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ABSTRACT

This paper provides detalled information on activities associated with packaging of Abrasve
Waer Jet Cutting (AWJC) wadte resulting from reactor internal segmentation at  Connecticut
Yankee (CY) Atomic Power Station and San Onofre Nuclear Generating Station (SONGS).
Emphasis is placed on the desgn efforts associated with the AWJC waste collection and packag-
ing sysdem, as wdl as licendang efforts for the A-43 High Integrity Container (HIC) used for
packaging the AWJC grit. Avantech was contracted to supply a unique and innovative underwa-
ter system for collection and packaging of AWJC wastes a both stes. This goproach minimized
worker radiation exposure, radwaste and the use of precious floor space around the reactor cav-
ity. Specific data is provided on equipment utilized, waste volumes generated and radiation dose
raes. An overview of important project radwade issues is provided, including regulatory ap-
provas for shipping and digposd of a new and innovative High Integrity Container (HIC). The
conclusons show how applying lessons learned and using new equipment and novel packaging
techniques dlows the plant to package highly radioactive irradiated metds in an ALARA man
ner while cresting no orphan wastes.

INTRODUCTION

NRC documents show that six licensed nuclear reactors are in various stages of dismantlement
and decommissoning. In addition, eeven additiond reactors are in long-term Storage for de-
commissoning a a future date. Due to the high number of shut down plants, a large sector of
the nucdear indudry is focusng on decommissoning activities  Experience ganed from de-
commissoning a Fort St. Vrain, Yankee Rowe, Shoreham, etc. is how being applied to mprove
oveadl decommissoning efficiency. One such improvement is the use of AWJC equipment for
segmentation of irradiated resctor components.  Previous Pressurized Water Reactor (PWR)
segmentation activities were performed with plasma arc cutting sysems. Plasma ac is a very
powerful technology that quickly cuts metd, but unfortunatdly, due to its wide cut width or
Kerf, ggnificant amounts of dross is generated. During previous work, the dross was captured
on filter dements. The filter dements were characterized as Greater Than Class C (GTCC)
waste and required long term storage.

The prime advantage of AWJC is that it only removes a smdl amount of metd — its ket is -
proximately 0.035" wide. Hence, the concentration of radioactivity in the resulting wadte is far
less than that of plasma ac. Snce the concentration of radioactivity is greatly reduced, no
GTCC or orphan waste is generated. One negative characteristic of AWJC s that it generates a
measurable amount of grit contaminated with irradiated metal fines.
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PCl Energy Systems was contracted to perform the turn-key AWJ cutting operations, including
waste packaging, a both CY and SONGS. PCl evduated waste packaging methodologies from
severd companies that offer radwaste services and products. A contract was eventually awarded
to Avantech for the design, licensng and supply of an underwater waste collection and packag
ing sysem. The sysem utilized is based on the generd flow diagram depicted in Figure 1,
“Wadte Packaging FHow Diagram”.
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BACKGROUND

CY and SONGS plan to remove their reactor vessels from containment and transport them to the
BWMF for disposd. A good portion the stainless sted reactor internals, e.g., lower internals,
core barrel, thermal shield, baffle plates, etc., are greater than class C (GTCC); therefore, they
have to be removed to meet the disposal Ste waste acceptance criteriaa. Removing the internds
aso prevents the BWMF from exceeding its 50,000 curie above ground limit. The reactor i+
ternals have to be cut or segmented so that they can be removed from the reactor and packaged
into ondite storage containers. Due to very high radiation dose rates, the segmentation will be
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performed remotely usng an aorasve water jet cutting head
amilar to that shown in Figure 2, “Abrasve Jet”. The adoradve
water will be a 55,000 psg and garnet is included to facilitate
the cutting. This technology was selected because the kerf or
cut width is only » 0.035 inches, hence very little metd is e
moved and no GTCC secondary cutting waste is generated.
During the cuting process, the metd fines are mixed with the
ganet and subsequently removed from the water with a cy-
clone separator and filtration system. As dated, the AWJIC
waste is not GTCC and can therefore be disposed of a the
BWMF.

