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Proorietary information has been deleted from this
report and is included in the proprietary version, Topical
Report No. TN-RW-101/00-P. The proprietary information
deleted from this renort is Appendix B, TN-220 P&ID and
functional description.
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ABSTRACT

This Topical Report describes the design and operation

of the Transnuclear, Inc. TN-220 Radwaste Incineration

System. The TN-220 is an excess air incineration system for

processing combustible low-level radioactive waste. The

incinerator reduces the volume of these wastes by a factor
of from 60 to 1 up to 100 to 1 and concentrates the radiocactivity

in the ashes. The ashes are a powdery inert residue which

can be solidified in a variety of agents.

This ceport provides a detailed description of the TN~
220 System and describes the extensive operating experience
which the TN-220 type systems have accumulated around the
world. The report concludes with a section on accident
analysis.

The following conclusions about the TN-220 Radwaste
Incineration System have been reached:

1) the TN-220 System provides a safe, energy-efficient
process for volume reduction of combustible low-level radwaste,

2) the ashes are inert and suitable for solidification
in many agents,

3) the decontamination factors have been measured
upstream of the HEPA filters at 4.1 x 104 for alpha emitting

isotopes and 5.3 x 102 for beta emitting isotopes, and

4) the annual releases of radiocactivity are much less
than allowed by federal regulations.

The TN-220 System meets all Federal regulations for
installation and operation at a nuclear power plant.
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1.0

INTRODUCTION

The increasing costs for transportation and burial and
more importantly the decreasing allocations of burial
space for low-level radicactive wastes requires genera-
tors of these wastes tc r«duce to the maximum extent
practicable the volumes generated and shipped offsite.
This necessity for volume reduction indicated a need
for a proven and reliable cost-effective method for
volume reduction of combustible low-level radwaste
such as the TN-220 Radwaste I[ncineration System.
Similar systems are in operation around the world at
various nuclear power plants and research centers.

The original system developed and installed at the
Karlsruhe Research Center in We:t Cermany has been in
operation over 25,000 hours during the last ten years.

This topical report describes the design and operation
of the TN-220 Radwaste Incineration System. The TN-
220 is an excess air incineration system for processing
combustible low-level radwaste. These wastes include
paper, wood, textiles, plastics and combustible fluids
which are contaminated as a result of nuclear power
plant operation and maintenance activities.

The incineration system consists of a furnace, filters

and fans and associated feed, ash removal and control
elements. The furnace is a steel shell lined with

refractory bricks forming a vertical shaft chamber in

which the wastes are incinerated. The offgas is cleaned

by two sets of ceramic filters in series at high temperatures
followed by one bank of HEPA filters and is exhausted

by induced draft fans to a stack. The ashes can be

solidified in a variety of agents for interim storage

or burial.



The long operating histories of the TN-220 type systems
now installed at many locations provide substantial
confidence that allowable release specifications will
be met and that occupational exposures will be kept to
a minimum.

The purpose of this report is to present the necessary
data for evaluation of the TN-220 System by the Nuclear
Regulatory Commiscion and other interested regqulatory
agencies.



2.0

2.1

2.2

PROCESS DESCRIPTION

The major components of a TN-220 Radwaste Incineration
System are shown in a simplified flow diagram on Figure
2!1.

FEEDING AND COARSE SHREDDING

Waste in 55 gallon drums is brought to the feed area
located on the operating floor by the freight elevator.
The drum lid is removed by an operator and is replaced
by a sliding 1id which limits the spread of contamination
and prevents the waste from falling out while the drum
is lifted and turned over. The drum with the sliding
1id attached is positioned in a lifting and tilting
device which grabs the drum, lifts and turns it over,
mating the top of the drum to the top of the waste
supply and sorting box. The sliding lids on both the
drum znd the box are opened allowing the waste to fall
through the box into the tools of the first shredder.
The material coming out of this shredder is coarsely
shredded and fills the supply hopper.

FEED METERING

The amount of waste fed into the furnace is controlled
by continuous processing of the waste in the supply '
hopper. This coarsely shredded waste falls into the
tools of a second shredder at the bottom of the supply
hopper. The rotational =peed of the tools of this
second shredder is controlled by the furnace temperature
and determines the rate at which the waste is fed into
the furnace. The second shredder is equipped with a
grate at its outlet which limits the size of the waste
fed into the furnace to an appropriate size for burning.
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2.3

2.4

2.5

2.6

AIR SUPPLY

The incineration air supply is drawn into the furnace
by an induced draft fan of sufficient capacity to
guarantee an excess supply of oxygen for complete
oxidation of the waste offgas and char. The airflow
is distributed into the furnace chamber through three
air inlets to assure proper cocmbustion conditicns.

