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ABSTRACT

This Topical Report describes the design and operation of the ATCOR Liquid

Volume Reduction System. The system was developed in conjunction with

Belgonucleaire, S.A. to provide a simple to operate and reliable method for

the reduction of the volume of radicactive liquid wastes or waste slurrys, and

solidifying the dehydrated residue for transportation and disposal.

The system features, verified by extensive pilot plant testing, are as follows:

1. Chemica. pretreatment of the wastes to place the waste in a chemical
form which will solidify acceptably in a variety of solidification

matrices.

2. Volume reduction by evaporation to achieve volume reduction ratios
after solidification between 7 to 1 and 10 to 1 depending on the
waste processec. Average Decontamination Factors (DF) achieved
during system operation are in the neighborhood of 6,000.

3. Solidification is accomplished as an operation integral to the drying
operation or as a separate operation. The solidified product
contains no free water, is free standing and exhibits acceptakle
leaching characteristics.

4. The process has been successfully tested using a variety of waste
streams and combinations of waste streams to simulate power plant

wastes.

5. The process does not generate secondary waste streams which must in
turn be processed. Any secondary wastes produced can be processed in
the same equipment.

6. The system is readily adaptable to a mobile application due to the
simplicity of design and the ability to skid mount the equipment.

7. The system meets all Federal regulations for installation and

operation at a nuclear power plant.

i
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PROPRIETARY INFORMATION

bllowing pages and/or sections in the ATCOOR Topical Report No.
Rev. O, ATCOR AVRS-80 Volume Reduction Process are considered to
be proprietary. These sections are not to be used, distributed for public
: I Y £

information or distributed without the direct written permission of ATCOR.
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1.0 Introduction

The increasing costs for the disposal and transportation of low-activity
liquid wastes generated at nuclear power plants and facilities has made the
volume reduction of these wastes increasingly attractive in recent years. The
system described in this topical report reduces the volume of these wastes by
evaporation and provides for the solidification of the dried residues into a
variety of acceptable matrices. The reduction of volume of the solidified
wastes by factors ranging from 7:1 to 10:1 depending on the waste streams
processed. This is accomplished in reliable, heavy duty equipment which is
designed to minimize radiation exposures resulting from operation and
maintenance.

The design of the system is based on research conducted by both
Belgonucleaire, S.A. and Atcor Engineered Systems, Inc. over the last nine
years. Testing conducted at the Nuclear Research Facility located at Mol,
Belgium began in 1969 and resulted in the installation of liquid waste volume
reduction and solidification systems at Foresmark in Sweden and at Tihange,
Unit II, in Belgium. The Mol testing concentrated on determining waste
chemistry and pre-treatment philosophies as well as equipment selection. An
operat.ng pilot plant system has been extensively operated to verify the
process and equipment selected. ATCOR's testirg has resulted in over 20
radiocactive waste solidification systems in operation world wide. The
combination of two compatible testing has resulted in the system described in
this topical report.

wastes tested in the system include, separately and combined, simulated waste
streams containing boric acid, sodium sulfate, decontamination solutions,
filter aids, resin slurries and iron oxides. Pre-treatment of these waste
streams is utilized to produce the waste in a chemical form which is
relatively insoluble and which behaves well from a materials handling aspect
during drying and sclidification. Drying of the wastes is accomplished under
a slight negative pressure using a twin screw intensive dryer. The scCrews
provide a self-wiping action on the dryer walls and paddles to improve the
heat transfer characteristics and to prevent the build up of waste on the

inner surfaces of

0063A 1.1
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the equipment. The dried wastes can be combined with the solidificaticn
matrices within the la on of the intensive dryer or stcred amd
solidified at a 1 in a similar mixer or usirg an in-contairer
process. The evaporated water vapor is condensed and monitored provide
iordication of system operation. Non-condensable gases are discharged to

station ventillation system.

The purpose of this report is to present the necessary date on tha system

esting to allow the uclear Regulatory Comaission to evaluate

system for installation in nuclear facilities in the United States.

