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Executive Summary

This report has been prepared as the Portsmouth Gaseous Diffusion Plant (PORTS) response to Deputy
Secretmyof Energy,T.J. Glauthier’smemorandumof September 15,1999. It is presentedto addresK

1. Shipmentsand receipts of recycleduranium(W);

2. Levels of ~C (TRU ~d fission product @P) contaminants in the PORTS flows and
recesses that had the potential to exposeworkerq andP

3. Information on mass balances for the RU, TRU, and FP to identify potential Enviromnenta!,
Safetyand Health (ES&H)concerns.

The FORTS site has received and dealt with RU and its legacyfrom star&upthrough current modem&y
operations. Sources and amounts of RU receivedwere:

1. Uranium hexafluonde (UFd)fd manufixtured at the Paducah Gaseous Diflksion Plant (PGDP)
or the Oak Ridge Gaseous Diflhsion Plant (ORGDP) fkom recycled uranium trioxide (U@) -
1,095.1metric tons uranium m;

2. ~G feed SUppliedtim 0th13mkCXbMCWSfOre@Iand dOmt!SliCsources- 5.()~, and

3. oxi&s and other non-~G forms of uranium containingTRU/FP iiom miscellaneous foreign and
domesticsources for conversionto ~G at the PORTS Oxide (kmvemionFacility-19.0 MT’U.

4. A total of 4.6 MTu of non-~fj may kve been udked fOr&WIOpmeIIttitk.

Additionally, au estimated 60 to 90 kilograms (kg) of the iission product technetium-99 @c) were -
receivedthrough FY 1997in some 121,485MTU of enriched ~G withdmwniiom the PGDP cascade and suppk?d
to PORTS as feed.

Most of the RU-UF6was used as gaseousdiffitsion(cascade)fd with the last sizeableamount (400 MTU)
fd in January 1974. Subsequently,a smalleramount, 1.4MTU of I@@ enrichedurauium @JEU)RU-UF6was fd
to the X-326 I%eess Building cascade as late as FY 1997- FY 1998. Of the totaI 23.6 MTU received as non-UF6
5.6 h4TUwas CO-to UFGhI the ~de bI’SiOn Facility. ApprO?dIW@Y1.9 ~ Ofthe 5.6 MTu of UFS
this was used as cascade f~ The diSpOdtiOn of the 4.6 ~ of non-~G that was potentially used for
developmentactivitiesis uncertain.

Shipmentsof RU materials from PORTS were limited to those fractions of recei~-not processed (cylinder
heels rqjectedmateriak, unconver&edoxi~ etc.) and through March 1999totaled 15.6MTU. There was 8.3 MTU
of RU materialsmmainkg on site March 31, 1999 (not includingwastes, sludges,etc.).

EnrichedUFtitim the PORTS site waq and continues to be, essentiallyfke of TRU eontaminatiom Low
but dekctable levels of -c were, and continue to be, present in the product At times, high levels of this
contaminanthave rquired additionalprocessing in order to produceproductwithin specifications.

Lucationswhereworkerexposureto TRU was most likelyto occuc

1. Cascadecells near RU feed points;

2. wpment removedfhm these cells during maintenanceand change-outevoltiom, and

1
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3. Oxide conversion operations - espeddly during evolutions invoking the handling of filter ash
while in operationon RU feed

,.,
~. , Locationswhereworker exposure to ~c was most likely to occur am

1. Top cascadecells (purgecascade~

2. cascade vent shunina trapq

t.

+%

L:i..-

[“:

3. Magnesium fluoride ( Ivfg&)traps for WC reductio~ and

4. Decontaminationsnd Uranium Recovery Building (X-705) solution recovew mffinates and their
treatment sludges.

Figure ES-1 depicts the PORTS annual inventoryof TRWFP constituents@RU.

Figure ES-1

ANNUAL INVENTORY OF RU
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Ongoing ES8JI concerns fi’ompast operationsdealing with TRU/FP are @marily those associated with trace
quantitiesof TRU and WC. Technetium coMinuesto be detectedthroughoutmuch of the cascade (albeit at low
levels) in plant processventsj eftluena and enrichedproduct streams.

The majority of TRUconstituents have been mmved fmm the cascade with two equipment change-out
w-. ~eSC CO@~@s wo~d ~SO& in ~W Efiched U-WII @u) ofides IX** tim the solutions
used to decantamiaate and clean this change-out equipment. These tmddeswere containerized or shipped and no
longer present a significant concern at PORTS. A amal.1fraction of these consti@m@remains in the process
equipmentthat was not changed-out.

Activities during the 1990’s associated with suspension of HEUproduction introduced 1.4 MTU of RU
containing low levels of TRU into the X-326 cascade under the HEU tieed program. Constituents introduced
during this programwill remainuntilthe proccssequipment ismmoved.

Since PM startup,many cases of worker expmure to and uptakeof uranium are known and documentedto
have occurred. While no internal dose has been assigned to workers from TRU mmstituentsof RU, it is likely that
an uptake of these constituents has occmred at very low levels in the range of the limits of detectiom Workers are
lmownto havebeen exposed to WC.

3



1. PORTSMOUTH, OHIO RECYCLED Uwwnw MASS BALANCE PROJECT

r..-..:.

1.1 Project Overview

The gaseous diffhsion plants (GDP) were an integral part of the flow path for uranium reprocessed iiom
spent fiel from plutonium (1%)and tritium productionreactors. See Figure 1.1-1. Issues were raised surrounding
this activity at the PGDP as to its potential for having affected the health of workers through exposure to the
constituents of the RU. The OiKce of Environment Safety and Health (EH’)initiated five projects to investigate
these legacy issues at the GDP’sand linkedplants. The secondof these projects invoks conductinga review of the
characteristicsand flow of uranium throughoutthe Departmentof Energy. This project is under the auspices of the
Office of Nuclear Safety (EH-3) and is referred to as the mass balance project. It is the mass balance activity for
PORTS that is addressedwith this report.

The Bechtel Jacobs Company,LLC!,under prime contract to DOE, was directed to prepare the PORTS site
report for inclusion in the overall mass balance ~oject repent. A team consisting of seven long-term experienced
current and former site and contractor employeeswith a cumulative seMce of 185 years was organized to review
and research reeds of activities and RU operations. The team divided the site into four principal focus areas for
directing its investigation. These areas representedthe principle facilities ancVorprocesses having the potential for
concentratingthe constituentsof RU. Additionally,these facilities would present the greatestlikelihood for worker
interactionwith uranium-bearingTRU/FP.

Figure 1.1-1

Principal Flow Streams of the Uranium Processing Cycle

i_

L
J
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TheSe fWlls WWis=: (1) WSIliIlmt&ElfhlOlide @4) to UF6 feed _UfaetUring @@ (2) GlsG3deand
feed faeilitieq (3) uranium reeovq, and (4) oxide conversion. Other fiwilitiesare addressed only to the extent that
they were considered potential contributors to the mass balance issue. Activities at each of these facilities that
involvedeither RU or the constituents of RU we~ reviewedfkominitial introductionof uranium during plant startup
in FY 1955through March 1999.

Four primary sourcesofRUwere identified that bound the issue for Portsmouth. These SourcesWem (1)
PGDP/ORGDP UF6rnanufheturedfrom usually depleted RU-U@, (2) PGDP produ~, (3) RU-UFijsupplied fkom
fozign soureeq and (4) RU non-~d supplied fivm many sources in smaIl quantities. By tmeking eaeh of these
four sources with time throughout each of the facilities and summing by facility, an annual inventory of RU
constituentswas created

Data sources were researchedtodetemine quantily, source, andtmnsaetion date of all uraniunLregardless
of form reeeived or shipped at PORTS. A database of this information was prepared as the initial phase of this
effort. Attemptsto corroborateshipmentsand reeeiptswith other sites were made for the principal RU shippers and
receivers.

Classificationof flows as RU was accomplishedbased on the followingcriteria

1. Analyticaldata supportsthe prescmeeof TRU or FP

2. Materials were of the characteristicenrichmentlevelsof RU

3. Suppliersidentifiedthe materialsas RU

4, Materials were coded asRUinSourceandSpeeial(SS)Axa.citabilityReports

Forthisrepo~ RUwasassumed tomaintam“ its identity as RU until it was fd From that point O%the
constituents of the RU were tracked. This approachwas adopted since small amounts of RU were intermixed with
much larger amounts of non-RU yielding product and tails streams containing demininms quantities of TRu .
constituents.

Processingof RUwasfound to have oceumedin three of the four primary fkilities studied. No record
emdd be fwd of any RUbasedmaterials (UFJ having ever been processed during the 46-1/2 months of X-344
feed manufacturingoperatiom

In the easeade, 1,094.6 MTU of RU was introduced as fd made at PGDP/ORGDP i%omdepleted U@.
Other foreign and domestic sources supplied 1.8 MTU of RU-UF6. Someofthis material was fdaslateas FY
1998. The PORTS Oxide Conversion Facility manufactured 1.9 MTU of RU-UF6{manufacturedby various fixd
sources) that was fti to the easeade. The easeade concentrated the TRU eonrlituen~ neptunium (Np) and d
quantitiesof~ at or near the RU f~ points.

Ancstimatedtotai of60t090kg of the fission produetqc was fedinto theeascade, overtheli$eofthe
pw fkomlow concentrationsin large quantitiesof Padueah ProductFeed (PPF). The easeade concentrates~c in
the purge areaandintopvent stream trsps. Atmpthatwas installedto remove -c f.iomthe easeades’ area of
peal!?+c eoneentmtioiLconcentrated?fc in the trap media

In manium reeovegr 38.2 MTU was recovered in the form of triuranium octoxide U3Q from all soums
during the period coveredby this report. ‘his oxide containedTRU @marily Np) that had been mnoved ftom the
easeade equipment during the two major cascade equipment ebangeat programs. The ~c concentrates in the
sludgesproducedduring the manium reeowxyprocess.

h oxide eonversiou 233 W of UF6 was produ~ over approximately 20 years of operatioq fkom
various on-site and off-site (includingforeign) sources. Of this produetioq 5.6 MTU was identified as having been
made ftom RU source materials. The process of oxide eonversion is shown to concentrate TRU @marily in filter
ask and to a lesser degree,in tower ash and trap media.
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Adding all of the quantitiesof TRU/FP constituentsover time bounds this issue at PORTS. Less than 0.3 g
of Pu were estimated as received at the plant. Approximately0.003 g entered the process eqpipment. A total of
approximately140gof Np were receivedwith about 46 g enteringthe processequipment. Some 60 to 90 kg of -c
must be consi&red as having been pmcased with much of this having been removed through venting to the
enviromnent or through sludges originatkg from uranium mcovesy operations or with the product stream The
quantities of TRWFP constituents that did not enter the processequipmentremainedin the @inders.

Worker exposureanalysis consisted of a review of availabIeworkplacemonitoring &ta that inciuded TRU
results and reports which mmmarized workers’ exposure monitoring results of the in-VNo and urine bioassay
programs.

The grateat potential for worker exposure was determined
concentrationsof TRU/FP occurred

by nwiewing the operationswhere

In thecascade, worker exposuresmayhave occuned w

1. Maintenanceevolutions, includingchange-outof equipmentat the RU f~ pointq and

2. Maintenanceevolutions, includingchangesin the top purge and Wc collection traps.

For uranium recovery,worker expomres may have occwred in the handling of the sludges and perhaps’UFG
cylinder washing operations. For oxide conversio~ worker expmures may have occurred with the handing of the
filter and tower ashes.

Siice plant start up, many cases of worker exposureto and uptake of uranium are known and documented
to have wcurrql While no intend dose has been assigned to workers from TRU constituents of RU, it is likely
that an uptake of these constituentshas occumedat very low levels in the range of the limits of detection, Workers
are known to have been exposedto WC.

1.2 Purpose and Scope

The purpose of this project is to quantitativelyestimate the historical mass flows and characteristicsof RU
within the FORTS site and betweenFORTS and other sites. The informationgeneratedfrom this project will enable
the DOE to assess the potentialfor worker exposureand environmentalcontaminationat PORTS resulting ftom the
RU streams, specifically that caused by the TRU isotopes of Pu and Np and the fission product WC. These
constituents were known to be pesent in trace amounts in uranium that had been recycled fkom DOE reactor
programw.nd Oth@sources. TbiS_ fdcusesOK

1. Identifying the mass flow of DOE RU tim startup to March 31, 1999, @m receipt to ultimate
disposition. An intersite flow sheet was created showing how the FORTS site interfheed with
other sites in the flow of RU. The flow includes all types of uranium including deplet@ normal
and enriched in several forms. The chemical forms specific to the site include uranium oxides
w% U@s) ~ uranium dk$tik w~, uranium fhlO1’idCS~, and UF6),and uranium wastes
that containamounts of uraniumthat would atllectmass balance studieq

2. Mentifying the major fiwilities where the various forms of RU were mcei~ pra or
trea~ therebyconcentmtingthe various TRU and FP constituents The processes and activities
are SuffiCi~y descrii iUChKi@$f6ed and product _ciltiOIl$ and the uranium StreamS
characterizedas to their content of TRU and IT to permit address@ worker or public health and
safetyissueq and

6



Items specifically excluded from this study and the

1. Radioactivesourcesand standds.

These items are usually in sealed configurations or

rationale for exclusion is as follovm

are in laborato~ reagents. Their isotopic
masses are accounted for under either the nuclear materials control and accountability sy~-or
the source Con&o!system. Their use is and has&n controlled to assure worker dety an~ as
suck are not consideredrekvant to this study.

