposal has been
steadily upward over the past year with the second quarter CY-86 volume
more than tripling that of a year ago. The development of Waste Reduction
Plans for each waste generator has also proved worthwhile from the
standpoint of gaining management attention and involvement in waste
reduction.
Obviously there are many issues which can effect waste generation
reduction that as yet have not been addressed. At the INEL we feel that
the single most important ingredient in waste generation reduction is our
people. Management decisions and support functions such as job planning
and design engineering are at least as important, if not more so, as the
everyday work practices employed at the technician and crafts levels.
Therefore, it is felt that consideration of waste generation reduction
must become an integral part of all jobs at the INEL.
In order to appreciate the extent of personnel involvement in waste
generation reduction let's consider a hypothetical worst case scenario
which might go something like this:
- An inadequately designed system leads to excessive maintenance
requirements.
- The required maintenance is postponed due to other jobs which
are considered to be of higher priority.
- Postponement of maintenance results in the development of a
minor leak.
- Repair of the leak is postponed, again due to jobs considered
of higher priority.
- Improper planning causes excess use of materials for
containment of the leak.
- Handling of the liquid waste results in a spill wherein excess
materials are used for clean-up.
~ Poor job planning for the repair effort causes multiple trips
into the controlled area.
- Finally, in fixing the leak the mechanic uses excess tools and
materials.
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Managers, engineers, planners, supervisors, and craftsmen each play a part
in this scenario and each of their actions contributes to the generation
of LLW. Ideally, all of the LLW generated in this example could have been
prevented. The point is this; consideration of waste generation reduction
must become an integral part of all decision making processes and job
actions which could result in the generation of LLW.
SUMMARY
Waste volume reduction processes and waste generation reduction
practices have been implemented at the INEL in order to extend the useful
life of the RWMC Subsurface Disposal Area. Waste volume reduction has
proven extremely effective; it provides immediate results, and by its very
nature lends itself readily to statistical analysis. On the other hand,
since at the INEL we are dealing with many waste generators whose
workloads are inconsistent, waste generation reduction tends to be a more
complex issue where results take time and benefits are difficult to
track. It is an educational process and a people-program which requires
involvement at all organizational levels. The biggest benefits to the
Waste Generation Reduction Program may very well lie in the area of
management decisions and support functions such as job planning and design
engineering.
What's in the immediate future for INEL waste reduction? A quick look
at figure 1 will show that the key to further immediate space savings at
the SDA burial ground lies in reduction of the "direct disposal" waste
category, which for the example quarter comprises 89% of the disposed
volume. Reducing the "direct disposal" volume will probably involve both
the volume reduction and the generation reduction programs; volume
reduction from the standpoint of increasing the percentage of total waste
which qualifies for one of the volume reduction processes and generation
reduction from the standpoints of better waste segregation and more
efficient packing of the direct disposal containers.
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INEL WASTE VOLUME REDUCTION-2Q/CY-86
Actual
Generated
Volume

2054 cu.m.

Net Reduction
(1.92:1)

Projected
Disposed
Volume

1074 r.u.m.

WERF
Incinerator
(300:1)*

-

Combustible
21.9%
Compactible
cn

7.8%

Ifid r.ii.m.

v,

RWMC
Compactor
(8.4:1)*

Sizable

00

23.9%

WERF
Sizing

9%

-

Direct Disposal
46.5%
955 cu.m.

-^

Di rect

955 cu.m.

v,

•Incinerator and sizing reduction ratios are "typical" values and compactor ratio is actual.