The waste packaging components consst of a control pand,
dewatering skid and A-43 HIC. Everything except the control
pand is submersed in the RVC and dl wagte filling and dewa-
tering operations take place underwater. As shown in Figure 3,
“A-43 HIC”, this container is a cylinder that is 34" in diameter
by approximady 109" tdl. It has a maximum waste holding
capacity of 43 cuft and it is desgned to be loaded into and
transported in the Transnuclear TN-RAM or equivalent cask.

A-43 DESCRIPTION

The A-43, is redly the heart of the system required for packag
ing the spent garnet and meta fines This vessdl is designed to
perform severd functions as defined in the following paa

graphs.

Secondary Wastewater Process Vessel - Grit containing dur-
ries and wastewater are pumped from various collection points
into the A-43 on a frequent basis during segmentation operations.
The A-43 is desgned with an aray of filters in the upper head
that remove the particulate and discharge filtered water back to
the reactor cavity. These filters are aso designed with a back-
flush capability tha dlows particulate to be removed from the
filter dement 0 tha high throughput efficiency is achieved
throughout the A-43 filling process.

Pressure Vessel — In order to properly house the filter elements,
the A-43 had to be designed as a pressure vessel to withstand the
force of the wagte trandfer pumps. Accordingly, the vess is de-
sgned in accordance with ASME, Boiler and Pressure Vess
Code, Section VIII, for operation at 50 psig and full vacuum.

Fig. 2. “Abrasive J&t”

Fig. 3. “A-43 HIC”
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Disposal Container - The waste disposed of in the A-43 is typicaly Class C; therefore, it must
be dabilized by a High Integrity Container (HIC) in accordance with 10CFR61 requirements.
To accomplish this, the A-43 had to meet the design and test criteria specified by the South Caro-
lina Department of Headth and Environmental Control (SC-DHEC) for HICs.

Underwater Operation — Due to very high radiation dose rates (500 R/Hr or greater), each Ste
had to be able to fill, dewater and load the A-43 into a transport cask via remote underwater qo-
erations.  All of these capabilities have been incorporated into the A43 design, thus saving Sg-
nificant amounts of personnd radiation exposure and floor space indde the containment build-
ing. Fna dewaering is peformed through multi-level laterals operating on a cyclical bags with
the vessd vented to the surfface. When find dewatering criteria is met, dl A-43 valves are actu-
ated to the closed postion to isolate the vessdl and prevent water intruson. Findly, dl hoses and
ingtrument lines are disconnected and a closure lid is ingaled from the surface.

A-43 LICENSING

Licensng was performed in accordance with the SC-DHEC Guide For High Integrity Container
Topical Report Applications. This guiddine provides dl the sructurd, lifetime, corroson, radia-
tion, biodegradation, dewatering, lifting/ handling and drop test requirements that need to be ful-
filled for HIC cerification. To meet these requirements, Avantech performed engineering andy-
ses, finite dement modding and a variety of laboratory and full scde ests. One of the most rig-
orous tests was associated with the A-43's dructurd integrity.  To meet this requirement, Avan
tech submitted finite dlement modds for container drops onto an unyieding surface and com:
pacted clay. Additionaly, the BWMF Operator, Chem-Nuclear performed testing to verify that
the A-43 could be offloaded in an ALARA manner. Findly, full-scale drop testing was per-
formed to smulated conditions associated with the BWMF Slit Trench.

After a variety of submittas to SC-DHEC to provide information and to respond to questions,
the A-43 was given the HIC Certificate of Compliance No. DHEC-HIC-ML-019 in July of 2000.

Offload Test Simulation - The trangport cask is ingpected upon arriva at the BWMF and taken
into a facility where the cask lid is lemoved. This operation exposes the waste container (in our
case an A43) for remote viewing. Next, an eye-hook with a long cable is remotely connected to
apull bar inthe A-43 closurelid.

With the eye-hook secured in the closure lid, the A-43 is transport to the disposa trench. Next,
the eye-hook cable is connected to a winch on the far Sde of the digposd trench. The winch is
then used to pull the A-43 out of the transport cask and on to a chute or dide. Findly, the A-43
dides down the chute and into a concrete overpack. The concrete overpack is lined with a stedl
plate and plywood to minimize possible impact damages to the bottom of the overpack.