2. VeryHighly Enriched(VI@ UF6shipments.

In order to assure that this ef%ortremains unclassifi~ materials in this flow were not considered.
Due to the behavior of TRWFP m the gaseous difksion cascade, it is ~ly that only ~c may
have been a constituent in this stream. Due to the extremely high alpha levels of the VHE
uraniuu the fractionalcontributionof any WC to dose calculationswould be minimal

3. UraniumManagementCenterinventories.

Materials were received after March 1999 ar@ therefore, are out of the prqject scope. These
materials,however,are merelybeing storedwith minimalworkerinteraction.

1.3 Pro&ct Implementatiort Strategy

The project goals m.t$
. .

1. Merit@ the mass flow of DOE RU fhm early production to March 31, M99, including dtimate
use or disposition,

2. Identi@the characteristicsand contaminants in the major uranium ~ spedfically Pq Np,
--

and WC or other isotopic constituentsof concern to worker or public health and safety (includes .

waste andscrapstreams} and

3. Conduct PORTS site specific mass balances sufficiently thorough to identify significant
implicationsfor potential enqioyee exposureto enviromnentalcontamination.

The stmtegyfbr accomplishingthe FORTS mass Ixdanmprqject includes

L Utilizing exisdng DOE, Bechtel Jacobs Company, LLC, and United States Enrichnxmt
Corporation(USEC)protoco~ pmcedms, and controls

2. ObtaMng and utilhing necesary “staff’ spwiakk and support personnel through contmctwd
meanq

3. Establishinga WrucWed appach to meeting the project g- including the use of key
-o~,

4. _ @ee cornrmmicationof pro- issues, and problem resolution thKough regular
meetingswithprojectpersonnel; and

5. coordinatingwith othersitesand sharingof results.

This strategy is implemented through an organizational structure and a hierarchy of work elements
describedin Sections 1.3.1and 1.3.2,respecdvely.

7



13.1 Project Organization

The mass balance project is planned and implemented through a matrix chain of responsibility and
authorityas shown in Figure 1.3.1-1.

The Oft& of Nuclear Safetywithin the DOE has overall responsibility for conducting this project as part
of its plan to reviewthe chamcteristicsand flow of umnium throughout the DOE complex. The DOE headquarters
team provides overall prqject direction and compiles the complex-wide report with assistance ~m the working
group team leaders. Worlcinggroup teams consisting primady of DOE bdqmtem f- staff, are designated
for each site to validate site data and results and assist in resolving any discrepancies between sites on
shipperheceiverdata, as well as provide assistance, as necesmry, to complete the final site repoxt A data analysis
subteam assists the DOE headquartm team in the analysis and consolidation of site report data for the final
complex-widereport.

The PORTS site team is lead by a senior Bechtel Jacobs Company, LLC manager reporting to the PORTS
Managerof Projects. The site team is composedof a subcontractor-basedtechnical staff possessing over 185years
of combined experience in the maintenance, opcratioq engimzring analytical laboratory, ad health and @ety
areas of the Portsmouth site. Support servi% covering prirmily nuclearmaterialscontroland accotmtabilii and
records managemen~ are proviti as n- by the USEC. The site team is responsible for obtaining and
mmmarizrng site+pecific RU &ta over the site’s history, including mass flow and balance, TRU/FP constituent
data, site inventory as of March 31, 1999, and for idmdfying major fhcilitidpmceses contriiting to potential
workerexposure.

1.3.2 Project Work Plan

AppendixB ofthe DOE Project Plan (R& 1) provides the foundation for the site’s review of historical
documen* extractionand evaluationof relevant data and prepmtion of this report. The frameworkto acxmmplkh
this project is shown in Figure 1.3.2-1. Data collection and evaluation were based upon the following key project
assumptions:

L Materialsare classifiedas RU if

a. Analytical&ta showeda positiveindicationforTRU,

b. Identifiedassuchbytheshippq

c. Suppliedas UF.Ior ~6 at the chamcterktic RU enrichment(-O.63-O.68%~,

d CodedasRUinthesourceand special accountabilityrecords.

2. Materials that contained the fission product Wfc without significant acco-mpanyingquantities of
TRU are not consideredas RU (i.e., PaducahProductF+,

3. Once $tU materials enter into the cascade, or other process they are considered to have lost their
RU identi~,

4. Quantification Of TRU COnstitwmtsin ~s cylinders fkom PGDP and ORGDP and theix
_ent f~ m = ~ed to bCill -xdance with the Historical Impact of Reactor Tails
on the Paducah Cascade(Ref2, and 2a);

5. TRU/FPbchaviozd assumptionsin the PORTS diflksion cascadeareas follows

a. The minute amount (if any) of Pu that enters the cascadelodges in the immediatevicinity
of the fd pow

8
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\

b. Np cntetig the cascade becomes lodged on barrier and unplated surf%cesclose to the feed point
until its removal during an equipment change-oti, and

[-
1? c. h“%due toits strong

%m*cti--**gm” *ef*”$’md’m~_W~ The c contmucs aorbmg on mctalhc surhces III succcsswely Iugher
cascadecells until the entire cascadeabove the fd point reaches equilibrium. The %1’cwill then
migrateto the top of the p!antdue to its lighter mokicularweight.

6. A process ia considered to have the ability to concentrate TRU/FP if it increases the mass of TRU/FP
constituentsrelativeto uranium or decrwes the uranium mass relative to the amount of TRU/FP.
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PORTS consists of 109 buildings occupying 500 mea located on a 3708 acre DOE-ovvnedreswation in
Pike County in south ~ntral Ohio about two miles east of the SciotoRiver and 18 miles north of Portsmo@ OhiO

(refer to regional locatloq Figure 2.1-1). Constructionof the pIant &gan in late 1952 and production of enrich~
uranium began in early ~ 19S5, one year before compktion of construction, In the late 1970’$ PORTS was
chosen as the ~te for eonstrution of a new manium enridunent fhcility Ild&ing gas CeIltrifilgetechnology.
Constructionof the Gas Centige EnrichmentPlant (GCEP)began in 1979in an mea southwestof and adjacent to
the existing gaseousfiionpkmt. (hstmcdon of this fidity was Iialtediu the summerof 1985.

With the Energy Policy Act of 1992, the responsibilityfor the operation of the gaseous difh.sion plant at
PORTS tranAerred to the newly created USEC effective July 1, 1993. With this tmnsfkr of responsibility, DOE
leased to USEC poperty shown m Po-outh Gaseous Difliwion PJant Building Lease Sta@ Figure 2.1-2.
Althoughthe USEC has managed the gaseousdiflksion operationsat PORTS since July 1, 1993,the DOE continues
to have a significantpresence,particularlyintheareaof envirorwntd restorationand the responsibilityfor treating
and disposingof wastes resulting from GDP operationsprior to July 1, 1993.

Fkye 21-1

Regional Location of PORTS
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The gaseous-Ion emichmentprocesstakes place in three large processbuildingq X-333, X-330,and
X-326. Processbuildings X-333 and X-330 werehilt in 1955and used for the initial and intermediatephases,
respectively,of uranium enrichment. The processbuilding (X-326),whichwas built in 1956,was originallyused
for the high enrichmentphase,but is no longerused for this purpose. The X-326 is currentlyused for product
withdrawaland side feeding. In additio%fiorn early 1997 to mid 1998the X-326 product withdrawalequipment
was used for HEUblending activities.

Various ~S f+ withdlllwd, ~ =plkg SyStemSand UFGcylinder o~rations are kwated in the be
process buildings, as well as the X-342A Feed Vaporization and Fluorine Generation Facility, X-343 Feed
Vaporizationand SamplingFacility, and the X-344AToll EnrichmentSeivicesFacility.

Three large facilities, the X-700 Converter Shop and Cleaning BuiidingLX-705 Decontamination and
Recovery Facility, and the X-720 Maintenance and Stores Building provide most of the equipment maintenance
support for the diffusioncascade. Equipment removedfrom the cascade is disassembledand decontaminatedin X-
705, which also housesequipment,lsystemsfor the recoveryof uranium fhm decontaminationsolutions.

2.2 Key l.kanium Processing Facilities

Four major facilities were suspected of containing processeswhere RU constituents maybe concentrated
am$ thereby, present the potential for worker exposure or environmentalcontamination. These facilities are listed
below and their descriptionand processesare describedin subsequentsections: “

1. X-344 Feed ManufacturingPk@

2. Cascade(X-333,X-330, and X-326)and associatedfm~ withdrawaland samplingfacilitiw,

3. X-705 Decontaminationand RecoveryFacili&, and

4. X-705 Oxide ConversionFacility.

2.2.1 Feed Manufacturing Pkmt

L
.
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2.2.1.1 Plant Description

II

r:i

The X-344 Feed Manufaotming Plant was located largely in what is now the X-342A Feed Vaporization
and Fluorine GenerationBuilding and X-344A Toll BnrichrnentServicesFacilities, which are located north of the
X-745B Toll Enrichment Process Gas Yard in the north-ceti region of the IKIRTS site. The feed plant was
~~ -w~ed in~ =~ &ys for~e -on of ~d ~m ~, ~ sd~ ‘fhep~ ~nsisted of 1)
a building to house the process equipme~ offiq and maintenancem, 2) an auxdiary building for ash storage
and acid neutmlkatioq 3) an acid unloading and storagefiwility and 4) modificationsto the existingX-342A

The process for producing ~6 was by direct fluorhtion of UF4 in a tower reactor as shown in Figure
2.2.1.1-1. The produ@UFGwws pi@ to refiigmted cold traps where it was se~ti from o&er - &

condensation Subsequently,the cold traps were isolata$ heat@ and the ~d drained as a liquid into 10-ton
cylinders for eventualvaporizationinto enrichmentcascades.

Figure 2.2.lJ-l

FEED MANUFACTURING PIANT PROCESS
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The large quantitiesof fluorine requhed for the process were producedby electrolysis of hydrogenfluoride
(HI?)in fluorine cells. l%e HF was stored in three 1~500 gallonstoragetankslocatedwithina cmwretediked area
protected by a Butler-type HF storage building (X-344C) located next to a spur tmck northcxkt of the x-344
building. Pmnps were provided to trmMer HF tim the storage tanks to vaporizers located in the X-344 and then to
the fluorine cells. A total of 40 cells were available for fluorine production Equipment was provided to filter the
fluorine and removeany residual electrolyte and heat it @or to bei~ meteredinto the tower reactor system(s).

Handling equipment was provided for receiving green salt powder m 30-galJon drams or five-ton
containers in railroad ears or trucks. Facilities were providedfor washing and drying of empty 30-gallon drums. A
means was provided for adding one 30-gallon drum of ash to each five-ton container prior to its rotation and
positioning over the tower feed hoppers.

The green salt fluorination system consisted of four tower reactorsand the fluorine ckmup reactors. Each
reactor system included a fluorinepreheater, fti hopper, fked screw, reactor tower, eyelone banier filter, and ash
receiver similar in design to that used in the Oak Ridge f~ plant. Foilowingthe reactor tower ~ the UF6gas
was collected and piped to a backup filter station prfor to being compressedand passed through one of four roughing
edd traps. A portion of the gas ftom the cold traps was recycledback to the reactor towers and a portion was piped
to a cleanupreactor systemto remove any residual fluorine. The gas from the cleanup reactors was passed through
one of the six cleanupedd traps. Any uncondensed~G in the gas streamfkomthe cleanup cold traps was removed
in the aluminatraps prior to venting to the environment.

Four drain positionswere equippedfor collecting the liquid U& drainedfi’omthe cold traps. Each position
was designed to handlea 10-toneylin&r.

Ash grindingand storaget%ilities wereprovidedfor storing and Proce@ng unreactedgreen salt eolleeted
in the ash receiversunder the towe~ illterq and cyclones. These iiwilitieswere equipped for heating crushing
pulverizing and containerizingthe ash for blending with tlesh green salt for use in the tower reactors.

A wstem similar to that used in the Paducah feed plant was provided for neutmlizing waste acid from the
water scmbbing systembefore the water was passed to the sewer. This systemprovidedfor the mixing of lime with -
the acid solution.

Maintenanceareaswereprovidedfor disrnding and rqaking fluorinecells and other processequipment

2.21.2 Material l!lomheet

The materialsflowsheetfor feed manut%cturingis shown m Figure2.2.1.2-1.