89%

T
1.8%

WASTE CHARACTERIZATION PRACTICES
John A. Logan
EG&G Idaho, Inc.
SUMMARY PAPER
Waste characterization practices hardly existed in the early days of nuclear
power. Radioactive waste was collected in polyethylene bags or wrapped
and taped in polyethylene sheeting, labeled "radioactive waste", and buried
at a shallow land burial site without further particular effort to record
its physical and chemical characteristics.
Since those days, some progress has been made in identifying and listing
approximate radioisotope quantities in waste shipments, and in containerizing the waste before burial. However, recent reviews of the records
currently maintained of disposed waste at several DOE sites (including
the INEL) have indicated that the records still contain little information
that specifically identifies the physical and chemical characteristics
of the materials within each waste package. The waste characterization
information these records contain is based on waste container content
codes written several years ago by individual waste generating facilities,
and identifies the waste by using such indefinite terms as "General Plant
Waste".
Such waste characterization information would seem adequate if waste could
be buried and would present no problems thereafter. However, because
of the stability problems some wastes have presented, waste management
personnel have become interested in treating the waste to decrease its
volume and to stabilize it against migration. When treatment of the waste
is contemplated, the need for better waste characterization data becomes
apparent - since it is necessary to know how much of what types of waste
require processing, in order to choose waste processing equipment.
At the INEL this stage has recently been reached. A waste volume reduction
program initiated in 1980 resulted in a LLW treatment facility called
the Waste Experimental Reduction Facility (WERF), which for the past two
years has been volume reducing all metallic waste and incinerating all
combustible waste delivered to it. These wastes constitute more than
half of the total volume of LLW generated at the INEL, and by processing
them WERF has reduced the volume of LLW placed in the INEL waste disposal
site to less than half the volume that the INEL facilities ship as waste.
Although the waste volume reduction that has been accomplished has helped
substantially (it has doubled the projected life of the present INEL waste
disposal site), INEL waste management personnel desire to make further
progress on waste volume reduction and stabilization.
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In attempting to do this they have encountered an obstacle: they haven't
been able to determine clearly enough from the waste's records just what
quantities of wastes, with what specific physical characteristics, are
being generated. Too many of the records read "General Plant Waste",
"Hot Cell Waste", etc. It was not too difficult when deciding to volume
reduce metals and incinerate combustibles, to estimate their amounts with
acceptable accuracy. However, to progress further and process the remainder
of the waste, it is necessary to obtain a much more thorough
characterization of wastes and quantity information regarding each waste
type.
To make progress to resolve this problem, a new waste characterization
code has been devised - which is intended to replace the various individual
codes used by INEL facilities. It is attached to this paper for
information. Changes to it will likely be found desirable after it is
placed in use, and as recognition improves regarding exactly what
information is needed; but it is certainly an improvement over six-termed
waste container content codes including such definitions as "General Plant
Waste".
Within about six months after the new code's adoption, INEL waste management
personnel should be able to compile waste characterization information
which will provide the insights needed for taking the next steps toward
more highly densified and stable disposed waste forms occupying less volume,
unlikely to contribute to ground subsidence at the waste disposal site,
and highly resistant to migration of contaminants.
The problem of inadequate waste characterization information is by no
means unique to the INEL. As mentioned, recent reviews have indicated
it is a common problem. Since requirements for more stringent measures
to confine nuclear waste have been steadily increasing, every DOE site
- every facility involved with nuclear waste generation and disposal needs to be recording the characteristics of its waste in considerable
detail, so that these characteristics and associated waste quantities
can be available to support the upgrading of waste management practices.
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RECOMMENDED LLRW WASTE CONTENT CODE
(Revised 5/18/86, JAL)

Code
No
A21
A22
A23
A24
A25
A26
A27
A31
A33
A34
A35

Processability
Family

Waste Characteristics
Absorbed liquids, combustible
Absorbed liquids, non-combustible
Absorbed liquids, non-combustible
Absorbed liquids, non-combustible
Absorbed liquids, non-combustible
Absorbed liquids, non-combustible
Absorbed liquids, non-combustible
Ash, unsolidified
Ash, solidified in bitumen
Ash, solidified in concrete
Ash, solidified in polymer

cement (e.g., Portland Cement)
clay
diatomaceous earth (e.g.,
fullers earth (e.g., Oil-Dri)
polymer (e.g., Saf-T-Set)
vermiculite

IN
NP
NP
NP
NP
NP
NP
SO
XX
XX
XX

B21 Biological Waste - Tissue
B22 Biological Waste - Feces, Vegetation
B31 Brick - Non Metal

IN
IN
CO

C21
C31
C41
C51
C61
C62
C71
C81

Core
Core
Flux
Core
Core
Core
Core
Core

NP
NP
CO
CO
NP
NP
NP
NP

E21
E22
F21
F22
F31
F41

Evaporation drum
Evaporation box
Filter, gas HEPA
Filter, gas - other than HEPA
Filter, liquid
Filter media, charcoal

control rod
barrel
wire
instrumentation
structural parts
subassembly parts
thermal shield
reactor vessel

NP
NP
CO
CO
CO
SO

G21 Glass

CO

121 Insulation
141 Ion exchange resin in metal containment
142 Ion exchange resin in concrete containment

CO
SO
SO

71

151 Ion exchange zeolite in metal containment
152 Ion exchange zeolite in concrete containment

SO
SO

M21
M23
M31
M32
M33
M34
M41
M42
M43
M51
M61
M71
M72
M73
M81
M82

Metal-aluminum
Metal-copper
Metal-steel, carbon
Metal ingot-steel, carbon
Metal-steel, stainless
Metal ingot-steel, stainless
Metal combination: assemblies
Metal-crucibles
Metal-cut up glove boxes
Metal-special case (e.g., pyrophoric in concrete matrix)
Metal chips or miscellaneous small metal objects
Metal sized by WERF - carbon steel
Metal sized by WERF - stainless steel
Metal sized by WERF - non ferrous
Metal - Met Samples fissile
Metal Samples non fissile