Y
Vil

Experience

ATCOR Emgineered

OR Engineered Systems, Inc. (ATCOR) has provided Radwaste Sclidification

Processing Systems to nuclear power United States and

»ad, since 197 ATQOR has designed fication systews for both PWR
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solid background of experience in the processing of radicactive westes, which
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1
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Operation of these installations lead to the testing program and system design
which are discussed in this Topical Report. Tre volume reduction process with
integral solidification matrix mixer design described in this Topical Report

is supported by a seven year developmental program.

1.2 System Design Objectives

1.2.1  Equipment

The equipment was designed to meet the following objectives to the greatest
extent possible:

1) Allowance for changes in the feed solutions from one batch to the
other (chemical content, nature, quantities,) with only simple
adjustments of the operating parameters and without modification of
the main canponents involved;

2) To be easily, safely and remotely operable and capable of
semi-automatic control with respect to the main process parameters:

3) To have an availability which correspords to the powe: plant
operation needs:;

4) To be reliable and safe;

5) To be capable of continuous operation, at least for the majority of
the process, without the permanent attendance of an operator and with
very few, if any, operations required inside the shielded cells:

6) To use equipment and components available either on the industrial
market or easily convertible to the particular requirements of
radwaste service and which have been previously demonstrated as
industrially adequate for applications in non-nuclear situations.

7) To allow infrequent, simple and rapid maintenance or parts
replacement ;

8) To be properly designed with respect to the accessibility of the
components, separation of the subassemblies and segregation of the
waste sources;

9) To reaquire only unsophisticated decontamination methods;

10) To provide the flexibility of altermative operations or hamdling for
the major process operations:

11) To al. s« economical process operations;

Coe3A 1.3
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12)

13)

1.2.2

To provide for slightly negative pressure operation to minimize the
contamination potential of the system;
To design a system which is rimple and durable enough that it can be

adapted to a mobile operation cycle.

Solidified Product

The following properties of the final solidified product are considered to be
desirable. The ATCOR/BN system is designed to obtain a solidified waste with
these properties:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

12)
13)

0063A

minimum volume;

continuous monolith with no residual free water:

no appreciable differential settling of materials;

free standing without outer receptacle or packaging:;

little degradation with time (within acceptable limits) of the
product properties;

binder which shows no radiation damage for the expected integrated
dose rate up to the end of the storage period;

compatibility between the matrix material and the chemical compounds
of the residues (during and after incorporation in the matrix):
sufficient mechanical resistance, such as compressive strength, to
meet existing waste burial criteria.

low leaching rate for the particular radiocactive species trapped in
the residues;

long term satisfactory behavior under the storage conditions in open
air, above ground engineered storage, or burial storage;

no detrimental attack of the product when exposed to fire:

readily producible on an industrial scale:

cost of matrix material and additive chemicals should be small when
compared to the overall production and disposal cost.

1.4
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2.0 PROCESS DESCRIPTION

The ATCOR AVRS-80 combines a liquid radwaste Volume Reduction (VR) system with
a proven solidification system. This process allows the safe encapsu.ation of
the dehydrated radicactive compounds into a variety of solidification
matrices, together with the highest possible decrease in the solidified waste
volume.

2.1 Process Schematic

Fig. 2-1 is the schematic drawing of the process. It shows that the main
process line is composed of three major sub-systems:

a. Pretreatment: the incoming liquid wastes undergo a chemical
pretreatment to prepare them for the remaining process steps.
Sampling of the waste is accomplished prior to the addition of the
pretreatment chemicals. Pretreatment is required to assure the
quality of the solidified wastes by providing proper dehydration of
the wastes assuring compatibility with the binder, and improving the
characteristics of the solidified product.

b. Dehydration: the actual waste volume reiuction takes place in this
stage. The small volume of contaminated solid residues are separated
from the larger volume of non-radiocactive transportation water.

¢. Encapsulation: the dehydrated solid residues are incorporated into
an inert solidification matrix (either cement or polymer,) based upon
the utility's option. The encapsulated residues are placed into the
appropriate storage drum or container (unshielded or shielded, as
required based upon the end-product activity) in which the mixture

solidifies prior to its transportation to the waste disposal site.
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rher supporting sub—-systems are provided as shown:

the vapor released during the dehydration operation, is
in the following sections:
Treatment :

the evaporated water is processed by a static
a demister to remove entrained water,

and a condenser to
collect the evaporated water.