A review of plant records (Ref. 3 and 4) indicates that all UF4fed !nto the fd manui%hmingplant during
its history was of normal emichment flom two sourceq namely MWm&mdt C!hemiqd Wodsx (MCW) and
National Lead of Ohio (NIX)). No record ean be found ofUF, producedfrom RU forms ever having bea fd in the
feed mand%xuring pkmt. The ~G product was stored and either fti to the FORTS enrichmentcascade or shipped
to one of the other “emwhnmt cascades. The reaction of UF4 and fluorineinthetower reactorsdid not consume all

of the UF4and some of it was caught in the ash reeeivers under the towerq filters and cyclones. The@ which
contained useable urani~ was recycled though the tower after fbrther -g. me ~ -WXS were stored
for approximatelytwo months to allow the radiation level to drop to the point wke the ash could be handled.
Following the stomgeperi~ the ash was heated and the absorbedUF6 ddven off and reeovered in a water scrubber
system. ~ ~G k ash was then erush~ screen@ @verized and etmtainerizedfor fbture blending with fresh
green at for ~ in fie tower m~om. m O~Ytime *was removedfhm the PM was after Shutdownwhen it
was pukeriz& containerizedand shippedto Paducah.

The waste acid fkomthe water scrubbhg system was neutralizedwith lime and permitted to pass into the
seweror containerizedand transferredto the X-705 for processing

17



Figure 2.2.1.2-1
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The spentahuninaihxn thechemicaltrapswas containerizedand either stored in the X-744GBulk Storage
Facility or buried in the X-749Low Level RadioactiveWasteBurial Ground.

2.2.1.3 Operating Histoxy

The Feed ManufacturingPlant was turned over to Goodyear!ltomic Corporation(GAT)on April 25,1958.
Initial testing of the plant was p@ormed using a special allotment of UF~ shipped from Malli.nckrodtChemieal
Worksfor the productionof UFGstandards. The W testing was completedon May 14,1958 and the plant started
production opmtions on May 15, 1958. The plant continued operationsuntil February 1962 at which time it was
shut down.

During its 46-IL?month operational Me 11,983MTU of UF4was f~ at an average rate of 9.5 MTU per
day,producinga total of 11,890MTU of UFG(see Appendixl). This operationexperiencednumerous operating and
maintenanceproblemsresultinginsignificant radionuclideemissions to the atmosphereas well as eontriiting to its
shutdown. The plant lost an average of 407 kgU per year to the atmospherefrom 1959 until its shutdown in 1%2,
(-Ref.5).

At shutdown allmaterialinventorywas removed horn the system containerized and moved to storage for
final disposition. About 23.3 IWI’Uas ash was remov@ pulverized containerized and shipped to Paducah for
processing.

2.2.1.4 Current Status

After shutdownin 1962and material removal, the process equipment was dismantled In the early 1970’q
new plans for the X-344 fhcility were prepared and the building was converted by 1975 to serve as the
shipping/~iving point for k)%v-a~y ~s (j= ~ 5’%0). btly the f%dity is ~ for ~hg 10-ton
produet cylinders and transfening product into smaller (2-1/2 ton) customer-ownedcylinders for shipment. Use of
all but four fluorine generationcells was discontinuedwith the remainingfluorine cells used for maintenancespares.

2.2.2 Cascade and Feed Facilities

19



2.2.21 Description

The PORTS easeade is comprised of 4080 stages of processequipmentand is oapableof enriching uranium
to 97% ~ assay. Table 2.2.2.1-1 summarkes the stage armngementsper building and itemizes the number of
stages of the various size equipment. The 33-size equipment located in the X-333 FrooessBuilding is the largest
Figure 2.2.2.1-1 showsa typical cell flow diagram for X-33..sizeequipment. The 25-size equipment Ioeated in the
X-326 Recess Building is the smallest. The oascadeoriginally was-fed from the X-342 building which housed 12
!$@lmWpOIiZCr@$ USCdtOheat 2-1/2 ttlld l@tOn~s @iIldeIs. TWOpKKhKtWithdl’swatfiditieS kited ilt the
X-326 building one being for VeryHighly Enriched (VHE)product and one for ExtendedRange Product (ERP) for
lower assays and one tails (depleted stream) withdrawal fiwility Ioeated in the X-330 building were part of the
original pkmt design A purge i%ility used to vent light gases is also heated in the top (i.e., near VHE product
areas) cascadeof the X-326 building

Table 2.2.21-1

Cascade Configurations

Process Building ‘ Equipment Size Nurnberof Stag&i

x-333 33 or (000) 640

X-330 31 or (00) 500
29 or (0) 600

X-326 27 720
25 1620

,!...:. , . ..
TOTAL “.; .’ ~~ “ “; -, -&~:”:, .:; . ,’ ,

,,, ,.

Through the years, PORTS’ mission evolvedfrom high assayproductionfor militaw uses to providing Iow
enrichment servicesfor fhel to k used in eommeroialnuelti power plants. Additional f&ilities have been built
aud existingkilities havebeen modified to reliably support the new mission. Anew feed Wli@, the Feed

FiguI&2.2.21-1

Cell How Diagram for X-33 Units

v
&E GFNO
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Vaporizationand Sampling Building W-343), was built and placed on line in 1983 and houses seven autoclaves.
The 12 steam chests in X-342 were removed and two new autoclaves were instaIled to feed the cascade. An
additionalLow Assay Withdrawal (LAW)fiwilitywas installed in the X-333 building and modificationswere made
to enable poduct withdmwal at the tails withdrawal~ as well as tails withdrawal at LAW. The X-344 ihcility
was modified into a toll enriching facility where product transfers from 10-ton processing c@indersto 2-1/2 ton
customer cylinders with associate$ sampling is accomplished and eyiinders am loaded onto tmckddlcars and
shippedoff4te.

2.22.2

2.2.2.3

Material l?lowsheet

SeeMaterial Flowsheet- Cascade- RU-UFG,Figure 2.2.2.2-1

Figure 2222-1

Material Flowsheet - Cascade RU-UI%

Rcceiuts/AmountFedfMTQ Prodaactto customerr WiPmcats (Mlq

K-25- 296.5/293.4 I

1scrapRchxns-
1.8/l.8(Yarious assays)

. oxkkconversion -
1.9/l,9(PORTS) I

K-25-3.1 @lim!crHect)
~

Paduc&-1.1 C%lindr!rHe@

NFS -<0.1(c@u6er Heel)

ToM RcccWMamnt FsdtMTU)-
1098.8/1094.6

k.::-m-42

Feed Specifications

1. Feed +%- AmericanSocietyfor TestiugMaterials(ASTM)specificationC-787-% (or previous
reviSiOnS)fOr~td lMIIlillmd ~s tht MSbeen -iVed from hd.iated urardlllllwhich W
been reprocessedand convertedto ~G (seeRef. 6 and 7).

● _-Cation item - total alpha activityfkomNp andPu to be limited to 1,500
disintegrationsper minutdgrarn uranium (dpdgu).
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2.2.2A

2.2.2.5

2. Feed >5V0_. scrap return programbeginning in 1%8 that had reactor return constituentswas
under a 1%1 specificationstatingthattotal activity level to be less than 1,500dpm/gU. Although
these qxxifications were reissued in April 1971by the M3C which mised the aIpha activity Ievel
to 15,000 dpm/gU, FORTS continued to use 1,500dpm/gU limit for scrap acoeptanoeexcept for
approveddeviationson the NW materialreceivedat 3,000dpm/gU.

3. Shipmentsbetween the difthsion p!ants are exempt”ffomASTM specification criteri% althoughno
known nxeipts or shipmentshave been identifiedthat exceedthe total of 1,500dpm/gU limit.

1. Product -SX - D(3I3memo dated January22,1993 and ASTMspecificationC-996-96(or
previous revision) (aceRef. 7 and 8).

2. Product 25% - militq uses exempt fkomASTM specifications. Naval and weaponsprogram
spediaiiions were usid -

Operating History

Startupof the FORTS cascadebegan early in FY 1955. Amendices II and III mmmarize the total uranium
and RU receiv~ and shippedfrom FORTS (all forms) tiom startup”~oMarch 31, 1999. Appendix IV showsaIl the
W6 fkd to the cascadeand its source, includingreactorreturns on an annualbasis over the same 44-yeartimefiarne.
Reactor retnrns wem fed to the oascadein timeframesshownin Tab!e2.2.2.5-1.

Table 2.2.2.5-1

REACTOR RETURN CASCADE FEEDS (UIL)

.,<..., .. J .. .: :.:;:~o~ ~(jd:”“
>, .,.,., . .. ‘ . , , ..; .,:,,,.-:.;,,,. .,,: , ..,.. .,,,, .

~5c&#&: ~‘;;::;;;&.:.,,:, ;:’$.,‘:qiyj$uy : .“’:;”””.’:’,: ,,,“::.:~o~~e’ :. “,- ;.: .:,” y , ~ .,..’:u,rn+’
.,,! ..-, ,-. ,’.~:, .. ,,,:, ..’

1955 105.8 0.64Q68 Paducah
---- 54.5 I 0.64-0.68 Paducah Fed hky - Sept. 1955
1936 293.4 0.64-0.68 Oak Ridge
1957 6.2 0.64-0.68 Paducah
1958 64.2 0.644.68 Paducah
1970 168.1 0.64-0.68 Paducah Fed Clot.& Nov. 1969
1974 398.8 0.64-0.68 Paducah Fed Jan. 1974

1968-1977* 0.15 78-80
1977-1998* 0.15 78-97 Babcock& Wilcox

1%9-1993* 0.07 78 USAEC 013iceof Safeguards&
MaterialsManagement

I I Divisionof International_ I “ I

I IFmnce
NuMEc

~--- ---

1997-199s I 1.10 I 56-82
0.33 ,80 I

I 1 I I

1974-1978* I 1.86 2-50 PORTS Oxide Conversion 1

The operating history will be discussed with focus on significant RU events shown in Figure 2.2.2.5-1.
These same events will be portrayedas campaignsin Section5.
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Figure 2.2.2s-1
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During plant startu~ some RU that had been converted to UFGat Paducah and Ok Ridge was fkd to the
cascade. Five hunchedtwer$weven (527) MTU RU of a total feed of 33,356 MTU (a total of about 1.6Yo)was fed
during the FY 1955- FY 1958 timeframe. Feed cylinder numbe~ assay, date f~ and cascade feed points have
been locat@ analyzedand tabulated (see Appendix V through VII). The Oak Ridge f~ (296.5 MTU) came in 2-~.:;- 1/2 ton cylinder%whereas the Paducah material (230.6 M’lW)came in both 2-1/2 ton and lo-ton cylinders. It

t. . appearsthat some of the 200 2-1/2 ton cylindersused were cycledbetween the plants with RU materialstwo to four
times, therebycxmcentratingthe RU in the cylinderheels.

1’
.,
..

[:

.,

..

r.<
[-

Following this period of RU feedg the pkmts’ first equipment change-out program commenced, This
.* converterbarrier replacementprogram ran fium FY 1957-FY 1962 during which time 560 stages of X-33-size, 500

stages of X-31 size, and 280 stages ofX-29 size converterbarrier were repkexi. The amount of TRU in theRU that

K

.2 could have been removed tim the easca& and the process equipment during decontaminationin this timeframe is-.
based upon the eoncentmtiondata providedin Refs. 2 and 2%and for this period is calculatedas 32 g Np and 2.1 mg.
Pu.

E
-2

.! Reactor returnswere again receivedfrom Paducah in FY 1%8 - FY 1969(568 MTU). One hundred sixty-
eight (168) MTU was fkd to the cascade in October and November 1969 (IW 1970), and 400 MTU (which is the
largest amount fd at FORTS in anyone year, as well as comprising 35% of all RU fed to the plant to date) was fd

L

= in January 1974. A manual ~G product Cylinderhistory - Systemgiving @in&r &anst@OIIsSirlCe-p is;
..: available in the USEC Nuclear Materials Accounting Department for cylinders located at PORTS. Some other

interplant cylinder history is also available. From these records, it appears that the 26 lo-ton cylinders&l in lW

1!

1970 were reee~ fa and filled with FORTS ~ and returned. The 62 10-ton cylinders fd in FY 1974 were
~ “returnedto Padueah emptywhere 28 were cleanedand returnedto PORTS empty in the June 1975timeframe.