MS
MS
MS
XX
MS
XX
MS
NP
CO
NP
CO
XX
XX
XX
CO
CO

P21
P31
P41
P42

Paper and/or cloth
Paving (e.g., asphalt and concrete)
Plastic, non-halogenated
Plastic, halogenated

IN
CO
IN
CO

R21 Roofing (e.g., asphalt shingles)

CO

521
522
531
532
533
534
S41
S71
581
582
583
584

SO
XX

Slag, unsolidified
Slag, solidified
Sludge evaporator bottoms
Sludge evaporator bottoms
Sludge evaporator bottoms
Sludge evaporator bottoms
Sludge
Soil/gravel/brick/concrete
Source gamma
Source Beta-Gamma
Source Alpha
Source Neutron

unsolidified
solidified in bitumen
solidified in concrete
solidified in polymer
rubble

so
XX
XX
XX

so
CO
NP
NP
NP
NP
IN
MS
CO

X21 Any combination of cloth, paper, plastic (nonhalogenated) and
wood
X31 Any combination of ferrous and nonferrous metal articles
X41 Any combination of glass, halogenated plastic, lagging, liquid
absorbent, metal chips, miscellaneous small thinwall metal devices,
metal tapes and wires, wiring and conduit, wiring devices, etc.
X51 Any combination of paving, roofing, soil/gravel, brick and concrete
rubble
X61 Any combination of filters
X71 Any combination of resin and resin containers

CO
SO

W21 Wiring and wiring devices
W31 Wood

CO
IN
72

CO

NOTES:
(1) Always use the content code that most exactly describes the material
1n each container, i.e., for disposal of a core barrel use C31 instead
of M33.
(2) In addition to listing the most exact content code(s), briefly describe
the container's contents in words in the space provided for description
(e.g., "Hot Cell Waste"; "RWDS Module"; "Evaporation Module", etc.).
(3) Plastic, paper and tape that are present only as wrappings for articles
in the waste container can be ignored and need not be specifically
identified in this report.
(4) It is important to identify the amount of each significant radioisotope
present in the waste container. The following isotopes are considered
particularly significant and should be listed along with the amount
of each when one amounts to more than one millicurie per cubic meter
of container volume:
C-14
Ce-144
Cs-137
H-3
1-129
Nb-94
Ni-59
Ni-63
Sr-90
Tc-99
U-235
U-238
In addition, the amount (curies) of Co-60 present in each container
should always be listed.
(5) Processability families are:
CO
IN
MS
NP
SO
XX

Compactible
Incinerable
Metal sizing/smelting
No processing method established
Solidifiable
No further processing required
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STABILIZATION OF MIXED WASTE AT INELa
A. N. Boehmer, R. L. Gill ins, M. N. Larsen
Idaho National Engineering Laboratory
EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, Idaho 83415
SUMMARY PAPER
There is one category of low-level radioactive waste (LLRW) which cannot
be disposed of at the Idaho National Engineering Laboratory (INEL).
LLRW, which is also hazardous [as defined by the Resource Conservation
and Recovery Act (RCRA) in 40 CFR 261], is considered a radioactive
mixed waste (RMW). The Department of Energy - Idaho Operations (DOE-ID)
Office has decided that the Radioactive Waste Management Complex (RWMC),
which is the INEL's LLRW disposal facility, shall not accept RMW.
Proper disposition of a hazardous waste (HW) requires that the HW be
sent to an Environmental Protection Agency (EPA) permitted disposal
facility. Existing EPA-permitted disposal facilities will not accept
radioactively contaminated hazardous waste since they do not have an
NRC license and are not designed to handle radioactivity.
There are two other options for dealing with RMW: to treat it so that
it is no longer hazardous or radioactive, or to store it until it can
be treated or legally disposed of. Treatment and storage of a RMW
also requires an EPA permit.
The INEL has applied to the EPA for a RCRA Part B permit. The permit
application includes a storage facility for HW, a storage facility
for RMW, incineration of HW and RMW, and stabilization of HW and RMW.
This paper describes the stabilization development activities conducted
at the INEL by EG&G Idaho, Inc., for the DOE.
There are
the waste
the waste
waste can

two primary purposes in stabilizing a RMW. One is to enhance
form for optimum storage conditions; the second is to treat
so that hazardous characteristics are eliminated and the
then be disposed of as a LLRW.