Condensate Storage:

the condensed vapor is collected and
monitored prior to its
an upstreamnm

lischarge to either final disposal
wlding tank for further polishing.

Of f-Gas Filtration (optional):

the ron-condensable gases can be
passed throug: a set of three filter (i.e.: prefilter, HEPA
being discha

rged to the station's

chemica tl

i

he preparation,

- 3 .
injection of
waste pre-~treatment chemic

the

als is accomplished this sub-system.
Solidification Matrix
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cap, smear andc
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SYSTEM DESIGN CONSIDEF

NSIDERATIONS

Extensive experimentation has shown that an adequate chemical pretreatment is
essential in order to obtain satisfactory results. The objectives of the
pre~treatment are to provide:

the dehydration of the waste to a fine powder without surface scaling:
b) the obtaining of an acceptable solidified end-product from the standpoints
)

compatibility of the residues with the matrix material:
long term behavior under the storage condtions:

leaching rates of the contaminated compourds;
physical properties.

required pretreatment be neglected, unsuitable products, process

poor end-product properties may result. Although failures of the
not be apparent immediately following encapsulation, rigorous

mentation has shown that lack of proper pretreatment will
ilures over a period of time. I

Al

the case of boron containing
pretreatment alsc iluces the danger of crystallization in the storage
~systems at ambient temperat

cures.

1s obvious that

waste solutions may not be blindly
must have sufficient knowledge of the chemical
incoming waste select the correct process par
encapsulated final product. The ATCOR/BN Process
is used to ne the proper pretreatment,
experimentation the potential waste fo
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2.2.2. Dehydration
A S

The AVRS-80 system yields an excellent was e volume reduction ratio of
approximately 10:1 by the removal of the free water from the conditioned
residues. It has been established that complete dehydration appreciably
improves the results of the encapsulation operation, since precise awmounts of
water and cement can be fed to the mixer in proper proportion to the known

amount of dried waste. The weight of dried waste is proportional to the flow

f condensate from the dehydration system and thus can be known accurately.

This information combined with the PCP, results in a precise encapsulation

process.

The efficiency and quality of the dehydration process depends upon the
perational characteristics of the dryer. Problems such as product scaling,
melting, jamming, uneven <, and dusting during the dehydration stage have
been overcome through the proper choice of equipment, operating conditions and
waste pretreatment. Extensive pilot plant operations have refined the process

to eliminate these very real problems.

The evaporating capacity per unit heating surface is also an important factor,
since it directly affect he size of equipment for a given feed flow rate.
Because most of the 1 olutions at the dehydration system inlet contain a
variable concentration of dissolved solids (typically 5 to 20% by weight), a
considerable amount of - ! rst to be evaporated before reaching the
jranular powder stage. The waste becames increasingly more pasty and

to transport as the transportation water is removed from the waste

choice of dehydr: ¢

utlet.
may form
the amount of containe
shafts prevent jamming or shearing

has been proven in many tests
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A two stage drying system can be provided for waste streams which either
contain very low solids concentrations or which involve larger volumes of
waste. The initial drying stage uses a thin ilm evaporator to raise the
waste solids concentration to approximately 40 per cent by weight prior to the
final drying stage in an Intensive Dryer as described above. Both vertical
and horizontal thin film evaporators has been coupled with the Intensive Dryer
without affecting the operation of the system. The choice of the horizontal
or vertical thin film evaporator depends on the space allowed for the
installation of the system.

This equipment operates under a slight vacuuam, allowing evaporation to take
place at a slightly reduced temperature. Negative pressure operation also
provides the assurance that any leaks are into the equipment, eliminating the
potential for airborne contamination.

2.2.3 Encapsulation

The AVRS-80 process allows for a variety of media to be used to encapsulate
the dried waste. The decision not to select only one cof the three currently
acceptable matrix materials was based on the following three reasons:

1. the different user preferences concerning the solidification matrices and
the storage of the conditioned dried wastes which may be affected by
national or corporate commitments:

2. the fact that the compatibility of the dehydrated wastes and
solidification matrix may not be optimum for all waste/matrix cumbinations.