AUXILIARY BURNER

An auxiliary burner which operates on oil or contaminated
combustible liquids is used to preheat the furnace
refractory to the proper process startup temperature

of about 1200°F.

INCINERATION

The shredded waste passing through the outlet grate

of the second shredder falls into a funnel, through

the waste supply isolation valve and into an air conveyor
tube to the furnace. The waste conveyed by the in-
cineration air rapidly decomposes upon entering the
turbulent flames in the furnace chamber. The pyrolysis
offgas is oxidized while exiting toward the top of the
furnace chamber and the char is collected in the bcttom
of the chamber where the burnout is completed.

OFFGAS TEMPERATURE CONTROL
The oxidized offgas leaving near the top of the furnace

chamber is kept below 1800°F by the addition of water
in a fine spray.



2.7

2.8

.10

PRIMARY FILTER

The offgas leaving the furnace is routed to one of two
parallel primary filters which act as afterburners
where particulates in the offgas stream are removed.
The offgas at a design temperature of 1650°F is drawn
by the induced draft fan through glowing-hot porous
sintered silicon carbide filters. The particulates
are caught and completely oxidized on the outside
surface of the filter elements.

SECONDARY FILTER INLET TEMPERATURE CONTROL

The offgas leaves the primary filter at about 1600°F
and is cooled to below 900°F in the offgas piping
before entering the secondary filter. The cooling is
accomplished by the addition of atomized water sprayed
into the offgas stream through a nozzle.

SECONDARY FILTER

The offgas entering the secondary filter at below

900°F is cool enough to allow removal of radioisotopes
which are volatile at the 1650°F temperature in the
primary filter. Besides trapping these radionuclides,
the secondary filter also acts as a backup to the
primary filter should a defective primary filter element
allow any particulates to escape.

CERAMIC FILTER PRESSURE DROP CONTROL

Both the primary and secondary ceramic filter candles
will be coated with particulates burnt to ashes on
their outside surface. As this coating is built up
the pressure drop across the filters will increase.



2.11

2.12

2.13

2.14

This pressure drop can be decreased and the candles
useful life correspondingly increased by backflushing
the candles with compressed air which removes the

layer of ash. Use of a portable glove box and an
induced draft fan during backflushing maintains a
negative pressure in the system and prevents the spread
of contamination.

HEPA FILTER INLET TEMFERATURE CONTROL

The offgas leaves the secondary filter at about 850°F
and is cooled to below 400°F before it enters the HEPA
filters. The offgas is cooled by the addition of
compressed-air atomized water sprayed into the offgas
stream in a mixing nozzle in the piping.

HEPA FILTER

The offgas exhausts through one of two parallel HEPA
filters with the other as backup. The HEPA filters

are provided to gain an additional measure of decon-
tamination of the already twice filtered offgas.

INDUCED DRAFT FAN

The offgas is drawn through the incinerator and filtra-
tion system by one of two induced draft fans which
exhausts to the stack while the other serves as a
backup. The entire system operates at a slight negative
pressure downstream of the fans and at a slight positive
pressure upstream of them.

OPTIONAL WET SCRUBBER SYSTEM

If the waste to be incinerated contains PVC, removal
of the HCl released during combustion can be accomplished



2.15

2.16

2.17

by an optional wet scrubber system which neutralizes
the HC1l with NaOH.

INSTRUMENTATION AND CONTROLS

The TN-220 System is equipped with instrumentation
allowing remote operation from a control panel. Process
temperatures, pressures and flowrates are monitored

and automatic controls are provided to shut down the
system when operating conditions are not within prescribed
limits.

ALARMS AND INTERLOCKS

The TN-220 System is interlocked to assure safe op-
eration and alarms are provided to alert operators to
abnormal operating conditions.

PIPING AND INSTRUMENTATION DIAGRAM

The TN-220 System P&ID is shown in Dwg. SK-1004-00-01
Rev. 2 and discussed in Appendix B.



3.0

3.1.

1

PROCESS PARAMETERS

WASTE DESCRIPTION

The TN-220 Radwaste Incineration System is designed to
process combustible dry-solid or liquid low-level
radicactive wastes from nuclear power stations. The
amounts, chemical compositions and specific activities
of the radiocactive wastes used in this repor-t are
taken from the following sources as shown in the list
of references:

1) ERDA 76-43
2) WASH 1258
3) ANSI 55.1-1979
4) NUREG 0521

COMPOSITION

The wastes to be incinerated are either dry-solid or
ligquid, combustible low-level radiocactive wastes.