Following this period of RU feeds, the plant’s second major equipment change-outcascade improvement

L

. prqyam (CIP) began in FY 1973and was completed in FY 1983. Essentially all X-33 size (640 stages) and X-31
size (500 stages) of process equipment and piping were remov@ deccmtaminat@ and modified. The amount of
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TRU that could have been removed fkom the cascade during this campaign is based on the concentration data
provided in Refs. 2 and ~ and for the period is calculatedas 12.8g Np and 1.3mgl%

During the pried of FY 1968- FY 1978, small quantities of various assaysRUwere received as ~6 or

convertedto~6 at PORTS’ @kk? ConversionFacility. This was part of the government’sscrap returns program.
See scrap returns program V6) and convertedoxides for cascade fa Table 2.2.2.5-2, for amount of RU-UFC
receivedper shipper, amount of RU-UFtiproduced at PORTS oxide conversio~ assay, amount fd through March
1999,and the amount m storageas of March 31, 1999. Detailed Morn@ion is availablefor this UF6 except for the
specificdates cylinderswere fd A total of 1.4 MTU was fd to the cascade in the X-326 Building during the HEU
refii program in the FY 1997- FY 1998 timefiwne was fkxn France and NUMEC; W6 assays ranged from 56-

TabIe 22.2S-2

SCRAP RETURN PROGRAM ~c) AND CONVERTED OXIDES
FOR CASCADE FEED

Divisionof
hlternationalAtEdrs I78-80

Babewk & Wflcox 178-97

IFmnce S6-82

INUMEC I 80

Idaho
Chemical

oxide ~ 50
Conversion p~t
at PORTS ,OQP)
fiorn

2.9

3=
‘i’iiical %$:
,Year

Re&ivedl Reeeivedl
~o=veti Converted

1968
I

0.15

1977 I 0.15

., ’..,. ...
....,,...!

,.. .
,, ,- , ,~,

No.& Sii
if Cyti”deti

10-5”

11-5”

Lt 2.73
1969

0.07

I 1972-78 1.6

rr1974 (Jan. ~ q
& Feb.) .

II1976
(Jan. & 4.2
w)

(2-1; ton)

3 (5”)

67-5”

20-5”

Ulllmown

(5” :12?

4 (2-1/2 ton)

I1968-77 0.15

1977-78 i 0.15

1969-93 -

0.07

1997-98 1.1

1997-9s 0.33

1974-77 1.4

1976-77 06
(lo Cyl.) “

k-n

n Stfqg{
“,asM,;
Ilarfh 31

.1999:
mm

o

0

2.73

0

0

0

0

0.12
(3 C@.)

3.62

0.3

Throughout the plant’s history, many pieces of proms equipment have been changed out under routine
plant maintenance in-addition to the two major upgxade programs discwed above (see Ammal Equipment
ReplacementSummaryTable 2.2.2.5-3). Two smaller equipment change-outs were also reviewed and are dkussed
below.

The purge cascadeconverters began to plug with WC compoundsand other metallic impwities from f+.
A program to rem- dismantlq and clean approximately 25 convertersoccuned during FY 1973-FY 1978. An
estimated0.375 kg of WC was removed from the cascade with this prqyam. An off%treamhot-gas treatment
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process was developed that allowed some hc plugged cmverters to be unplugged in place. The same process was
used to clean equipment of -c prior to maintenancekquipment removal activities.

Table 22.2.5-3

,,. , .,,.,.. ... : .,,.:;,....,
i70rnp*sy ~o+~i~i,::~#Jend& ::::’,’:,,, ,

,“‘Ykar x-33 ‘X431 X-29 ‘X-27:”:.X-25

1954 - 47 - - -
1955 2 9 7 14 8

ANNUAL EQUIPMENT REPLACEtiNT SUMMARY

,.... “.,’:.: ,’.,, ..’,, ,-Convei&r Removals ~~.,~:~,~!:‘k’ “ “.... . , ‘T*” ‘.
T@ :X33” $-3i .“”:X-29,“’ “X-27 :X-25” ‘:’’””:““” ~

47 - ‘“6 - - ““- “6
40 1 1 4 2 12 20

I

1;9
1

;04 I i
1 1

01;
1 1

I 4+4 I

I 152 ]-208 I O I 2 I 010 I 210 I

1 t I 1

) ;01;10 55 i

-.—.
1960 8 203 54 u 9 286 40 20 213 2 0 275
1961 6 80 257 17 10 370 63 40 40 0 0 143
1962 0 102 70 4 12 188 5 50 0 0 0 55
1963 12 50 38 5 6 111 17 20 To ~ fJ 57
1964 5 42 45 5 12 109 4 2C
1965 8 23 95 10 24 160 5 20 22 0 0 47
1966 4 37 15 13 14 83 5 10 0 12 2 29
1967 19 4 2 10 15 50 26 0 0 0 0 26
1968 6 1 2 12 18 39 To ~ n n o 20

1969 22 1 26 3 20 72 20 1 0 0 0 21
1970 21 1 20 2 6 50 1 14 0 0 0 15
1971 15 1 12 2 5 35 12 1 0 0 1 14
1972 36 10 18 4 6 74 12 n o 0 8 20
1072 9A n In K lfi A()

! “. I . I I i I -.
[

1 1 1 1 1 1

I A7t.J I &7 I
v I Av I

. 1 *V I -r. X16 01016 ;6
I

I 1 1 1 , I 119 I o I o 011 I 120
lil 161518 188 118 I 1 110120 140 I

1974 40141 ”-1313 I 5 I 65144 I o I o I 010 I 44 I
1975 127 I42IOI6I1O 185
1976 148
1977 I 19~ i 66 I 5 I 2 I 12 I 283 I 150 I An I n 1 0 I o I 190 t

1970 -- I ATU d& v “ T -“-.

1979 54 40 8 6 18 353 54 30 0 0 0 84
1980 106 3 4 15 15 143 110 6 0 0 18 134
1981 12 197 12 7 21 249 6 15A R4 ““0 0 244

. 1 T. I 1 1 I -. -
I# --- 1 I r 1

10 150 ;0121; 10 I 237 I lAQI <9 I n i n I A I XIA I

I -- . I -. 1 1 I

190 I 16 1 ;8 ;27 i1982 I .~4 . .190 5 34 23 256 2
1983 25 40 6 42 25 138 4

111 141984 32 6 6 54 13 ---
1985 44 10 2 38 20 114 1412 I O1o1o I 16
1986 21 2 0 18 3 44 20
1987 2 2 2 11 23 40 1810 I o I 011 I 19

~ 1988 2 2 3 7 23 37 18 1 0 010 19 {

) I 2 [-0 I 010 I 22 I

MgF2sidestreamtraps to remove -c were installed for use with cells X25-7-15, 17, and 19. These cells
correspond to peak concatrations of hc m the cascade. This trapping system was successfid in reducing the
cascade-c inventoxy,but createda source of concentratedWC trap media. The quantity of -c in this media has
not been quandtled.
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Another program consisted of the removal and subsequent decontamination and rebuilding of

approximately190 Fairchild type 7A compressors during FY 1982-FY 1986. These compressors were located in
the X-326building and are part of the X-27 size equipment. Due to a designproblem,these compressorshad wet air
inkakage at the bolted compressorflange area. No TRU was consideredto be removedwith this activity.

In FY 1991, high assay production was terminated and 1,680 stages of equipment were shut down.
Treatmentfor deposit removal, as ne~ and xnothballingof these @mtdowncells occurredbetween FY 1993and
FY 1998. A to@ of 240 X-27 size isotopic stages and 180X-25 size purge cascadestages remain in operation

In July 1993, USEC leased the enrichment facilities horn DOE with Lockheed Martin Utility Services
becomingthe Maintenanceand Operating(M&O)contractor.

During FY 1997- FY 1998, HEU uFIj stored on site was fed and blended to LEU specifications in an
agreementbetweenDOE and USEC as part of a programto reduce PORTS inventoryof HEU.

In March 1997, regulatory oversight of enrichment operations tranMerredfrom DOE to the Nuclear
Regulatory Commission (NRC). In December 1998, X-326 side purge cell X25-7-2 caught fire due to intend
compressor rubbing and resultant exothermic reaction. Three other side purge cells were damaged and are
undergoingrew,orldrebuild In May 1999,USEC took over direct operationof enrichmentfacilities.

%2.2.6 CurrentStatus

USEC is currently Ieasing and operating the cascade and its support facilities. The X-326 is essentially
shut down exceptfor 240 X-27 size isotopic stagesand 180X-25 size purge cascadestages. Varying amountsof X-
27 size equipqnt and X-25 size equipment are running. Efforts are under way to rebuild the side purge cascade
cells damagedftom a 1998fire. The shutdownequipmenthas been cleanedof large deposits and mothballed All
X-333 and X-330 building equipmentis availablefor USEC’Suse. Approximately88’%of the X-33 size equipment,
60% of X-31 size equipmen$ and 8V0of X-29 size equipment are running as of April 2000. The ~-~fj in
storage has been refedklown-blendedand other uranium bearing materials of greater than 20% assay have been
shippedoff site. Six cylinderswith RU-UF6(6.5 MTU) were in storageasofMarch31, 1999at PORTS.

2.2.3 Uranium Reeovery
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2.2.3.1 Plant Description

The uranium recovery operationis contained prharily in the X-705 with ancillary waste treatment
operations located in the X-700 and at wuious times at the X-701B HoldingPond A pictorial diagramof the
integrated uranium reeovery process is shown in Figure 2.2.3.1-1. The oxide conversion segment of this poeess
will be discussed as a separatepIantin Seetion2.2.4 due to its unique mission.

The uraniumreeoveqffkility was designedto reclaimuranium fkomthe followingprinciple soureeK

1. Decontamination solutions from equipment removed fkom the cascade and areas(smalland large

m)

2. Field decontaminationsolutions

3. Trap media leaching

4. Oxide eonversio% UF4 conversio% and incineratorask and filtmtes

6. Laboratou and tiSC&tIEOUS sources.

The processesused to create recoverablequantities of uranium from the above sources are varied in size,
eompIexity, loeatiom and throughput. They all however, involve chemieal or mechanical removal of uranium
compounds horn metallic surfaces and the subsequent dissolving of the removed uranium in aqueous or acidic
solutions. These operations do not themselves seketively concentrateTRUor IT, but rather mairItainthe relative
input concentrationsof the constituentsof eoneern. Conemtration of the cmstituents in total is realized as solvents
are reused/reeycleduntil saturated.

Theproeess usedto reeover uranium from solutions has been Merred to as solution meovery, eountm -
current extraction or solvent extraction and appears to be a variant of the Plutonium and Uranium Extraction
(?= process developedfor use at Hanford

In this process (Figure 2.2.3.1-2),uranyl solutionsare&at evaporatedto inemase the specificgravity. The
solution is then f@ along with nitric aei~ to an extractioncolumn where the uranyl ion is selectivelycapturedby a
mixture of triibutylphosphate (organic solvent)and Vamol (petroleumdistillate). Ne~ this mixture has the umnyl
ion as a nitrate tipped fivm it in a second (stripping) column with deionized water. The solvent solution is
recycled to the extraction eohmm for reuse. The aqueous uranyl nitrate solution (product) is fd to an evaporator
where excesswater is evaporated The dewateredsolution is then fti to a caleiner(rotmykiln) where it is denitmted
and further dried to produceU30S,thefinalFCX3JC4 for storage, shipmeII$or fluo*on to UF6. W* ~m ~

uranium reeoveryprocessisprincipallythedepletedacid as mffinatefrom the extinctioneohunm

TRUs in the umnyl solutions appear to follow the uranyl ions throughout all steps of the oxide formation
process. The minor amounts that accompany the raffinate are dkussed later. Experimental data collected and
publishedby Walker (circa 1977)(Ref. 9) are as follows

*
Prog?ss Nip Total TRU ‘7Np “ ‘?”Pli ,. %

Loaded solvent (dpm.hnl) 60,700 16,900 23,700 20,100
Stripped solvent (dpmhnl) 675 222 230 223
!!/0 stripped 98.89 98.69 99.03 89.98
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2.2.3.1-1
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The %C appears to take the opposite course, being highly soluble in both nitric acid and water, and
foag p~~~etic add (HTC04) (R% 10). This acid however, is not stripped from the solvent and remains in
the waste ra@We. While quantitativedata could not be foun~ the literaturesuggests that essentiallyall WC enters
the raflinate streamand that has Iwenthe assumptionfor this study.

Concentrationof hc, thetiore, takes place in solutionrecwe~ in the form of the sludges and precipitates
formedfrom rafiinate treatment.

Treatmentof the ~c containingraflinate has evolved throughoutthe plant’s history from (1) rudimentary
pH adjustment and discharge to the X-701B/east drainage ditch/Scioto River to (2) seamdary pH adjustment and
retention at the X-701B/east drainage ditchkioto River to (3) today’s configurationof extensive treatment via (a)
heavy metals Precipitation, (b) technetium ion exchangq and (c) biodenitrification with discharge only to a
permittedwaste water treatmentfkilhy.

“Concentrationof ~c has occumedim (1) soils surrounding the settling pond and drainage ditch @e FY
1972), (2) sludgedprecipitatesoccumingfrom neutralization with lime (FW1972-FY 1984), and (3) heavy metals
neutralizationsludgeand spent ion exchangeresins (sinceFY 19S4)

2.2.3.2 Material Flowsheet

Uranium-bearingmaterialforms and flows into and out of the uranium recovery process, (including oxide
generation)are shown as Figure 2.2.3.2-1.

Measurement of these streams has been an uneven process throughout the years covered by this study.
Table 2.2.3.2-1 presents the oxide output flows to the extent that the informationcould be located in pkmt records
(Ref. 11).