3. the continual research and development on binder materials by ATCOR, BN

and others to develop the best possible matrix materials for individual

wastes will eventually produce another accepted binder.

0064A 2-5
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ne of the main concerns in the design was to work out a process

‘ould readily be adapted to several types of matrices. The concept of

the waste stream to dry granules satisfies this requirement, since dry

wastes can easily be combined with either cements, polymers or other matrices
1 separate operation. This flexibility will also result in a superior

olune reduced solidified end product.

from a different standpoint, should a plant operator wish to switch to another
solidification matrix, the major r of the VR System would t need

since only the matrix preparation stage would need to be

been designed to pe 4 irying step and
combined 1in S1rx inl the Intensive
lue moves the drying section to
cement and water (or other
Dow) can be precisel: to achieve
the need feeding steps

iue which De i ¥ a separate mixer.

p— | 3 — . ) * r -~
coupled with the intensive Lryer to
streams, such
provia

'
w i@t
cuscamer

requction
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2:3:1 Pretreatment Sub—-System

The Pretreatment Sub-system typically consists of a dual-use Waste
Conditioning Tank, a Chemical Addition Tank and Pump, a Waste Metering Pump,
an Emergency Waste Return Pump and a Waste Sampling System. Sizing of the
equipment depends upon the quantity and type of waste generated by each
Nuclear Power Station.

The Waste Conditioning Tank is identical to the waste conditioning tanks
provided by ATCOR in the non-volume reduction radwgste systems as described in
ATCOR's approved Topical Report #ATC-132A. Both liquid wastes and resins are
collected in the tank prior to the dehydration stage. The tank has the
capability for the addition and agitation of pretreatment chemicals to liquid
wastes, and the dewatering of resins.

Strip heaters are provided to maintain the wastes in solution prior to the
addition of the pretreatment chemicals. The waste is metered to the
Dehydration Subsystem by either of the two pumps. The Emergency Waste Return
Pump has the ability to pump the waste to another tank in the event of failure
of the Waste Metering Pump or the Intensive Dryer/Mixer. The Sample system
allows a waste sample to be withdrawn from the Waste Metering Pump
recirculation piping prior to dehydration. Resin dewatering is accaomplished
by withdrawing the transport water from the resins through filters located in
the bottom of the Waste Conditioning Tank by either of the pumps.

2¢3.2 Dehydration Sub—-System

Dehydration of the wastes is accomplished in the Intensive Dryer/Mixer. The
Intensive Dryer/Mixer is constructed of two horizontal cylinders each fitted
with longitudinal shafts and lens-shaped mixing paddles, the inner walls of
the cylinders are side by side circular major arcs of equal radii,
intersecting to provide side-by-side interacting chambers. The rotating
paddles cause longitudinal flow as well as flow through the opening between
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the intersection. The cylinders are electrically heated or steam jacketed for
the drying section. The design is such that the quantity of product contained
in the Dryer/Mixer during operation is small (less than 30% of the total
volume), with virtually no dead space where dried residues might accumulate,
ard provides positive first-in-first-out flow. A separate drain connection
allows for the emptying of flushing or decontamination solutions.

Alternate designs are available for plants without existing efficient
evaporators or crystallizer units. A two stage continuous dehydration and
solidification process uses, as the first stage, a high efficiency Thin Film
Evaporator whose design has been improved specifically for nuclear service.
The second stage is an Intensive Dryer similar to the dryer described above.

The Thin Film Evaporator has a single evaporation tube, whose diameter is
large, permitting the handling of high viscosity products. The tube is fitted
with a rotor, and the interior surface of the tube is bored perfectly
cylindrical to form the heating area. Heat is again provided by electric
heaters, spaced around the outer circumference of the tube or by a steam
jacketed heat transfer area. The liquid waste is distributed over the
interior of the heated tube by the centrifugal effect of the rotor. The film
thus formed has a thickness of approximately 1 mm. It presents, for
evaporation, a very small volume over a large surface. Turbulance
considerably increases the heat transfer (boiling is almost instantaneous) and
the volatile components are rapidly evaporated. The waste remains in the
evaporator for a very brief time preventing product deterioration and plugging.

