
DOE/RL-94-1 5
Revision 0

- National Emission Standards
. for Hazardous Air Pollutants

Application for Approval to
Stabilize the 105N Basin

Prepared for the U.S. Departmentof Energy
Office of EnvironmentalRestorationand
Waste Management

, Q United StatesDepartment of Energy
P.O.Box550
Richland,Washington99352

Approved for Public Release

DISTRtBUTIOt4 OF -__,.iiSDOCUMENT IS UNLIMITED



DOE/RL-94-15,Rev. 0

COWI'F._rTs

1.0 INTRODUCTION.................... I-I
1.1 DESCRIPTION()F'F/kCiLiTY................... I-I

2.0 NATUREOF SOURCE.................... 2-I
2.1 DESCRIPTIONOF ACTiViTiES.................. 2-I

" 2.1.1 UnderwaterActivities ................ 2-8
2.1.2 AboveWaterActivities............ 2-12

2.2 DESCRIPTIONOF THE IOSNBASININVENTORY........... 2-15
" 2.2.1 Radionuclide Sources ............ 2-15

2.2.2 Radionuclide Inventory of 105NBasin ......... 2-15

3.0 EMISSIONSCONTROLSYSTEM..................... 3-1
3.1 EFFLUENTSYSTEMLAYOUT ................... 3-I
3.2 EMISSIONSRELEASERATES.............. 3®4

3.2.1 Chemical and Physical Formsof Iteieases .... 3-4mE"3.2.2 GoodEngineering JudgementEmissionsEsti a • .... 3-4
3.2.3 40 CFR61, AppendixD, Methodology.......... 3-11

3.30FFSITE DOSES.................... 3-15
;d"3.3.1 InputDa s ................... 3-15

3.3.2 Results ....................... 3-15

4.0 REFERENCES............................ 4-I

APPENDICES

A-I CORRESPONDENCE-N REACTOREFFLUENTPROJECTION........ APP A-1-i

A-2 CORRESPONDENCE- UNDERWATERPLASMACUTTING.......... APP A-2-i

A-3 CORRESPONDENCE- lOONFUELCANISTERASSAYS.......... APP A-3-i

A-4 EFFECTSOF HYDROSCRUBBING.................. APP A'4-i

B THERMALEVALUATIONOF PLASMATORCHCUTTING.......... APP B-i

C CAP-88RESULTSI05NBASINSTABILIZATION........... APP C-i

iii



DOE/RL-94-15,Rev. 0

LIST OF FIGURES

i-I Locationof lOON Area ...................... I-3

I-2 Regional Locationof the lOON Area ................ I-4

I-3 Map of the I05N Basin Complex .................. I-5

2-I Sand Filter and RemotelyOperated Sediment Extraction
EquipmentSystem Configuration.................. 2-3

2-2 Location of I05N Basin Air Sampling Instrumentation ....... 2-4

2-3 RemotelyOperated Sediment ExtractionEquipmentSystem
Configuration .......................... 2-10

2-4 High Level RadioactiveMaterial Flow Diagram ........... 2-13

3-I SimplifiedSketch I05N Basin/TransferArea Air Space ....... 3-2

3-2 Airflow ConfigurationThrough the 117N High-Efficiency
ParticulateAir Filter Building ................. 3-3

LIST OF TABLES

2-I I05N Basin RadionuclideInventory ................ 2-17

2-2 Hardware Inventoryto be Removed from I05N Basin ......... 2-18

3-I Emissionsfrom Debris Handling and Removal ............ 3-7

3-2 Emissionsfrom Plasma Torch Cutting ............... 3-10

3-3 Emissionsfrom Hydroscrubbing .................. 3-12

3-4 EmissionsResults Based on Good EngineeringJudgement ...... 3-13

3-5 ProjectedAnnual EmissionsResultsBased on
40 CFR 61 Methodology ...................... 3-14

3-6 EffectiveDose Equivalentto IndividualReceivingMaximum
Exposureto RadiologicalEmissionsBased on Good
EngineeringJudgement ...................... 3-16 °

3-7 EffectiveDose Equivalentto IndividualReceivingMaximum
Exposure to RadiologicalEmissions ................ 3-18

iv



DOE/RL-94-15,Rev. 0

ACRONYMS

ALARA As Low As ReasonablyAchievable
basin IC_,IBasin
CAM continuousair monitors
CAP-88 Clean Air AssessmentPackage 1988

. CFR Code of FederalRegulations
DAC derived air concentration
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METRICCONVERSIONCHART

The followingconversionchart is provided to the reader to aid in
conversion.

Into metric units Out of metric units .

i i , l

Multiply Multiply
!

If you know To get If you know I To get.. by . b_ ......., "
Length Length

inches 25.40 ' millimeters millimeters 0.0395 inches
inches _ 2,54 centimeters centimeters 0.393 inches '
feet 0.3048 ' meters.... meters 3.2808 feet '

_ards .. 0.914 .. meters ,I meters II l.Og ...... _ards I

miles 1.609 kilometers kilometers 0.62 miles
i i ,,,

Area Area
square 6.4516 square square 0.155 square
inches centimeters centimeters inches
square feet 0.092 square ...... square 10.76'39 square

meters meters feet
square 0,836 ....square square 1.20 square
yards meters meters yards
square 2 5g square square 0.39 square
miles kilometers kilometers miles
acres .... 0.404 hectares hectares 2.471 acres

ii i ]

Mass (weight) Mass (weight)
ounces 28.35 grams 9rams ........ 0.0352 ounces.
pounds 0.453 kilograms kilograms 2.2046 pounds
short ton 0.907 metric ton me_tric ton 1.10 short ton
' ' Volume ....... Volume '
fluid 29.57 milliliters milliliters 0.03 fluid
ounces ounces
quarts 0,95 liters liters 1.057 quarts
gallons 3.79 liters liters 0.26 gallons
cubic feet 0.03 cubic cubic 35.3147 cubic feet

meters meters
i ii ii i i i, i

cubic yards 0.76 cubic cubic 1.308 cubic
meters meters _ards ......

...... Temperature ..... , Temperature
Fahrenheit subtract Celsius Celsius multiply Fahrenheit

32 then by
multiply 9/5ths,
by 5/9ths then add "

32
I i ii

Source: Engineering Unit Conversions, M. R. Lindeburg, PE., Second Ed.,
1990, Professional Publications, Inc., Belmont, California.
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NATIONALEMISSIONSTANDARDSFORHAZARDOUSAIR POLLUTANTS
APPLICATIONFORAPPROVALTO STABILIZE THE 105N BASIN

1.0 INTRODUCTION

The 105N Basin (basin)Stabilizationwill place the basin in a
radiologicallyand environmentallysafe conditionso that it can be

. decommissionedat a later date. The basin stabilizationobjectives are to
inspectfor Special NuclearMaterial (SNM) (i.e., fuel assembliesand fuel
pieces),remove the water from the basin and associatedpits, and stabilize
the basin surface. The stabilizationwill involveremoval of basin hardware,
removalof basin sediments,draining of basin water, and cleaning and
stabilizingbasin surfaces to preventresuspensionof radioactiveemissionsto
the air. These activitieswill be conductedin accordancewith all applicable
regulations.

1.1 DESCRIPTIONOF FACILITY

The basin is in the 105N Building, which is located in the 100N Area
(Figure 1-1). The 100N Area is located in the Northern portion of the Hartford
Site approximately 35 miles northwest of the city of Richland, Washington
(Figure 1-2).

The basin is a reinforced unlined concrete structure 150 feet long,
50 feet wide, and 24 feet deep. The basin is segregated into seven areas
sharing a commonpool of water; the Discharge/Viewing ("D") Pit, the fuel
segregation pit (including a water tunnel that connects the "D" pit and
segregation pit), two storage basins designated as North Basin and South
Basin, two cask load-out pits, and a fuel examination area. Figure 1-3 shows
a map of the basin complex. The North Basin floor is entirely covered and the
South Basin is partly coveredby a modular array of cubicles formed by boron
concrete posts and boron concrete panels. Normal water depth for the basin is
23 feet, 5 inches.

Two ancillaryfacilities,the charge "C" ElevatorPit, and a water Lift
Stationare associatedwith the basin but are separatefrom the fuel storage
water pool (Figure I-3). Currently,approximately12 feet of water exists in
the "C" Elevator Pit. The Lift Station is locatedundergroundand north of
the North Basin. The Lift Station pump well serves as a collection and

- segregationpoint for waste water from the I05N Reactor buildingequipment and
interior space drain system. During stabilizationactivities,water from
piping,sumps, and the "C" ElevatorPit will be routed to the Lift Station.

• Water in the Lift Station and the basin will be removed for processing and
dispositionelsewhereon the HanfordSite. Hardware and sediment from the
"C" Elevator Pit will not be removed as part of stabilizationactivities
becauseof As Low As ReasonablyAchievable (ALARA)concerns. The C Pit is
containedwithin that part of the I05N Buildingthat houses the reactor core
and will be part of future decommissioningactivities. Additionally,no other
stabilizationactivitiesassociatedwith the Lift Stationwill be performed
because of ALARA concerns.

I-I
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Figure I-2. Regional Locationof the lOON Area.

1-4



i_ ¸ ¸ i_Vlewln 9 Area Lead

heJ GratingD ISCHARGE SOUTH BASIN
-1_ PIT _ EXAHINAT IFIN

-_ _ SouthCosk

"II "Fast" Wa[ [ P i t

- ::::::::,,::[, .... ,,,,,,,I -_.J--Z["'[ IIIIIII Ilil FAST Cort Dump /"X
(r_ i i i i I i I I 1 I I_ I = I I I I l I I l l l l I l I I I I \--[O[I or} [ , ,

" FAST CQr1: Tunnel -1 7tTn-gg --1 _ J I - " , _o

0
m

Trompol Ine

/K _ x /x., , ._ 4

I _ x _ X ' . :4 x: X,;,:xx:, h
"_")<)4" ,, , x,x ;_XX': ," "

"""" .... -"x " , , x ..... , PIto sEGREGAT_ON __,,-_...,. _.-,,..,.-._.--_" "__c4":/.,R_cx.x:/,,,,,.._..., .
P IT _2_-`_t_2_`_×><'Xxxxxx_`%<x_x`x_`_*`'``_`'_z<>`x`'_7X_``/:_X_/`_<_ "X%" "=

z N REACTOR <'x'×'__x x._:.<,,_.zx_:,%×._ •
, x _" " :d.'_ ,:<"/ /.x '.<

, X, ,_ .',,, ., .X K ;'% . ;',..

• /',. " , .X ;x,. , . "\ ". A, ..

@
3

" Z¢D Cub I c t es

I C E,evo_or PJ_ i LIFT STATIIIN



--I

l=rl

fl_ I

.wl.

o Q _

AJ



DOE/RL-94-15,Rev. 0

2.0 NATUREOF SOURCE

2.1 DESCRIPTIONOF ACTIVITIES

The basin stabilization has been divided into seven tasks listed as
fol1ows"

• Task I - North Cast Pit
• Task 2 - South Cask Pit

. • Task 3 - North Basin
• Task 4 - South Basin
• Task 5 - ExaminationPit
• Task 6 - SegregationPit
• Task 7 - DischargePit.

Each task will be completedby performingspecific activitiesthat are
describedin generalbelow. All or portions of severalactivitiesmay be
conductedsimultaneously. Sections2.1.1 and 2.1.2 provide availabledetails
regardingthe activitiesrequired to stabilizethe basin.

The general approachunder each task is to first hydroscrubthe basin
walls along the water line. The purpose of this activity is to reduce
personnelexposure in the work area. When this activity is complete,
personnelwill start sedimentremoval with the Remotely Operated Sediment
ExtractionEquipment (ROSEE)system in conjunctionwith hardware and debris
removal. ROSEE is a system that will vacuum the sediment through a cyclone
separatorfor discharge into the North Cask Pit. Objects that cannot be
removedwith the ROSEE system (i.e., size limitations)will be sorted by dose
rate. This sortingwill be accomplishedusing a submergedradiationdetection
instrument.

Most of the waste generatedduring the basin cleanup activities is
expected to be low-levelradioactivewaste. This waste includes cubicle lids,
canisters,and fuel baskeLs. Two alternativeshave been identifiedfor
disposal of low-levelradioactivewaste. The alternativesare to bury the low
level waste in approved burial containerson the Hanford Site, or transport
the waste to a U.S. Departmentof Energy (DOE)-approvedsmelter for volume
reduction. Volume reductionfor the burial option will includecrushing the
canistersand possiblecutting of the fuel baskets.

The preferredalternativeis to ship the large quantity of contaminated
metal to a DOE-approvedsmelterfor volume reduction. In this case, the
canisterswill not be crushed, nor will the fuel baskets be cut into smaller
pieces. Instead,the canisters,baskets, and other metal items will be placed
in vendor-suppliedcontainersand shippedto the smelting facility. At the
smelting facility,the molten metal will be separatedfrom the slag, which
will contain the majority of the contamination. The metal will be retained at
the smeltingfacility and the slag will be returned to the Hanford Site for
burial. It is anticipatedthat for every 100 pounds of metal waste delivered
to the smelting facility,I pound of slag waste will be returned to the
Hanford Site Repositoryfor burial as radioactivewaste.

2-I
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Dependingupon the task, other activitiesmay be performedconcurrently
with sediment removaland hardwaremovement and removal. These activities
might be underwatercutting (plasmaarc), mechanicalshearing,canister
cleaning, and canistercrushing. When all material,hardware,and debris are
removed from the basin, the basin areas will be vacuumed again by the ROSEE
system. Concurrentwith vacuum activities,each sectionof the basin will be
inspectedwith remoteradiationdetection instrumentationand underwatervideo
equipmentto certify that all SNM has been removed from the basin. When SNM
certificationis complete,the basin will be ready for stabilization
(i.e., water removal and surface sealing).

A sand filter will be installedin the basin with Ion ExchangeModule(s)
(IXM) on the outlet. The purpose of this system is to recirculatethe basin
water to maintain water clarity and reduce occupationalradiationexposure.
This will be a continuouslyrunning system with a flow of 700 gallons per
minute. Capabilitiesfor back-flushingthe sand filter will be valved into
the system. A line coming off the outlet of the IXMs will be used to supply
the high-pressurewash station. Figure 2-I presents a line diagram of the
system components. In addition,the overflow from the ROSEE system cyclone
separatorswill be valved into the inlet of the sand filter.

In general, the basin contaminationlevel in the personnelwork areas
will be kept below 10,000disintegrationsper minute/t00 square centimeters
beta/gamma,and below 500 disintegrationsper minute/t00 square centimeters
alpha. While these levels may be exceeded for specific localizedactivities,
each specific job performedduring the basin stabilizationacti,'itieswill be
evaluated and contaminationlevels will be establishedbased on the criteria

set forth in the WHC-CM-I-6RadiationControlManual requirements. All
activitiesare held to ALARA. Upon completionof each job or as conditions
dictate, the basin area will be cleaned to below the contaminationlevels
establishedprior to the job.

Full mask protectionwill be worn at 1/10 of a derived air concentration
(DAC) based on Pu-239 and st-go, the most limiting isotope of concern. It is
anticipatedthat some activitiesmay requirethis type of protection. At
5 DAC, based upon the most limiting isotopes,a powered air purifying
respirator (PAPR) is required for respiratoryprotection. It is not expected
that any stabilizationactivitieswill requirea PAPR. Fixed head continuous
air samplers are currently installedat specific locations in the basin
(Figure2-2) and will be kept in servicefor the duration of the basin
deactivationproject. In addition,a portable fixed head samplerwill be set
up in each work location in accordancewith WHC-CM-I-6 (WHC 1993c). Grab air
sampleswill be taken when respiratoryprotection is worn to verify the
adequacy of protection. Alpha and beta continuousair monitors (CAM)will be
running in the basin at all times while work is being performedin the basin
area. Figure 2-2 shows the locationsof air sampling and monitoringdevices.

The followingsectionprovides specificdescriptionsof the tasks in
sequentialorder.

2-2
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Task I - North Cask Pit

I05N Basin stabilizationactivitieswill begin in the North Cask Pit. In
conjunctionwith the hardware removalfrom the North Cask Pit, hydroscrubbing
of the exposedbasin surfacejust above the water line (commonlyreferredto
as the "bathtubring") will be initiatedin the ViewingArea of the Discharge
Pit area. Hydroscrubbingwill be accomplishedby the use of either a
hand-heldwand, or a fixed apparatusattachedto one of the overhead cranes.

Removal activitieswill consistof relocatingthe debris and hardware to
• the North Basin. This will be accomplishedby personnelstanding on the

platform above the pit using remote handling tools, such as the existing tongs
and hooks used during routineoperations. After all items have been removed
from the pit, sludge will be transferredto the North Basin using the ROSEE
system so that inspectionfor SNM can be performed. The ROSEE system will be
operated by personnelabove the basin using remote controls and an overhead
cranes. Inspectionfor SNM will be accomplishedusing remotely operated video
equipmentand radiationdetection instrumentationoperated from a position
above the pit.

The opening from the North Cask Pit to the North Basin will be closed and
sealed by the installationof a pre-fabricatedcoffer dam to contain sediment
inside the pit. The North Cask Pit will be used thereafter as a repository
for all sedimentsmoved from other areas of the basin. Once the North Cask
Pit has been thoroughlycleaned, a cover will be placed over the pit. The
cover is intendedto provide a platformfor the ROSEE system cyclone
separatorsthat will discharge into the North Cask Pit, as well as to provide
a radiationshieldingbarrierbetween the sediment accumulationin the North
Cask Pit and the work area around the pit.