The stabilization development plan consists of four primary activities:
(1) characterize the HW and RMW at the INEL to determine volumes, levels
of radioactivity, and which wastes can be stabilized; (2) conduct lab-scale
stabilization tests to evaluate stabilization binders and processes
and to determine the optimum binder-to-waste ratios; (3) conduct drum-scale
tests to ensure that 55-gallon drums of waste can be successfully stabilized
and to obtain the necessary test data to support the RCRA permit application;
and (4) provide a production stabilization capability at the Waste
Experimental Reduction Facility (WERF).

a. Work supported by the U.S. Department of Energy under DOE
Contract No. DE-AC07-76 ID01570.
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The first activity, waste characterization.has been completed for existing
Identified HW and RMW at the INEL. However, this will be a continuing
activity as new wastes are identified and/or changes to the regulations
add chemicals or materials to the list of regulated wastes. Also Included
in this activity was a determination of which wastes might be candidates
for stabilization.
Wastes which are hazardous due to toxicity, as determined by the Toxicity
Characteristic Leaching Procedure (TCLP), are prime candidates for
stabilization. Proper stabilization of these wastes, so that they
will pass the TCLP test, will allow them to be disposed of as LLRW.
Stabilization development activities at the INEL have concentrated
on these wastes.
The second activity,lab-scale development,was conducted on fly-ash
from incineration of LLRW, photochemical wastes, aqueous potassium
chromate solutions, and lead refining dross. Binders that were economical
and easy to use were chosen for testing. These included cement, combinations
of cement and sodium silicate, and ENVIROSTONE. Recipes were developed
for binder-to-waste ratios which resulted in successful stabilization
of each waste, as demonstrated by success in passing the TCLP test.
The next activity in stabilization development is the drum-scale testing .
required to ensure that 55-gallon quantities can be successfully stabilized
and pass the TCLP test, and to obtain the data required to support
the RCRA Part B permit application. The only waste to be tested to
date in drum-scale quantities is the fly-ash generated from incineration
of LLRW at WERF. The WERF fly-ash is considered a RMW due to Teachable
lead and cadmium levels detected by the TCLP test. This fly-ash is
collected in 55-gallon drums.
To support drum-scale development, the fourth activity was the installation
of a stabilization development facility in the deactivated SPERT II
Reactor building. The facility consists of a drum-tumbler for mixing
the waste and binders; a HEPA-filtered air-exhaust system; a scale
for weighing the ash, water and binder additions; a water supply system;
and miscellaneous support equipment.
A test program was conducted on nonradioactive fly-ash generated from
a coal-fired boiler prior to stabilization of radioactively contaminated
fly-ash. The density of this fly-ash was much greater than the WERF
fly-ash, so the binder-to-waste ratios were different. However, these
tests served to check out the drum-scale system, determine if tumbling
produced a homogeneous product, and to test the proposed sampling methods.
Four drums were solidified and sectioned. The sectioned pieces indicated
good homogeneity of the solidified fly-ash, although there appeared
to be pieces of cement in some sections that had not totally mixed
with the waste.
A QA/QC procedure was prepared to ensure that the test program would
generate statistically viable and reliable data. In addition to analysis
of samples of the fly-ash before and after stabilization, standards
and blanks were submitted to evaluate accuracy of the analysis. Two
different labs wers used as an independent check on the analytical
results.
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The druns of fly-ash are sampled prior to stabilization to provide
data on the leachabie levels of the lead and cadmium as determined
by the TCLP test. These samples are taken using a thief-type sampler
which is designed to take samples from all levels of the container.
This method of sampling provides a representative sample of the contents
of the drum. After mixing, but prior to the mixture setting up, a
core sample is taken by inserting a full-length piece of 3/4-inch-diameter
PVC pipe to the bottom of the drum. The material removed from the
drum in this sample probe is extruded and allowed to solidify. Once
it has set up, the sample (which represents the mixture from top to
bottom) can be sectioned and each section analyzed independently to
determine homogeneity.
Two drums of WERF fly-ash have been solidified and analyzed. The first
drum passed the TCLP test, but about half of the samples analyzed from
the second drum did not pass, which indicates a lack of homogeneity.
The second drum had more ash than the first (150 lbs vs. 100 lbs),
and it appears that the drum was too full to provide adequate mixing
during the tumbling process. Six additional drums are scheduled to
be tested and analyzed. These drums will be limited to no more than
100 lbs of ash to ensure adequate mixing.
The results to date are encouraging. When the process hay been adequately
demonstrated and the EPA permit obtained, the WERF fly-ash, which is