The dry-solid combustible wastes from nuclear power
plants consist mostly of clothing (protective suits),
cleaning rags and polyethylene packing material. There
are also small amounts of paper, polyvinyl chloride,
rubber and wood. The heat value of these wastes range
from 6000 to 10,000 Btu/lb with small amounts of waste
having heat values as high as 20,000 Btu/lb. Average
heat values ranging from 7500 to 9500 Btu/lb of waste
are assumed in this report.

The liguid combustible waste from nuclear power plants
consists mostly of lubricating oils which have been
contaminated. The average heat value of these liquids
is 20,000 Btu/1b.

See Table 3-1 for a summary of the waste characteristics.






3.2

3.2.1

The nuclide composition is assumed to be the same as
the combustible radwaste from WASH 1258 as shown in
Table 3-4 for PWRs and BWRs.

Neither radiocactive iodine nor tritium are present in
significant amounts in the combustible radwaste. Additional
safeguards for containment of these nuclides are therefore
not required. All significant nuclides are either not
volatile or only slightly so, and are easily retained

by the filtration system.

INCINERATION PRODUCTS

The combustible radwaste is incinerated to yield offgas
and ashes. The ashes, along with the filter candles
which become a secondary waste, are solidified in

drums for subsequent storage or burial.

ASHES AND FILTER CANDLES

The ashes contain all of the non-volatile radionuclides

after combustion. Any particulates which carry radionuclides
out of the furnace are afterburned in the primary

filter on the outside surface of the filter candles.

Together the ashes and filter candles contain practically

the entire activity of the input wastes.

While a weight reduction of 20 to 1 is attained by
incineration, a volume reduction of 80 to 1 has been
attained during nearly ten years of operation at the
Nuclear Research Center in Karlsruhe, West Germany.
When secondary waste and subsequent solidification are
included, the overall system volume reduction factor is
in the range of 40 to 1 up to 60 to 1.

11



3.2.2 OFFGAS

The TN-220 is an excess air type of incineration system
with a design excess air factor of 1.7 which assures

an oxygen rich combustion zone for complete burning of
the radwaste. The use of continuous waste feeding,
together with the excess air delivered from three
separate air inlets, assures rapid pyrolysis and complete
combustion during steady state operation. This operating
mode avoids formation of carbon monoxide and soot.
Depending on the composition of the waste, the offgas
will contain N3, Oz, CO; and H0 with trace amounts

of NOx, SOy and HCI.

The offgas released to the stack is about 1500 actual
cubic feet per minute. After release from the stack
the offgas is highly diluted with air from atmospheric
dispersion.

RADIOACTIVE RELEASES IN THE OFFGAS

Radioactivity in the offgas enters the environment
around the site. From the specific activity and nuclide
percentages assumed in the input waste stream, the
radionuclide concentration in the offgas after the
filters at the site boundary can be calculated. In

this calculation a decontamination factor of 2.1 x 104
for all nuclides, and a dispersion coefficient of 5 x
10"6 s/m3 was used. For the purposes of the radio-
active release calculations,the waste throughput is
conservatively assumed to be 264 lb/hr.

12



Tables 3-5 and 3-6 show the calculated nuclide concentrations
in the offgas eihaust and at the site boundary for BWR
and PWR wastes respecti 'ely.

The tables show the concentrations at the site boundary
are orders of magnitude below the allowable values per
10CFR20.

Using the above assumptions and a throughput of 264
1b/hr for 6440 hr/yr the exvected releases are less
than 1.8 x 102 Ci/yr for BWRs and for PWRs.

13






ST

COMBUSTIBLE DRY

Table 3-2

Per WASH 1258

WASTE FROM

Per ERDA 76-43

BWR NUCLEAR POWER STATIONS

Per ANS 55.1

Volume per year 5300 ft3

Average Density 28 1b/ft3

Weight per year 148,500 1b

U.8. Metric U.S. Metric U.S. Metric
150 m3 9900 ft3 280 m3 10,600 ft3 300 m3
450 kg 9.3 1b/ft3 150 kg 9.3 1b/ft3 150 kg
o3 o3 3
67,500 kg 92,400 1b 42,000 kg 99,0C0 1b 42,500 kg
<3 Ci £5 Ci £S5 Ci sot given

Total Activity ¢:S“éi'

specific Activity <0.3 x 1074 0.7 x 1074 <0.5 x 10-4 1.2 x 1074 not given

Ci/lb

Ci/kg

Ci/lb Ci/kg

not given

not given












61

Nuclide

Mn-54
Fe-55
Co-58
Co-60
Cs-134

Cs~137

Assuming:

Table 3-6

PWR NUCLIDE CONCENTRATION IN THE OFFGAS EXHAUST AND AT THE SITE BOUNDARY

Nuclide
Releases

pCi

secC

21
14
35

321

307

Of fgas
Concentration

20
50
460
440

Site
Boundary
Concentration

1.8 x 1074
1.6 x 1073

A) 2 x 1074 Ci/lb specific activity of waste

B) Nuclide composition per Table 3-4

C) Decontamination factor of 21,000

D) Dispersion coefficient equal to 5 x 1076 sec/m3

MPC
10CFR20
Appendix B

nci
m3
1,000

30,000
2,000
300
400

500






4.6

PREHEATER/AUXILIARY BURNER

An oil burner located near the bottom of the furnace
preheats the furnace refractory during startup. This
burner can also be used as an auxiliary burner for
incineration of combustible radwaste liquids.