Avantech designed and constructed a chute smilar to the one used a the BWMF to smulae full-
scale off-loading of a loaded A-43. A concrete pad was placed below the chute and prepared
with a sted plate and plywood overlay to smulate the disposa trench conditions. The A-43 was
loaded with Garnet that had a dengty of gpproximately 165 Ibg/ft3 and placed on top of the chute
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as shown in Figure 4, “A-43 Drop Test”. Finaly, a crane was used to tip the A-43 to initiate the
dide onto the concrete pad. As shown in Figure 5, “A-43 Post Impact Postion”, the A43 im

pacted the concrete ad and did straight out away from the chute as planned by the test and as
typicaly experienced a the BWMF.

Fg. 5, “A-43 Post Impact Position

A post impact survey of the A-43 showed that the closure lid and head bolts remained in-tack
and essentialy unaffected by the drop test. Upon removing the closure lid to alow ingpection of
the process lid and cavity, the pressure lid, the nozzles and the bolt holes showed no sign of dete-
rioration. Test results showed that the A-43 not only prevented the loss or dispersa of its con
tents but adso remained undamaged after the drop test.
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ONSITE OPERATIONS

During onsite operations at CY, there were over 2,000 AWJ cuts made — some of these cuts were
over 500 inches in length. When summed together, the totd length of the cuts was approxi-
mately 23,000 inches. The cutting operations produced an AWJC waste containing approxi-
mately 20,000 Ibs. of abrasve grit and 300 Ibs. of irradiated metal that was collected and pack-
aged into 3 A-43 HICs. The combined grit and meta produced a find AWJC wadte that was less
than 25% of the Class C limit. Final dose rates on the packaged waste was gpproximately 500
R/Hr.

Collection of AWJC Waste — All cutting operations take place indgde an enclosure known as the
“Segmentation Table’. Two primary mechanisms are used to pick up cutting waste from the cut
zone and transfer it to the separation and packaging equipment. First, loca capture hoods con
nected to a feed pump are utilized when practica to move waste from the cut zone to the gyclone
separator as shown above in Figure 1. Grit that does not get collected by the capture hood fals
into a conical hopper that covers the bottom of the segmentation table.  Similarly, cutting waste
istransferred from the bottom of the hopper to the cyclone.

Over 99% of the cutting waste solids are removed by the cyclone separator. The solids that carry
through the cyclone exit in an overflow dream tha is processed through backflushable filter
edements. The cyclone underflow and backwash water associated with the filters are transferred
to the A-43 for find packaging. Suice water associated with waste trandfers is removed from
the A-43 through upper secondary wastewater processng internals. These upper internds are
backflushed on a periodic basis to maintain acceptable flow rates through the HIC. Find dewa
tering takes place through multi-level lower internds that are not used on a routine basis during

filling operations.

A-43 Transport and Disposal — Only one cask in the nation is currently approved for transport-
ing the A-43 filled with AWJC wadtes, it is the Transnuclear TN-RAM. Unfortunately, the CY
decommissioning contractor and the personnel that coordinate operation of the TN-RAM have
not been able to work out a mutualy acceptable schedule for transport, so as of January 2001, 3
A-43's remain in the flooded reactor cavity a CY. The A-43 is dso dimensondly compatible
with the 3-55 cask, but this cask is not licensed for trangporting dispersible materids like AWJC
waste.

CONCLUSION

The A-43 was specificaly designed and licensed for packaging dross, abrasve water jet grit, fil-
ters and other waste materids containing irradiated metd fines The container is designed and
aoproved to withsand dl the dresses of handling, processing and transportation, and to last for
300 yearsin the BWMF disposa environment.

All packaging activities associated with the A-43 are especially safe because they take place un
der water - this includes dewatering and HIC closure, thereby minimizing personnd exposure
and the potentid for airborne contamination. Submersed operations offer severa benefits
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Enforces ALARA Guiddines
- Minimizes personnel exposure
- Mitigates potentia for leakage and spills
- Eliminaesthe potentid for arborne contamination
- Noair picksare required for cask loading
Smplifies handling of very high radigion materids
Minimizes floor space
Shortens hose runs

In contrast to the A-43 / TN-RAM combination, other — larger volume casks typicaly have a
dose rate limit in the range of 300 R/Hr. Accordingly, this container combined with the TN-
RAM cask provides a very important packaging methodology for plants undergoing decommis-
soning operations where waste reading thousands of Rem per hour may be created.



