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ABSTRACT

The Building 830 Gamma Irradiation Facility (GIF) at Brookhaven Nationa Laboratory (BNL) was
decommissioned because its desgn was not in compliance with current hazardous tank standards and
because its cobat-60 sources were approaching the end of their useful life. The facility contained 354
danless stedl encagpsulated cobat-60 sources in a pool, which provided shielding. Tota cobat-60
inventory amounted to 24,000 Curies (when the sources were shipped for disposa). Thedecommissoning
project included packaging, trangport and disposa of the sourcesand dismantling and disposing of dl other
equi pment associ ated with thefacility. Worker exposure wasamagjor concernin planning for the packaging
and disposal of the sources. These activities were planned carefully according to ALARA (AsLow As
Reasonably Achievable) principles. Asaresult, the actuad doses experienced during the work were lower
than anticipated. Because the sources were sealed, most of the remaining equipment was not contaminated;
therefore disposa was straightforward, as scrap metal and construction debris. However, disposa of the
pool water involved addressing environmenta concerns, since the planned method was to discharge the
dightly contaminated weter to the BNL sewage trestment plant.

INTRODUCTION

The Building 830 Gammallrradiation Facility (GIF) a Brookhaven Nationd Laboratory was identified in
1997 as having an underground tank that had to be modified to meet requirements of Article 12 of the
Suffolk County Department of Hedth Code. Because the facility had no U.S. Department of Energy
(DOE) program support and had been under-utilized for some years, BNL management decided to
decommission it instead.

The GIF consisted of apool, 8ft. by 10ft. by 13 ft. deep, with sedled cobalt- 60 gamma sources|ocated at
the bottom of the pool. Thewater depth provided shielding. Accessto the sourcesfor irradiation studies
was through stainless sed air tubes 16 ft. x 4 in. OD x 16 gauge wall thickness. One-inch lead jackets
around the air tubes above the water level counter weighed the tube buoyancy and provided shielding to
personnd. Pool water was circulated through achiller/filter system, maintaining pool temperatureat 7ECto
prevent agae growth.

The 354 sourcesinthe GIF, dl fabricated from cobalt- 60, contained about 32,000 Curiesat thetime of the
decison. Thesourcesconsisted of flat pieces of activated cobat encapsulated in tainless sted deevesthat
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wereflat or cylindrical. The sourceswereheldin arraysin sainless sted racks at the bottom of the pool in
an upright, cylindrical orientation o that air tubes could be inserted into the array. Most of the source
arrayswereinsde openttopped |ead casks, whose purposewasto provide shielding and minimize rediation
scatter from other sources, to control irradiation testing. Thus, dose rates at one source array had minimal
contributions from other source arrays. There were 23 source arrays containing the 354 sources. The
weakest array contained less than 50 Curies, the strongest had about 2,000 Curies. Dose rates for the
sources (at the bottom of the air tubes) ranged from Greys (Gy) per hour to 100 kGy/hr. Figure 1 shows
the sources distributed in racks at the pool bottom after the air tubes had been removed.

The decommissoning project, initiated in February 1999 and completed in November 2000, involved three
phases:

1) Preparation of the facility for source remova and planning removad,

2) Packaging and shipment of the sources for disposd, and

3) Digposd/discharge of the pool water and find decommissoning.

PLANNING SOURCE REMOVAL AND FACILITY PREPARATION

Phase 1 included planning and preparation activities. Any work with the cobat-60 sources would be
performed while the source remained in the pool, so that occupationa exposuresremained negligible. Two
sted transport/disposa containerswere designed and fabricated. Design consderationsincluded sizing to
contain the 354 sources and tofit the trangport cask (a“ Type B” CNSI 1-13G) payload limit of 5,000 Ibs.
The room and pool were prepared for introducing the disposa containers that would hold the sources.
Thisinvolved removing dl the air tubes from the pool and dismantling awall that blocked forklift access.
The source count was verified visudly a this stage, Snce records of the sourceinventory were questionable.
Phase 1 activities aso included arranging acceptance of the sources a the DOE disposd facility. A waste
profile for a sngle shipment was prepared and submitted to Hanford.

A find aspect of Phase 1 involved careful planning of the source trangfer from the pooal to the shipping cask
by remote handling for ALARA purposes. The two 5-inch thick stedl containers, or liners, would each
contain half of the total source inventory. Loading and closure of the liners with the sources was to be
accomplished while the sources were in the pool, resulting in minima occupationa exposures. However,
transfer of the containersfrom the pool to the shipping cask involved potentialy high radiation exposuresto
workers because the containers would have contact dose rates as high as 800 Gy/hour, according to
caculations based on the July 1999 inventory of approximately 26,700 Curies. Caculated and measured
dose rates are discussed further under Phase 2 activities.
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Figurel. View of sourcesin racksafter air tuberemoval.