presently a RMW, will be stabilized so that it will pass the TCLP test
and will no longer be considered a RMW. Programs will also be developed
for other INEL wastes which are candidates for treatment by stabilization.
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GREATER CONFINEMENT DISPOSAL AND SALTSTONE
WASTE DISPOSAL TECHNOLOGY
Harold F. Sturm, Jr., John A. Stone,
and Elmer L. Wi1 hite
E. I. du Pont de Nemours and Company
Savannah River Laboratory
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ABSTRACT
A Greater Confinement Disposal (GCD) demonstration facility consisting of 20
GCD boreholes, for solid, low-level radioactive waste, has been in operation
at the Savannah River Plant since 1984. Construction of a Greater Confinement Disposal trench will be completed in late 1986.
Low-Level waste salt solution, separated from high-level nuclear waste by a
process combining precipitation, adsorption, and filtration, will be mixed
with a cement-flyash blend to form saltstone. The saltstone will be
disposed of onsite in an engineered disposal area. Based on mathematical
predictions, the saltstone disposal area is designed to meet or exceed
groundwater standards for all potential contaminants.
INTRODUCTION
As regulatory pressure and environmental concerns Increase on a national
basis, It 1s evident that waste management systems must provide a greater
degree of protection than shallow land burial and, in fact, must be
developed to replace shallow land burial.
Greater Confinement Disposal is a disposal technique that uses natural and
engineered barriers to provide isolation greater than shallow land burial.
Savannah River uses deeper burial, surrounding the wasteforms by a foot or
more of grout, stabilization of waste emplacement with grout, and closure
methods to prevent intrusion and minimize water percolation.
Saltstone, as a method of hazardous industrial salt waste disposal, embraces
many of the concepts of GCD. The salt will be blended with cement and
flyash for disposal in an above grade vault. Mathematical modeling predicts
that the diffusion controlled release of materials from the monolith will
not occur for many decades and at maximum concentration ~1000 years, will
meet or exceed groundwater standards for all potential contaminants.
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DISCUSSION AND RESULTS
GREATER CONFINEMENT DISPOSAL
The overall objective of GCD is to construct and operate a system that will
provide for "near-zero release" of radionuclides from waste material and
will require no maintenance after closure.
The Savannah River Plant is conducting two demonstrations of Greater
Confinement Disposal of low-level, solid radioactive waste. The first, a
cluster of 20 GCD boreholes, have been in operation since 1984. The second,
a GCD trench, will begin operation in late 1986.
Methods used at SRP to classify and segregate the waste for GCD disposal,
design details for the GCD boreholes, stabilization procedures, and closure
methods are discussed in references one and two and will not be repeated
here.
Borehole Operating Status
As of August 1986, nine of the 20 boreholes had been filled or partially
filled with waste. Waste has been grouted in place in five of the boreholes. Closure will not occur until all 20 are filled. 1 > 2
GCD Trench Status
«
Construction of the first of seven GCD trenches was started in February 1986
Full operation is scheduled for late 1986.
The trench will be 100 ft long, 50 ft wide, 25 ft deep, and will be divided
into four 25-ft cells. The concrete walls will be 1.0-ft thick, and the
floor 6-in. thick. A leachate collection system will be provided to detect
leakage from the wasteforms into the cells. Wasteforms will be grouted in
place at various times during the filling of a cell as conditions dictate.
A conceptual design schematic is attached, Figure 1.
SALTSTONE
Laboratory and large-scale testing of saltstone has shown that the
predominate3 [ mechanism for release of contaminants to the environment is
diffusion. » *
A numerical, finite 5 element model was developed to simulate release from a
saltstone monolith. The model was validated by first modeling large-scale
saltstone field test lysimeters for comparison against actual data. Once
verified, the model was used to predict the release from a landfill monolith
An analytical model as well as the numerical model was then used to define
the impact of various landfill designs that would meet the performance
objective of permanent disposal of waste salt in an environmentally sound
manner that will meet state groundwater quality standards.
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Figure 2 is a conceptual design schematic of a saltstone surface vault. The
vault will be 600 ft long, 100 ft wide, and 25 ft deep. Each cell will be
100 x 100 ft. The vaults will be 1.5-ft thick with a 2.0-ft thick floor and
roof.
Model predictions indicate that the facility will prevent any release
of potential contaminates for many decades. The maximum concentrations will
not be reached for 1000 years and then will not exceed groundwater standards.
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FIGURE 1. 3-D View of GCD-ET W/Prototype Crane Interface
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FIGURE 2. Saltstone Surface Vault
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