When sediment removal activitiesbegin, the water level in the covered
North Cask Pit will be lowered approximately8 feet by pumpingwater from the
pit to the North Basin. Loweringthe water level in the pit will provide room
for the water discharged from the cyclone separatorsand for the accumulation
of sediment. The water level in the North Cask Pit will be lowered

periodicallyto accommodatethe increasein volume created during sediment
relocationactivities.

Task 2 - South Cask Pit

Concurrentlywith installationof the North Cask Pit coffer dam,
stabilizationactivitieswill also occur in the South Cask Pit. The walls of
the pit will be hydroscrubbedto reduce the dose rate contributionfrom the

• "bath tub" ring for personnelworking around the pit. All debris and hardware
found in the pit will be relocatedto the South Basin for removalwith South
Basin activities. Once the coffer dam is installedin the North Cask Pit,

• sludge and sedimentwill be transferredto the North Cask Pit using the ROSEE
system. The South Cask Pit will then be inspectedto certify that no SNM is
present. The South Cask Pit will henceforthbe used exclusivelyfor loading
high-dose-rateitems into submergedshippingcasks.

2-5
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Task 3 - North Basin

The walls of the North Basin will be hydroscrubbed to reduce the dose
rate contribution from the "bath tub" ring for personnel working around the
perimeter of the basin. Before removing hardware and debris, the canister
cleaning and crushing equipment will be installed in the North Basin. On
completing installation of the canister cleaning equipment, all loose hardware
and debris located on top of the cubicle lids will be removed from the basin
to gain access to the cubicle lids. Fuel baskets will either be placed in the
burial or shipping containers intact or cut into small pieces under_ater for
purposes of volume reduction. All materials will be sort_)d under water by
radiation dose rate and only items showing acceptable radiation levels will be
raised out of the basin water.

Canisters will be removed from the cubicles and clealned as described in
Section 2.1.1 to reduce the levels of radioactive contamination. The
canl_;ters then may be crushed to minimize burial volume, or left intact for
shipment to an authorized DOEfacility for smelting and wolume reduction. The
canisters will be raised out of the water, rinsed, and allowed to drain over
the ba_tn before loading into designated burial/shipping containers.

Sedtment will be removed from the cubicles using the ROSEEsystem and
relocated to the North Cask Pit. After the sediment activities are complete,
the North Basin will be inspected to certify that no SNMis present.

Task 4 - Segregation Pit

Prior to the start of cleaning activities in the Segregation Pit, the
wall surfaces in the pit along the water line will be hydroscrubbed to reduce
the dose rate contribution in this area. After hydroscrubbing, equipment and
debris will be removed. Major pieces of equipment located tn the Segregation
Ptt include the fuel basket dumper, sections of process tubes, the sorting
table, and the fuel canister loading equipment. These large items will be
disassembled or cut into smaller pieces for volume reduction. All items,
debris, equipment, and hardware (excluding high-dose-rate material) will be
cleaned using high-pressure water, raised out of the water, rinsed, drained,
and placed in designated burial or shipping containers. The "Fast" Cart
track, which runs through the Segregation Pit, will be cl()aned in place and
left to be stabilized with the rest of the basin.

After all loose items, equipment, and hardware are removed from the
Segregation Pit, sediment will be relocated using the ROSEEsystem, then the
Segregation Pit will be inspected to certify that no SNMis present.

Task 5 - South Basin

The walls of the South Basin wi11 be hydroscrubbed to reduce the dose
rate contribution from the "bath tub" rtng for personnel working around the
perimeter of the basin. Upon completion of hydroscrubbing, the canister
cleaning and crushing equipment will be relocated to the South Basin. In
addition, the basin encapsulation equipment, located tn the southwest corner
of the basin, will be disassembled to the extent posstble using existing basin
tools. Componentsremoved from the encapsulation equipment will be disposed
of as radioactive waste, however the remainder of the equipment will be left

2-6
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in place and stabilized with the rest of the basin. Canisters will be removed
from the cubicles and cleaned to reduce the levels of radioactive
contamination.

Sections of process tubes found at other locations in the basin will be
relocated to the South Basin where they will be cut with a mechanical tube
cutter, which is currently located in the basin. If the tube cutter is not
operational, the process tubes will be cut into smaller sections using a
guillotine device (slow-speed hydraulic shears). The cut tube sections will
be loaded underwater into shielded burial casks as radioactive waste.

Sediment relocation will be initiated in conjunction with hardware and
debris removal. Canister cleaning and crushing will be conducted along with
disassemblyof the "Fast"Cart Dump Station. All materialswill be sorted
under water by dose rate and only items showingacceptableradiationlevels
will be raised out of the basin water. When all the canistersare removed
from the basin, the canister cleaning and crushing equipmentwill be lifted
out of the basin, rinsed, and disposed of or stored.

Sediment will be relocatedto the North Cask Pit from the cubicles using
the ROSEE system. The South Basin will then be inspectedto certify that no
SNM is present.

Task 6 - Examination Ptt

Prior to the start of cleaning activities tn the Examination Pit, the
wall surfaces tn the pit along the water ltne will be hydroscrubbed to reduce
the dose rate contribution in this area. After hydroscrubbing, equipment and
debris will be removed. The task of cleaning out the Examination Pit, located
east of the South aastn, will begin with dismantling and removing the lead
shielding on the grating above the fuel examination station. The lead will be
packaged tn DOE/U.S. Department of Transportation (DOT)-approved containers
for final disposition.

After all loose items, equipment, and hardware are removed from the
Examination Pit, and the sediment is relocated using the ROSEEsystem, the
Examination Pit will be inspected to certify that no SNMis present.

Task 7 - Discharge Pit

Prtor to the start of cleaning activities in the Discharge Pit, the wall
surfaces in the Viewing Area of the Discharge Pit will be hydroscrubbed along
the water line if not already completed during Task 1. After hydroscrubbing,
equipment and debris will be removed. All items, debris, equipment, and
hardware (excluding high-dose-rate material) will be cleaned using
high-pressure water, raised out of the water, rinsed, and placed in designated
burial or shipping containers. High-dose-rate items will be moved under water
and placed tn the burial cask in the South Cask Pit. The "Fast" Cart track
will be cleaned in place and left to be stabilized with the rest of the basin.
The qFast" Carts, located in the tunnel runningbetween the Discharge Pit and
the SegregationPit, will be removed, cleanedwith high-pressurewater, and
cut up for waste volume reductionprior to being placed in burial containers
or loaded into shippingcontainersfor smelting.

2-7
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The trampoline,which is located in the ReactorArea, will not be removed !

as part of stabilizationactivitiesbecauseof ALARA concerns. Inspectionfor
fuel pieces under the trampolinewill be performedwith underwaterradiation
detection instrumentationand underwatervideo equipment.

A sheet metal cover will be placed over the Viewing Area of the Discharge
Pit to seal off the ReactorArea from the fuel storageArea. The "Fast" Cart
tunnel will also be sealed after the water is removedto accomplishthis
separation.

After all loose items,equipment,and hardware are removed from the
DischargePit, and the sedimentis relocatedto the North Cask Pit, the
DischargePit will be inspectedto certify that no SNM is present.

2.1.1 Underwater Activities

Stabilizationof the basin will consist of the followingunderwater
activities.

Cleantng the surface of hardware and debris under water using manual
scrubbing, high-pressure water, or a mechanical cleantng station.

Underwater cleaning of equipment, hardware, and debris found in the basin
will tnvolve personnel standtng on the working platforms above the basin using
handheld, remotely operated tools and controls for the overhead cranes. These
tools include fuel tongs and hooks. Personnel will grasp small items with the
tongs, or attach the item to a hook, so that it can be positioned near the
high-pressure water nozzle. Large items wtll be repostttoned with the
remotely operated overhead cranes. Personnel will then direct the
high-pressure water on the item to be cleaned. In some cases, a wire brush on
the end of a pole may be used to scrub items that may be encrusted with loose
scale. Fuel canisters will be cleaned at a mechanical cleantng station
positioned underwater. The item will then be placed near an underwater
radiation detector to determine its associated radiation reading to assess
handling requirements.

The canister cleaning station is a specially designed hydraulically
actuated automated cleaning device. Whencanisters are removed from the
cubicles, they wtll be placed on the cleantng station. The canisters are
inverted and placed over the rotating brushes. The external surface of the
canisters will be washed with high-pressure water. The outside surface of the
aluminum canisterswlll be scrapedto remove loose scale at the canister
cleaning station. The canistersthen will be removed from the canister
cleaning station and either moved to the canistercrushing station, or removed
from the basin for shipment to an offsite DOE facility.

The followingtable lists the material in the basin that is scheduledto
be cleaned and the cleaning method.

The actual quantity of debris in the basin is not known, however the type
of material expected to be encountered includes hoses, wire, "buggy springs"
(itemsthat were part of the fuel element assembly),and items that accidently
fell into the basin, such as, gloves, plastic, and hand tools.

2-8
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I05N Basin Material Inventory.

Material Quantity Cleaningmethod
I I II II I1|1 r'_ III II I II I

Cubicle Lids 536 High-pressurewater.
,,, ,, i ,,,i ,

Fuel Shipping 45 High-pressurewater.
Capsules

ll,i ill ii ii i i

Fuel Storage 1500 Mechanical cleaning station.
. Canisters

Canister Covers 140 High-pressure water.
(Caps)
i i , i i, i i i ,,

Fuel Baskets 146 High-pressure water and manual
scrubbing.

i i

Fuel Spacers 40 High-pressure water.
i i i H .......... i Hi , ,,

"Fast" Cart Dumping 3 High-pressurewater and manual
Station scrubbing.

ii i , i ,i

Fuel Sorting Table 1 High-pressure water and manual
and Packaging Sta. scrubbing.

i, .m I I i i,i

Fuel DumpBaskets 1 High-pressure water and manual
scrubbing.

i ii i i i

Cubicles 536 Vacuumusing ROSEEsystem.
i i i i

i

FAST Carts 3 High-pressure water.
IIH, i i ii i i i

Debris unknown High-pressure water and manual
scrubbing.

,ll ,, ii i1,11 ,i

Using ROSEEto vacuum sediment and small debris, separate out the water
and transfer the sediment and debris to the North Cask Ptt.

The componentsof the ROSEEsystem include a submersible tractor equipped
with ltghts, video camera, robottc arm, radiation detector, and vacuumhead;
a cubicle-cleaning vacuumhead; a trash separator with radiation detector to
col]ect the large debris from the vacuumstream; a positive displacement pump
that operates at 90 gallons per minute; and two parallel cyclone separators.
Figure 2-3 shows the system configuration and layout.

The cyclone separators wtll direct a flow, approximately 10 gallons per
minute, consisting of sediment particles 10 microns and larger tnto the North
Cask Pit. The remaining flow from the cyclone separators will pass through a
backwashable ftlter unit to remove the particles 10 microns and smaller. The
backwash from the filter unit will be discharged lnto the North Cask Pit.
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The tractor component will be positioned in the basin with one of the
overhead cranes. Operation of the tractor will be performed by personnel
using a remote control station. The vacuumattachment on the tractor can be
operated through the vacuumhead built into the bottom of the tractor, or the
robotic an, can remove the vacuumhose and manipulate it in front of the
tractor unit. The radiation detector on the robotic am will be used to
identify potential fuel pieces or fragments found in tts path. The tractor
unit will traverse the tops of the cubicles or basin floor until all visible
sediment Is removed.

• Canister removal and cubicle cleaning will be handled tn the following
sequence. First, the cubicle ltds ,111 be vacuumedwith the ROSEEsystem to
remove sediment from the tops of the cubicles. Each cubicle will then be
opened to gain access to the canisters. Whenthe canisters are removed from a
cubicle, the cubicle lid wtll be placed back In the closed position. Whenall
the canisters have been removed, the cubicles will be cleaned out with the
ROSEEsystem. Thts will be accomplished by cleaning and inspecting one row of
cubicles at a time. For example, cleaning wtll start at row 1, cubicle 1.
The ltd wtll be removed and placed tn a fuel basket. The ROSEEsuction head
will be lowered into the cubicle, then withdrawn. Next, the video camera will
be lowered tnto the cubicle to inspect for SNM. This sequence wtll be
repeated until all cubicles tn the row, and all cubicles in the basin, have
been cleaned and inspected. Once a fuel basket is full of lids, tt will be
moved under water to the North Basin where the ltds will be hydroscrubbed
underwater before they are brought out of the basin and placed into designated
burial/shipping containers.

Crushing fuel canisters under water at a hydraulic-powered crushing
station.

The approximate number of canisters tn both the North and South Basins
are estimated to be 1,500; 1,200 of which are of the stainless steel type and
300 of the aluminum type. The preferred method of canister disposal Is to
ship them offstte for volume reduction at a DOE-approved smelting facility.
If the preferred method ts not selected, the canisters wtll be crushed tn the
basin and packaged for disposal on the Hanford Site.

The canister crushing station ts a specially designed hydraulic ram
system that can crush both stainless steel and aluminum canisters. The
crushing station wtll be lowered tnto the basin and set on top of the cubicles
where the canisters are to be removed. One canister at a time will placed tn
the crushing device. The hydraulic ram will compress the canister to
approximately 17 percent of tts original volume. The crushed canister will be
removed from the device and removed from the basin for disposal.

Cutting large items under wmter, such as process tubes, sorting table,
- fuel baskets, into smller sections for packaging.

All cutting activities wtll be performed under water. The following
table identifies the material to be cut and the method of cutting.
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Volume Reduction Methods.
i i "_ lli_i_i_,i,_i,i_ , H_ ,,,,, I I II III IIII I

Item Method I Descrt pt i on
I I I I IIIIIIII II I IIIIIIIII IIII I m. ii, i iiiiiiiii I

Process Tubes Tube Cutter/ Tube cutter currently in basin.
Guillotine It ts atr operated wtth the

exhaust plumbed to atmosphere.
The Guillotine is a hydraulic
shear and wtll be used under
water.

q
i i, ill ill i i i i i i

Fuel Baskets Plasma Arc Wtll be cut tnto smaller sections
under water.

i i,i i HI,

Sorting Table and Plasma Arc Wtll be cut into smaller sections
"Fast" Carts unde_ater.
I I IIIII I I I :

Process tubes located in the basin are considered high-dose-rate items,
and therefore, will not be raised out of the basin water. Instead, they wtll
be placed tnto the underwater cask and buried as radioactive waste on the
Hanford Site. Because the process tubes are of various lengths, they will
have to be cut to ftt tn the burial cask. The process tubes wtll be cut wtth
the existing tube cutter currently located tn the basin. The tube cutter ts
an air-actuated device that operates In the samemanner as standard ptpe
cutters. If the tube cutter in the basin is found to be inoperable, a
"guillotine" device wtll be placed tn the basin to cut the process tubes.
Thts device has a hydraulic-actuated blade that shears off sections of tubing.

Roving high-dose-rate items underwater and packaging tn designated
under water burial/shipping containers.

All high-dose-rate material and items wtll be handled, moved, and
packaged under water. Current survey data have identified most of the high
dose rate items. However, many items or sources of htgh radiation levels
could not be identified because of the conjunction of material tn someof the
pits. Movementof small items wtll generally be performed by personnel using
remote handling tools and keeping the object under water. Larger items wtll
be attached to a crane hook and moved under water. Figure 2-4 depicts the
flow path for movementof high-dose-rate items under water.

2.1.2 Above Miter Activities

Stabilization of the basin wtll consist of the following above water
activities.
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Figure 2-4. High Level RadioactiveMaterial Flow Diagram.
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Lifting hardware and large debris from the basin water and packaging
in designated burial/shipping containers.

Low-dose-rate items will first be hydroscrubbedunder water to remove
loosely attached surface contamination, then raised out of the water and
rinsed with filtered basin water. Rinsing activities will not add additional
water to the basin. Rinse water for the decontamination activities will use
the discharge from the basin filtration system installed for maintaining _:_er
clarity.

Smalleritems,such as, tools,hoses,cables,smallmetalcomponents,and
debris,will be placedin an underwateraccumulationcontainer.When the
accumulationcontaineris full,the contentswill be usedto fillthe voidsin
the underwatershippingcasklocatedin the SouthCask Pit. Theseshipping
caskswere speciallydesignedto transportirradiatedfuelto various
locationswithinthe HanfordSite.

High-dose-rate items will not be raised out of the water. These items
will be packagedunder water in approvedshipping/burial casks for disposal.
Smaller objects with high-dose-rates will also be used to fill voids in the
underwater casks. Whenthe cask is full, it will be raised out of the basin
and washedoff with filtered basin water as it is withdrawn. The cask will be
drained using built-in drain valves and set downat a designated location just
west of the cask pit. After the cask has dried, it will be painted to fix any
residual contamination on its surface. The cask will then be relocated to a
designated staging area in the basin and covered with plastic until it is
loaded onto z flat-bed truck for transportation to an authorized disposal
facility.

It is importantto notethat allmaterialanddebrisnot easily
recognizablewill be inspectedwith underwatervideoequipmentto determine
its identity.Therefore,all fuel assemblies,if discovered,and fuelchips
or fragmentswill be placedin a designatedcanisterlocatedin the basin.
Upon finalinspectionof the basin,all canistersholdingfuelwill be loaded
intoan underwatershippingcask,whichwill be transportedto the IO0-Kfuel
storagebasinfor finaldisposition.

Wash basinwallswith high-pressurewater. This activitywlll be
conductedout of and above the water.