OFFGAS FILTER

The offgas is filtered in a dry system at a high temp-
erature. The dry filter system consists of two parallel
primary filters and one secondary filter which are all
of identical construction. The filter housings are
steel shells lined with refractory bricks. The two
primary filters are in parallel, but during operation
only one is connected in series with the secondary
filter. The other primary filter serves as a standby
unit and increases the availability of the overall
system when maintenance of one is necessary.

FILTER CANDLES

The TN-220 uses porous high temperature resistant
sintered silicon carbide filter elements called candles
to filter the offgas. Each candle is a hollow tube
closed at one end. The offgas goes through the outside
surface into the hollow center and out through the open
end.

FILTER CANDLE SUPPORT PLATE
Each filter housing contains two circular steel plates
which each support 61 filter candles. These plates are

made of high temperature resistant steel to be able to
withstand the hot offgas environment.

21






4.15

HEPA FILTER AND FANS

The TN-220 includes two high efficiency particulate
absolute (HEPA) filters connected in parallel and two
induced draft fans downstream of the HEPAs also in
parallel. Only one HEPA and one fan are used during
operation with the others as backups. The fan exhausts
the offgas to the plant stack and maintains the system
at an underpressure relative to ambient.

ASH REMOVAL BOX

A glove box for removing the ashes is underneath the
furnace. A 1id on the bottom of the furnace is opened
allowing the ashes to fall into the cooling chamber
section of the ash removal box. After cooldown the
ashes are allowed to fall into an ash storage bin.

The storage bin uses a screw feeder to meter the ashes
into a mixer which combines the ashes and solidification
agent.

FILTER ELEMENT REMOVAL BOX

Glove boxes for removing the used filter candles are
underneath the filter housings. A 1lid on the bottom of
the filter housing is opened allowing the used candles

to fall onto a grate in the filter element removal box.
The candles are shattered to pieces small enough to fit
through the grate and fall into a 55 gallon drum attached
to the bottom of the box.

OPTIONAL OFFGAS SCRUB SYSTEM
Downstream of the secondary filter an optional wet

scrub system can be installed ftor offgas treatment when
large quantities of PVC are to be incinerated. The



scrub system consists of a jet scrubber which quenches
the offgas with a NaOH solution. The offgas/solution
mixture then enters a separation column in which the
offgas separates from the solution. The offgas continues
upward and out of the column passing through moisture
separators while the scrub solution is collected at the
bottom of the column. Preheated air is added to the
offgas to raise the dew point before entering the fan
and stack. The scrub solution is cooled in a heat
exchanger and batch changed when the salt in solution
reaches approximately 22 percent.

24






5.2

5.3

5.4

5.5

WASTE FEED

The waste in the storage area is brought to the operating
level of the incineration facility by a freight elevator.
The waste is then emptied drum by drum into the waste
shredding and supply system.

ASH REMOVAL

The ashes concentrate the radioactivity which was in the
feed and special precautions are taken to assure no
accidental releases of the material occur. The ashes
leaving the incinerator fall into the cooling section of
the ach removal glove box. The ash removal glove box is

in a cubicle with the ash storage bin. This cubicle

limits access to the ashes and during normal operation

nc entry is required. The ash storage cubicle is directly
above the solidification agent and ash mixer to minimize
the chances for accidents while the ashes are unsolidified.

SPENT FILTER CANDLE REMOVAL

The spent filter candles are broken at the top of the
filter housing and fall to the bottom where they shatter
and then fall into a 55 gallon drum. The 55 gallon
drums are removed from the middle level of the building
to the solidification station.

SCRUB SOLUTION REMOVAL

The wet scrubber system if installed would require the
scrub solution to be batch changed. Each batch of scrub
solution would be taken to the solidification station or
alternatively to the power plant's liquid volume reduction
system for processing.

26



5.6

5.7

5.8

RADIATION EXPOSURE CONTROL (ALARA)

The extensive operating history of the KfK type systems
has been considered in the design of the TN-220 from

a radiation exposure control standpoint. The radiation
doses from operations are expected to be even lower than
that at present facilities due principally to the improve-
ments in the waste feed and ash handling systems.