The liner trandfer plan involved five steps. Because of the potentid occupationd exposures, the plan
included maximum use of shielding and minima exposure times. The first step congsted of lifting the
container from the pool and into a 3-inch sted transfer box lined with 2-inch lead bricks. A 5-ton jib crane,
inddled next to the pool, was modified with longer control leads and amechanica crank and cable system
sothat it could be operated and thejib swiveled remotely from behind ashield wal. Thetransfer shield box
was mounted on aforklift aready postioned in theroom. The crane hook wasfitted with acable sothat it
could be detached from the container rigging remotely after the lift was completed. Miniature video
cameras were ingtaled around the room and on the crane so that the operator could observe the lift ona
TV monitor behind the shidd wall. Figure 2 presents aschematic plan view of the pool areg, forklift, and
crane.
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Figure 2. Plan view of GIF areaready for sourceliner transfer.

In the second step, an operator walked to the forklift, started it up, raised the load, drove outside to a
marked position, lowered the load, turned it off, and walked behind atemporary shidd wal. For thethird
step, another operator attached ahook for amobile 150-ton Grove craneto the disposal container rigging.
Although theweight capacity waswell in excess of theload, the Grove was used because it had a100-foot
boom, giving the operator a safe working distance from the load. The fourth step was a lift from the
shielded transfer box to the shipping cask mounted on atruck trailer. Findly, inthefifth step, the hook from
the crane was removed from the rigging on the disposa container ingde the shipping cask using aremote
manipulator and a video camera.



Phase 1 activities took significantly longer than origindly scheduled, primarily because of the unique nature
of the shipment. The mgor dday involved acceptance at the disposd dte. The waste profile
documentation was gpproved after athorough review and safety analysis of the shipping/disposd container
design and consideration of the Site' s operationa (as opposed to disposal) safety limits. The extent of the
review and safety andys's, which was not anticipated when the schedule wasfirst developed, added nearly
gx months to the original schedule. Adding to the delay was the need for the disposa Site to prepare
procedures specific for accepting and opening the CNSl 1- 13G shipping cask. Findly, the disposd dte
had an operationd safety limit requiring that the total source shipment inventory belessthan 24,300 Curies.
Decay ca culations showed thet thislevel would bereached in March 2000. Theinventory limit thusledto
an additiond delay, waiting for the sources to decay to an gppropriate level.

PACKAGING, TRANSFER AND SHIPMENT OF THE SOURCES

After the air tubes were removed from the pooal, the sources were transferred from the 21 cylindrical rack
arraysto thetwo sted disposa containers. It was known that the sources were of different strengths, and
an attempt was made to divide the Curie inventory evenly between the two liners, based on the hitorica
records of the individual source arrays. The transfer or packaging step, was accomplished using 20-foot
poles equipped with pneumatic pliersat oneend. Operators handled these manipulatorsfrom ascaffolding
and railing placed over the poal to alow more convenient vertica access. Worker exposureswere minima
and the process took about three days to complete.

Thisactivity was carried out severa weeksprior to the planned March 2000 shipping datein order to verify
the Curieinventory. Records describing the setup and operation of thefacility wereincomplete, especidly
documentation of the fabrication of al the sources. Dueto theincomplete documentation, the disposal site
agreed that a dose-to-Curie content calculation was an acceptable verification of the inventory. Dose
measurements were considered to be more accurate (and easier to mode!) if the sources were confined to
one or two containers, rather than spread over 21 source racks in arrays ranging from 4 to 36 sources.

Dose measurements were made using an Eberline RO7 dosimeter fitted with an underwater probe.
Readings were taken at contact and at 6 inches from the container, at an elevation at which maximum
readings were obtained. The devation coincided with the midpoint of the height of the liners. Readings
ranged from 5.5 to 10.5 Gy/hour, as shown in Table 1. Average dose rate vaues (7.5 Gy/hr) were used
to cdculate the Curie inventory using the Microshield computer code.

The Microshied code requires information about the source activity, configuration, and shielding or
container geometry. The norma gpplication of Microshied isto caculate dose rates for aknown
radioactive inventory to determine if additiona shielding is necessary for personne protection.
Caculaions of Curie inventory based on measured dose rate and known source geometry and shielding
properties are therefore subject to some uncertainty. Additiona uncertainty isintroduced because the
measured variations in dose rate cannot be introduced into the model. Based on an average dose rate of
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7.5 Gy/hr, the totd inventory was caculated to be a maximum of 12,000 Curies per liner, or atota
shipment (both liners) of 24,000 Curies, as of the measurement date of February 12. Thiswas
consstent with the historica records, which indicated that the total inventory would reach 24,600 Curies
as of February 12, 2000.