The purpose of this activity is to reduce the dose rates created by
radioactive material platlng out, or leaching into the basin wall surface
along the water line, often referred to as the "bathtub ring" effect. This
activity will be performed by personnel using a high-pressure lance.
Personnel will stand on the working platform abovethe edge of the basin and
direct the blast of the water lance along the basin wall surface. The nozzle
of the lance will be held approximately 6 inches from the wall surface and
directed downtoward the basin water at an angle of approximately 33 degrees.
The cleaning rate is expected to be approximately 3 feet per minute.
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2.2 DESCRIPTIONOF THE 105N BASIN INVENTORY

This section provides detailed information regarding the radionucltde
inventory affected by the proposed basin stabilization project.

2.2.1 Redtonuclide Sources

105N Basin was designed as a place to package and temporarily store spent
fuel elements and irradiated fuel spacers discharged from the N Reactor. Fuel

. handling and storage operations were conducted in seven interconnected basins
with a commonpool of water, one other remote basin ("C" Pit), and a water
lift station. During N Reactor operation, underwater transfer carts moved the
spent fuel elements from their discharge point at the rear face of the reactor
to the storage basin, where they were sorted by enrichment and placed in
storage canisters. The filled canisters were moved by bridge cranes to
storage cubicles, formed by a lattice of borated concrete walls. The basin
began operation in 1963 and ceased storing spent fuel in 1989, when all fuel
was transferred to the IO0-K fuel storage basins.

A significant amount of radioactive material was deposited in the basin
as a result of the fuel handling and storage operations. Sources of
radionuclides included the following:

• Irradiated uranium fuel elements with damagedcladding that
introduced spent fuel particles (including transuranic isotopes and
fission products) into the basin water and sediment

)
• Irradiated lithium targets with damagedcladding that introduced

tritium into the basin water

• Corrosion of irradiated reactor hardware (e.g., spacers, buggy
springs)

• Hardware and debris with surftcial deposits of contamination.

Fuel elements and tritium targets are no longer stored in the basin.
However, small fragments from damaged fuel elements are potentially present.
In addition, an observed increase in tritium activity in the basin water
indicatesthat a lithiumtarget or fragmentsof targets remain in the basin.
The current inventoryof radionuclidesin the basin is presentedin
Section 2.2.2.

Z.2.2 hdtonucltde Inventory of lOSN Basin

Radtonuclides are assumed to be present in the basin in four physical
forms as follows:

• Solute and suspended solids in basin water
• Basin sediment and wall deposits
• Surface deposits on hardware
• Fragmentsof irradiatedfuel elements and lithium targets.
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The radionuclideinventoryassociatedwith each physical form,
decay-correctedto February 1994, is presentedin Table 2-I. The basis for
the inventoryis discussed below.

Water. The basin complexcontains approximately4.1 million liters
(1.08 million gallons) of water (AppendixA-I). A grab sample of the water is
collectedmonthly and analyzed. Suspendedsolids measured in the water
samples typicallyconstituteabout 5 parts per million by weight, and the
activity in these solids is includedin the reported analyses. The water
activity presentedin Table 2-I is based on the mean activity of samples
collected from August 1992 to August 1993 at the upper 95 percentconfidence
limit'.

Sediment. A layer of sediment,rangingfrom 0 to 3 inches thick
(Subrahmanyam1988),covers the bottom of the basin. It is composed of fine
silt and dust, insectmatter, algae, corrosionproducts,and small debris.
Given the thicknessof the sediment layer, the total volume of settled solids
in the basin has been estimated at 1.16 x 104liters (410 cubic feet)
(Subrahmanyam1988). Based on laboratorymeasurementsof the density of the
settled solids versus centrifugedsolids,the total volume of centrifuged
solids in the basin has been estimatedat 1.74 x 103 liters (61 cubic feet)
and the mass of centrifugedsolids has been estimatedat 2,000 kilograms
(Subrahmanyam1988). For conservatismin calculatingthe source term, the
volume of solids has been assumed to be 70 cubic feet.

In 1987, nineteen samples of the sedimentwere collectedand analyzed
from differentlocationsthroughoutthe basin (Subrahmanyam1988). Sediment
activitywas reportedbased on centrifugedsolids. Because reactor operations
ceased in January of 1987, and all fuel was removed from the basin by 1989,
the 1987 data (with appropriatedecay correctionsfor the interveningyears)
are expected to be representativeof the current source term in the sediment.
The sediment activitypresented in Table 2-I is the mean activity of the
centrifugedsedimentsamples at the upper 95 percent confidencelimitI.

Hardware. A varietyof hardware and debris is present in the basin. The
types of hardwareand estimated volumes,masses, and surface areas are
presented in Table 2-2.

Only a small fractionof the total hardware,primarilyprocesstubes,
fuel spacers and buggy springs,was irradiatedin the reactor and would be
expected to contain activationproducts. The activationproducts are an
integral part of the metal of the hardware and are not availableto the air.

The majority of contaminationassociatedwith the hardware is present in
the corrosion and other deposits that have accumulatedon the surfaceof the
hardware. In 1990, 12 aluminum fuel canisterswere removed from the basin.

1The confidence intervat is a range on either side of a sampte mean. A statisticat evatuation was
done based on the mean, the standard deviation of the data, and the rubber of samptes. At the upper
95 percent confidence timit in a one-sided test, there is a 95 percent probabitity that the true mean is
equat to or tess than the timit.
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Water Sedtlent Hardware Fuel
Nucllde Half-life elements Total C| Notes __

(years) pCt/L Total Ct* _Ct/L Total Total totalCt ** #Ct / L Ct *** Ct **** _.
i i,, _1_

Am-241 4.32 E+02 8.99 E-05 3.59 E-04 2.34 E-01 4.68 E-01 5.98 E-02 6.10 E+O03.44 E+O0l.O0 E+O] a,b;c r_
Ce-144 7.80 E-01 " 1.79 E-02 3.58 E-02 2.13 E+O02.17 E+O2rl.22 E+02 3.39 E+02 b,d, e
Co-50 5.25 E+O07'.57 E-04 3.10 E-03 5.82 E+O01.15 E+01 1.05 E-01 1.08 E+01 2.24 E+O] a,b,c
Cs-134 2.05 E+O02.25 E-03 9.25 E-03 3.87 E-03 7.74 E-03 9.78 E-03 9.98 E-01 4.73 E+O05.75 E+O0a,f (31

Cs-137 3.00 E+01 1.43 E+O05.85 E+O05.95 E-01 1.19 E+O01.50 E+O01.53 E+02ii7.28 E+02 8.88 E+02 a,b,c z
H-3 1.22 E+01 3.90 E+01 1.50 E+02 1.40 E+02 3.00 E+02 a,g,h ma,
K-40 1.40 E+09 2.04 E-03 8.37 E-03 8.37 E-03 a,g ",

Hn-54 8.30 E-01 2'.40 E-04 9.84 E-04 1.55 E-02 3'.12 E-02 2.90 E-04 2.95 E-02 5.18 E-02 a,b,c _o
Pu-238 8.64 E+O] 3.62 E-05 1.48 E-04 5 32 E-O] 1.06 E+O01.33 E-01 1.35 E+01!7.83 E+O02.25 E+O] a,c,i a.a' o

,, • ....j. rrl

Pu-239/240 2.40 E+04 2.47 E-04 1.01 E-03 3 25 E+O06.51 E+O08.36 E-O] 8 52 E+014.79 E+01 1.40 E+02 a,b c o• • ? _1

Pu-24] ).44 E+O] 5 24 E-03 2.]5 E-02 6.90 E+O] i.38 E+02 1.77 E+O] ].81 E+03 1.02 E+03 2.95 E+03 ,j _=: _,
• , _i ,

• _._.e.Ru-105 1.01 E+O0 2.53 E-02 5.25 E-02 6.14 E-O] 5 26 E+013.51 E+01 9.78 E+01 b,d,k _. ,I

'-'.., Sb-]25 2.71 E+O03.48 E-03 ].43 E-02 6.95 E-01 ].39 E+O09.48 E-02 9.67 E+O0 ] . ]1 E+01 a,c,1 _ o,'".... _ ,i,

St-90 2 77 E+01 3.28 E+001].34 E+01 6 56 E+02 i.31 E+03 ].46 E+O01 49 E+02i7.06 E+02 2 18 E+03 a,1 m =,, • . " • ., _ <_ 1;10

U-234 2.47 E+O5 9 59 E-03 I 94 E-02 2.49 E-03 2.54 E-O] 1.42 E-O] 4.15 E-01 n,0 + o• • , _ •
' _ •

U-235 7.10 E+08 1.76 E-03 3.51 E-03 4.5] E-04 4.60 E-02 2.58 E-02 7.54 E-02 n,0 _° o
U-238 4.50 E+09 7.88 E-03 ].58 E-02 2.02 E-03 2.06 E-01 1.]6 E-O] 3.38 E-O] n,0 "<

• Assumed water voLume is 4.1 mtttlon Liters (1.1 ziLLion pLtons). _"
• *Asmmed ass of centrifuged led|giant |s 2,000 kitograi.

•**Assumed ass of horclHare is 102.000 kitogri, o
• ***Asm 1 canister (700 pounds) of irradiated uramJtan fuel and I irradiated Lithium target. -_
I-Mater activity based on samples coLLected from 8192 to 8193; decay-corrected to 2/94. "_
b-Sediint activity based on samples coLLected in 1987 and centrifuged; decay-corrected to 2/94. CD
c-Hard, re activity based on malts of fuel canisters; decay-corrected to 2/94. Transuranic assumed to be Am-241, Pu-238, and Pu-239,240. o"
d-BeLow detection Limits in water analyses.
e-Harcl_re activity based on ratio of Ce-14_ to Pu-239 in lO-ymr-otd fueL. _u
f-Secltint and harclMare activity based on ratio of Cs-134 to Cs-137 in lO-yeor-otd fueL. "__<
g-Occurs am soLubLe species; ile_ljllent amid harcl_re activity ISltlled negLigibLe.
h-Equivalent of one tritium-bearing tlthitl target asswned to contain • current inventory of 140 curies tritium. _-"_D
i-Sediment activity based on ratio of Pu-Z38 to Pu-239 in lO-year-otd fueL. _)
j-Yater, sediment, and hardvare activity based on ratio of Pu-241 to Pu-239 in lO-year-otd fueL.
k-Harckdare activity based on ratio of Ru-106 to Pu-2_9 in lO-ymr-otd fueL. ."
L-Sediment activity biased on water activity, assuming S parts per ltttion by ueight solids suspended in water and aLL tater activity

attributable to susper_led solids.
m-llard_re activity based on ratio of Sr-90 to Cs-117 in lO-year-otd fueL.
n-Mot anaLyzed in water samples; assumed negt|gibLe due to Low soLubiLity. +
o-Sediment and horclkmre activity based on ratios to Pu-239 in lO-year-otd fuel.



Dimensions Volumellte m Total Surface Total Totalvol qjee areal!Item surface mass Notesarea
Material Quantity (tn.) (ft_) (it _) (it') (it 2) (kg)

• Cubicle lids 536 0.37 x 23.5 x 27.5 1.38 E-O1 7.42 E+OI 9.24 E+O0 4.95 E+03 6.69 E+03 a,b,c cr

Fuel storage 1 500 9.5 x 18.4 x 29 2.93 E+O0 4 40 E+03 1.37 E+OI 2.05 E+04 3.12 E+04 a•b,c ®
canisters !%)

Canister 140 .79 x 7.98 x 5.13 1.87 E-02 2.62 E+O0 7.12 E-OI 9.97 E+O1 a,b•c •
covers _-

m

Fuel baskets 146 40 x 40 x 40 3.70 E+OI 5.41 E+03 5.56 E+OI 8.11 E+03 3.59 E+04 a•b•c•d
,,, i

Fuel spacers 40 2.50D x 20 5.68 E-O2 2.27 E+O0 1.09 E+O0 4.36 E+O1 3.60 E+O1 a•b _i

Dumpcarts 3 34 x 37 x 84 6 12 E+OI 1 83 E+02 1 O0 E+O2 3.01 E+02 5.44 E+03 a b•c e _• • • • J

rq
Sorting tray i" 89 x 123 x 166 1.05 E+03 1.05 E+03 5.41 E+02 5.41 E+02 • a,b,c,e < ..

:_ p,-
Dumpbasket 1 47 x 49 x 97 1.29 E+02 1.29 E+02 1.61 E+02 1.61 E+02 e a,b,c,e ,, ,

o to

Miscellaneous 100 2.85 E+O0 2 85 E+02 1 21 E+OI 1 21 E+03 1.81 E+04 b,f _" " " _< I
I _.d
_- debris _ L.
O0 0 .

Process tubes 20 400 x 120 8.73 E-O1 1.75 E+O1 1.05 E+Ol 2.09 E+02 3.93 E+03 a,c,g a- _

Fuel shipping 45 3.50D x 28 1.56 E-O1 7.02 E+O0 2.14 E+O0 9.62 E+O1 7.62 E+02 a,c,h ;o_ <_®
co

capsules B o

I ! °Total 1.16 E+04 3.63 E+04 1.02 E+05 m<

a-Quantity and dimensions from WHC-SP-0615, Rev. 4 (klHC1993b). -h
b-Total mass from HHC-SP-0615, Rev 4 (HHC 1993b)" " 0

c-Volume and surface area calculated from dimensions. 3
d-Fuel baskets assumedto have ftve sides• open at top.
e-Masses of dumpcart assemblies, sorting tray, and dumpbasket are combined, z_"
f-Number of items and dimensions not available. Numberof items assumedto be 100. Average m

shape assumedto be cubic. Surface area of a cube - 6 x (volume to the 2/3 power). _
g-Density of zlrcalloy tn process tubes ts 0.237 pounds/cubic inch. Ztrcalloy assumedl/4-inch 5"

thick.
h-Density of alumtnum In shipping capsules Is 0.I pound/cubic inch. Aluminum assumed 1/4-inch

thick.
OD- outside diameter.
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All 12 were assayed for transuranic isotope activity and two were assayed for
gammaradionucltdes as paht of an evaluation of cleaning techniques. Activity
was reported as curies per unit mass of the canisters (Appendix A-3).

I

The level of contamination associated with the aluminum canisters is
expected to be higher than for the stainless steel canisters or other hardware
in the basin. The aluminum canisters comprise approximately 300 of the

. 1,500 canisters in the basin (WHC1993b). The other 1,200 canisters, which
are constructed of stainless steel, and most of the other hardware in the
basin, is constructed of either stainless or carbon steel. Aluminumdevelops
a relatively thick, porous corrosion surface that adheres tightly and traps
contaminants. The aluminum itself is a relatively porous material. In
contrast, stainless steel does not develop a corrosion surface, and film
deposits wash off readily. In addition, the aluminum canisters are an older
design that includes drainage holes and a mesh screen in the bottom on which
material, including fuel fragments and sediment deposits, has collected over
the years. The stainless steel canisters have smooth bottoms without holes or
screens, so material has not accumulated.

Because other hardware in the basin has not been assayed, the
activity-per-unit-mass data for the aluminum canisters have been assumed to
apply to the rest of the hardware as well. Table 2-1 presents the mean
activity.of the aluminum canisters at the upper 95 percent confidence
interval'. The total hardware activity presented is based on the total mass
of hardware in the basin. However, for the reasons stated previously, it
should be understood that use of the aluminum canister assay data is a
conservative case.

Irradiated Uranium Fuel Fragments. Based on visual inspection and past SNM
records, the basin has been declared free cf any known quantities of
irradiated uranium fuel. However, for planning purposes, it has been assumed
that some fuel element fragments will be found during basin stabilization
activities. The volume of fuel found is assumed to fit into one fuel
canister. The assumption is a conservative estimate. It is anticipated that
if any fuel fragments are found, the quantity will be less than one canister.
However, one canister will be needed to handle any fuel fragments. Therefore,
for ease in calculating potential emissions, one canister volume was used.
A canister is designed to hold 14 fuel element assemblies, with one fuel
element assembly weighing approximately 50 pounds, giving a total approximate
fuel weight of 700 pounds.

2The conf|dence |ntervat |s e range on e|ther side of a sample mart. A star|st|ca& eva|uatlon was
done based on the mean, the standard deviat|on of the date, lind the mmlber of s_p&es. At the upper
95 percent conf|dence t|m|t |n a one-sided test, there is a 95 percent probabit|ty that the true mean |s
equa| to or tess than the L|m|t.
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The fuel fragmentsresult from fuel that was discharged from N Reactor
between 7 and 31 years ago. To calculatethe source term associatedwith the
fragments, the following assumptions were made: i

• The m_orlty of the N Reactorfuel was o.gs weight percentenriched
with U isotope. A small amount of naturaluranium fuel was also
irradiated. Becausemore highly enriched fuel results in higher
radionuclidelevels, the fragmentsare assumed to result from
enriched fuel.

• FIi.eA1can be irradiated to either weapons-grade assay lev_.ls
("_Pu levels of 6 percent) or fuels-grade assay levels (""Pu levels
of 12 percent). Fuels-grade levels are reached through longer
irradiation times and result in higher radionuclide levels. Because
the source of the fragments is unknown, it is assumed that they are
fuel s-grade.

• A lO-yearaveragedecay time was assumedfor the fuel fragment
inventory.

The radionuclideinventoryassociatedwith the fuel fragments is provided
in Table 2-2.

Irrmdtat_l Lithium Targets. Visual inspection has not revealed the presence
of tritium-bearing lithium targets. However, basin water samples show a
continual increase In tritium activity. The increase has been attributed to
the presence of a llthtum target or target fragments In quantities
approximating one target. Target failures during past operations resulted in
the release of approximately 140 curies of tritium p_r target. For inventory
purposes, tt is assumed that a target or fragments of targets contain
140 curies of tritium.
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3.0 EMISSIONSCONTROLSYSTEM

3.1 EFFLUENTSYSTERLAYOUT

Thts section describes the ventilation system for the basin and the
removal eff|ctenctes for control devices in the system.