The intent of ALARA has been incorporated into the TN-220
from the waste feed system to the ash handling and other
subsystems and components and their operation and maintenance.

MAINTENANCE ACCZISSIBILITY

The TN-220 System is designed for ease of maintenance
accessibility and the resulting minimal exposure of
maintenance personnel. The furnace, filters and connecting
piping have steel shells with refractory lining. The

steel shells are all flanged and bolted together allowing
disassembly for replacement of the refractory. A small
crane above the operating flour is availabie for main-
tenance activities.

CONTROL PANEL

The control panel is located away from radiation areas

to reduce operator exposure. Controls and indicators

are provided to allow operation of the TN-220 from the
control panel. The control panel is laid out similar

to the process flowsheet permitting the operators to

see graphically the results of their actions. The inter-
locks and alarms necessary to protect the operators and
equipment during operations are also included in the
control panel.

27



5.

5.

5.9

10

11

ELECTRICAL CLASSIFICATION

All wiring shall be in accordance with the National
Electric Code and National Fire Protection Agency guidelines.

SCOPE OF SUPPLY

All equipment necessary for the TN-220 System will be
supplied by Transnuclear, Inc. or an equipment manufacturer
selected and approved by Transnuclear. This equipment
includes waste feed system, furnace, hot offgas piping

and filters, HEPA filters, offgas cooling system, induced

draft fans and the process controls.

Not included in the scope of supply are the interfaces
and utilities which are the responsibility of the purchaser.

UTILITIES AND INTERFACE REQUIREMENTS

The following utilities are required:

Electricity: Installed Capacity 150kW
Normal Operations Requirement 80 kW

Fuel: Startup uses 5 gallon/hr of fuel o0il or contaminated oil

Compressed Air: Offgas Cooling 110 scfm
Instruments 20 scfm

Demineralized Water: Offgas Cooling 130 gallons/hr

The TN-220 interfaces with the plant in the following
areas:

Dry Waste Feed Input: 55 gallon drums of low-activity
solid dry waste are accepted
and loaded individually.

28



Combustible Liquid Waste Input: An oil storage tank accepts
low-activity oils for
use as startup fuel.

Solidified Ash Output: 55 gallon drums of solidified
ashes are produced.

Offgas Exhaust: 1500 acfm at 17.4 psia and 400°F are
discharged.

29
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TABLE 6-1

U.S. REGULATIONS APPLICABLE TO THE TN-220 SYSTEM

U.S. Regulation

Reason TN-220 is expected
to be in compliance during
operation and maintenance

Experience at other TN-220
type units which supports
expected compliance reasoning

10CFR20.101 Exposure
of individuals to
radiation in re-
stricted areas

The dose expected per ex-
posure is much less than
the allowable dose limits.

Equipment surface dose

rates are very low. Highest
dose rate is expected during
replacement of refractory
inside the furnace where one
R/hr has been reported. Re-
fractory replacement is ex-
pected to occur infrequently.
A minimum of 5 years useful
service life is expected
based on operating experience.
Much longer service life is
expected based on new refrac-
tory linings now in use.

10CFR20.103 Exposure
of individuals to
concentrations of
radioactive materials
in air in restricted
areas

The expected airborne radio-
nuclide concentrations are
much less than the allowable
limits. The TN-220 system
operates at a negative pres-
sure so leaks are into sys-
tem. Building ventilation
will remove airborne con-
taminants.

Airborne radionuclide con-
centrations are very low.
Equipment swipe tests show
no leakage out of system.

10CFR20.105 Permiss-
ible levels of ra-
diation in unrestrict-
ed areas

The dose rates expected in
unrestricted areas are much
less than the allowable
limits.

Building housing equipment
provides shielding which
keeps dose rates in unre-
stricted areas very low.
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U.S. Regulation

Reason TN-220 is expected
to be in compliance during
operation and maintenance

Experience at other TN-220
type units which supports
expected compliance reasoning.

10CFR20.106 Radio-
activity in effluents
to unrestricted areas

The expected radionuclide
concentrations in the offgas
are orders of magnitude be-
low the allowable concentra-
tion limits.

Offgas filtration equipment
provides effective radio-
nuclide removal as evidenced
by high decontamination fac-
tors which keep releases very
low.

10CFR20.305 Treatment
or disposal by incin-
eration

An approved TN-220 Topical
Report does not exempt NRC
licensees from obtaining

site specific approval for
use. The TN-220 will meet
the general intent of this
section which is assurance of
compliance with 10CFR20.106.

In each country where TN-220
type units are installed simi-
lar requirements for a license
are being met.

10CFR50 Appendix A
Criterion 60 Control
of releases of radio-
active material to
the environment

The releases from operation
of the TN-220 are controlled.
Radiation monitors will ter-
minate operation if preset
rel.ase rate limits are
reached.