Tablel. Summary of Dose Readingsfor Inventory Calculation

Liner #1*

Postion** 1 2 3 4 Average Top
@contact 75 55 6.6 105 7.53 8.5
@15cm 33 2.7 2.5 4.5 3.25

@ 30cm 15 1.6 11 2.0

Liner #2

Pogtion* 1 2 3 4 Top
@contact 9.9 7.8 6.2 5.8 7.43 6.9
@15cm 3.7 3.2 29 3.0 3.20

*  Readingsin Gy/hr
** Pogdtion 1 was at ataped reference mark, with other positionsin 90°
clockwise increments around the liner.

RADIATION SAFETY

Phase 2 activitiesind uded theingdlation of the shielding and remote handling equipment described eaxrlier.
After the crank and pulley system wasingtaled, and the shielding blocks and video cameraswerein place,
practice runs were conducted with an empty liner to verify and minimize estimated times for the different
work steps. Thiswas important for determining that exposures to the forklift operator, rigger, and crane
operator would be ALARA.. During the practiceruns, parking positionsfor theforklift were marked on the
ground, so that al movements during eech lift would beidentical and reproducible. For thewhole operetion,
a step- by-step procedure was devel oped, with hold/stop points identified to separate activities involving
worker movementsand liner lifts. At each hold point, status of radiological, mechanicd, and &ff conditions
were to be verified; after this, the Operation Control Supervisor would order the next step to proceed.
Staff within the radiation and high radiation areas (see below) would communicate by radio.

A highradiation area (> 1 mSv/hr) was expected when the liner was removed from the pool, extending 18.6
metersfromthelinerinal directions. Theradiation area (> 0.05 mSv/hr) boundary around thisextended to
100 m from the liner. It was decided to post the radiation area limits outsde a perimeter at about 146 m,
where calculated dose rates were at 0.02 mSv/hr. Figure 3 shows a schematic display of the buildings,
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roads, and projected radiation areas. Because the radiation areaincluded other buildings, the transfer was
scheduled for a Saturday, when no other workers would be present. BNL police and Radiation Control

(RadCon) staff manned roadblocks with posted stanchions at al roads accessing the area, to prevent

inadvertent intrusons. RadCon staff also traversed the areas between checkpoints to monitor radiation
levels and observe for passersby.
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Figure 3. Radiation area layout.

On the day of the transfer, after the morning job briefing, al personnd reported to their positions and a
radio test wasinitiated. Just prior to giving the Sgnd to begin, the Operation Control Supervisor recelved
an emergency page from BNL Police Headquarters. Thejob had to be delayed until Sunday dueto afire
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a a radioactive waste storage area nearby, which required extensve RadCon support. However, on
Sunday, loading of thedisposa containersinto the shipping cask proceeded without incident, and according
to the plans previoudy described.

Doserates measured during al activities were comparabl e to those cal cu ated during the planning process,
asligedin Table 2. Intwo instances, calculated doses were lower than those measured, and could have
impacted total job exposure. These were at the GIF crane operator’ s position behind ashidd wall insde
the building, and the outside crane operator’ scab. Insidethe building, the higher doserate was attributed to
reflection from the interior wall. The outsde crane cab dose rate was higher because the distance was
shorter than the total boom length that was used in the cdculation.

The tota job exposure was estimated at 99 person-millirem during the work planning process. The
Radiation Work Permit provided a conservative limit of 200 person millirem for the job, as summarized in
Table 3. The highest singleindividua dose was lower than caculated.

After the shipping cask was reassembled and surveyed, the sourcesweretrangported to the disposd facility
without incident. At the disposdl facility, westher and aweekend contributed to an additiond delay of four
daysand added (demurrage) costs. Theliners containing the sourceswerefinally disposed eight days after

being removed from the GIF.

Tablell. Comparison of Expected vs. Measured Dose Rates

Liner #1
L ocation Expected M easur ed Comments
Behind Shield Wall 0.5 mR/hr 30 mR/hr Possible reflection
13’ from Liner 6.5 R/hr 7 Rihr RMSII
At Crane Operator Shield 1.47 R/hr 100mR/hr Liner shielded by transfer
wall shield
Contact with Steel/Lead 3.2R/hr 1R/hr
Transfer Box Shield
Fork lift Driver Seat 75 mR/hr 35 mR/hr
At Crane operator 132 mR/hr 260 mR/hr Actual boom distance
less than calculated
Contact with shipping 22 mR/hr 40 mR/hr
cask
Operation Control Point >5 mR/hr <100 mR/hr 12 mR/hr Distance was not known
Liner #2
L ocation Expeded M easur ed Comments
Behind Shield Wall 0.5 mR/hr 50-70 mR/hr Possible reflection
13" from Liner 4.8 R/hr 5R/hr RMSII
At Shield Wall 1.47 Rihr 1.4 R/hr
Contact with Steel Shield 3.2R/hr 10 R/hr
Fork lift Driver Seat 75 mR/hr 30 mR/hr