The N Reactor is separated into five confinement zones for radiation
control purposes. ConfinementZone 1 is the innermost zone surrounding the

• reactor core and its directly associated systemsand areas. Becauseof high
radiation levels around the reactor, Zone 1 is vented through a high-
efficiencyparticulate air (HEPA)filtrationsystemlocated in the 117NFilter
Buildingpriorto dischargethroughthe IIfNStack. Zone I is maintainedat a
negativepressurerelativeto otherzonesand the externalatmosphere.

Priorto 1993,partof the basinair space(consideredpart of Zone III)
was exhausteddirectlyto the atmospherevia roof exhausters.In
October1993,doorwaysbetweenZone I and the basinwere openedto allowair
to flowfrom the basinto Zone I. Testswereconductedthatdemonstratedthat
the new configurationmaintaineda negativepressuredifferentialof
-O.OIinchto -0.I inchwatergaugebetweenthe basin,adjacentair spaces,
and the atmosphere(Myott1993). The new configurationwas approvedfor
permanentuse,and the N ReactorZone I ventilation)ystemwith its HEPA
filtrationsystemnow servesas the ventilationsystemfor the basin.

The basin/transferareaairflowconfigurationis shownin Figure3-I.
Figure3-2 showsthe airflowconfigurationthroughthe II7NHEPA Filter
Building.

The bankof HEPA filtersin the II7NFilterBuildingis the control
deviceused for removalof radioactiveparticlesfromthe basinventilation
system. In accordancewithHanfordSiteprocedures,an installedHEPAor
HEPA-equlvalentfiltershallhave a leakagerate efficiencyof g9.95percent
for removal of airborne particulate (WHClgg3a). The basis is The Nuclear Air
Cleaning Handbook, Section 8.2, which states that by definition a HEPAsystem
must exhibit an installed decontamination factor of 2,000; an efficiency of
99.95 percent for aerosols having a nominal median diameter less than
1 micrometer (WHC1993a).

The testing and inspection of the treatment systemwill be done in
accordancewith protocols established for the Hanford Site. At a minimum,the
efficiency of the HEPAfilters will be tested annually and must meet the

• following requirements.

• All filters shall removeat least 99.95 percent of the Hanford
Site-approved aerosol particles with particle size ranges andmedian
diameter in accordancewith WHC-CM-7-5(WHC1993a).

• The HErA filter cartridges shall be replaced whencontinuous
exposure rates exceed 1 R/hour at 15.3 centimeters (6 inches), or
whenthe pressure drop across the filter exceeds5 inches water
gauge.
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• Remotely Installed HEPAfilters shall be replaced whenthe pressure
drop across the ftlter exceeds5 inches water gauge, or exposure
rates exceed limits provided by Radiation Protection.

3.2 EMISSIONSRELEASERATES

Thts sectton provtdes detatled tnfomatton regarding the source and
quanttty of airborne radtonucltde emissions resulting from the proposedbastn
stabilization mctivtttes. Representedare the estimates of the total
radionuclJde Inventory in the basin, the mechanismswhereby radtonucltdes are
transported to the bmsJnair space, the source tem in the atr space, and the
atr emissions. The expected annual average release rates of the radJonucl|des
emitted by the basin were calculated ustng good engineering Judgement(GEO)
which provtde a more realistic description of the expected potential eaJss|ons
than 40 Codeot' Federai Regulations (CFR) 61, Appendix0 Methodology.

!

3.|.1 CJumic81and Physicai Fores of Releases

Airborne releases from the bastn stabilization project wtll be prtmrtly
arttculate forms. The domtnantchemical spectes are 11kely to be oxtdes and
ydroxtdes of the radtonucltdes. Salts (e.g., chlorides, nitrates) might also

occur. The only significant volatilized radionucltde wtll be tritium.

3.2.2 ii4od _gtneer|ng Judgment (n|sstons Esttllate

Thts sectton provtdes the engineering evaluations and assumptionsused tn
detemtntng the G(J emissions estimate.

Stabilization of the basin wtll constst of several activities.
Activities performedunder water tnclude the following:

• Clean|ng the surface of hardware and debrts ustng manual scrubbing,
high-pressure water, or a mechanical cleaning statton

•Crushtng fuel storage canisters at a hydraulic-powered crushtng
statton

• Plactng smaller items tnstde larger items to reduce waste volumes

•Cutttng large ttem (e.g., process tubes, a sorttng table, fuel
baskets) tnto smller secttons for packaging. Potential cutttng
methods tnclude plasma torch, hydraulic shears or nibblers, and tube
cutters

•Ustng ROSEEto vacuumsedtmentand small debrts from the bastn,
separate out water, and transfer the sediment and debrts to the
North Cask Ptt.

3-4
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Abovewater mct|vltles Include the followlng:

• L!fttng hardware and large debrts from the bastn and packaging tnto
approprtmte shipping containers

•Washtng basin walls wtth high-pressure water.

. Based on these mcttvtttes, the following mechanisms for trmnsporttng
radtonuclldes to the bastn atr space are evaluated as follows:

. * Evaporation
• Debr|s washtng, crushing, packaging, and removal
• Cutttng
• Hydrowashtng bastn walls.

ivlNrat|on. For planntng purposes, |t has been assumed that mpproxtmately
302,800 liters (eo,0oo gallons) of water wtll eva ate annually from the
bastn durtng the stab11| xzatton ). current rate(Append1 The
evaporation ts approxtmtely 227,100 liters/year (60,000 gallons/yemr), The
assumd quanttty of 302,800 l|ters mddresses the potential for enhanced
evaporation due to increased surface area as stmbtltzatton is conducted.

Wtth the exception of trttlum, the amount of radioactivity transported to
the air via this mchantsm ts assumed to be negligible. Both the vapor
pressure and the mole fractton for each of the radtonucltdes tn the water are
very mall, so the parttml pressure (the product of vapor pressure and mole
fraction) would be extremly smail.

Trtttw occurs tn the water as trtttated water, and ts assumed for thts
evaluation to have the sm vapor pressure as nontrtt|ated water. Assuming a
net evaporation rate of 302,800 l|ters/year and a trtttum acttvtty of
39 mtcrocurtes/l|ter, the source tem from evaporat|on wtll be
11.8 curies/year of trtt|um.

9ebrts Scrubbing, Packaging, and Remval. Radtologtcal control procedures
wtll be tn place to mtntmtze dispersion of contaminants durtng debrts handltng
and removal activities. However, tt is assumedthat under_ater activities J
will resuspend at least som of the settled sediment tnto the overlying water,
Increasing the acttvtty of the water. Splashing a|ght occur dur|ng these
mcttvtttes thmt could generate mtrborne droplets or contmtnmte surfaces
outstde of the stormge pools. As the water f|lm adhering to the hmrdware and
debrts ts removed, tt could also genermte atrborne droplets and/or contaminate
surfaces outstde of the pools.

Whtle lmrge water droplets are expected to fmll back tnto the pools,
sin,rollwater droplets could evaporate quickly tn the atr (because of the larger

• surface area-to-volume ratto) resulting in both soluble rand Insoluble
radtonucltdes becomtng airborne. Very small droplets (less than
10 micrometers) could be carr|ed away by the a|r flow. Water that splashes
outs|de the storage pools could dry on exposed surfaces of the bastn;
radtonucltdes from the water restdue could then be resuspended as particulate.

3-5
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To determine the potential emissions, the foliowtng was assumed:

• The quantity of water droplets formed above the storage pools and
the amount of splashing to outside surfaces is related to the amount
of hardware being handled and removed from the pool

• A l-milliNter film of water adheres to each piece of hardware
removed from the basin

• 10 percent of the volume of thts film is dispersed to the basin air
space through evaporation, carryover of small droplets, or splashing
and resuspenston outside the storage pools. The 10 percent value
was determined using GEJ and ts conservative.

The total surface area of hardware was determined to be approximately
3,300 square meters (36,300 square feet) (Tab]e Z-Z). Using the above
assumptions, the vo]ume of water dispersed to the air space is:

3300 ma x 1 mmx _ x _ x 10S- 330 1tiers
1000 nm ln_

The net result is that 330 liters of water with suspended solids is added
to the air space. The activity of the water assumes the following:

s

• 100 percent of the sediment in the vicinity of a piece of hardware
being handled is resuspended into the column of water overlying
sediment. (The resulting water-solids mixture contains about
500 parts per million by weight solids.)

• The activity per unit mass in the sediment is relatively uniform
throughout the basin. This was supported by statistical evaluations
of the 19 sediment samples collected from different locations of the
basin in 1987 (Subrahmanym 1988).

• The mass of sediment is uniformly distributed throughout the basin.

• All of the activity associated with the hardware is assumedto be
removed during cleaning and also disperses into the water throughout
all of the basin.

The activity of the water, including the suspended solids, is provided tn
Table 3-1. The emissions total from debris handling and removal is the
activitymultiplied by 330 liters of water.

Cutting Activities. Hardware that might have to be cut prior to packaging
conststs of process tubes, a sorting table, and fuel baskets, all of which are
constructed of steel. Cutting will be performed under water at depths of
approximately 20 feet or greater. Potential cutting methods include plasma
torch, hydraulic shears or nibblers, and tube cutters.
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Table 3-1. Emissions from Debris Handltng and Removal.

Activity tn Total emissionsNucltde water ftlm
(pCt/L)* (Ct)**

_ i llll i i UlllflU i iii ii, iiiii i 111

Am-241 1.60 E+O0 5.29 E-04
___ i ii ii i i i

Ce-144 ....5.29 E'+01 1.75 E-02

...............................E+oo 81Co-60 5.47 1. E-03
BE I xElIII II IlEal II mIll

• Cs-134 2.48 E-01 8.17 E-05
l I III II II II I IIIImlllllll f l I I I I

Cs-137 3.91 E+01 1.29 E-02
ill i llll i ,ill I I ill I

e-3 3.90 E+Oi 1.29 E-02
r ii ii Hulii i

K40 ................. 2.04 E-03 6.7'3 E-07
I I III H lille I IIII III IIII II III IIII II I

Hn-54 1.51 E-02 4.97 E-06
I J III I Im11 _ I f] I

Pu-238 3.57 E+O0 1.18 E-03

........ E03.......Pu_239/240 2.24 E+01 7.39 -
i i iH ill i i i i i iii iii

Pu-241 4.75 E+02 1.57 E-01
L I H I lll l I II

Ru-106 1.53 E+01 5.04 E-03
i Hul Hi i

Sb-125 2.70 E+O0 8.92 E-04

........ 01St-90 3.59 E+02 1.19 E-

................. EsU-234 6.66 E-02 2.20 -0
H ill i ll,ll ii i ii i

u,z3s ].2] E-OZ 3.99E-O
U-238 5.42 E-02 1.79 E-O5

....... ,,,, ,

*Assumesresus)enston of all sediment and
dispersion tnto water of all deposits on hardware.

**Assumesa total volumedispersed to atr of
330 1tters.
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Mechanical cutting methods (e.g., shears, nibblers, and cutters) are
expected to produce particles. The particles will include particles of the
contaminated surfaces of the hardware. However, there is 11ttle motive force
(e._., bubbling) during mechanical cutting to carry these particles to the
pool surface, so no significant dispersion of the particles directly to the
air space is anticipated. The particles wtll contribute to the sediment
radtonuclide inventory, but the contribution is assumedto be small.

Plasma torch cutting is more likely to provide a direct contribution to
the air source term via both enhanced evaporation and the dispersion of
fume-like particles. Plasma torches produce a high-temperature (greater than
11,000 degrees celsius) ionized gas that severs virtually any conductive
material (McGoughand Knetl 1990). At these temperatures, water both
vaporizes and dissociates into hydrogen and oxygen gas, generating bubbles
that can carry particulate. Experience with underwater plasma cutting at
Three Mtle Island and Yankee RoweNuclear indicates that a very fine
particulate is generated, and that someof the particulate is carried to the
air-water interface (Appendix A-3).

The vendor was not aware of any concerns or evaluations related to
gaseous radtonucltde emissions. However, the temperatures reported at the
cutting surface exceed the botltng point of the radlonucltdes in the basin, so
vaporization of the radlonucltdes was evaluated (Appendix B). Even with a
worst-case evaluation of the heat energy generated by plasma torch cutting and
the heat capacity of the surrounding water, the temperature of the water would
decrease rapidly with distance from the torch. Assuming that all of the
energy supplted to the torch is transferred into heating the water and that
the torch is used continuously for 8 hours, the maximumtemperature observed
5 feet from the cutting surface would be less than 100 degrees celsius.
Cutting will be perfornHjd at depths of 20 feet or greater. Therefore, any
radtonucltdes volatilized at the cutting surface will recondense before
contacting the air.

Additional results of the thermal evaluation in Appendix B tnclude the
fol 1owtng.

• The maximummount of water that could be heated to 100 degrees
celstus during cutting would be approximately 14,000 ltters.

• The maximumamount of additional water that could be evaporated
would be approximately 1,700 liters. Additional evaporation due to
plasma torch cutting ts included in the assumedevaporation rate as
dl scussed earl ter.

The quantity of particulate generated by plasma torch cutting assumes the
fol 1owtng.

• The kerf (the groove made by cutting) is O.S inch wide.

• Th_ hardware that might be cut consists of process tubes, all
structural steel (including the sorting table), and the fuel
baskets.
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• Equipmentis cut into 3-foot lengths. Assuming that mass is
proportionalto length, the mass of the kerf is then about
1.4 percent of the total mass of the hardware.

• All of the mass associatedwith the kerf converts to particulate.

In determiningthe emissionsto the air space based on GEJ, it was
additionallyassumedthat 10 percentof the resultingparticulatereaches the
surfaceof the pool and is dispersedinto the air space by bubbles. The
activity of the particulateis assumed to be the activity of the hardware per

. unit mass presentedin Table 2-I. Table 3-2 presents the resultingsource
term.

Hydroscrubbing. A ring consistingprimarilyof mineral deposits and algae is
present on the walls of the storagepools at the air-waterinterface. During
stabilization,a stream of high-pressurewater discharged at about 20 gallons
per minute will be directed at the ring to wash the material down into the
basin water. The water source is likely to be filtered basin water. Aerosol
generated from hydroscrubbingcould contributeto the source term.

Hydroscrubbingproceduresare designed to minimize splashbackand mist
generation. In the case of the basin, the water stream will be aimed at a
point on the wall approximately0.5 feet above the air-water interface. The
spray nozzle will be located about 6 to 8 inches from the wall and angled
downwardsabout 33 degrees. In the past, using similar techniquesat 100 Area
facilities,the aerosolproduced was so slight and localizedthat operators
positioned 10 to 20 feet away from the impact point did not require
respiratoryprotection,and visibilitywas only slightly impaired
(AppendixA-4).

i

To determinethe emissions,the followingparametersand assumptionswere
used.

• The perimeterof the storagepools in the basin measures 280 meters
(914 feet).

• The air space for a distance of I meter (3 feet) above the water
surface and 2 meters (6 feet) out from the wall is assumed to become
laden with aerosol, and all of the aerosol from this volume
contributesto the air space source term.

• The aerosolloading in the affected air volume is assumed to be
1,000 milligrams per cubic meter (the equivalentof a heavy fog).

• Based on the past experiencecited above, the assumptionof aerosol
loading approximatinga heavy fog is conservative. However, it
provides a bounding case for this analysis.

• The solid deposits on the basin walls are assumedto be similar to
the basin sediment in terms of isotopetype and activity. The
aerosol droplets are assumedto contain500 parts per million by
weight of these solids,a loadingsimilar to that assumedfor the
film on hardware removed from the basin. The activity of the water
in the aerosol is assumed to be that of basin water.
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Table 3-2. Emissions from Plasma Torch Cutting.

Total activity Total emissions
Nucl ide i n cut hardware

(Ci)* (Ci)**
,r

Am-241 2.69 E+O0 3.77 E-03

Ce-144 9.57 E+01 1.34 E-01
i

Co-60 4.77 E+O0 6.67 E-03
i

Cs-134 4.40 E-01 6.16 E-04

Cs-137 6.77 E+01 9.48 E-02

H-3*** 6.62 E-02

K-40
i i

Mn-54 1.30 E-02 1.82 E-05

Pu-238 5.98 E+O0 8.38 E-03

Pu-239/240 3.76 E+01 5.27 E-02
i

Pu-241 7.98 E+02 1.12 E+O0
i i

Ru-106 2.76 E+01 3.87 E-02

Sb-125 4.27 E+O0 5.97 E-03
i

St-90 6.56 E+01 9.19 E-02
i

U-234 1.12 E-01 1.57 E-04
i

U-235 2.03 E-02 2.84 E-05

U-238 9.11 E-02 1.28 E-04

*Cut hardware assumed to include fuel baskets,
dumpcart assemblies, sorting tray, dumpbasket, and
process tubes. Total mass approximately
45,000 kilograms. Activity per unit mass Table 2-2.

**Assumes 1.4 percent of mass becomes
particulate, and 10 percent of particulate released to
atr at air-water interface.

***Tritium from additional 1,700 liters
evaporation during cutting.
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If all of the aerosol were to be condensed it would be equivalent to
0.6 liter of water containing 500 parts per million by weight of suspended
solids. The emissions are presented in Table 3-3.

Projected annual abated emissions based on the engineering evaluations
identified in the above information are presented in Table 3-4. In addition
to the above information, the following assumptions were made.

• The debris washing, packaging, and removal activities are assumed to
occur over a 2-year period. The source term to the basin air space
from these activities was therefore divided by two for the annual
release.