Operation of other TN-220
type installations has not
had to have been curtailed
because of uncontrolled re-
leases of radiocactive mat-
erial in the offgas.

10CFR50 Appendix A
Criterion 61 Fuel
storage and handling
and radioactivity
control

The TN-220 is designed to
assure adequate safety under
normal and postulated acci-
dent conditions. It permits
appropriate periodic inspec-
tion and is shielded for
radiation protection. It
operates at a negative pres-
sure for containment and
confinement of radionuc-
lides throughout the in-
cineration and filtration
system. It also huas two
fans, one of which is redun-
dant, for removing residual
heat from the refractory
after operation.

Other TN-220 type installa-
tions have operated safely
for over 45,000 hrs. Perio-
dic inspection and regular
maintenance have ieen per-
formed and radiation shield-
ing provided where appro-
priate. The fans contain and
confine radionuclides to the
system and in these systems
there are also two fans, one
of which is redundant.
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U.S. Regulation

Reason TN-220 is expected
to be in compliance during
operation and maintenance

Experience at other TN-220
type units which supports
expected compliance reasoning

49CFR73.392 Low
specific activity
radioactive material

Solidified ashes produced
by the TN-220 are expected
to qualify as Low Specific
Activity material. Trans-
portation of the waste will
be in compliance with the
DOT LSA regulations.

Transports have been in
compliance with regulations
in effect during the trans-
port in each country. LSA
material classification may
have been applicable. See
IAEA regulations below.

49CFR173.397
Contamination Control

Jolidified ash drums pro-
duced by the TN-220 will be
decontaminated in accord-
anc2 with the regulations
of 49CFR173.397.

Ash drum decontaination is
per the regulations in
effect in each country. See
IAEA regulations below.

Regulatery Guide
1.143 Design Guid-
ance for Radioactive
Waste Management
Systems, Structures,
and Components In-
stalled in Light-
Water-Cooled Nuclear
Power Plants.

The TN-220 system will be
designed constructed, in-
stalled and tested in
accordance with this guide.

The TN-220 type systems in
other countries are designed,
constructed, installed, and
tested in accordance with
similar regulations in
effect in each countrv.

Regulatory Guide 8.8
Information Relevant
to Ensuring that Oc-
cupational Radia-
tion Exposures at
Nuclear Power Sta-
tions Will Be As

Low As Is Reasonably
Achievable.

The TN-220 is designed to
ensure that occupetional
exposures are minimized.
The intent of ALARA has
been incoprorated into the
waste feed, ash handling
and other subsystems which
have been redesigned.

Occupational exposures at
other TN-220 type systems
have been decreasing as a
result of efforts to comply
with the ALARA principle.










TABLE 7-1

This table is taken from Regulatory Guide 1.143

TABLE 1
EQUIPMENT CODES
CODES
Welder
EQUIPMENT Design and Qualification Inspection
Fabrication Materials' and Procedures and Testing
Pressure Vessels AMSE Code ASME Code ASME Code ASME Code
Section VIII, Div. 1 Section II Section IX Section VIII, Div. 1
Atmospheric Tanks ASME Code’ ASME Code? ASME Code ASME Code?
Section I, Class 3, Section I Section IX Section IIl, Class 3,
or APl 650, or API 650,
or AWWA D-100? or AWWA D-100%
0-15 PSIG Tanks ASME Code? ASME Code? ASME Code ASME Code’
Section 11, Class 3, Section 11 Section 1X Section 111, Class 3,
or AP1 6207 or API 6207
Heat Exchangers ASME Code ASME Code ASME Code ASME Code
Section VIII, Div. 1 Section [l Section IX Section VIII, Div. 1
and TEMA
Piping and Valves ANSI B31.1 ASTM and ASME Code ANSI B31.1
ASME Code Section IX
Section 11
Pumps Manufacturers’ ASME Code ASME Code ASME Code?
Standards® Section [l or Section IX Section Iil, Class 3;
Manufacturers’ (as required) or Hydraulic Institute
Standards

" Manufacturers’ material certificates of compliance with material specificatiors may be provided in lieu of cerufied material.

2l-'ut;er ass-reinforced plastic tanks may be used in accordance with appropriate articles of Section 16 of the ASME Boiler and rressure
Vessel Code for applications at ambient temperature.