2.3.3. Encapsulation

The V/R product encapsulation normally takes place in the final section of the
Intensive Mixer/Dryer. This section is water cooled to lower the temperature
of the dried solids to a point where they are compatible with the
solidification media. Cement can be introduced by means of the side stream
injection screw directly into the barrel of the mixer. Water is metered into
this section via a proportioning pump. The Dow binder and catalysts can be
added in the mixing section in a similar manner. In each case only a single
screw type binder feed device penetrates shield walls to the active area

containing the mixers.
Q064A 2-8
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The dried waste/matrix mixture produced in the encapsulation mixer is then
discharged into a shipping liner or drum where it solidifies.

A special dust-tight hood on the fill head, against which the storage
container is pressed, will avoid splatter of the contaminated product.

At the end of each batch the components of the encapstlation step are
sequentially stopped and a disposable drip-tray or slide gate is slid beneath
the discharge chute in order to prevent the dripping of the contaminated
mixtura during the exchange of the storage containers.

2.3.4. Vapor Treatment - Condensate

The water vapor released by the Dehydration Sub-system is processed by the
vapor treatment section composed of:

a. A steam purifier, a packed column, which collects the droolets and
entrained dried waste which may have passed through the intensive dryer
outlet. The collected liquid returns to the dryer. A flush connection is
provided to clean the purifier of dried waste. The steam purifier is
replaced on the two stage system by the scrubbing action of the Tiin Film

Evaporator.

b. A condenser which condenses the filtered vapor. The noncondensable gases
are drawn by vacuum into the plant off gas system maintaining a slight
negative pressure inside the contaminated sections of the system. The
plant off gas system may also be equipped with a complete set of filters.
An option for a prefilter, HEPA filter and iodine filter (activated
charcoal) can be provided, if required.

The condensed water falls into the condensate collection tank where the
level is regulated by means of the speed of the condensate pump. This
level measurement (when combined with the condensate flow measurement)

permits the control of the system water balance by an automatic adjustment
of the feed flow.

0064A 2-9
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with the average decontamination or of the system (i.e. ratio of the

radicactivity level in the concentrate tank to the one in the condensate

tank) in the range of 107, the distillate may either be directed towards

the plant liquid discharge line or be transferred to an upstream liquid

il

waste storage tank for further polishing, depending upon the incoming

waste activity.

Handling

ansfer modes for container positioning are available for use.
method uses a powered roller drum conveyor system, while the second method
motorized transfer cart. As the name implies, the drum conveyor is
the transfer and positioning of standard 55 ¢ irums. The use
provides the flexibility of transporting drums, large volume

ion of both. The motorized cart normally rides on two

handling system,
ions. The
irums are
mulation, capping, decontamination, radiological
smear inspection and accumulation for storage pick=-up. each
qutamatic a ) by the operator from the control area.
the remaining conveyor sections

ontrol actions are

station, capping,

a single line
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container and stox irum conveying sys )r transfer

switches are preferred over standard mechanically actuated linit

since operating lence indicates that mechanical switches do not
leve the same reliab & electric units.

i [OX

main panel, the oper: moves the
At the capping : perator can
(radiation level ' cation

placing 1 the remote capper.

be mount
rail
automatic
into the capping head.

ione n a dbatch basils.
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For liners that do not have a standard drum opening, a remote, mechanically
operated liner closwe tool is provided. The liner opening is equipped with a
two step, self latching Tiona Betts, Inc. or equal cover. The closure tool
operates on the principle of a reach rod and mechanically closes the cover.

Container placement at the capping station is accomplished as previously
discussed in the Container Positioning section. Operator viewing during the
entire capping operaticn is provided by either a TV monitoring system or a
lead glass shield window. Capped containers are then remotely moved to the
subsequent decontamination station.