Of pticipal concernwith this uranium recoveryfacility is the -c content of the raflinate waste stream.
Other than spot samples taken during processupset and discove~ periods, representativesample data for operating
periods can not be found
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Figure 22.3.2-1

Uranium Reeovery
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WhenWC was first deteeted in the X-701B (IW 1975),extensivesampling to quanti@the WC constituent
was undertaken. As part of the environmentalsampling pro- monitoringof this stream@ continuedunabated
ever since. Anounts of WC in this flow are shown in Table 2.5-1 (Rd. 12).

It is postdated that the best quantification of -c in this waste consists of the characterization studies
performedon the sludgesdredged fkomthe X-701B. This environmentalremediationcaptured a high percentageof
precipitated WC eornpounds that were deposited prior to easing use of the X-701B facility in FY 1983. Three
hundred ninety-onegrams (g) of WC were measured in approximately2.5 million pounds of sludge. Considering
that this sludgecontained 1,652kgll, -c was concentratedhereto 237 ppm on a uraniumbasis. Adding this to the
1,024 g for years prior to FY 1983 (Table 2.5-1) gives an estimate of 1,415grams as the total -C eminating from
“therailinates of uranium reeovery. It should be noted that in addition to WC, 0.03 and 3.3 grams of Pu and Np
respectively,were measured in the X-701B sludge when it was characterizedfor LLW disposal. This serves to
eonl%mthe imperfkct performance of the solution recovery process or the Possl%ilitythat all TRU-containing
materials were not processed through reeovery. These sludges are eurrentlybeing shipped to Enviroeare of Utah,
Inc.
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Table 2.2.3.2-1

Uranium Recovery Production Data Summary

FiscalYear Oxide kgU Produced Fiscal Year Oxide kgU Produced

1956 726 1978 1105
1957 1313 1979 1758
1958 1233 1980 311

1959 1799 1981 1240

1960 2896
(PeakProduction) 1982 891

1961 1559 1983 1127

1962 2032
.,

1984 888
,.,

1963 526 1985 592

1964 493 1986 926

1965 640 1987 1263

1966 508 1988 1330

1967 581 1989 561

1968 537 1990 640

1969 713 1991 641

1970 875 1992 218

1971 1745 1993 167

1972 863 1994 299

1973 585 1995 125

1974 447 1996 328

1975 773 1997 456

1976 102O* 1998 333

1977 1069 1999 125**

TOTAL 38~57

*15months
**&u@ March 1999

2.2.3.3. Feed Specifications

Go-NoGo criteria for f- to uranium recovery consisted in the past of umnium content @pm) and
‘enri@,ment(o/o ‘~ nomo~s derivedfrom the value of the material and the cost to ~er the uranium. A
typical example of this is given as Fix 2.2.3.3-1 Discard Criteriafor Solutions (I&f 13). Materials not meeting
the reclaim criteria were usually dumped to the X-701B through building drains. No record can be found of
considerationof either TRU or IT concentrationsas a criteria for feeding. It is suspected that most input streams
were never measuredfor either TRU or PP. Current day operations ako do not control inputs. Discharge through
buik%ngdrains W3S diSCOIltiIIUCd circa 1984.
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2.2.3.4. Produet Specifications

Product from uranium recovery consists of fidly dried and denigratedU30S. No attempt was made to
~. control purity, TRU/FP conteng etc. Levels of denitrifieation and dehydration are controlled by feed rate to the~.=

rotarykiln to producea product at a prescribedcolor and drynessbased on experience.:.
;:

~.
2.23.S. Operating History

t.

,.

[ .. The solutionrecovery system was turned over to GAT on August 3, 1955and began producing pmduetion

t-
quantities of U3Q during late FY 1956. While many improvementsfor operationaleflkieney andsafety (especially

I
nuclear criticality safety) have been made over the life of the fkility, the primary process of solvent

.J extraetionkkrippingand ealeination have remained unchanged Deeontamhation chemieals (boric aei@ sodium
carbonate, citric aci~ sodium bisulfkte, etc.) have been introduced to enhanee deeontaminadon efficiency and/or

-*

[’

adopt more environmentdy ii-iendlytechnologiesduring the precmsor steps in the process. Major modificationsor;
operationalchangesto the effluent (raffinate)treatmentoecumedas follows:j

L

2.

3.

L

In 1972, the precipitationof uranium in the X-701B was enhancedby the addition of fkilities to
feed slaked lime and photoeketrolyte proportional to the influent rate. This raised the influent
stream pH to about 8 in order to promote preei “tation of uranium. (Ilk would have also
enhaneed the precipitationof Np and Pu and some 4 c compounds).

Once or twice each year, the pond was dredged or sludge pumped to containmentponds elevated
above and alongsidethe adding pond

The east containment pond held the dredgings from 1973 through 1980. The west ‘containment
pond held the dredgingsfkom1980to1984

During 1984, the dischargeof raflinate to X-701B was permanentlysuspended with the startupof
the heavy metals precipitation process (X-705), ~c ion exchange process (X-705), and the
biodenittifieation process (X-700).
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5. The X-701B and the two companion containment ponds were dredged with their contents and
about one foot of bottom soil being containerized and characterized for disposaI as LLW.
Shipmentof these soils to Envirocareof UtaL Inc. is in progress.

The peak year of operation occurred in FY 1960 when this facility processed nearly 8 MTU probably
predominatelyfrom solutions generatedfrom the first process change-out program. Averageproductionrates were
approximately0.9 MTU per year over the life of the facility. Tot# production of U30Sfor the approximately44
years of operation through March 1999 was about 38.2 MTU. Highlights of the operation include sustained high
levels of throughput during the period FY 1974 through FY 1983, much of which was in support of the second
diflhsion processchange-outknown as the CascadeImprovementProgmrn/CascadeUpratingProgram (CIP/CUP).

2.2.3.6 Current Status

Uranium recoveryremains in serviceto support ongoing ei%ortsof USEC to maintain the gpeous -ion
plant opemtion Extensive revisions to nuclear criticality safety driven pmcdums have been made and other
changeshave been initiated in support of Technical SafetyRequirementsof the NRC-USEC license.

2.2.4

2.2.4.1

Oxide Conversion

Plant Description

The Oxide ConversionFacility is located in “E”,” F“, and “H” -S of X-705. It was supplied as part of
the original plant equipment compliment and was designed to be an integral prt of the uranium recoveryprocess
(see Figure 2.2.3.l-I). Over time, this facility developed a somewhatunique mission and set of operating streams
and as such is dealt with separatelyfor this report.

To be used as feed to the gaseous difksion process, uranium oxides originating from a variety of
~mtions (both on-sited o~ must & ~nve~ (fho~ted) to ~G. This es of fluofition ~ ori@~y
performed at PORTS in a system of three paralle~ horizontal, screw-f@ stirred-bed reactors. In these reactors,
U3Q was reacted with fluorine to form UFGwhich was cold trapped in chilled 5“ cylinders. Little is known about
this early system other than the fact that it was unreliable and had inadequateproduction capabilities. In 1959 the
stirred-bed reactors were rep!aced with a site-developed4“ diameter open flame tower using direct fluorination.
Stated capacityof the systemwas 7,200 kgU/yr outputas uFIj.

In mid-1965, AEC approved a project to upgrade the Oxide Conversion Facility to achieve a production
capability of 20,000 kgU/yr as UFCin support of its designation of PORTS as the processor of uranium Scmp>10%
enrichment for the DOE complex. The upgrade was accomplished in 1966and 1967 and consisted of installing a
significantly improved 5“ flame tower, an improved fd system an improved product f@ing and withdrawal
Systeu and an improvedoff-gas treatment and monitoringsystem. A pneumatic conveying system was installed to
facilitate movementof the oxides and ashes. Whererelease of dusty powders might be expect~ gloveboxeswere
installed. A pictorial diagmm of the fluorinationprocess is shown as Figure 2.2.4.1-1. A more detailed description
of the process and its history are available in Ref. 14.

The process workedas follows Oxides were fd into the top of the flame tower where they fell by gravity
through a fluorinejet. Unburned (unreacted)oxi& and some impuritieswould fall into the ash pot below the tower
where, on a batch basis, the ash would normally be remov@ ground and refed to the top of the tower. UFC
generated in the tower would pass through a sintered metal filter to remove particulate and then through a MgF2
tmp for sorption of certain impurities.
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Gaseous UFs was condensed in cold traps with liquid UF6drainedby gravity to 5“, S“, 12”, or 2-1/2-ton
cylinders. Off gases from the cold traps were passed through NaF traps to removeremaining minor amounts of UFG
prior to ejection through a monitoredvent.

h theory,TRums fd to this process tie the fo~loting Pi_iths:fi oxide fo~ed ~seous ~c in the fl~e tower
should quicklybecome solid PuF.Idue to spontaneousdissociationand fallout in the tower ash or be filtered by the
sintered metal filter (filter ash). Fluorinated Np will be sorbed on the MgF2trap. Technetium is genendly not
expectedin the feed. Ifit was Presenl it wouldbe easily fluorinat~ sorbedon the MgF2or NsF traps or be vented
Based on these assumptions,Pu should concentmtein the tower ash and filter ash. Np should concentrateon MgP2.

.

The WC will not be a factor except in the vent. Product cylinders should contain only trace amounts of TRU/FP’s.
In reality,~ and Np both are found to be concentrated(basedon uraniumfeed)fkomtime to time in tower and filter
ashes, MgF2trapping media, and in ~c productcylinders. Based on sample analysis data (Ref. 15), it appears that
concentmtionsof constituentsof concern in the wasteand product streamsare highlydependenton the degreeof ash
recycle, the in-service life of the trap reed@ as well as the constituent concentrationsin the oxide fd Perhaps
operating panuneters such as tower ternpemturealso influence these concentrations. While a detailed parametric
analysisof all variables could not be foun~ an analysisbased on TRU sample data from a Ikkiy1976run involving
TRU material receivedfrom NLO gives insight into the distriition of constituents. Table 2.2.4.I-1 shows some of
this data.
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Table 2.2.4.1-1

Material Balance of Transuranics in Oxide Convemion During May 1976

‘7Np 23~ ,
?%a step ‘“~ .~-I& (g) :. : ‘ (Ug) .,;’” “ (U9

WPU
(w)

Input oxide 3241 1.133 96.3 13510 231

output.
Solution 6.7 0.003405 0.5 1% 0.7
Filter MI 0.9 0.1419 21.2 5152 8.8
Tower Ash 14.8 0.0112 2.2 344 3.1
oxide 5.1 0.0034 0.9 84 1.3
sodium Fluoride (I%@ 3.5 0.0118 0.1 34 -o-

Total Output 31.0 0.1717 24.9 I 5810 13.9

%OlltputAnput
,.

0.96 15.2’ ..-25.8 43.0 6;0

YoIn product Qlinders (max) I 99 I 84.8 I 74.2 I 57.0 I 94.0

From this limited data ~s output and Mg& holdup were not amdped), it can be seen thatasmuch as
85% of the ‘7Np and 57% of the ~ maybe present in the UFCproduct cylinders. Of that not in the UF6produq
the filter ash is seen to contain the mjority of the TRU constituents (12.5Y0of ‘7Np and 38% of ‘%’u). The
concentratingeffectof these streamsrelative to iqwt uranium concentrationis iWs@ted in Table 2.2.4.1-2.

Table 2.2.4.1-2

‘1’RUConcentration Factors from Table 2.24.1-1

?7Np Concentration
,,. .,**’: , ‘!&&ceriitition

Proe& Stq
“’km ‘‘Fa~r.f?7N0 ~ :(Ii&:’ ~~::

-:”F “,
:,::actor @%);.,,,,

Input oxide 3.5 x 10-’ Base 4.2 Xl@’ Base

Filt6r Ash 1.6X104 451 5.7 x 104 1375

Tower Ash 7.6 X10-7 2.2 2.3 X 10+ 5.6

NaF 3.4 x 104 9.7 9.7 x 104 2.3

The filter ash for this case is seen to have concentratedthe ‘7Npby 451 times and the ~ by 1,375 times
relative to the levels in the umniumfti to the facility.

Analysis of filter ash remaining on site and amdyzedas part of the HEU removal ehamcterizationstudies
showed average concentrationsof 1.9 x 104 and 3.3 x 104 g/gU, rqxctidy, and peak concentmtionsof 3.9 x
10d and 5.8x 104 @gU,rwpectively, of ‘7Np and ~ which are reasonablyclose to those in the NLO material
balance study.

As a resultof these&@ the oxide eonversionprocess is consideredas removingat least 15%of ‘7Np and
43% of ‘h
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22.4.2. Material Flowsheet

Uranium bearing material flows through the oxide conversionpromss are shownin Figure 2.2.4.2-1.

F’i@re2w2.4.2-l .

Oxide Conversion Flow Sheet

OFFws

con
llws

, Od!l=Wcwl

I

Accurate cpntification reads of these streams has been an uneven process throughout the life of the
f%ility. Table 2.2.4.2-1presentsthe UFcproducedfkomoxide based on ~ormation avaihble in plant records (Ref.
11).