• The source terms from plasma torch cutting and hydroscrubbing were
assumed to occur during a l-year period.

• The HEPA filter is'assumed to have an installed removal efficiency
for particulate of 99.95 percent.

3.2.2.1 Operating Mode. For purposes of the release evaluations, the debris
handling and removal activities are assumed to occur over a period of 2 years.
It is assumed that hardware cutting and hydroscrubbing will also occur during
one of those 2 years, so that all activities contribute concurrently to the
worst-case annual emission. The actual time spent cutting and hydroscrubbing
is expected to be on the order of hours.

3.2.3 40 CFR 61, Appendix D, Methodology

This section provides the release rates calculated using 40 CFR61,
Appendix D Methodology. It is presented as information only.

Table 3-5 presents the projected annual emissions from the basin
stabilization project using 40 CFR61, Appendix D Methodology.

The radionuclides used in this projection are those identified previously
as representing the activity associated with the water, sediment, hardware,
and fuel element fragments (Table 2-4). The following assumptions were used.

• A physical adjustmentfactor of I was appliedto all tritium.

• A physical adjustmentfactor of I was appliedto the activity in
25 percent (by weight) of the hardwarethat will be cut
(approximately45,000 kilogramsof hardware). This is based on the
assumptionthat the plasma torch will heat the metal for
approximately4 inches on either side of the cutting point to
100 degrees celsiusor greater.

• A physical adjustmentfactor of I was applied to the activity in
14,000 liters of water. This is the maximum amount of water that
could be heated to 100 degrees celsiusor greater if a plasma torch
is used (AppendixA).
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Table 3-3. Emissionsfrom Hydroscrubbing.

Aerosol with Total emissions
Nuclide solids

(#Ci/L)* (Ci)**

Am-241 1.60 E+O0 9.62 E-07

Ce-144 5.29 E+01 3.17 E-05 "
ill -

Co-60 5.47 E+O0 3.28 E-06

Cs-134 2.48 E-01 1.49 E-07
i

Cs-137 3.91 E+01 2.35 E-05

H-3 3.90 E+01 2.34 E-05

K-40 2.04 E-03 1.22 E-09

Nn-54 • 1.54 E-02 9.04 E-09

Pu-238 3.57 E+O0 2.14 E-06

Pu-239/240 2.24 E+01 1.34 E-05

Pu-241 4.75 E+02 2.85 E-04

Ru-106 1.53 E+O1 9.17 E-06
i

Sb-125 2.70 E+O0 1.62 E-06

St-90 3.59 E+02 2.16 E-04
ill

U-234 6.66 E-02 4.00 E-08
i

U-235 1.21 E-02 7.25 E-09
ii

U-238 5.42 E-02 3.25 E-08

• Activity in condensed aerosol, assuming
condensed aerosol is equivalent to basin water with
approximately 500 parts per mlllton by weight suspended
sediment.

• *Assumes a total condensed aerosol volume of
0.6 1tter.
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Debris removal Cutting Hydroscrubbing Unabated HEPA Abated
Nuclide Evaporation

(Ci/yr) (Ci/yr)*from (Ci/yr)from (Ci/yr)from emissions filter emissionsTable 3-1 Table 3-2 Table 3-3 (12i/yr) DF** (Ci/yr)
t_r

_i-241 2.64 E-04 3.77 E-03 9.62 E-07 4.04 E-03 2,000 2.02 E-06 _

Ce-144 8. 73 E-03 1.34 E-OI 3. 17 E-O5 1.43 E-OI 2,000 7. 13 E-05 '-"a

12o-60 9.03 E-04 6.67 E-03 3.28 E-06 7.58 E-03 2,000 3.79 E-06 "
r_

12S-134 4.08 E-05 6.16 E-04 1.49 E-07 6.57 E-04 2,000 3.29 E-07 3..

Cs-13/ 6.46 E-03 9.48 E-02 2.35 E-05 1.01 E-01 2,000 5.06 l:-05 _.
0

H-3 1.18 E+01 6.43 1:-03 6.62 1:-02 2.34 1:-05 1.19 1:+01 1 1.19 1:+01 _,,

K-40 3 37 E-07 1 22 E-09 3 38 E-07 2,000 1 69 E-IO '_ o.... U') 0
¢"" r'_

Mn-54 2.49 1:-06 1.82 1:-05 9.04 E-09 2.07 E-05 2,000 1.04 E-08 _ :_
I

Pu-238 5 89 E-04 8 38 E-03 2 14 E-06 8 97 E-03 2,000 4 49 E-06 co _o
('_ (/} I

_' Pu-239/240 3 .....69 E-03 5 27 E--02 1 34 E-05 5 64 E-02 2,000 2 82 E-05 _m _'"

Pu-241 7.83 E-02 1.12 E+O0 2 85 E-04 1 20 E+O0 2 000 5 98 E-04 o
(1)

Ru-106 2.52 E-03 3 87 E-02 9.17 E-06 4 12 E-02 2 000 2 06 E-05 o -" " ' " O

Sb-125 4.46 1:-04 5.97 1:-03 1.62 E-06 6.42 1:-03 2,000 3.21 1:-06 m

Sr-90 5.93 E-02 9.19 E-02 2.16 E-04 1.51 E-OI 2,000 7.57 E-05 _.
(1)

U-234 1 10 E-05 1 57 E-04 4 O0 E-08 1 68 E-04 2,000 8 39 E-08 _. • • • . _

U-235 1.99 E-06 2.84 E-05 7.25 E-09 3.04 E-05 2,000 1.52 E-08 _

U-238 8.94 E-06 1.28 E-04 3.25 E-08 1.36 E-04 2,000 6.82 E-08 _

•Debrls removaloccurs over a 2-year period• 3
•*Assumes an installedHEPA filter removalefficiencyof 99 95 percent (decontaminationfactor m

of 2,0001.
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Total HEPA Total cr
Activity** Release Resultant Remaining Release Resultant emission

Nuclide (Ct) above rate activity** activity* rate activity* rate adjustment emissions m
I

100 "C multiplier! (C1) (CI) multiplier (CI) (Ci/yr)*** factor (Ct/yr) (31

/L_-241 6.73 E-OI l 6.73 E-OI 19.34 E+O0 O.OOl 9.34 E-03 6.82 E-O1 0.01 6.82 E-03"

Ce-144 2.39 E+O1 1 2.39 E+O13.15 E+02 0.001 3.15 E-OI 2.42 E+01 0.01 2.42 E-O1 o_
t.

Co-60 1.19 E.O0 1 l. 19 E+O0 2.13 E+O1 0.001 2.13 E-02 1.21 E+O0 0.01 1.21 E-02 mn
e+

Cs-134 1.10 E-OI 1 1 lO E-O1 5.64 E+O0 0 OO1 5.64 E-03 1 16 E-O1 0.01 1 16 E-03 ®o • • •

Cs-137 1.69 E+OI 1 1.69 E+OI 8.71 E+02 0.001 8.71 E-OI 1.78 E+OI 0.01 1.78 E-()I =_

H-3 5.45 E-O1 1 5.45 E-OI 2.99 E+02 1 2.99 E-OI 3.00 E+02 1 3.00 E+02 "_,

K-40 2.86 E-05 1 2.86 E-05 8.34 E-03 0.001 8.34 E-06 3.69 E-05 0.01 3.69 E-07 m c_
3 0
-,- rqHn-54 3.26 E-03 1 3.26 E-03 5.85 E-02 0.001 5.85 E-05 3.32 E-03 0.01 3.32 E-05 ,,,,

, W
r-"

Pu-238 1.50 E+O0 1 1.50 E+O0 2.10 E+OI O.OOI 2.10 E-02 1.52 E+O0 0.01 1.52 E-02 o ,

Pu-239/240 9.40 E+00 1 9.40 E+O0 1 30 E+02 0.001 1.30 E-O] 9.53 E+O0 0.01 9.53 E-02 _ .b,

_ Pu-241 1.99 E+02 1 1.99 [+112 2.76 E+03 0.001 2.76 E+O0 2.02 E+02 0.01 2.02 E.O0 ,,,m .'-"
c

Ru-106 6.90 E+O0 1 6.90 E+O0 9.09 E+OI 0.001 9.09 E-02 6.99 E+O0 0.01 6.99 E-02 _ ®
..... VJ

Sb-125 1.07 E+O0 1 1.07 E+O0 1.00 E+O1 0.001 1.00 E-02 1.08 E+O0 0.01 1.08 E-02 _ "

St-90 1.65 E+OI 1 1.65 E+O1 2.16 E+03 0.001 2.16 E+O0 1.86 E+O1 0.01 1.86 E-OI mv'
a.

U-234 2.80 E-02 ] 2.80 E-02 3.88 E-OI_ 0.001 3.88 E-04 2.84 E-02 0.01 2.84 E-04 o

U-235 5.08 E-03 1 5.08 E-03 7.03 E-02 0.001 7.03 E-05 5.15 E-03 0.01 5.15 E-05
0

U-238 2.28 E-02 1 2.28 E-02 3.15 E-OI 0.001 3.15 E-04 2.31 E-02 0.01 2.31 E-04
-rl

• Less than 100 "C. Includes all of the activity tn the sediment, fuel elements, and hardware
that will not be cut; activity In all water minus 1,400 liters; and 75 percent of the activity in
hardware that will be cut.

• *Heated to 100 "C or greater. Includes activity in 14 000 liters of water and 25 percent of m
hardware above 100 °C and the remaining activity, o:r

•**Sum of the activity, o_.
HEPA- high-efficiency particulate air (filter). o

_c
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• A physical adjustment factor of 0.001 was applied to all sediment,
because the sediment exists as solid particulate.

• A physical adjustment factor of 0.001 was applied to all actt_/tty
associated with the hardware that will not be heated to greater than
100 degrees celsius, including hardware that wtll not be cut
(approximately 57,000 kilograms of the total) 75 percent (by weight)
of the hardware that will be cut.

• A physical adjustment factor of 0.001 was applted to the
radtonucltde inventory associated with the fuel element and target
fragments. Although this inventory is in a solid form, the
fragments are subject to corrosion and dispersion as solid
particulate.

• An emissions control adjustment factor of 0.01 was applied to all
radtonucltdes except tritium to account for the use of HErA filters.

3.30FFSITE DOSES

The Clean Air Assessment Package 1988 (CAP-88) computer code was used to
calculate the effective dose equivalent (EDE) from the proposed basin
stabilization project to the offstte maximally exposed individual (MEI),
according to requirements of 40 CFR 61.

3.3.1 Input Data Used

CAP-88, an U.S. Environmental Protection Agency (EPA)-approved code
package, has the capability to model both ground-level and elevated airborne
releases from locations in the 100, 200 East, 200 West, and 300 Areas. The
model calculates EDE to an individual memberof the publtc using Hanford Site
meteorological data. Ooses from radioactive daughter products of primary
radtonucltdes are included.

A CAP-88 evaluation was run specifically for the projected releases of
basin emissions from the 116N Stack. Input parameters and detailed analyses
are provided tn Appendix C. The resulting dose factors for a 1-curte release
are provided in Table 3-6.

3.3.2 Results

Table 3-6 provides the total projected EDEfrom abated airborne emissions
(based on GEJ) resulting from basin stabilization activities. The total
projected EDE to the offslte MEI from abated emissions is
0.0002 mtlltrem/year. The dose attributable to radtologtcal emissions from
the basin stabilization project will contribute 0.002 percent of the 40 CFR61
EDE regulatory limit of 10 mtllirem/year to the offslte MEI.

3-15
o
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Table 3-6• Effective Dose Equivalent to Individual Receiving
MaxtmumExposure to Radiological Emissions Based on

Good Engineering Judgement•
i illm i i

Abated Modeled dose ......Abated % of abated
Nucltde emtsston factor NEt dose ME! dose

(Cilyr) (mrem/Ci)* (mrem/yr)ill mlnl , in [llllm iii nllln I in n IIIIL i i nlll i! iriHi

Anw241 2.02 E-06 4.25 E+O0 8.57 E-06 3.96
i L ill ii IN I I mml ,I I I I r HI .I I I IH r

Ce-144 7.13 E-05 4.27 E-03 3.05 E•m07III 0"14

iii i ii i i ill i ) i i iiiiilall III I i i ii iiiiii!lll! iCo- 0 3• 79 E-06 5• 71 E-O1 2• 16 E-06 1•O0
lllwll iq i i z, z, zl, i i, iH i ll,lzN H,.

Cs-134 3.29 E-07 3.14 E-02 1.03 E-08 0•00
i ii ii Nil i i iii fill ii III

Cs-137 5.06 E-05 5.96 E-02 3.02 E-06 1.40
ii i i i ii i i i,,ii,,, ii i ii ii,i iii iiiii i, iiiimll

H-3 1.19 E+O1 6.98 E-06 8.29 E-05 38.30
i i i iiiii i iiiii i ii i iii i i -

K-40 1.69 E-IO 4.53 E-02 7.65 E-12 0.00
lii ii i IN il iI IN H, •

Mn-54 1•04 E-08 3.65 E-03 3.78 Enroll ..... O"•OO

iii iiiiii i ii iii iii i iii i ii i i i ii i i

PU-238 4.48 E-06 2.58 E+O0 1.16 E-05 5"135
i i i i i i in, i iiii ii i i i iN i, i i i i ii,l,i

Pu-239/240 2.82 E-05 2.78 E+O0 7.83 E-05 36.22
ii i i inll iii i i nm I i ii LII LI I,, I i

Pu-241 5.98 E-04 i•3g E-02 2.62 E-05 12.13
i ii i i ilml mill iii i iii

Ru-zo6 2.o6E-os s u E-o3 z zs E-o7' "'• . 0.05

ii i lli,i H,lll
iii ilmlii I I II, I illll i ISb-lZS 3.;!1 E-06 5.87 E-03 1.88 08 0.01

ill ml i mlliii imliii ml

St-90 7.57 E-05 3.86 E-02 2.92 E-06 1.35
in iii ii i iiiii i iii ii ,,, i

U-234 8.39 E-O8 1.04 E+I)O 8.72 E-08 0.04
iiiii m ill i lUlml i i llmn lll,lmlI i i

U-235 1.52 E-08 9.93 E-OI 1.51 E-08 0.01
ilUlll iiii i ii iii iiiii iiii

U-238 6.82 E-08 1.14 E+O0 7.81 E-08 0.04
I lllll llllllll " ill I I II

TOTAL 2.16 E-04 100. O0
.................. , , ,

*Ciean At r Assessment Package 1988 dose estimates for releases from a
200-foot stack for an individual located 14.7 kilometers east of
lOON (equivalent to actual offstte location 11.5 kilometers west).

MEI = maximally exposed individual

3-16
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Table 3-7. Effective DoseEquivalent to Individual Receiving
MaximumExposureto Radtologtcal Em|sstons(based on

40 CFR61, AppendixD Methodology)
........ ttl i i i .......

............ Tot.a1 Modeleddose AppendixD
Nucltde emtsit ons factor dose

(CI/yr) (mrem/Ci)* (mrem/yr)

............. 4 ............. 2'9o.....02Am-24Z 6.82 E-03 .2S E+O0 E- -
IL I I __ I I l I II I I I Mill

Ce-144 Z.42 E-OI 4.27 E-03 1.03 E-03

Co l
_I1H I Ifllll I I II I [1 I I - '

-60 1.21 E-02 5.71 E-OI 5.85 E-03

Cs-134......................................................1.16 E-03 3.14 E-02 3._64E-O5
__ __ i ii]r iiiii i ii i ii ii ]1 i

Cs-137 1.79 E-OI S.96 E-02 1.05 E-02

...............................H'3 3.00 E+02 6.98 E-06 Z.O, E-03
i i i [i inllll [ i rl ii iiiill ii ii

K'40 3.69 E-07 4.53 E-02 1.67 E-08
--

......... .E 03Nn-S4 3.32 E-OS 3. - 1.21 E-07
t tit t ] tat t t t itlllll i t i.i]1

PU-z38 1.52 E-02 2.58 E+O0 3.92 E-O2
t _ tt t ]tat ......................

Pu-239/240 9.53 E-02 2.78 E+O0 2.65 E-01
__ ill .... ii ,,..,,,wHlll.m iii i rr 11 i ii i IIIlll[ll 1

Pu-241 2.02 E+O0 4.39 E-02 8.87 E-02
i ir . II [L ii _1 ii ii iiiiiiii ii i i II I i

Ru-106 6.99 E-02 5.57 E'03 3.89 E-04

.... .....................................125 1.08 E-02 5.87 E-03 6.34 E-05

............ .............St-90 1.86 E-O1 3.86 E-02 3.32 -

............ o4U-234 2.84 E-04 1.04 E+O0 2.95 E-
Ill II I r iii i[ ii i i iii iiiIlll I

U-235 5.15 E-'OS 9.93 E-O1 5.11 E-O5
iiii IIIImlurnI IIInl I

U-238 2.31 E-O4 1.14 E+O0 2.53 E-O4
HI I Ill IIIIIIIllII I I Ill I I

TotaT 4.77 E-O1
._] t, j

• Clean AirAssessment Package1988 dose estimates for
releases from a 200-foot stack for an individual located
14.7 k_lometers east of lOON(equivalent to actual offstte
location 11.5 kilometers west).
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Westinghouse Internal

Hanford Company Memo

From' N Reactor Deactivation _5600-93-6_
Phone' 373-4164 i
Date' November 19, 1993
Subject' N REACTOREFFLUENT PROJECTION

To" Gary WelIs H6-26

co' Warren Cohen H6-26 M.R. Morton R2-'"
ElIa Coenberg H6-25 ,3 0 Scn_ ;De,'c)o,'t <8-20
Jerry Hunacok i(0-4 ! D Sc. ' ' _e,'g(;,'" (°- Z_
J. L. Laurenz R2-77 jet,, T,_,.;ba,tcn !I_1-':
Chris Lucas ;(O-35 ]nnn ,.,a:-." _" :"
F N. McD(;na_d _" " " ": ""

Attached is an updated esL;mate oF the wa:e, ',,>;,_",_ ._,,.' .":;,_.._ -.:,,. .....
N Reactor contaminated eFFluents. This da:a sno_; ' '>,_ _,-.,,! F_,. ;_.,_,-=
planning and analysis purposes rather than tne For.=,,* q.:_, " e-_.. ._' ' .,

i in the BAT documents,

Should you have any questions please contact John Walsn (]73-]408) of m>
staff.