00647 a~12



ATCOR ENGINEERED SYSTEMS, INC. ATC-8019-1 Revision O

2.3.5.3. Decontamination

Drum decontamination is accomplished using a spray booth which is remotely
lowered over the drum. When in place, the mating surfaces of the booth amd
drum conveyor or transfer cart are campletely sealed to enclose the drum and
prevent the spread of contamination. Water is used to spray wash all of the
drum surfaces. An air blast cycle is used to remove most of the remaining
water accumulated atop the drum cover. Spread of contamination is prevented
by performing decontamination in a contained area separate from the other
stations on the process aisle. Liners can be similarly decontaminated using a
turntable and stationary spray header.

2.4 RADIATION MONITORING

Radiation level detectors should be located 1) adjacent to the waste tank; 2)
at the container filling station. Remote readout from each detector should be
displayed on the main control panel. At the filling station, the monitoring
system measures the specific activity of the final solidified product.
Radiation monitoring systems are normally provided by the custaomer to ensure
compatibility with existing plant systems.

ATCOR can provide an optional remote operated radiological smear device for
testing the external surfaces of the container filled with radiocactive
solidified waste. The entire smear operation is performed remotely from a
control console behina a shield wall. Once the sample has been taken, the
swab is extended through a wall opening for removal. The results of the smear
determine if the container can be picked up for storage or returned to the
decontamination station for further cleaning.

2.5. RADIATION EXPOSURE

L Assumpt ions

Radiation exposures discussed in this section are based on the following

assumptions:

Q064A 2=13
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-

g 5
maximan incomiig waste activity: oCi/m

iry sclids oontent in the incoming waste: 12 W/O
expected average decontamination factor of the system: 3,000 to

6,000 depending on the isotope.

Mhese assumptions for the incoming waste are slightly higher than those
\ppearing in the WASH-1258, table 2.22 (page 2-1C) for a BWR, and in tables

2.45 (page 2-~155) and 2.39 |

S

»age 2-137) for a ‘WR.

r
{
&

Control Room

ontrol room is located in a non=-controlled access zone. Its
m the poilr f view of radiation and transfer

the requirements of ) CFR 20.

Controlled Access Zones

"radiocactive service" are located in shielded cells,
access, Or grouped in accordance with their functi
low. In general the radiation expos: Jite
the installation
In
normally expected t« ] ‘ h the

peration of the system.

Radiation ) C shows the anticipated

£

proces: luring ¢ atic after shutdown and during maintenance.
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TABLE 2-1-RADIATION ZONE DESIGNATIONS

Process Aisle

Waste Tank Cubicle

Evaporator/Dryer/Mixer

Cerant Bin Aree

Condenser/Condensate Tank

Operator Control Area

Truck Bay Area

Legend:

Radiation Zone 1

2

3
B
5

Clean During During
Shutdown Operation Maintenance

3 S 2
3 5 2
3 S 3
) 2 1
1 2 1
1 2 1
- 5 1
1. mrem/hour
2.5 mrem/hour
15. mrem/hour
100. mrem/hour

100. mrem/hour
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2.6 FLUSHING - DECONTAMINATION

The system design contains the following features for simple and efficient
flushing or decontamination of the equipment in radiocactive service:

a) small inner wlumes and surfaces of the process eguipment.

b) demineralized water injection nozzles and drain connections provided at
key points.

automatic water flushing of the lines containing the waste slurries
initiated by a loss of flow signal.

spray nozzles to wash the inner wall surfaces of the radiocactive tanks.

layout of lines to allow draining towards the upstream tank, and to avoid
low spots whenever possible as constrained by the space available..

equipment design and construction features to eliminate areas of
potential residue build up such as wide radius corners, polished

interiors, and steeply sloped hoppers.

provisions for the addition of nitric acid for chemical cleaning of the

equipment prior to performing maintenance.

2.7 INSTRUMENTATION & CONTROL

The System P & ID drawings (Appendix 4) detail the motor driven components,
the remote pneumatic actuators, the position indicators and level controls,
and the instrumentation channels which enable the operator to safely and
easily operate the system.