Table ZZ4.2-1

Oxide Conversion Production Data Summary
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Of principal concernwith this tkility is the TRU content of the feed stocks and their concentrationin the
p- and waste streams.

Significantamounts of TRU mate3iaIswereknown to havebeen processedduring the two periods shown in
Table 2.2.4.2-2 (Ref. 16).

Table 2Z4.2-2

.,,, ..;. ... . ... ,
.’“.. .,.,.. ,. ,,. , ~~ Quantig :“ ““;o&.; ‘j-, :. ~b~b]tj T~”&ph#.ffirn “

“Peri@of,Operatiori ..: . . ;,.. Pr@ssed ,.: . >,, ~u:: ,::,,;,.,:,

,., .”,” ~~ ,,,’ “,“‘~t~ ‘,::: :. ‘,:;.”:. .~ :d”u :;::,:;:;.:”:;::,,,,
Jam-Feb. 1974 1373 ICPP eooo
Jan &my 1976 4214 <3000

There is some indicationthat as much as 3.7 MTUofreeyeled depkted oxide (U@ and U@) fivm the Oak
Ridge K-25 site may have been processed in the 1958-1961 timeframe. Shippingreeordsfor this material speci.@
tbatitwasto beusedformseareh and~opm--- Itisbelieved tbatthismaterial was-q tie
development of the fluorination tower (FluorOx) in the X-760 Chemical Engineering Building or during

unsuecesdid development eEorts for oxide pektizatiom Since this material was depleted and of extremely low
value eompamd to HE/VHE materials it seems unlikely that the limited oxide conversion eqxwity m the X-705
would have been used to process this material. It would have amounted to approximately 75% of the total
production of the Oxide ConversionFacility during the 1958-1961 time period. The provenanceof this material is

, unknown and remains in the dispositionuncertaincategory.

There was a significantamount of TRU/FP (6847 I@) as UNH ea.kinedto U3Q m the oxide conversion
ealeiner during March - Deeember 1977. T& material was never converted to ma at PORTS and was later
shippedto NLo.

-.

Side streamsfrom the processwere generallytreatedas follows: .

1. Tower Ash Recycleto tower as &cl as soon as possibleafter generation
2. Filter W Someunknown (possiily minor) amounts were digestedat uranium reeoveryto create

U30gfor a seeondattempt at emversion to UF6. The filter ash tit remainson-siteis stored in the
X-326 “L” Cage. Partial oontentsof the amount remainingare shownin Table 2.2.4.2-3.

3. Magnesimn Fluoride There are indicationsthat some of this material may have been leached at
Umnium reeovery. There mnains on site a quantity of MgF2 tha$ in p@ may IEWEbeen
generatedfrom oxide conversion. @aniifieation of this streamis to be determined.

TabIe 2.2.4.2-3

Filter Ash (Partial Contents) Stored in X-3266LH Cage

,, ’,.:. .,’ .,.,
. ,.:’.’.:@J@&it ‘,, ; ;. ~ :,.-:-::::: Quantit@) ; “’.,;:;

Filter Ash 40,725

uranium 34)07

I I 1.233 It

I 237NP 0.563
?3~

I

0.010 I
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4. Sodium Fluoride: The fiwilitywas designed to regeneratethe NaF traps through in-place heating
and va~atiOII of sorbed uranium. ~genemted ~$ would be introduced into the idet of the
cold traps, condense@and drained into ~G cylinders. Mer severalregenerationcycles, the NaF
loses its absorption capability and must be replaced This depIeted/removedtrap media may
contain TRU. Also, whenever invento~ of the system was requir@ usuaJlymonthly, the NaF
was removed and the uranium leach~ measure@and reintroduced into the uranium recovery
process, if economical. The TRU on the media may accompanythe media or be leached with the
uranium Depleted/leachedmedia was Containerize the cans placed into site-preparedwooden
boxes with void spaces filled with lime, and the boxes wereburied at the X-749Alandfill.

224.3. Feed SpecKlcations

Feed to oxide conversion originated tim both on-site and off-site sources. A specification for material
originating from on-site could not be found It is probable that if the oxide was of an enrichment level
correspondingto a planned production catnpai~ it was considered an acceptable feed stock. The facility was
operated to minimim assay mbdng losses ana as such quantities of materials at desired enrichments became the
criteria for finding. It is probable that materials originatingon-site were seldoq if ever, fully analyzed except for
uranium and ~ content. MiderMs originadng o&site were required to satisfy “Feed Specification for U-235
Emiched UraniumReturned to AEC” (I&f 17).

sincethe ~6 Prokd h O?dde(x)~efi~ w= (k@&d to be fed to & dfhsk)n ~, ~ific hk$
were placedon many parameters (usuallymetals) that wouldresult in out-of-spwificationproduct from the diffusion
cascade (nuclear poisons, etc.). Total TRU limits were expressed as total alpha activity from TRU and from the
earliest days of the scrap returns program were set at 1,500dpm/gU. Deviations from the acceptance specification
were numerousthroughout the life of the scmp program. These deviationswereprirndy due to excessiveamounts
of various non-TRU metals. Numerous letters accompany the transaction records prescnii minimal monetary
penaltiesin an effort to indemnifyAEC for cost of dealing with off-specificationmaterials. No examples,however,
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of deviations for TRU with accompanying penalties were found There was substantial correspondencebetween
AEC site managers or operating contractors discussing capabilities to accept various forms and levels of TRU.
Materials from NLO were knowingly accepted in the FY 1975- FY 1976 timefknne with gross alpha from TRU
levelsup to 3,000 dpm (’Ref.18).

. .

L.

f-’

t-

2.2.4.4 Product Specification

No formal specificationexisted covering the production of WL$from oxide conversion. As stated earlier,
impuritiesin product became an issue in-as-muchas they would impact the cascadeand its product. Since this ~Ij
would ultimately be blended in the cascade with a large amount of other fd stocks, timing and scheduling its
feedingto the cascadecould frequently mitigate any adversecontaminates. Materialsunable to be fed to the cascade
wereproducedat oxide conversionand were still presentat the mspension of HEU productionin 1991,

2.24.5 Operating History

A significant event timeline and a detailed explanation of oxide conversion’s history are available in
Reference 14. In summary, the fhcility operated ffom 1957 to 1978. It produced about 233 MTU of ~s horn
materialsoriginatingfkomat least 47 f~ sources. It is known tit 5.6 MTU of feed contained TRU’s. Operations
were terminatedwhen it became appareat that the etisting ikility could not meet current standards for containment
as manifestedin high levels of airborne contamination Additional efforts to modernize, renovate, or replace the
facility were terminated for the last time in July 1981 when cost estimates to provide this capability at FQRTS
indicatedprohibitivelyhigh costs.

“2.2.4.6 Current Status

Attention to this facility since shutdown has been limited to custodial activities that assure it remains safe
and secure. The facility is locked to -t spread of transferablecontamination. Minor amounts of contamination
remain internal to the system. There currently are no known fimded plans for Decontamination and
Decommissioning(IX?@)of this facility.
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2.2.5 Other Uranium Handling Facilities

~1 Other uranium handing ikilities are X-71O Technical SeMces Building (laboratory), X-760 Chemical
Engineering Building X-744G Bulk Storage Warehouse (uranium storage warehouse), X-345 Special Nuclear
Materkds (SNM)StomgeBuilding and X-745 CylinderStorageYards.

L X-71OTechnicalServks Building

The X-71Olaboratorywas part of the original plant fitcilities. With respect to urani~
.- the primiuyanalyticalcapabilitiesof the laboratoriesare:

. .
a. Isotopicanalysis (mass spectrometry)for fd and produa,

b. uraniumpurity(paViesGrey,wet chemistry~
2.

c. Metallic impurities(ICP, spectmlanalysis~

[.:

<
d Radiologicalanalysk (radiochemi~, alpm betrL~ countin~, and

e. Samplepreparationand waste handlingprocessesfor all of the above.~.

f“:

.

2.

.

For this repoz quantities -seal were considered small with minimal likelihood of
concentration

Development of processesand pmmdmes forplantuse has been an integralpartof this

fkility’smissionformost of itslife.There were a myriad of experimentsthatinvolvedTRU and
FP that potentially separated or concentrated these constituents. These development activities
involved miuorhrace amounts of these elementdisotopes. For this repo% no attempt to quanti@
these is made. ‘he likelihoodof relevanceto the site mass balance is low, but not zero.

X-760 C&xnicalEngineeringBuilding .

The X-760 CJwmical Engineering Building h@ as its missioq the pilot-scale
devekpnent work on new chemioalprocessesprior to or in aid of plant deployment. This fhcility
had a small process laboratory, a small machinffibrication shop, a worker changekhower q
and esdally all pIantsite utilities. Early development projec@ including decddnation
- experima% bo~g freon heat exchger experiment%~6 heating studie% uranium
oxI& pelletizing ~% tin -g _ d ~~ud ~G ‘1= h a ‘id
envimmmtal ohamber, were eonchmtedin this fhoility. Most relevant for this study is the
prototype developmentwork on what is referred to in reports as the fluo~x process. This (what
qpears to be) fluorinationtower may have been prototypicalor a developmentalaid either fm the
UFs feed mamdkcturing facility (X-344) or the oxide conversion fluorination system (X-705).
Records showthat 0.86 MTU of UFt, 0.4 MTU of UQ, and 3.3 MTU of ~ were receivedfrom
K-25 in 1957and elamifiedas recycleduranium for researchand development studies. The final
disposition of this material could not be detemined It is likely that any materials converted to
~G W~ fd tOthOW&, and tit UUCOIlv@dlMt@S WC~COnveltd to ~, _ Gldy
oxide convemion X-705 qxrations (probably after 1962). The pmvenanm of the TRU/FP
constituents can only be speculatedupon. Ash and trapping media disposition mrds can not be
located
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3. X-744G Bulk StorageWarehouse

The X-744G was one of the earliest facilities constructed at PORTS. It was the Peter
i: Kiewit (prime construction contractor)pipe fihication ihcilily. He% process piping assemblies

were fabricated for cascade and utilities. Interior surfims of the process piping were also
degreased m this fiwility using organic solvents. Later through most of the early years of plant
operatioq the building served as the non-UF6 and small cylinder UFGstorage area. Overflow
materials from X-705 (solutions, m oxim etc.) were also stored here. Security systems
providedprotectionfor HEU materials.

With the advent of the uranium scrap returns program (circa 1966), X-744G was
designatedas the scrap storagewarehouseand cxmtralreceiving fkiliiy. Here oxi~ ~ and
~fl Cyh- of ~G we= off-kkd from -~ ~th n~-~G co-~ oWnd d
sampled (usually in a hood or glovebox), and pIaced on shelves or in holders for storage and
future convemionat X-705. MateriaIsnot meeting aeceptam criteria were pachged and shipped

i from this fiwility. After cessationof oxide conversionopemtions, the facility remained m seMcc
for storageafall oxides until X-345 was pkwed in senka to s40reHEU materials.Throughout the

[’
. > life of this fiwility, no concentrating opmtions could be determined. There was, however,

1..:
significantmaterial throughputwith opportunityfor worker interaction.

This facility currentlysupports the DOE PORTS UraniumManagementCenteractivities.;-
Quantities of materials containing TRU are beii stored here as part of this program These

L. materials were receivedafter the Mamh 1999timeikne and as such are outside of scopefor this
report. This fimility,overtime, has also been the center for other activities ORa shared basis such

[:

as shuninum smelting waste sorting etc. None of these activities are considenxi as relevant to
this report.

4. X-345 SpecialNuclearMaterialsStorageBuilding
F’i
i. X-345 was construct~ circa 1978, and was basically designed to fill the mission of X-

744G for storage of HEU materiais but in the more secure environment. h additional misskxq

f“
_ ~ h&kd Co-dou = the ~~ of ~ ~G @ d~- cyh~ ~g

i-
autoclaves.

5. X-745 CylinderStorageYards
~’

L X-745 yards (a through h) are the eight ~S cylinder storage yards that exist or have
existed tttPORTS. These -at anyone timq constitute the majority of the umnium materials

F
at PORTS and contain ~fj not in process or not shipped (i.e. fz pduct and tails). The

L
dt@@~G~om%~~of@~_tito thebikkpof-~
uranium daughter products. Breaching of cylinders due to mechanical fhilures has occmed.
There arenoknowncases of thesebreeehingsoccumingin cylinderscon-g RU.

r
L The repeated filling of ~s cylinders that contain RU beds without w@li@em “

the nonvolatileheel fkomthe cylinderhas the effectof concentratingTRU and FP in the heel-~~

!’
degree to which the constituents cxmeentratedepends @marily on the amounts added with each

k,
filling and the fmction removedthrough f-g. While the exact fraction removed is vmiabIq it
is assumedfor this study to be as shown in TabIe2.2.5-1.