’ASME Code stamp, material traceability
these components are not classified as ASM

‘Mumhctmn' standard for the intended service. Hydrotesting should be 1.5 times the design pressure.

and the quality assurance criteria of Appendix B to 10 CFR Part 50 are not required. Therefore,
£ Code Class 3.
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9.0

OPERATING EXPERIENCE

The TN-220 system is based on research and development work
performed at the Karlsruhe Nuclear Research Center (KfK) in
West Germany. The pilot plant for volume reduction oi
solid radiocactive waste was started in 1963. The original
offgas cleanup system was improved such that by 1970 the
cleanup system had evolved to the ceramic filter system in
use today. The original full size incinerator with a capacity
of 60 kg/hr which started in 1970 is still in operation

with over 25,000 hours of radwaste processing. This unit
reduced over 300,000 ft3 of solid waste to less than 4400 ft3
of ash while operating with an average availability of over
80%.

The outstanding performance of the original KfK unit brought
interest from other nuclear facilities in obtaining similar
type units. Under a license agreement with KfK the following
units were built:

Location Startup Hours of Operation

Wuerenlingen Nuclear Research 1975 10,000

Center, Switzerland

Tsuruga Nuclear Power Plant, 1977 6,000

Japan

Seibersdorf Nuclear Research 1978 4,000

Center, Austria
Mihama Nuclear Power Plant, 1978 4,000

Japan

Japanese Atomic Research 1979 2,000

Institute, Japan

Seven additional unitc are under construction and five more
are planned.

Additional published information on this system is available
in references 5 to 9 in Section 12.0.
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11.2

ACCIDENTS

Accidents during operation are not expected to occur but

have been consideied and provisions have been made to alleviate
the potential consequences. Table 11-1 lists the accidents
which were consicered, the provisions designed into the TN-

220 to alleviate the potential consequences and the estimated
radiological consequences. Table 1l-1 shows that none of the
accidents result in an unacceptable consequence for the
operators or offsite.

The accident with the greatest potential consequence is

gross failure of the ash storage bin. The ashes contain
practically the entire inventory of the radionuclides of the
incinerated waste. Therefore, special precautions have been
taken to assure no serious radiological conseguences occur.
Specifically the storage capacity of the bin is liimited to
the ashes from three days operation which limits the radinactivity
content of the ash to less than three curies. The ash storage
bin is located in a locked cubicle as no access is required
during normal operation. Failure of the bin will result in
contamination only of the cubicle and a small occupational
exposure during cleanup. Airborne activity is also likely

to result because the ashes are still unsolidified in the

ash storage bin and c:eanup of a spill will stir up some
contamination. However, the building housing the TN-220 is

at a slight negative pressure and the air filtration system
for the building will remove the airborne contaminants. No
offsite releases are expected.
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INTRODUCTION

As the prime contractor, TN has Quality Assurance res-
ponsibility for all phases of design, manufacture, and inspec-
tion of systems and components which are supplied by TN. This
QA responsibility exists whether TN has contractual respon-
sibility for each of the individual phases of the project or
not. The present document describes TN's QA Program for
the design, fabrication, inspection and testing of radioactive
waste management system components and subassemblies to be
used at facilities licensed under 10CFR50. The organization
of this document follows that of Appendix B 10 CFR 50, in
that sections are numbered and titled the same as the corr-
esponding 18 criteria of Appendix B.
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1. ORGANIZATION

The organizational structure which has been set up
at TN to establish and implement its QA Program is shown
in Fig. 1. The authority and duties of the personnel
performing activities affecting the safety related functions
of TN supplied equipment and systems are described below.

The Chief Engineer is the person responsible for
establishing the QA Program. He reports directly to the
President of TN. The President shall approve the QA
Program and any revisions thereto. The Chiaf Engineer
shal! approve Corporate QA Procedures and any revisions
thereto. The minimum qualification requirements for the
position of Chief Engineer are a bachelor's degree in
engineering from an accredited institution and ten years
of exrrrience in engineering and quality assurance activities.

For each project one person from the TN organization
shall be assigned as the QA Engineer for that project.
The person who is assigned as the QA Engineer for a
particular project shall have no other responsibilities
on that project. He shall be functionally independent of
any group or individual directly responsible for the
activities which he monitors. He shall have the authority
and organizational freedom to enforce QA requirements,
to identify problem areas, to recommend or provide solutions
to QA problems, and to verify the effectiveness of the
solutions. As shown by the solid line in Fig. 1, he can
communicate directly with the President. The minimum
qualification requirements for the position of Project
QA Engineer are a bachelor's degree in e..jineering,
physical sciences, mathematics or quality assurance
from an accredited institution and five years of experience
in engineering activities with at least one year of
exper.ence in quality assurance activities.
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3. DESIGN CONTROL

TN shall establish measures to assure that appropriate
regulatory and quality tequirements have been or are correctly
translated into drawings, specifications, procedures and instruc-
tions. The design shall consider, but shall not be limited
to the following design aspects: shielding, stresses, thermal
and hydraulic performance, accident conditions, compatibility
of m. erials, accessibility for in-service inspection, main-
tenance and repair.