All remote instrumentation and controls are centralized in one control panel

with the required pushbuttons, switches, selector switches, controllers, pilot
lights, indicators, recorders, regulators, annunciators, and audible alarms

necessary to perform and monitor the operation of the systam.
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2.7.1. Instrumentation

The following parameters can be automatically monitored and controlled:

a) feed flow rate of the pretreated waste to the dryer.

b) reagent feed

c) distillate level in the condensate tank

d) feed rate of binder to the mixer

e) water flow rate for encapsulation, when required

f) differential pressure at the ventillation exhaust filters (optional)
g) dryer temperature

h) conuensate flow

i) pH of wastes during pretreatment

Start-up signals must be triggered by the operator. Some operation sequences
(i.e. encapsulation) are automatically cut-off by one or two sensors,
depending upon the required safety level. HSmptying of mixers and conveyors
can be achieved with a manual back-up in the event of power or motor failure.

Radiation monitoring is not part of the System instrumentation, as it is
normally included in the general radiation monitoring system of the nuclear

plant.

2.7.2. Interlocks and Alarms

Various interlocks and alarms are provided in order to prevent the occurence

of:

- operation incidents or operator's mistakes that would cause damage to the
equipment or endanger the process quality.

- accidents which would be hazardous to the operating personnel or might
lead to an abnormal contamination of the equipment or the building.
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automatic shut-down in case of failure of the electrical supply, cooling

water, neating, etc.

low flow alarm and interlock on the pretreated waste feed

on the pretreated waste feed

case of incorrect alignment ¢ control switches

interlock on the mixer operation in case of improper positioning of

storage container or overfilling of storage container
interlock on the storage container transfer ring a filling operation

lushing upon loss feed flow

Abnormal situations, alarms and interlocks are indicated by means of

annunciators with visual and audible alarms.
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ALTERNATIVE SOLIDIFICATION MEDIA

Solidification media selection in view of today's regulatory environment and best

available data on products is at best a difficult question, that often reduces to a

personal user decision. This is further complicated by preferences or limitations of

ial radwaste systems suppliers. However, whether the finally selected media is

ement

, Dow or asphalt, or other polymers and cement-like matrices one must look at the

benefits derived from pre~treatment of the waste stream along with drying (VR) prior to

lidification. These two points insure maximization of waste incorporation and

successful solidification of the waste stream to the media's best ability and thus no
loss of the advantages The balance of this section will discuss

[ |

technical merits of each solidification media culminating with a sample economic
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solidified product are both flammable

-

require Flamamability and the associated
surance considerations, although not unreasonable, must be

iered

e an asphalt binder VR system has recently been part

ire incident at a European radwaste facility.

Asphalt has poor mechanical properties and is not free standing

without the container, however it does have excellent coating

properties when intensively mixed with waste.

Binder storage, feed and incorporation equipment require

e binder carbonizes if subject to excessive local temperatures, in

particular during storage.

binder has the potential to react with the waste

to form
Pre~-treatment of the waste is required to

the waste to prevent the problem.
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Section 3.2 (Cont'd)

revolution. Extensive testing at the pilot plant has proved the feasibility
of this method and this equipment. Experiments with systems utilizing asphalt
as a combined lubricating, heat transfer, and binding media in continuous
processers of several types (i.e. thin film evaporators and extruders) have
shown that it is possible to ignore this product fouling characteristic, but
only at the expense of incorporating less solids in the matrix, higher
horsepowers, and frequent downtime for maintenance, required to remove
condensed vapors from the off-gas equipment.

a further advantage of the pretreatment of the "12% Boric Acid" waste is the
vastly increased DF received by the process. The solubility ¢ . Boric Acid, or
derivatives, in the evaporated water vapor limits the anticipiiced DF across
the drying process to only 20. This is true for both the boric acid and the
sodium metaborate compounds. Through the use of the same pretreatment
required to obtain an acceptable dried product, the DF can be increased to
exceed 2000. This hundred fold increase in process efficiency is accamplished
by the fixing of the boron into an insoluble compound. This pretreatment is
part ot the pruprietary ATCOR system.

Finally the properties of the encapsulated dried product when properly
pretreated are greatly improved. Extensive testing has shown that the leach
rate of solidified samples is much better if the product is properly
pretreated. The dried product is also more resistant to swelling caused by
the absorption of water. Both properties have been found to be true no matter
which