[

:

2 It is known that largenumbers of 2-1/2 and lo-ton cylinders were filled with RU off4&e
(PGDP, GRGDP) and ftxl at PORTS. These cylinders were either returned empty or filled with

r non-TRU(tails) and sent back The potential exists for several such cycles to have been made on
a very few cylinders either with RU before they were cleana or, they never have been cleaned
and the TRU heel remains.

f
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TaMe 2.2.5-1

fq
[:
[ ;

,-
;~ ::”
t
L.

!,

i.

f ..

Percentage of TRU/FP Removed from Cylinders During Feeding

Con~ent ““ “@noYid ‘fi+on ,wijh”Ea+@m ‘““

‘TNp 33% (M& 2 and 2a)

lo?? (R&%2 and 2a)

~c 90% @?fS. 2a and 19)

PORTS has had a closed system for small diameter (ie., 5“, 8“, and 12”) cylinder
cleaning since the X-705 ficility startup in 1957. The capability to clean large (2-1/2, 10, 14-ton)
cylinders was established through facility modifications made circa 1970. For this stndy, no
TRU/FPis consideredto have enteredthe PORTS site from cleaningof interphmtRU cylinders.

Sd di~et~ I@hb Wfle used ~ PORTS b @nbh ~6 (x ~~ fh)m x-705
oxide conversion. Specificcylinderswem used forthisflow and were sekcted foruse based on

Uranium assayoflastuseso asto minimize mixing losseswith the heel. Since on atleasttwo

known occasions(ie., 1974 and 1976) oxide conversion produced UPd front oxides containing
el~ti mu kvds, the ~G prti@d k ~tided @ ~ti TRws. The -l ~der
cylinders used for this production may have been used several times without cleaning. It is
probable that coneentradng of ‘k and ‘7NP took place in these cylinders. Records to
corroborate this have not been found other than records noting the presence of TRU
contanhation at the fkility. There were records of small diameter cylinders being cleaned in
about the correct timeframes, but reeds of specific cylinder numbers cleaned have not keen
found

Swtd - di~ ~6 CyhtI&rSCon- ~ RU Wemtied at wRTS fim -
offsite mums {France, NUMEC, Depsrmwnt of Intemadorud AZ@ Babcock & Wdcox
(B&W),and united states AtomicEnergy C!Ommissl‘on Meguards and Security(USAEC S&S)}. ‘
The majority of this materis.1was only recentiy fd (circa 1997)to the casca@ and the cylinders
with heels were either cleaned in X-705 or Nuclear Fuel SeMces (’NFS). Solutions generated
from the recent cleaningsin X-705 appearnot to have ever been analyzedfor TRU. Due to X-705
operationalproblems,the rnqjom of these solutions (blendeddownto -Yo enrichment)appear to
never have been ~ ad remain in storage. If warran@ they could be sampled and
analyzed to ascertain TRU content. The disposition of the cylinders sent to NFS and their
solutionsare unknown.

2.2.6 Intrafadity Flow of TRU/FP Constituents

Opportunities for cross flow or cross contamination between various streams are worthy of mention
Examplesk:

1.

2.

3.

Dissolvedoxide conversionfilter ash reintroducedinto uraniumrecovery

Dissolved ash from personal protective equipment (PPE) and other incinerated burnables, and
subsequently,introducedinto uraniumrecove~,

X-705 solution compkxing to aid recovery of uranium fkom NsF with the use of alum@ and

L
processing through uraniumrecovery
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4. Field decontamimtion solutions originating fkomTRU contaminated equipment being processed
throllghuraniumreeove~, and

,.T

~ -:
5. Wastes generated from laboratory operations invoIving TRU being introduced into uranium

;: reeovery.

Any of these intermittentbatch operations,as well as perhaps others, could have caused RU to appear at a
time other than when RU -tiOIls were ktlOWIIto have oeeumd. The overall effect of these flOWSwould

I _ ~ a sfigh? ~~W@fi* im=ase of chancesfor personnel exposure.

:.
. 2.3 Activity Summaries (concentrating processes and other site specific issues related to processing and

plants)

The Table 2.3-1 mmmmims eoncentmtingprocessesand site speeificissues for PORTS.
t.

r...j Table 2.3-1
.>

t-~
Concentrating Processes at PORTS

~“-
1..

1!.5

Concentra#ng Proeess50eatioq
l“”

.,.
Dates of Operation : . .’: .:., ‘,CO*ent .,,, ‘

r

X-344 UF4 - UFGTowerAsh 5158- 2/62 Gpemtiononly on non-RU (virgin)material
(normalassay)

X-344 UF4- ~G Filter Ash 5/58 - 2/62 Operationoxdyon non-RU (virgin)material
(normalassay)i

X-705 U3Q - ~Ij TowerAsh 2/57 - 7/77 mu’s lmown to be processedJa,tl./Feb.1974
-ICPP, andJan. &May1976-NK)

X-705 U3Q -U& Filter Ash 2157-7177 T’Rth known to be processedJmA?&. 1974
-ICPP, and Jan. &May1976-NLG

GDP Casca& @EWitiOIIS
!

Entire Period RU constituentseoncemated at fd points
,

GDP bcade @C@iOllS
I Fre 1975 Ccmeentrated-c in pge ceils

I X-326-MgF, qC Traps I After 1975 I Successfullyremoved~crntopufeaseade

IX-701B Holding Pond ‘ I Before 1984 IColleetedWcfromX-705 solutionrecovery

X-705 Heavy Metals Precipitation I 1984 and after
I

Collectscurrent ~c from X-705 solution
remverv

L , I .

.“, , Site,Sp@fk @pes.,. :::’””..., ,,., ..”{’.:,,, . . . ,: .“:.:.J.’,.’. -,

HEU refii OfRU-~c 1/97 - 6/98
LIMTUFrench

0.3MTu NuMEc
Side Purge Fire 12/98 Possible involvementwith TRU materials

24 Activities where workers were Iikdy to be in contact with recycled uranium through direct physical
contact or airborne dust.

--

. .

i. Table 2.4.1 summmizes activities where workers were likely to have been in eontaet with RU through
direet physicalcontactor airbornedust at PORTS.

u
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Table 2.4-1

---
~--!
!,

. .

[-

l--

L
.::.>

Activities at PORTS Where Workers Wem Most I&ely to Contact RU

.,...
Activity .,. ;: .@oiiuqent” ,-~~ ““TRu/FP

OxideSampling(X-744G) Done in hood mu

oxideAnalysis(X-71O) Generallydone m hood TRu

Removal and disassemblyof cascade
equipment near TRU f- points ~ processbudding and X-705high by TRU

Oxide ConversionOpemtion(X-705) High airborne uraniumlevels TRU

Oxide ConversionMaintenance(X-705) Filter handing for ash clean-out ash handling TRu
J

MgF2 and AluminaTrap qgwmt and
Media Handling (X-326) Maybe HEu mnovalissue FP

X-701B S1udgeHandling Pond sludge material to Envirocare FP

X-705 HeavyMetals PrecipitationHandling shipped to Envimcm m

2.5 Activities that caused reportable environmental releases of recycIed uranium constituents

The only record of reported environmentalreleases of TRU elements ocmrred between October 1976 and
March 1977. One sample above the minimum detection limit (MDL) was &tected in the outfidl flom X-701B. A
concentrationof Np and Pu of 3.7 x 104W/ml was measuredwhich is just slightlyabove the MDL (at that time) of
2.3 x 104 uCi/ml. Activities ongoing on or before this time were recoveryof uranium solutionsand fluorinationof -
oxides that later were discovered to have TRU constituents. Specific containers and sources of specific TRU
constituents could not be accurately determined due to timing and cross flow anomalies. It is speculated that the
sourcewas the MO oxidesprocessedin Jan./May 1976.

Measurable andrqwrted quandtiesof ~creleased tothe environment have occmred since initial
recognitionof the concernas shownin TabIe2.5-1.

As&cussed earlierinthis rqmg theWivitiesresultinginsurfacewater Aeases are those associatedwith
recovery.of uranium in X-705 and any epimdes where SOhXtiOXISmay have bypmerl uranium recovery. Since
uranium recovexy pwessed materials generated iiom a myriad of internal p!ant sources (large and small parts
cleaning cylindercleaning fieIddecontamination.etc.), the attriion to each source is sore-what speculative. The
vast mqjority of these surfiwe water releases arq however, fdt to have originated fkom large parts (tunnel)
operationswhere cascadeequipment(especMy converters) involvedin CIR/CUPwas pmcmed.

Airborne releasesof %C are fdt to be predomhantly attributableto cascade purging opmations (topand

side)when trap mediabecamesaturatedor when trap media were ineffectivedue to extremely low concentrationsof
WC.

.
Envmnmental monito “ for TRU/FP appears to have been largely nonexktent prior to the mid 1970’s.

7Beginning with the discovery of chti~tige dti(o@Wl) tigtieti_of~lW5,
sampling activities tamped up si@kantly. Since that discovery,and continuinguntiI 1995,annual environmental
reports have been issued that quantifj’WC releases and report any detection of TRU. Monitoring of air and water
were and are conductedusingboth fixed samplinginstrumentsand progmmmaticgrab samples. Initially, all surface
water samplingwas mamd. Current systemsarc capable of either time proportionalor flow proportionalsampling.
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Cum@ outfidl sampling is done on a continuous basis, with seven day composites andpd for gross
alpha,bea uranhq and ~c.

Air monitoringhas taken a similar evolutionary course. As part of the original complementof equipment,
ionization ~ m~ts (~~ ~~m) mm h@dkd ~ ~& ~ for &_ ~G de. The=
later served to also detect the presence of WC in-as-much as the equipment would become dysfunctional in the
presence of WC due to a rapid buildup in background radiationreading A eondnuous sampling _ installed

ChUhg ~ 1984 ti flOW prOpOrtiOmd SIII@S and _ * ~ throtlghS@ Cdiited tlhmina traps. Weddy
(or more often if an anomaly occurs), the ahunina is changed out and counted using radiochemistrytechniques for
uranim -, and ~c. Data flom this process takes as long as two weeks to receive,but is felt to be more accurate
for quantifyingreleases.

TabIe 2,S-1

Annual Releases of ‘Tc to Surface Water and Air at PORTS

-.

.

0.010 0.082
.- -. ”.,- ...10 0.061

. ..36 0.576 0;028 0.006 0.034
1990 I 1.350I 0.049 1.399 0.079 0,003 0.082
1991 f)w n 37A 0.019 0:003 0.022I 0.3-30 I

0.072 I O.iiim

%+-%!
--- ----- --- . . ---- .
1992

1
0.210

----- -.
1.230 1.44 “--0.012

1993 0.580 7.830 8.41 0.034 ----
1994 0.167 0.122 0.289 0.010 O.(X.
1995

-----
0.0147 0.0147 0.001 0.001

;“.;,TOT~. ,!,y,,;:;:.;,.:.;”;.22X ,.“.,:,:>’:s.%’:;;:,““:‘“:’!‘H% +: ::’.j:j2s. : ., %.62” ‘.“:.:::14;6.
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3. RECYCLED thmm MASSRow

3.1 Uranium Recycle Description

A diagram to illustratethe RU material mass flow at PORTS is shown in Figure 3.1-1. The total quantity
received fkom each source and the total quantity shipped to each receiver is shown. The center of the diagram
representsthe severalpmmsses the RU material may have passed through after receipt. There is a large difkmnce
betweenthe quantityreceivedand the quantity shipped. ‘Ilk difkrence is due to the diluting nature of the processes
at PORTS. When RU is fed to the cascade, the quantity fd is only a small fktion of the total amount of uranium
present in the cascade. Once f@ the RU is mixed with the other material already presem and can no longer be
tracked based upon the original uranium content. Each constituent is separatedhorn the original umnium sad
follows a differentpath through the K)RTS cascadeand other facilities. Therefore,PORTS tracks RU only until it
Ioscsit’s unique identi~, horn that pom PORTS tracks each constituentof TRU and -c individuallyto show the
constituents’mass flow and to performa mass balance.

Recycleduranium was first introduced at PORTS in FY 1955as UFtjfeed mand%tured at Paducah from
U@ receivedfrom Hanford (EIRT)and SavannahRiver (SRT) reactor tails. Also in FY 1955PPF was provided for
FORTS feed. The PPF was contaminatedwith WC at an estimated 1 ppm (R&. 2). The U@ tim HRTISRTwas.

tammakdwith Np, Pqand~catan@imated 0.24 pp~ 4 ppb, and 7 ppng respecdvely,prior to FY 1967and
~~9 ppnL 2.2 ppb, and 7 ppQ respectively, thereafter (Ref. 2). After feed was manufactured fkomthe HRT/SRT
oxide it was contaminatedwith Np PLLand WC at an estimated 0.18 ~ 0.04 ppb, and 6.65 pp~ reqectively,
prior to FY 1%7 and 0.068 ppnL0.021 ppb, and 6.65 pp4 respedively, thereafter(Refk 2 and 2a).