(
_ R. J. Gimera
• N Reactor Manager

ak

attachment

Han.?_ rar. _& LneeCl1_sml_ra:To_bgSDep,i _: m_r$:_l(,L"t;',



N REACTORDEACTIVATION
WATERVOLUME/REMOVALQUANTITIES

PROGRAMSUMMARY
Thousands of Gallons

........
l

FY-94 FY-95 FY-96 FY-97 I.SUMMARY

*PROGRAMSUMMARY
, ............ _, ......

Fiscal Year Starting Volume 1603 1558 ]498 498 ]603, ,,, i, _ ,,,

Misc. (leaks to sumps, 10 10 10 0 30 -
etc,) ................................

Evaporation .......... (292) (292) (292) (6]) (937]

Water Additions - Makeup 232 202 200 ]0 _4a.... ,, ., ,. L

Water Additions - Decon 5 20 _5 iO lJ 56
.......... t ....... _i ................. '

Volume Su..btota] .1558 ]498 la]l L _5l ._ 'I ._

Removal Volume 0 0 (933) (457) i ('_Q_'
............ r ; !l

Fiscal Yea_ End Volume 1553 1498 _;S , 0 ,i
............... ,, .......

* Does not include clearwell, potable water, or-fire system water. Since
these are not contaminated, they will discharge to the NPDES permitted
Outfall (009").



' N REACTOR DEACTIVATION
WATER VOLUME/REMOVAL QUANTITIES

Thousands of Gallons

!
,,

I FY-94 FY-95 FY-96 FY-97 SUMMARYPROGRAMSCHEDULEDATES I

Drain Fuel Basins

Transfer Other pits/sumps/
piping, to Lift Station

Drain Lift Station

Drain/Remove Emergency Dump
Basin

I
*WATER VOLUME & REMOVAL (

FUEL BASIN COMPLEX ....,
|

Fiscal 'Year Startina Vol. J i000 955 895 S i::: .

EvaDoration (80) (80) (80! G _':.;

Water Addition - Make-up 30 0 0 0 iC

Water Addition - Oecon 5 20 15 0 4,3

Volume Subtotal 955 895 830 0 N,A

Removal Volume 0 0 (830) 0 (830)

Fiscal Year End Volume 955 895 0 0 0

LIFT STATION

Fiscal year Startin9 Vol. 15 15 15 23 15
/

Evaporation (2) I (2) 12) (1) !_ ,

JIWater Addition - Make-up 2 2 0 0
II • H

Volume Subtotal 15 15 12 Z_ .iL. _"L i',
I ,I

Transfer From -Misc. 0 0 -12 r) ;I ;; .

leaks etc.(lO);SIlmps(35)(to_,
Evam. of 3)Q

Transfer From- 'C' Pit, 38
(_3_essevao.ofS) 0 0 0 38

Transfer From- Pipin9 0 0 25 35 60

Water Addition - Rod Room 0 0 8 0 8
Pit (I0 te_seval:,of 2)

Available For Removal 15 15 126 57 N/A

Removal Volume 0 0 103 (57) 1160) .

Fiscal Year End Volume !5 !5 23 0 0
' ,,,,I , , ,, " " ' L ,, '

JLWwaler.vot 11111193



' N REACTOR DEACTIVATION
WATER VOLUME/REMOVAL QUANTITIES

Thousands of Gallons

.......................

FY-94 FY-95 FY-96 FY-97 SUMMARY
,, , , . ., , .......... ,,, ,...............

EMERGENCY DUMP BASIN
• ,,. , ,, ,.,.... ,.......

Fiscal.Year Startin9 Volume 4,40 ...440 440 440 440

Evaporation ....... (200) (20,,0) (200) , ,(60) ,(650).
I

Water Addition - Makeup 200 200, 200 10 610

Water Addition - Decon 0 0 0 IO IO
,,, ,, , ,,,

VOLUME SUBTOTAL 440 440 440 400 N/A
,,,.. ,,, ,

Removal Volu,me 0 , 0 0 (4,00) C4OO)

Fiscal-Year End Volume 440 440 440 0 0
, . ,. ,,, ,,., , . . .., , ,, , ,. -,

qm.

,, , , ,, .,, , , L ..... ,. , ,

.. OTHER PITS/SUMPS/PIP!NG ...... II

Fiscal Year Starting Vol, 148 148 14_, ]], ,:,o

'C' Pit (43), Piping (60),

Rod Room Pit (I0), Sum.p_s.(.35) ...........

Misc. (leaks to sumps, lO I0 IO 0 30
etc.).......................

Evaporation .... (I0) (I0) (I0] .(.0) (30_

W,ater Addition - Makeup. , , 0 0 0 ,0 ......0 ....

.......Volume Subtotal ....148 ]48. ,. 148 35........N/A

,.,**Transfer To Lift Station , 0 _ ..0 .... (113) (351 . (]48)

Fiscal Year End Volume 148 148 35 0 0
m., ,,,,, 1 , , , ,, ,, . ,,

* Does not include non-contaminated clearwell, potab)e water, or Firp.
system water. These will be discharged to NPDES pe,'mitl.e,.!oL;_F..,:'

** See Lift Station analysis For removal volume.

JLW water.vot.ll/111q3
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_==_ FIELD MACHINING, WELDING,
_Services TOOL DESIGN & ENGINEERING

December 21, 1993

Linda Mihalik
" CH 2 M Hill

1933 Jadwin
Suite 225
Richlando WA 99352

1,

Subject: Underwater Plasma Cutting

Dear Linda:

It was a pleasure speaking with you the other day about underwater plasma cutting.
PCI has been involved with this process for the past 14 years. We have worked at
nuclear plants such as North Anna, Three Mile Island, Connecticut Yankee, Shoreham,
Yankee Rowe, and Fort St. Vrain. In my opinion, we are the leader of underwater
plasma cutting in the nuclear industry.

During our conversation you asked me about the particulates which escape into the
atmosphere during the underwater plasma cutting process. I spoke with our
technicians, who are at Yankee Rowe and are working with the decommissioning of
their reactor vessel internals. The following is some information which may be helpful
to you.

When plasma cutting under water, PCI uses a specially designed floating vent hood
to trap any particulates which escape into the air. This vent hood has a suction hose
which is attached to a Hepa filtration unit. The information for this unit is as follows"

NFS/RPS
Model PFB- 2500 (SP)

. Bag in / Bag out
Portable Hepa Filtration.Module
Nominal flow rate 2,000 CFM

The capture velocity range under the hood is 163 - 230 feet per minute. Our floating
hood size is approximately an 8 foot hexagon.

One Energy Drive • P.O. Box 3000 • Lake Bluff, Illinois 60044 • (708) 680-8100
Branch Offices: Atlanta, GA ° Ashland, VA• Banning, CA



Services

While at the Yankee Rowe Nuclear Plant, we have experienced the following J
conditions during the underwater plasma cutting operations.

Components - Reactor vessel internals
Depth of water - 12 feet to 20 feet

Time Range- For 11 weeks the dose rate for the material cut ranged
from 1 REM to 15,000 REM. The HEPA filter started a 0
mR\hr and went to 4 mR/hr during this time.

Time Range- In 4 days the dose rate of the material cut ranged from
15,000 REM to 25,000 REM. The HEPA filter dose rate
went up to 50 mR/hr. The majority of this increase in the
dose rate was caused by the initial cut into the core plate.
A significant amount of "crud" was trapped in this plate
and was loosened during the initial cutting. A,fine powder-
like substance migrated to the surface causing an initial
blast of airborne which was all collected by the hood. Other
than this burst from the core plate cutting, the HEPA off
gas collection was not necessary.

At this time I am not aware of any analysis which has been performed to the HEPA
filters.

You also asked me about temperature ranges at the plasma torch. For more technical
information I recommend you call Hypertherm, the company from which we purchase

the plasma equipment from. Their phone number is 603-643-_441

If there is any more information you might require please call me at 708-'680-8100
and I will be happy to help you.

Sincerely,

Mike Simundza
Regional Account Manager
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PIctH¢ No_hwe.Jt Laboro(orles _nternJI Distt,buti_n

-"'"- ' \ PR Boolen

.""" "" ._ _ aO ForsytheO.{o July24,IggO L Garret
ro J.d. Jernberg /_ RA Larson

, j ....,, RJ Pyzel

R. L. Brodzinski /_J_FyV FIIe/LBFrom

subi,c_ IOON Fuel Canister Assays

A total of _I canisters were neutron counted for residual TRU
contamination before and after cleaning. In additCon, canisters #7 amd #10
were gamma counted bath before and after cleaning which should give a
reasonably good measure of the decontaminaticnfactor afforded by the clean"ng
process. Assuming the TRU is weapons grade fuel, the first table below gives
the TRU concentration before and after c!eaning in units of nCiTq,net weight
of canister for the nine canisters which were neutron countedOnly. The
second table gives both the TRU and the gala emitters, before and after, For
canisters #7 and #10. I am enclosing the hardcopies of the data for you to
archive. We will archive the da1:_on floppy disc here,

Canister # TRU before TRU after
2 ....7zs <32 ........,
3 g42 26.9
4 493 <30
5 1020 <30
5 8Z7 g.02
8 84g 37.3
9 1110 46.0
Ii 453 <3i
£2 2680 18.9

.

Isotope #7 before #7 after #]0 before #I0 after

TRU gBg 8g.B 853 46.3

54Mn 4.27 1.91 0.9g4 , 0.865
"60Co 148 67.7 80.3 31.9

12SSb 198 84.8 89.8 61.3

137Cs 1330 222 387 154
154Eu 56.3 28.4 46.5 25.0
ISSEu <13 <4.2 27.6 <3.8

4
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TEST _PORT OF FEASABILITY STUDY FOR HIGH PRF.SSI;RE C[.EANTNG OF
_L C_.WISTERS

I 0 INTRODUCT_ON

This test was =onducted to demonstrate the feasabili_y of

using an Aquadyne hydro-blaster _o remove the TRU which has
acc't%mulated on the K Basin fuel storage canisters during the

years of storage. The TRU remaining on the decontaminated
canister must be less than the 100 nCi/g limit in order for
the canister to be considered ncn-TRU. The basis for a Q

successful test ks that the TRU remaining on the canisters
after decontamination is beicw TRU limits (measured at 90%

confidence) •

Environmental and Engineering Demonstration Laboratory

prepared a test plan titled "Feasability Study for High
Pressure Cleaning of Fuel Canisters", WHC-SD-NR-AP-O01 and
directed the -esting. Fuel and K/D Operaticns funded the

test and provided opera-ors and other support. .The TRU
measurements were made by Battelle Pacific Northwes_
Laboratories.

The testing started on June 25,. 1990 and was completed July

24, 1990.

2.0 DESCRIPTION OF TEST

Twelve Mark 0 aluminum canisters were placed in 55 gallon
drums. One of the twelve canisters had not been used.
Irradiated N-Reactor fuel had been stored in the other

, eleven canisters for several years until it was processed by
PUREX. The empty canisters were returned and stored in the
basins• The canisters which were used in this "_est had been

stored at N Basin fQr a number of years.

The canisters were packaged in plastic, surveyed, and each

" one was placed in a plastic-lined drum and the lid fastened
on. Each drum was labeled with an identification number
from one ta twelve.

All uf the 12 canisters were neutron counted for TRU

contamination prior to cleaning. In addition, canisters _7
and #10 ware gamma counted. Canister #I was the unused
canister and counted for the background measurement.

i

Canisters #7 and #I0 were each hydro-blasted for 15 minutes.
Then the TRU and gamma measurement_ were taken. About one-
third of the visab!e corrosion products were re-moved. There
was no reduction of the TRU.

Canisters #7 and ,#I0 were cleaned again. Canister ,#7 was
cleaned for about one hour more. The cleaning was



J

_cncentra=ed on the inside and inside bottom of the
canister. When these canisters were remeasured, @7 had a
marked reduction of T_U.

After reviewing these results, the cleaning method was
revised. A wire chimney brush ;4ith the same diameter as the
canister was obtained te scrub the insides and Dottoms of

the canisters. _t was attached to a power drill wi_h an
• extention about 7 feet Ln length so scrabbing could take

place under water. The canisters ware first soft,bed with
zhe brush on the inside and bottom for several minutes, then

- hydro-blasted on all the surfaces with the AcD/adyne pcwer
washer. Total cleaning zime .for each canister %_s 15
minutes.

Ten of the canisters were cleaned using this procedure.

(All of the canisters excep_ @7.) When the cleaning was
completed TRU measurements were taken again.

3.0 TEST RESULTS

The residual transuranics cn all of the canisters was
reduced tc less than the TRU limit of I00 nCi/g.' Canister

#7 had a TRU level of 89.9 nCi/g after decontamination. It

was the only canister which had a TRU level close to the
limit and was the only one which was no: cleaned with the

brush prior to the hydro-blasting. The TRU levels remaining
on the canisters which were cleaned with the brush prior to

hydro-blasting ranged from 9 to 46 nCi/g. Table I shows the
TRU results.

Table i Canister TRU Concentration (nCi/g)

i

- Canister _ . Before Deco_ A_ter DecQn
2 725 <32

! 3 942 26.9
4 493 <30

5 !020 <30
• 6 _27 9-02
£ 7 989 89.8

:" 8 849 37.3

i 9 iii0 46.0
10 853 46.3
11 453 <31

• } 12 2680 _ IS.9

Canisters #7 and #10 were also gamma counted. Table 2 shows

the gamma emitters before and after decontamination.



• e,
0

_%pproximately 75% of these isotopes were removed from
canister 07 and 56% were removed from canister @i0.

Table 2 Gamma Emmitters Before and After Decontamination

' _ #7 before #7 aft_ _ 9!0 after

M/I-$4 4.27 1.91 0. 994 0. 865 .
C0-60 148 67.7 80.3 31.9

Sb-125 198 84.8 89.8 61.3
Cs-137 1330 222 387 154 .
Eu-154 56.3 28.4 46.5 25.0

_%A-155 <13 <4.2 27.6 <3.8

4.0 CONCLUSIONS AND RECOMMENDATIONS

This feasabil ity test has shown that the TRU on the
canisters can be reduced to less than the TRU limits of I00

nCi/g by the cleaning method described in this test. It is
recommended that a procedure and criteria be developed to

apply this rear.hod for use on th e remaining canisters.
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EFFECTSOF HYDROSCRUBBIN6

CONVERSATIONRECORD

• Speaker: John Karns, Westinghouse Hanford Company

Documentedby: Linda Mihalik, CH2NHILL

Date of Conversation: December 12, 1993

Mr. Karns addressed the issue of aerosol generated during high-pressure
washing activities. He stated that hydroscrubbing of contaminated surfaces
had been performed frequently in the past in the 100 Areas. Operators were
located 10 to 20 feet from the spray surface, and the air in the vicinity of
the operators was _mnitored routinely by Health Physics Technicians.
According to Mr. Karns, the only facial protection worn by the operators was a
splash shield. Airborne contaminant levels at that distance were below levels
at which respiratory protection was required.
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APPENDIXB

THERRALEVALUATIONOF PLASMATORCHCUTTINE

A plasma torch generates temperatures of 11,093 to 27,760 degrees celslus
in the tontzed gas that is used for cutting (McGoughand Knetl 1990). This

" temperature range is well above the boiling point of the radionuclldes In the
basin. For example, the boiling point of pure cesium is 678 degrees celsius;
the oxide decomposesto the pure substance at 650 degrees celsius (CRC
Press 1980). The boiling points for the pure substances and compoundsof
americium, cobalt, manganese, and plutonium, and strontium are higher, but
still below the cutting temperatures.

The high cutting temperatures raise the following three questions:

• Can radtonucltde gases be dispersed to the basin air space?

• To what extent could cutting increase evaporation of the basin
water?

• What quantity of water could be heated to 100 degrees celsius or
greater (required for 40 CFR61 Appendix D calculations)?

The following Information was obtained during actual operation of a torch
on the Lower Core Support Assembly at Three Nile Island (McGoughand
Knetl 1990) :

The materials being cut were 1 to 2.5 inches thick, and cutting was
performed under 35 feet of water. Material that was 2 inches thick or
more required 180 volts and resulted in a torch travel speed of 7 to
8 inches per minute. Material less than 2 inches thick required a
voltage of 140 volts and resu]ted in a torch travel speed of 12 inches
per minute. The cutting current ranged from 450 to 860 amperes.

Combining the upper-bound voltage and amperage, the total power consumed
by the torch ts:

180 V x 860 amps - 154,800 watts

As indicated by the travel speeds, plasma torch cutting proceeds rapidly.
Assuming that the torch is operated in the basin continuously for 8 hours, the
total energy consumption during that time would be:

154,800 watts x 1 Joule/sec/watt x _ _ x 60 mtn/hr• x 60 sec/min - 4.5 x 0 Joule

Thts energy dissipates by several mechanisms: the temperature of the
metal and surrounding water Increase, water, and other constituents (including
radtonucltdes) vaporize, and water dissociates Into hydrogen and oxygen gases.