At Crane operator 132 mR/hr 250 mR/hr Actual boom distance
less than calculated

Contact with shipping 44 mR/hr 50 mR/hr
cask
Gamma Pool Control >5 mR/hr <100 mR/hr 15 mR/hr Distance was not known

Tablelll. Comparison of Estimated vs. Actual Dose

Totalsfor Project

Dose Estimate Work Sheet | RWP Allowance M easur ed Dose
99 mrem 200 mrem 140 mrem
Highest Individual Dose
Dose Estimate Work Sheet RWP Allowance M easured Dose
36 mrem 100 mrem 30 mrem

DISPOSAL OF POOL WATER AND REMAINING EQUIPMENT

Phase 3 activitiesare scheduled to concludein January 2001. Security and radiation darmswere removed
immediately after the sources were shipped off-ste.  Miscellaneous equipment and plumbing were
dismantled where possible. Water remaining in the pool contained low levelsof cobat-60 (<100 pCi/L),
lead (~12 pg/L), and zinc (~110 pg/L). Residual zinc had to be reduced in order to be consistent with
BNL’s SPDES permitslimiting discharges from the Ste sewage treatment plant. To achievethedischarge
limit of 100 pg/L, the water was passed through ahigh-capacity (~400 L/min) diatomaceous earth pool
filter. Reduced zinc concentrations were reached quickly because zeolite was mixed in with the
diatomaceous earth, providing ion exchange as well as particulate filter capability. After this treatment,
discharge was permissible because the water was not contaminated above the BNL sanitary discharge
limits

Thedischarge was delayed for sx months because the established BNL procedurefor eva uating discharges
at BNL was revised shortly after the sourceswere shipped. Whilethe GIF pool water was dischargeable
under the revised procedure, the procedure itself was not formally approved. The six-month dday
occurred because the BNL's Environmentd Policy cdls for the involvement of stakeholders, including
regulators and community groups. Presentations describing the procedure to the Community Advisory
Council and the Brookhaven Executive Roundtable were given after the procedure had been reviewed and
approved by the BNL Operations Council, the BNL Integration Council, the DOE AreaOffice, and federd
and gateregulators. Thisextensveleve of review ispart of BNL’scommitment to achieve Ste-wide |SO
14001 registration.

The dainless stedl pool liner was surveyed and found to be releasable per DOE/BNL limits (<1,000
dpm/100 cn¥) after the pool water had been discharged to the sanitary sewer system. The tank was
removed in December. Core samples of the pit bottom were taken to verify that no contamination had
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ecaped.  Following this, the pit wasfilled in and the floor wasfinished to match therest of theroom. The
only remaining evidence that the GIF was in the room is the 5-ton jib crane.
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LESSONSLEARNED

The Building 830 GIF decommissioning project has been a straightforward waste (source) packaging and
disposd activity in the technical sense. Chalenges arose when it came to coordinating the activities of the
various partiesinvolved and deding with emergencies.

The unexpected fire emergency at awaste storage areaat BNL caused a 24- hour delay and added to total
costs, because the source liner transfer team involving police, RadCon, and riggers were mobilized twice
before the operation was completed. Prior to this, delays in obtaining waste profile gpprova from the
disposa Site added to total cogts, primarily in continuing project management and pool maintenance cogs.
Similar, but relatively lower additiona codts, resulted from delaysin obtaining permission to discharge the
pool water. During thisperiod, additiona costswerelower because pool maintenance activities associated
with storing kiloCurie amounts of cobalt-60 were eliminated, snce the sources were no longer present.

Although these delays resulted in increased costs, neither safety in operations nor protection of the
environment was compromised. The activities with the highest hazards, those involving work with the
radioactive sources, weredl planned carefully and with ALARA inmind. All other wastes and discharges
were handled and digposed of in compliance with BNL, DOE, and federa and State requirements.

Increased costs are labeled as such for this project when compared to abasdine of activitiesand schedules
developed in the early stages of the project. A significant lesson learned involves waste profile acceptance
a the disposd facility. Thisproved to be arather large schedule delay, which may have been much lessif
the profile had been initiated and contact made with the digposal Site before the schedule was devel oped.
With feedback from the disposd ste about what information was needed and how much timewasrequired
for internd reviewsfor unique high activity shipments, amore redlistic schedule and budget would have been
developed initidly.
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