Measures shall .e established for the selection of
suitable materials, parts, equipment, and processes for
safety-related structures, systems and components. Valid
industry standards and specifications shall be utilized to
the greatest practical extent.

Design calculations and drawings shall be prepared and
checked in accord with approved procedures. Materials, parts
and equipment which are standard, commercial (off the shelf)
or which have been previously approved for a different appli-
cation shall be reviewed for suitability prior to selection.

In addition, the design shall be formally reviewed by
individuals or groups, other than those who performed the
original design. These reviews shall be in the form of Design
Review Meetings for designs which are developed by TN. For
such designs, the Project Manager shall schedule and chair
review meetings. These meetings shall be held to confirm
that various aspects of the design have been properly consid-
ered. The Project Manager and Project QA Engineer shall
review design documents to assure that the design characteristics
of the equipment or system can be controlled, inspected, and

11
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use of installation to permit verification of conformance with
procurement documents. These records shall be retained access-
ibly (See Section 17). The supplier shall furnish to TN all
documentation which identifies all procurement requirements
whizh have not been met together with nonconformance reports
dispositioned "accept as it" or "repair". These documents
shall be reviewed by the Project Manager and TN's design

agent (if applicable) to assure conformance with the license
application. The Project QA Engineer shall accept these
documents in writing. Project procedures shall specify client
requirements for the identification, control and approval of
nonconformances.

Supplier's certificates of conformance for safety related
material and components furnished to TN shall be periodically
evaluated by audits, independent inspections or tests to assure
that they are valid. The frequency and extent of these evalua-
tions shall be related to the safety importance of the procured
material or equipment.

TN or its agents shall perform inspections on safety
related components and equipment to be furnished to assure
that the component or equipment is properly identified and
corresponds to the procurement documentation. The inspections
shall verify that the component or equipment conforms to the
requirements of previously established criteria. These in-
spections shall be performed utilizing previously established
inspection instructions. Safety related component and equip-
ment suppliers shall have QA programs which contain measures
equivalent to the above, and in addition assure that accepted
material, components and equipment are identified as to their

inspection status prior to forwarding them to a controlled sto-
rage area or releasing them for further work or installation.
Nonconforming materials, parts or components shall be controlled
in accordance with Section 15.
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10. INSPECTION

Measures shall be established and implemented to
inspect materials, parts, processes Or other activities
affecting quality to verify conformance with documented
instructions, procedures, specifications, drawings, or
other procurement documents. These inspections shall be
per formed by personnel other than those who performed
the activity being inspected. Inspectors shall be qualified
in accordance with the applicable codes, standards, and
the training programs of TN or its contractors. Inspector
qualifications and certifications shall be maintained
current and these records shall be retained in accordance
with Section 17 of this Program.

Inspections shall be performed in accord with approved,
written instructions and p.ocedures. The instructions
and procedures shall include and address acceptance
criteria; identify the characteristics and activities to
be inspected; identify the individuals or groups responsible
for performance of the inspection operations; describe
the method of inspection; record evidence of completion
and verifying of a manufacturing, inspection or test
operation; and record the identity of the recording
inspector or data recorder and the results of the inspection
operation. When direct inspection is not possible,
provisions shall be established for indirect control by
monitoring processing methods, equipment, and personnel.

Mandatory hold points shall be established for
inspections or witnessing, as required. Work shall not
proceed beyond a hold point without the consent of the
designated inspector.

22
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Modifications and/or repairs to and replacements of
safety related components or equipment shall be inspected
in accordance with the original design and inspection
requirements or acceptable alternatives.

23
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JUALITY

omponent Or equipment, a
ablished and implemented to assure
written records are maintained to furnish
evidence of activities affecting quality. These records
include, but are not limited to, design and procurement
ecords, and the results of reviews, 1nspections, tests,
its, monitoring of work performance, materials analyses,
and related procedures such as qualifications of personnel
and equipment. The record program shall be based on
ANSI N45.2.9 "Requirements for Collection, Storage, and

Maintenance of Quality Assurance Records for Nuc

1

iear

Power Plants"

Quality assurance records shall be collected by the
originating organization as the documents are completed.
hey shall be stored by these organization(s) until

delivery of the component or equipment. The requirements

and responsibilities for record transmittals, record

ratention, and maintenance by the originating organization(s)

to completion of the work shall be in accordance
applicable codes, standards, procurement documents,
rganizations' QA program. Approved, written
procedures shall be utilized to control and maintain QA

records.

Inspection and test records shall contain, where
applicable, the description of the type of observation;
evidence of the completion and verification of a manufacturing,
inspection, or test operation; the date and results of
the inspection or test; any information related to conditions

adverse to quality; the identification of the inspector,
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