APPB-1
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If all of thts energy could be tsolated and directed tnto uniformly heattng
the surrounding water to 100 degrees celstus, the maximumquanttty of water
heated would be:

4,5 x 109 Joule x 1 ml/a x 1 1/1000 ml - 14,000 I (14 m3)
4.2 Joule/g/°C x (100 - 25 °C)

Initial temperature: 25 °C (77 °F) _
Heat capacity o6 water: 4.2 Joule/g/% (CRC Press 1980)

A volume of 14 cubic meters would be the equivalent of a sphere having a
radius of approximately 1.5 meters (5 feet). Thus, tn this worst-case
scenario temperatures of 100 degrees celsius would be achieved tn
14,000 liters of water and at a distance of up to 5 feet from the cutttng
point. This assumes an ideal system where the heat energy is uniformly
distributed tn the water and no energy dissipates by other mechanisms. In
reality, the heat energy could not be "confined" tn a volume around the torch,
a temperature gradient would be established (temperatures near the cutting
potnt would be higher than 100 degrees celsius and temperatures at a dtstance
o6 5 feet would be lower), and some of the energy would dissipate by other
mechanisms.

If all of the energy were used to vaporize water, the maximumquantity of
water evaporated would be:

_ 4.5 x 10_ Joule x 18 a/me] x 1 ml/q x 1 1/1QOOm1 - 1,700 1
4.1E+04 Joule/me1 + 76 Joule/mol/°C * (100% - 25%)

lntttal temperature: 25 °C
Heat capactty of ,ater: 4.2 Ooule/g/°C (76 Ooule/mol/°C)
Heat of vaporization (at 100 °C): 4.1E+04 Joule/mol (CRC Press 1980)

Aga|n, thts ts a worst-case scenario. In reality, some of the heat
energy would dissipate by other mechanisms.

Ftna]ly, although cutting temperatures suggest that gaseous radtonuc]tdes
can be generated at the potnt of cutttng, the evaluation of water temperatures
Indicates that the gaseous spectes cannot be sustained as the gases transfer
away from the torch. The rad|onuc]tdes only extst as the gaseous spectes so
long as they rematn at the elevated temperatures. However, as soon as the
gases move away from the torch, they contact much cooler water. A temperature
differential of several hundred degrees ex|sts between small gas bubbles and
the cooler surrounding water for no more than a few seconds. As demonstrated
previously, temperatures tn the surrounding water w|l] be less than
100 degrees celstus at distances of only 5 feet from the torch. Thus,
radtonucltdes vaporized at the cutttng surface wtll recondense before they can
contribute as gases to the source ten, above the water. However, the
condensed particulate from the radtonuc]|des continues to be a potential
source term contributor.
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CAP88-PC

Version 1.00
o

Clean Air Act Assessment Package - 1988
Q

DO S E AND R I S K E Q U I VAL E N T S U MMA'R i E S

Non-RadonIndividualAssessment
Jan 19, 1994 10"27 am

Facility: 100 Area- 200 ft Stack- IndividualNuclides
Address: WestinghouseHanfordCompany

P.O. Box 1970
City" Richland
State" WA Zip: 99352-1970

Source Category:
Source Type: Stack

Emission Year: 1994

Comments" 14.7 km E is equivalentto 11.5 km W
Wind data generatedat lOON from 1983 to 1991

Dataset Name: lOON for Linda
Dataset Date" Jan 19, 1994 10:27 am

Wind File: WNDFILES\JFIOOSg.WND



Jan 19, 1994 10:27 am SUMMARY
Page I

ORGAN DOSE EQUIVALENTSUMMARY
(RN-222Working Level CalculationsExcluded)

I

Selected
Individual

• Organ (mrem/y)

GONADS 2.55E+00
BREAST 9.B2E-01
R MAR 1.44E+01
LUNGS 4.97E+01 "
THYROID g.BTE-01
ENDOST 1.71E+02
RMNDR 8.00E+O0

EFFEC 1.60E+01

Radon Decay ProductConcentration(workinglevel)

O.OOE+O0

PATHWAYEFFECTIVEDOSE EQUIVALENTSUMMARY
(RN-222WorkingLevel CalculationsExcluded)

Selected
Individual

Pathway (mrem/y)

INGESTION 1.94E+00
INHALATION 1.35E+01
AIR IMMERSION 2.64E-05
GROUND SURFACE 5.77E-01

" INTERNAL 1.55E+01
EXTERNAL 5.77E-01

t

TOTAL 1.60E+01

Radon Decay ProductConcentration(workinglevel)

O.OOE+O0



Jan 19, 1994 10:27 am SUMMARY
Page 2

NUCLIDE EFFECTIVEDOSE EQUIVALENTSUMMARY
(RN-222Working Level CalculationsExcluded)

Selected
Individual

Nuclide (mrem/y)

AM-241 4.25E+00
CE-144 4.27E-03
[PR-144 1.53E-07
C0-60 5.71E-02
CS-134 3.14E-02
CS-137 1.37E-02 -

[BA-137M 4o59E-02
H-3 6.98E-06
K-40 4.53E-02
MN-54 3.65E-03
PU-238 2.58E+00
PU-239 2.78E+00
PU-241 4.39E-02
RU-I06 5.57E-03
[RH-I06 5.65E-29
SB-125 5.78E-03
[TE-125M 9.12E-05

SR-90 3.85E-02
Y-go 7.17E-05

U-235 9.93E-01
TH-231 7.21E-06

U-238 9.29E-01
TH-234 7.27E-04
PA-234 2.14E-01
U-234 Io04E+O0
TH-230 1.86E+00
RA-226 1.68E-01
RN-272 O.OOE+O0
P0-218 O.OOE+O0
PB-214 3.08E-02
BI-214 1.63E-01
PO-214 O.OOE+O0

PB-210 5.30E-01
BI-210 1.44E-03
P0-210 1.84E-01

w

TOTAL 1.60E+01

Radon Decay ProductConcentration(workinglevel)

O.OOE+O0



Jan 19, 1994 10'27 am SUMMARY
Page 3

CANCERRISK SUMMARY

• SelectedIndividual
Total Lifetime

Cancer Fatal Cancer Risk

LEUKEMIA 1.40E-05
BONE 7.67E-06
THYROID 3.58E-07
BREAST 3.02E-06
LUNG 8.46E-05 "
STOMACH 1.92E-06
BOWEL i.06E-06
LIVER 2.41E-05
PANCREAS 1.32E-06
URINARY 2.19E-06
OTHER 1.62E-06

TOTAL 1.42E-04

SelectedIndividual
Cancer Risk

Radon Decay Product
Lung Exposure O.OOE+O0

Total Fatal Risk
All Exposures 1.42E-04



Jan 19 1994 10"27 am SUMMARY
' Page 4

PATHWAYRISK SUMMARY

Selected Individual
Total Lifetime

Pathway Fatal Cancer Risk

INGESTION 1.22E-05
INHALATION 1.16E-04
AIR IMMERSION 6.34E-I0
GROUND SURFACE 1.38E-05
INTERNAL 1.28E-04 -
EXTERNAL 1.38E-05

TOTAL 1.42E-04

Selected Individual
Cancer Risk

Radon Decay Product
Lung Exposure O.OOE+O0

Total Fatal Risk
All Exposures 1.42E-04



SUMMARY
Jan 19, 1994 10'27 am Page 5

NUCLIDERISK SUMMARY

Selected Individual
Total Lifetime

a

Nuclide Fatal Cancer Risk

AM-241 2.17E-05
CE-144 I .84E-07
PR-144 4.30E-12
C0-60 I .43E-06
CS-134 7.96E-07
CS-137 3.58E-07 °
BA-137M I.IOE-06
H-3 1.89E-I0
K-40 1.14E-06
MN-54 8.76E-08
PU-238 , 2.17E-05
PU-239 2.15E-05
PU-241 1.67E-07
RU-I06 2.40E-07
RH-I06 1.36E-33
SB-125 i .38E-07
TE-125M I. 57E-09
SR-90 6.47E-07
Y-90 2.43E-09
U-235 1.29E-05
TH-231 2.10E-IO
U-238 1.19E-05
TH-234 2.04E-08
PA-234 5.12E-06
U-234 1.32E-05
TH-230 1.52E-05
RA-226 1.98E-06
RN-222 O.OOE+O0
P0-218 O.OOE+O0
PB-214 7.28E-07
BI-214 3.94E-06
P0-214 O.OOE+O0

• PB-210 3.78E-06
BI-210 . 3.84E-08
P0-210 1.86E-06

TOTAL 1.42E-04



Selected Individual
Cancer Risk

Radon Decay Product
Lung Exposure O.OOE+O0

Total Fatal Risk
All Exposures 1.42E-04

Jan 19, 1994 10:27 am SUMMARY
Page 6

INDIVIDUAL EFFECTIVEDOSEEQUIVALENTRATE (mrem/y)
(All Radionuclides and Pathways)

Distance (m)

Direction 14700

N 6.9E+00
NNW 5.6E+O0
NW 7.5E+00
WNW 8.8E+00
W i.2E+OI

WSW 6.0E+O0
SW 5.3E+00
SSW 5.5E+00
S 8.3E+00

SSE 6.6E+00
SE 7.8E+00
ESE i.OE+01
E i.6E+01 ,

ENE i.OE+01
NE 7.4E+00
NNE 5.3E+00
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CAPBS-PC

Version 1.00

Clean Air Act Assessment Package- 1988

SYNOPSIS REPORT

qm,

Non-RadonIndividualAssessment
Jan 19, 1994 10"27 am

Facility: 100 Area- 200 ft Stack- IndividualNuclides
Address: WestinghouseHanford Company

P.O. Box 1970
City" Richland
State: WA Zip: 99352-1970

EffectiveDose Equivalent
(mrem/year)

I,60E+01

At This Location" 14700 Meters East

Source Category"
Source Type" Stack

EmissionYear: 1994

a

Comments" 14.7 km,E is equivalentto 11.5 km W
Wind data generatedat lOON from 1983 to 1991

F

Dataset Name: lOON for Linda
Dataset Date. Jan 19, 1994 10:27 am

Wind File" WNDFILES\JF10089.WND



Jan 19, 1994 10'27 am SYNOPSIS
Page I

MAXIMALLYEXPOSED INDIVIDUAL

(RN-222Working Level CalculationsExcluded)

• LocationOf The Individual: 14700 Meters East
Lifetime Fatal Cancer Risk" 1.42E-04

ORGAN DOSE EQUIVALENTSUMMARY
(RN-222Working Level CalculationsExcluded)

Dose
Equivalent

Organ (mrem/y)

GONADS 2.55E+00
BREAST 9.82E-01
R MAR 1.44E+01
LUNGS 4.97E+01
THYROID 9.87E-01
ENDOST 1.71E+02
RMNDR 8.00E+O0

EFFEC 1.60E+01



Jan 19, 1994 10:27 am SYNOPSIS
Page 2

RADIONUCLIDEEMISSIONSDURING THE YEAR 1994

Source
#I TOTAL

Nuclide Class Size Ci/y Ci/y

AM-241 W 1.00 1.0E+O0 1.0E+O0
CE-144 Y 1.00 1.0E+O0 1.0E+O0
PR-144 Y 1.00 1.0E+O0 1.0E+O0
C0-60 Y 1.00 1.0E+O0 1.0E+O0
CS-134 D 1.00 1.0E+O0 1.0E+O0
CS-137 D 1.00 1.0E+O0 1.0E+O0
BA-137M D 1.00 9.5E-01 9.5E-01
H-3 * 0.00 1.0E+O0 1.0E+O0
K-40 D 1.00 1.0E+O0 1.0E+O0
MN-54 W 1.00 1.0E+O0 1.0E+O0
PU-238 Y 1.00 1.0E+O0 1.0E+O0
PU-239 Y 1.00 1.0E+O0 1.0E+O0
PU-241 Y 1.00 1.0E+O0 1.0E+O0
RU-I06 Y 1.00 1.0E+O0 1.0E+O0
RH-I06 Y 1.00 1.0E+O0 1.0E+O0
SB-125 W 1.00 I.OE+O0 I.OE+O0
TE-125M W 1.00 2.5E-01 2.5E-01
SR-90 D i.O0 I.OE+O0 I.OE+O0
Y-go Y 1.00 1.0E+O0 1.0E+O0
U-235 Y 1.00 1.0E+O0 1.0E+O0
TH-231 Y 1.00 1.0E+O0 1.0E+O0
U-238 Y 1.00 1.0E+O0 1.0E+O0
TH-234 Y 1.00 1.0E+O0 1.0E+O0
PA-234 Y 1.00 1.6E-03 1.6E-03
U-234 Y 1.00 1.0E+O0 1.0E+O0
TH-230 Y 1.00 1.0E+O0 1.0E+O0
RA-226 W 1.00 1.0E+O0 1.0E+O0
RN-222 * 0.00 O.OE+O0 O.OE+O0
P0-218 W 1.00 O.OE+O0 O.OE+O0
PB-214 D 1.00 O.OE+O0 O.OE+O0
BI-214 W 1.00 O.OE+O0 O.OE+O0
P0-214 W 1.00 O.OE+O0 O.OE+O0
PB-210 D 1.00 1.0E+O0 1.0E+O0
BI-210 W 1.00 1.0E+O0 1.0E+O0
P0-210 W 1.00 1.0E+O0 1.0E+O0

SITE INFORMATION

Temperature: 12 degrees C
Precipitation" 16 cm/y
Mixing Height: 1000 m



Jan 19, 1994 10:27 am SYNOPSIS
Page 3

SOURCE INFORMATION

Source Number: I

Stack Height (m): 89.00
• Diameter (m)' 2.50

Plume Rise
Pasquill Cat' A B C D E F G

Fixed (m)' O.OE+O00.OE+O00.OE+O00.OE+O00.OE+O00.OE+OO-O.OE+O0
(Fixed Rise)

AGRICULTURALDATA

Vegetable Milk Meat
.,...,...,.....

FractionHome Produced: 1.000 1.000 1.000
Fraction From AssessmentArea. 0.000 0.000 0.000

Fraction Imported. 0.000 0.000 0.000

Food Arrays were not ge_eratedfor this run.
Default Values used.

DISTANCESUSED FOR MAXIMUM INDIVIDUALASSESSMENT

14700
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Version 1.00

Clean Air Act AssessmentPackage- 1988

WEATHER DATA -

Non-RadonIndividualAssessment
Jan 19, 1994 10'27 am

Facility: 100 Area - 200 ft Stack- IndividualNuclides
Address: WestinghouseHanford Company

P.O. Box 1970
City: Richland
State: WA Zip: 99352-1970

Source Category"
Source Type' Stack

Emission Year: 1994

Comments' 14.7 km E is equivalentto 11.5 km W
Wind data generatedat IOON from 1983 to 1991

Dataset Name" lOON for Linda
Dataset Date" Jan 19, 1994 10"27 am

Wind File" WNDFILES\JFIOO89.WND



Jan 19, 1994 10:27 am WEATHER
Page I

HARMONIC AVERAGEWIND SPEEDS (WIND TOWARDS)

PasquillStabilityClass

Wind
. Dir A B C D E F G Frequency

• N 1.681 1.778 1.424 1.547 1.767 1.458 1.262 0.038
NNW 1.968 1.531 1.795 1.713 1.845 1.645 1.353 0.033
NW 2.199 1.558 1.683 1.770 2.091 1.660 1.389 0.048
WNW 1.743 1.586 1.520 1.605 1.941 1.756 1.504 0.054
W 1.653 1.561 1.581 1.474 1.730 1.785 1.574 0.073

WSW 1.628 1.611 1.430 1.637 1.865 1.683 1.539 0.039
SW 2.397 2.113 1.931 2.033 2.088 1.621 1.320 0.040
SSW 2.757 2.744 2.372 2.301 2.378 1.917 1.326 0.049
S 1.956 1.904 1.642 1.873 2.104 1.670 1.364 0.060

SSE 1.752 1.576 1.448 1.698 1.772 1.548 1.162 0.045
SE 2.159 1.960 1.827 2.129 2.310 1.586 1.244 0.062
ESE 2.703 2.430 2.307 3.002 3.525 1.811 1.351 0.104
E 2.605 2.417 2.292 2.912 3.890 2.171 1.615 0.166

ENE 2.612 2.309 1.957 2.644 3.097 2.128 1.705 0.094
NE 2.947 2.303 2.360 2.348 2.426 1.669 1.476 0.060

NNE 2.204 1.720 1.625 2.087 2.003 1.475 1.433 0.035

ARITHMETICAVERAGEWIND SPEEDS (WIND TOWARDS)

PasquillStabilityClass

Dir A B C D E F G

N 3.055 4.038 2.806 3.127 3.657 2.710 2.001
NNW 3.197 2.857 3.302 3.315 3.810 2.914 _.224
NW 3.496 2.507 2.786 3.216 3.940 3.263 2.214
WNW 2.701 2.634 2.360 2.631 3.295 3.092 2.887
W 2.501 2.438 2.485 2.329 3.051 3.349 2.745

WSW 2.826 2.635 2.184 2.886 3.556 3.407 2.812
• SW 4.081 4.060 3.535 3.917 4.984 3.311 2.033

SSW 4.798 5.882 5._39 5.408 6.371 5.504 2.492
S 3.393 4.088 3.766 4.096 5.307 3.608 2.699

" SSE 2.734 2.531 2.241 3.279 3.882 3.090 1.773
SE 4.842 4.313 4.417 5.177 5.585 3.079 1.929
ESE 5.637 5.804 5.862 6.890 7.308 3.667 2.278
E 4.670 4.738 4.425 5.814 6.756 4.291 2.844

ENE 4.737 4.655 4.270 5.069 5.679 4.300 3.064
NE 5.452 5.401 5.543 5.575 5.305 3.159 2.555

NNE 4.244 3.531 4.136 5.411 4.776 2.743 2.319



Jan 19, 1994 10:27 am WEATHER
Page 2

FREQUENCIESOF STABILITYCLASSES (WIND TOWARDS)

PasquillStabilityClass

Dir A B C D E F G

N 0.1082 0.0449 0.0475 0.3245 0.2797 0.1372 0.0580
NNW 0.1064 0.0547 0.0547 0.3283 0.2705 0.1337 0.0517
NW 0.1151 0.0460 0,0523 0.3326 0.2552 0.1485 0.0502

WNW 0.1065 0.0467 0.0449 0.3159 0.2505 0.1701 0.0654
W 0.0941 0.0409 0.0382 0.2428 0.2510 0.2360 0.0969

WSW 0.0876 0.0335 0.0438 0.2294 0.2500 0.24_ 0.1134
SW 0.1796 0.0574 0.0599 0.2519 0.2319 0.1546 0.0648
SSW 0.2037 0.0679 0.0576 0.2840 0.2016 0.1337 0'L0514
S 0.2020 0.0546 0.0579 0.2781 0.2086 0.1457 0.0530

SSE 0.1955 0.0517 0.0494 0.2584 0.1978 0.1708 0.0764
SE 0.2006 0.0546 0.0498 0.2648 0.2103 0.1509 0.0690
ESE 0.1675 0.0443 0.0404 0.2772 0.2810 0.1299 0.0597
E 0.1210 0.0361 0.0301 0.2541 0.3311 0.1481 0.0795

ENE 0.1223 0.0383 0.0319 0.2660 0.2915 0.1734 0.0766
NE 0.1581 0.0516 0.0499 0.3111 0.2429 0.1248 0.0616
NNE 0.1203 0.0372 0.0458 0,3410 0.2550 0.1404 0.0_02

TOT 0.1424 0.0457 0.0438 0.2781 0.2621 0.1579 0.0698

ADDITIONALWEATHER INFORMATION

AverageAir Temperature: 12.0 degrees C
285.2 K

Precipitation" 16.0 cm/y
Lid Height: 1000 meters

Surface RoughnessLength: 0.010 meters
Height Of Wind Measurements: 10.0 meters

AverageWind Speed: 4.401 m/s
m

Verti,calTemperatureGradients"
STABILITYE 0.073 k/m
STABILITYF 0.109 k/m
STABILITYG 0.146 k/m





Jan 19, 1994 10:27 am GENERAL
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VALUESFORRADIONUCLIDE-DEPENDENTPARAMETERS

Dry
Particle Scavenging Deposition

Clearance Size Coefficient Velocity
Nuclide Class (microns) (per second) (m/s) "

AM-241 W I. 0 I. 60E-06 I. 80E-03
CE-144 Y 1.0 1.60E-06 1.80E-03
PR-144 Y 1.0 1.60E-06 1.80E-03
C0-60 Y i .0 I. 60E-06 i .80E-03
CS-134 D 1.0 1.60E-06 1.80E-03
CS-137 D i. 0 Io 60E-06 - Io 80E-03
BA-137M D Io0 1.60E-06 1.80E-03
H-3 * 0.0 O.OOE+O0 O.OOE+O0
K-40 D I .0 1.60E-06 1.80E-03
MN-54 W I .0 I. 60E-06 i. 80E-03
PU-238 Y 1.0 1.60E-06 1.80E-03
PU-239 Y I o0 I. 60E-06 I. 80E-03
PU-241 Y 1,0 1.60E-06 1.80E-03
RU-106 Y io 0 Io 60E-06 I., 80E-03
RH-106 Y i. 0 I. 60E-06 I. 80E-03
SB- 125 W I. 0 i, 60E-06 Io 80E-03
TE- 125M W I. 0 I. 60E-06 I. 80E-03
SR-90 D i .0 I. 60E-06 I. 80E-03
Y-90 Y I .0 I. 60E-06 i. 80E-03
U-235 Y i .0 I. 60E.-06 1.80E-03
TH-231 Y 1.0 1.60E-06 1.80E-03
U-238 Y I .0 I. 60E-06 I. 80E-03
TH-234 Y 1.0 1.60E-06 1.80E-03
PA-234 Y 1.0 1.60E-06 1.80E-03
U-234 Y I .0 1.60E-06 i .80E-03
TH-230 Y I. 0 I. 60E-06 I. 80E-03
RA-226 W i. 0 I. 60E-06 I. 80E-03
RN-222 * O.0 O.OOE+O0 O.OOE+O0
PO-218 W I. 0 I. 60E-06 I, 80E-03
PB-214 D Io 0 I. 60E-06 i. 80E-03
BI-214 W 1.0 1.60E-06 1.80E-03
PO-214 W I. 0 I. 60E-06 I. 80E-03.
PB-2I0 D I. 0 I. 60E-06 I. 80E-03 ,
BI-210 W , 1.0 1.60E-06 1.80E-03
P0-210 W I. 0 I. 60E-06 I. 80E-03
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VALUESFORRADIONUCLIDE-DEPENDENTPARAMETERS

DECAYCONSTANT(PER DAY)
TRANSFERCOEFFICIENT

Radio-
" Nuclide active (I) Surface Water Milk (2) Meat (3)

" AM-241 O.OOE+O0 5 48E-05 O.OOE+O0 4.00E-07 3.50E-06
CE-144 O.OOE+O0 5 48E-05 O.OOE+O0 2.00E-05 7.50E-04
PR-144 5.78E+01 5 48E-05 O.OOE+O0 2.00E-05 3.00E-04
C0-60 O,OOE+O0 5 48E-05 O.OOE+O0 2.00E-03 2.00E-02
CS-134 O,OOE+O0 5 48E-05 O,OOE+O0 7.00E-03 2.00E-02
CS-137 O.OOE+O0 5 48E-05 O.OOE+O0 7.00E-03 2.00E-02
BA-137M 3.91E+02 5.48E-05 O.OOE+O0 3.50E-04- 1.50E-04
H-3 O.OOE+O0 5.48E-05 O.OOE+O0 O.OOE+O0 O.OOE+O0
K-40 O.OOE+O0 5.48E-05 O.OOE+O0 7.00E-03 2.00E-02
MN-54 O.OOE+O0 5.48E-05 O.OOE+O0 3.50E-04 4.00E-04
PU-238 Q.OOE+O0 5.48E-05 O.OOE+O0 1.00E-07 5.00E-07
PU-239 O.OOE+O0 5.48E-05 O.OOE+O0 I.OOE-07 5.00E-07
PU-241 O.OOE+O0 5.48E-05 O.OOE+O0 I.OOE-07 5.00E-07
RU-I06 O.OOE+O0 5.48E-05 O.OOE+O0 6.00E-07 2.00E-03
RH-I06 2.00E+03 5.48E-05 O.OOE+O0 1.00E-02 2.00E-03
SB-125 O.OOE+O0 5.48E-05 O_OOE+O0 1.00E-04 1.00E-03
TE-125M 1.20E-02 5.48E-05 O.OOE+O0 2.00E-04 1.50E-02
SR-90 O.OOE+O0 5.48E-05 O.OOE+O0 1.50E-03 3.00E-04
Y-90 2.60E-01 5.48E-05 O.OOE+O0 2.00E-05 3.00E-04
U-235 O.OOE+O0 5.48E-05 O.OOE+O0 6.00E-04 2.00E-04
TH-231 6.52E-01 5.48E-05 O.OOE+O0 5.00E-06 6.00E-06
U-238 O.OOE+O0 5.48E-05 O.OOE+O0 6.00E-04 2.00E-04
TH-234 2.88E-02 5.48E-05 O.OOE+O0 5.00E-06 6.00E-06
PA-234 2.48E+00 5.48E-05 O.OOE+O0 5.00E-06 I.OOE-05
U-234 O.OOE+O0 5.48E-05 O.OOE+O0 6.00E-04 2.00E-04
TH-230 O.OOE+O0 5.48E-05 O.OOE+O0 5.00E-06 6.00E-06
RA-226 O.OOE+O0 5.48E-05 O.OOE+O0 4.50E-04 2.50E-04
RN-222 1.81E-01 5.48E-05 O.OOE+O0 O.OOE+O0 O.OOE+O0
P0-218 3.27E+02 5.48E-05 O.OOE+O0 3.50E-04 9.50E-05
PB-214 3.72E+01 5.48E-05 O.OOE+O0 2.50E-04 3.00E-04
BI-214 5.02E+01 5.48E-05 O.OOE+O0 5.00E-04 4.00E-04
P0-214 3.66E+08 5.48E-05 O.OOE+O0 3.50E-04 9.50E-05
PB-210 O.OOE+OO 5.48E-05 O,OOE+O0 2.50E-04 3.00E-04

i

BI-210 1.38E-01 5.48E-05 O.OOE+O0 5.00E-04 4.00E-04
PO-210 O.OOE+O0 5.48E-05 O.OOE+O0 3.50E-04 9.50E-05

FOOTNOTES: (I) Effective radioactive decay constant in plume;
set to zero if less than 1.0E-2

(2) Fraction of animal's daily intake of nuclide
which appears in each L of milk (days/L)

(3) Fraction of animal's daily intake of nuclide
which appears in each kg of meat (days/kg)
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VALUESFORRADIONUCLIDE-DEPENDENTPARAMETERS

CONCENTRATION
UPTAKEFACTOR GI UPTAKEFRACTION

Nuclide Forage (I) Edible (2) Inhalation Ingestion

e

AM-241 5.50E-03 1.07E-04 I.OOE-03 I.OOE-03
CE-144 I.OOE-02 1.71E-03 3.00E-04 3.00E-04
PR-144 1,00E-02 1.71E-03 3.00E-04 3.00E-04
C0-60 2.00E-02 3.00E-03 5.00E-02 3.00E-OI
CS-134 8.00E-02 1.28E-02 9.50E-01 9.50E-01
CS-137 8.00E-02 1.28E-02 9.50E-01 - 9.50E-01
BA-137M 1.50E-OI 6.42E-03 I.OOE-OI I.OOE-OI
H-3 O.OOE+O0 OoOOE+O0 9,50E-01 9.50E-01
K-40 I.OOE+O0 2.35E-01 9°50E-01 9.50E-01
MN-54 2.50E-01 2.14E-02 I.OOE-OI I.OOE-OI
PU-238 4.50E-04 1.93E-05 I.OOE-03 I.OOE-03
PU-239 4.50E-04 1.93E-05 1.00E-04 1.00E-03
PU-241 4.50E-04 1.93E-05 I.OOE-03 1.00E-03
RU-I06 7.50E-02 8.56E-03 5.00E-02 5.00E-02
RH-I06 1.50E-01 1.71E-02 5.00E-02 5.00E-02
SB-125 2.00E-01 Io28E-02 I.OOE-02 IoOOE-OI
TE-125M 2.50E-02 1.71E-03 2oOOE-OI 2.00E-01
SR-90 2.50E+00 1.07E-OI 3.00E-OI 3.00E-OI
Y-90 1.50E-02 2.57E-03 I.OOE-04 I.OOE-04
U-235 8.50E-03 1.71E-03 2.00E-03 2.00E-OI
TH-231 8.50E-04 3.64E-05 2.00E-04 2.00E-04
U-238 8.50E-03 1.71E-03 2.00E-03 2,00E-OI
TH-234 8.50E-04 3.64E-05 2.00E-04 2.00E-04
PA-234 2.50E-03 1.07E-04 I.OOE-03 I.OOE-03
U-234 8.50E-03 1.71E-03 2.00E-03 2.00E-OI
TH-230 8.50E-04 3.64E-05 2o00E-04 2.00E-04
RA-226 1.50E-02 6.42E-04 2.00E-OI 2.00E-OI
RN-222 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
P0-218 2.50E-03 1.71E-04 I.OOE-OI I.OOE-OI
PB-214 4.50E-02 3.85E-03 2.00E-01 2.00E-OI
BI-214 3.50E-02 2.14E-03 5.00E-02 5.00E-02
P0-214 2.50E-03 1.71E-04 I.OOE-OI I.OOE-OI
PB-210 4.50E-02 3.85E-03 2.00E-OI 2.00E-OI "
BI-210 3.50E-02 , 2,14E-03 5.00E-02 5.00E-02
PO-210 2.50E-03 1.71E-04 I,OOE-OI I.OOE-OI

FOOTNOTES: (I) Concentration factor for uptake of nuclide from soil for
pasture and forage (in pCi/kg dry weight per pCi/kg dry soil)

(2) Concentration factor for uptake of nuclide from soil by edible
parts of crops (in pCi/kg wet weight per pCi/kg dry soil)

H-3 DOSECONVERSIONFACTORFORWATERINGESTION(rem-cc/pCi-y): 5.70E-02
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DECAYCHAIN INGROWTHFACTORS

Nuclide Parent(s) Ingrowth Factor(s)

BA-137M CS-137 3.209E+06
PA-234 TH-234 2.961E+04

, RA-226 TH-230 1.490E-02
PB-214 TH-230 6.915E+03

RA-226 4.635E+05
P0-218 1.138E-01

BI-214 TH-230 9.313E+03
RA-226 6.240E+05
P0-218 1.532E-01 -
PB-214 1.347E+00

PO-210 PB-210 3.560E+01
BI-210 3.621E-02
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VALUESFORRADIONUCLIDE-INDEPENDENTPARAMETERS

HUMANINHALATIONRATE
Cubic centimeters/hr 9.17E+05 ,

SOIL PARAMETERS
Effective surface density (kg/sq m, dry weight)

(Assumes 15 cm plow layer) 2.15E+02

BUILDUPTIMES
For activity in soil (years) - Io00E+02
For radionuclides deposited on ground/water (days) 3.65E+04

DELAYTIMES
Ingestion of pasture grass by animals (hr) O.OOE+O0
Ingestion of stored feed by animals (hr) 2.16E+03
Ingestion of leafy vegetables by man (hr) 3,.36E+02
Ingestion of produce by man (hr) 3.36E+02
Transport time from animal feed-milk-man (day) 2.00E+O0
Time from slaughter to consumption (day) 2.00E+01

WEATHERING
Removal rate constant for physical loss (per hr) 2.90E-03

CROPEXPOSUREDURATION
Pasture grass (hr) 7.20E+02
Crops/leafy vegetables (hr) Io44E+03

AGRICULTURALPRODUCTIVITY
Grass-cow-milk-man pathway (kg/sq m) 2.80E-01
Produce/leafy veg for human consumption (kg/sq m) 7.16E-01

FALLOUTINTERCEPTIONFRACTIONS °
Veget abl es . 2. OOE-OI
Pasture 5.70E-01

GRAZINGPARAMETERS
Fraction of year animals graze on pasture 4.00E-OI
Fraction of daily feed that is pasture grass

when animal grazes on pasture 4.30E-01
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VALUESFORRADIONUCLIDE-INDEP_NDENTPARAMETERS

ANIMAL FEEDCONSUMPTIONFACTORS
Contaminated feed/forage (kg/day, dry weight) 1.56E+01

D

DAIRY PRODUCTIVITY
" Milk production of cow (L/day) 1.10E+01

MEATANIMAL SLAUGHTERPARAMETERS
Muscle mass of animal at slaughter (kg) 2o00E+02
Fraction of herd slaughtered (per day) 3.81E-03

DECONTAMINATION
Fraction of radioactivity retained after washing

for leafy vegetables and produce 5.00E-01

FRACTIONSGROWNIN GARDENOF INTEREST
Produce ingested I.OOE+O0
Leafy vegetables ingested 1.00E+O0

INGESTIONRATIOS:
IMMEDIATESURROUNDINGAREA/TOTALWITHIN AREA

Vegetabl es I. OOE+O0
Meat I. OOE+O0
Milk 1.00E+O0

MINIMUMINGESTIONFRACTIONSFROMOUTSIDEAREA
(Minimum fractions of food types from outside
area listed below are actual fixed values.)

Vegetables O.OOE+O0
Meat O.OOE+O0
Milk O.OOE+O0

' HUMANFOODUTILIZATION FACTORS
Produce ingestion (J(g/y) 1.76E+02

, Milk ingestion (L/y) 1.12E+02
Meat ingestion (kg/y) 8.50E+01
Leafy vegetable ingestion (kg/y) 1.80E+01

SWIMMINGPARAMETERS
Fraction of time spent swimming O.OOE+O0
Dilution factor for water (cm) 1.00E+O0



DOE/RL-94-15,Rev. 0

DISTRIBUTION

Number of copies

SOJ)!._JLT._ U.S. Departmentof Ener_y-
RichlandOperationsOffice

8

5 J.P. Collins A5-19
S. D. Stites A5-15

, H.R. Trumble A5-19
Public ReadingRoom (2) AI-65

I PacifiCNorthwestLaboratory

20 WestinqhouseHanfordCompany

J. A. Bates H6-22
D. J. Carrell H6-22
E. T. Coenenberg H6-25
B. L. Curn T1-30
L. P. Diediker T1-30
J. H. Dunkirk B3-06
R. J. Gimera X0-57
M. C. Hughes X5-55
J. J. Luke H6-25
M. R. Morton R2-77
V. J. Rice X8-25
D. L. Schilperoort X0-19
J. L. Walsh X0-57
Central Files L8-04
EPIC (3) H6-08
Information Release Administration (3) H4-17

Distr-1



.--I

._.n°

fJ)

"10

_'Q C3

m

I"
(1) I

-Jo

_ o _

i --,

"h 0

o



j I
I