To ilkstmte and track the movement of RU, TRU and WC through FORTS, fw campaigns which cover
all significantevents at PORTS ffom startup in FY 1955through March 31, 1999were developed. Each campaign
addressma specificgroupingof RU for a specifictime period.

The Depleted Reactor Tails - Campaign #1 (Figure 3.1-2), addresses feed manufactured fim HRT/SRT - ~
oxide and PPF from FY 1955 through FY 1%7. The Depleted Reactor Tails - C!ampaigu#2 (Figure 3.1-3)
addressesfeed manufacturedfrom HRT/SRT oxide and PPF fkomFY 1%8 through March 31, 1999. Note The
bars which extend beyond FY 1978 are assumed to remain constant through March 1999. The Non-UF6 RU

.

Program - Campaign #3 (Figure 3.1-4) deals with RU of all forms of uranium at PORTS other than U&, These
campaigns do not include 4.6 MIV of non-~f potentially utilized for development activities in FY 1957. ‘he
remainingRU is capturedinthe UFGfeed as MiscellaneousCascadeFeed - Carnpaign#4 (Figure 3.1-5).

Each campaign shows what is kn~ estimated or projected regmding RU. Each figure identifies the
source of the RU, year(s) received at PORTS, quantity of RU, wbkh pmcess(es) the RU, TRU and -c passed
throug4 and when the materkd was shipped from PORTS. Si

v
“ cantevents thatocmrred during theperiodare

shown. This method allows for a tabulation of the TRU and c by year to provide a year-d inventory, and
establishesthe RU constituentinventoryasofMarch31, 1999.

The RU, eontahhig TRU and %G was 15rst introduced between FY 1955 and FY 1958 when
approximately527 MTCJof fd manufktumd from HRT/SRT oxi& was received. This material is estimated to
Mwwntida~ti @95g N~O.~lg M~3.~ WC. Also, Ruiucahfked wasutWzedbeginning inFY
1955 and cxmtinuesto the present time, Between FY 1955 and FY 1971, -c was present at a concentration of
approximately1 ppm. Duxingthis tire%43.5 kg of~c is estimatedto have been fd into the IQRTS cascade. To
estabIish the annual inventory of WC ikom Mucah f+ the total quantity received during this period was
distriied evenly over the 17-yearperiod. Varioussections of this ~ti discuss in &tail specificp!ant ikilities
which processedkoncentmtedRU, TRU, and-c and will not bc repeatedhere except as rcquimd to dcscriibethe
flow of the RU and its constituentsthrough each campaign.
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3.1.1 Campfdgn #1

During Campaign #1, the TRU and WC contamimmts that entered the cascade with fd manufactured
horn HRT/SRT oxide and eaiiy PPF were substantialityremoved during the first cascade changemut program. It is
assumed that during this perio4 materiat was fed upon reeeipt and the empty cylinders with heels were_ed to
Padueah/OakRidge. These cylinders were not cleaned at FORTS therefore, any TRU, RU, and ?fc contained in
the heels went to Padueahor Oak Ridge.

Flgurea 3.1-1

PORTS RU MATERIAL FLOW THROUGH

MARCH 31. 1999

mm f-n?ci)

m
798.6 MTu

ORGDP
4
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Figure
3.1-2
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WhesIRU/FP matexialwas fed to the cascade, a portion of each constituent entered the cascade with the
~c while the balanceremainedin the cylinder. The split is assumedto be as shownin Table 2.2.5-1.

The barrierisassumedto contain essentially all of the TRU and was contaminatedwith FIB W and WC at
unestimated 0.24~4ppb, and7 ~reqxctively, prior to FYl%7 and 0.09~2.2ppb, and7ppq
~$’j th-r W. 2) tit = removed tig tie -@pmfmt chang=ut. This barrier was
decontaminatedin the X-705 large equipment tunne~ where essentiallyall of the TRU and ~c was assumed to go
into soktkm. This process removed essentially all Np and Pu from the PORTS cascadeand appmdmtely YZof the
~c introducedthroughFY 1959. The WC fbm the PPF is assumedto continueto absorb on cascade surfacesuntil
it reachesequillhium. No record of WC releases or its presence in the pvxiuct were found to have occurred during
this campaign.

3.1.2 campaign #2

In Campaign #2, the banier is again assumed to contain essentially alI of the TRU and -c that was
removed during the CIP/CUP and purge converter Change-uts. The CIPKXJPchange-outreplaced equipment that
containedthe Np and Pu and a portion of the WC. The Np and Pu remain near the f~ point while -c maybe
found almost anywhereabove the fd point. For this masom only ~c is shown as present in the purge converters
changed-out. During this campai~ the barrier and other removed equipment were decon “tammakd The TRU and
-c are assumed to go into solution The decontamination and pmcemkg of the decontamhation solutions are
assumedto havebeen performedin the same period as the equipmentremoval. AHof the -c is assumed to go into
the raffinateor traps. Ninety-ninepercent of the Np and Pu are assumedto end up in the oxide produced.

Be “nningwith FY 1972, additional data on PPF became available and this was used to cakulate the
quantity of % c present. Starting with FY 1976, the product produced at PORTS is known to contain ~c. An
averageof about 2% of the total amount of -c remainkg in the cascade is estimatedto be mnoved annually. It is
admatcd that a total of l,585g of WC was removed in the product stream through March 1999. In FY 1975,
quantitiesof-c that were detected in air/water releases to the environmentwere removedMm PORTS inventory.

The ~c is shownas removedfrom PORTS inventory in the year the product is withdrawnfkomthe cascade.

The HRT/SRT received in FY 1%8 and 1969 was not all fti immediately. Therefore, the RU appears in
theyear+md inventmyuntiIfd W~Umd_c Mbtim&tigti @tih~dtohbm
almost completely removed during the CIWUP program axdor purge conwxkr Change+ut. No significant
quantity of rnateriaIis bdieved to havebeen removed during the 7A compressorChangtwut.

3.L3 campai~s #3 and #4

The W6 fkomthe miscekmeous cascade f~ and non-~s scrap returns are mmmmked inthe last two
UUIW@S. The NJ id contaminantsare assumedto be fd or procemd uniformly over the period iiom the
earliest feed/processed&te to the latest fmocessed date. Someof this materialremains@stomge.

3.2 Uranium Receipts

See Figure 3.1-1 and Table 3.2-I for a summary of the RU nxeived each FY and its source. A total of
1,123.7MT(J of RU (all f-) was receivedat PORTS. The table does not inckde Paducah or Oak Ridge product
f- which PORTS considers to IE -c contaminam but not RU. However, the mass flow includes the WC
constituentof these PORTS f-.
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TaMc 3.2-1 (Cent’d)

PORTS Receipts Summary (RU Ordy)
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3.3 Uranium Shipments

SeeFigure 3.1-1and Table 3.3-1 fma summaryby FY of the RU shipments fkomPORTS eaeh FY and the
reeeiving fiwilily. PORTS shipped a total of 15.6 MTU of RU. The tabIe dees not include Padueah or Oak Ridge
_ f- w~~ PORTS ~nsi~~ to be -c contaminate@but not RU.

Table 3.3-1
PORTS Shipment Summary (NJ Only)

3.4 Reeycled Uranium Waste

Central to the assumptions of this study is the concept of RU losing its identity through processing or
treatment (i.e., the RU is blended with usually enormous amounts of non-RU resulting m product and taiis streams
containing deminimus quantities of RU). Wastes, therefore, are not classified as RU wastes, but rather wastes
potentially contaminated with either TRU or FP. Such materials as = NaF, and MgFz trapping met@ -
con ‘~ -P o~, tower ~ ~ ~~ a ~d me either waste or scrap depending upon the
economies of processing and values of the nxovered uranium Holding pond and heavy metal sludges and ion
exchangeresinswould constitutewastes fivm uraniumreeovery.

Quantificationof the TRWJ?Pcomponent of all of these streams could not be reliably aeeompIishedwithin
the time wmtmints of this report. Data on holding pond sIudgeshave already been -dwmssed Dataonfilterash
havealsobeen -chwussd Some alumina and ion exchangeresin data has been loeat@ but not reviewed. NaF &ta
remain to bediseovered.

3.5 Recycled Uranium Scrap

For this study PORTS RU scrap is defined as RU scrap that was reeeived fkomvarious sources either for
~nversion to ~c bt ~ n- w~rted to ~~ or = RU-~d f~ tit ~ never fd hfdti @ ~
unmiumhedsin ~cqtibti~_RUwoddm@tititiom There were O.8~ofRUheels
returned to PGDP and 0.8 MTU of RU heels returned to ORODP. In dditiOq OXi(kS (U3Q produced from

uranium recovay that contain TIUJ/FP could conceivably be considered RU scrap. In that regaI@0.S5 M1’Uof
highly enriched umnium oxides were shipped to BWXT during the HEU removal program An unknown quantity
of LEU oxides remain on site that potentially contain TRU/FP and maybe considered scrap or waste depending
upon the economiesof processing and value of the remvered uranium.
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3.6 Inventory as of March 31,1999

A total of 8.3 MTU of RU (all forms) was in inventoryat PORTS as ofhfarch 31,1999. TabIe3.6-1 ahowa
the breakout by uranium form and includes the sourceof the material and the amount of uncertainty included in the
inventory.

Table 3.6-1

PORTS March 31,1999 Inventory of RU



4. CONSTITIJENTS IN RECYCLED URANIUM

4.1 Analytical Laboratories

There were several laboratories that analyzed samples for TRU or 9Tc. These included the X-705
laboratory whi4 for production control purposes, analyzedrecovery solutions for ?fc and oxides from the Oxide
Conversion Facility, the RadiochemistryDepartment in the X-71O,which performed more sophisticatedTRU and
WC analysis, and the Materials Sampling and Testing Department in the X-71O,which did sample prepamdon
work Other areas within the laboratoryundoubtedlyhandled samples that containedTRU’Sor WC as unlmowns.
~c was first detected in the laboratoryas an unlmownin 1974 and was confirmedas ~c in 1976; the compound
perteehnetyl fluoride ~cQjF) was identified by infia-red analysis in 1977 (Ref. 21). While TRU analysis &ted
back at least as early as the early 1970’s,no TRU analyseswere regularlyperformedfrom 1984to 1992. Generally,
there is no TRU analysis beiig done on f- or withdrawalsfrom the cascadewith the exception of Russian f=d
A WC analysisis being performedon all feeds and withdrawals,and the results are easily retrievable,at least for the
period of January 1,1995 to &te.

4.1.1 Analytical Procedures

A search of historical proceduremanuals in the X-71Olaboratoryrevealed one “~ocedure“Analysis of Np
and 1%Alpha Activity in Uranium Compounds”datingfivm 1976. This was a mvkion of an earlier pmeehre and
is the basis of the pmcedum curredy used. T%JOlaboratoryprocedure manualsfrom the 1980’swere found They
include the procedurepreviously mention~ as well as procdms for ~c in water and soils Np and RI in water
and soil%~c in uranium and solventm5ates, and ~c in eelIgases.

TenneleeMphd&t8 counting system inx-710Labs
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4.1.2 A@tical Methods and Errors

The 1976 procedure for Np and Pu in uranium compounds states the relative standard deviation (rsd) as
“about 250/0”. TM same procedure in the 1983 manual has the rsd as 10% indicating a rething of the method or
better instrumentation. The 1983manual lists the rsd of WC in rafihates and water as 5% with no estimate for ~c
in cell gases. A 1988 manual of environmental analytical procedwes lists the rsd of -c in water, Np and Pu in
water, Np and I% in soils, and WC in soils as lo~a The current method for -c in ~$ lists a rsd of 4.58Ya The
errors associated with these methods could be employed in determining a relative uncertaintyvalue for cakxdations
involving amounts or concentrations of the element of interest. The radioehemistry area employs the use of
radioactivetracers in their current meth~ with a knowmamount added to the sample matrix and the sample result
adjusted for tracer reeovery. This helps reduceerrors associatedwith variables in the method.

4.1.3 Processing Issues

In the history of the laboratory,there were two ma.or changes in the processing of samples for the analysis
of TRU and WC. In the time period of 1979 to 1980, 4 c analysis was changed from a method of extraetio%
deposition on a planchette, and countingon a propmtional counter to a method using liquid scintillation. The new
method was quicker, cheaper,more accurate,and had a lower detection limit. The other major change involved the
analysisof TRU. In the time period of 1989to 1990the advent of TRU-specificion exchangeresins gave an overall
improvement in these analyses (&f. 22), Other Process@ changes have involved the use of a glovebox for
handling oxide samplesand the increaseduse of hoodsfor sampks known or sqected of containingTRU or -c.

Measurhg~c Usinga Liquid%intillatkmCountermtheX-71O
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4.1.4 QuaIii Assurance
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.
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- assumnce in the lab is providedby National Institute of Science and Technology (NET) traceab!e
standards, duplicate and spike analysis, and a program of bIind and known controls Control samples come tim
both an intend standardslab and external labs and inter-lab“round robin” testing Controlcharts are maintainedon
a laboratory information systemwith oversightby plant statisticians. Currently, quality assurance data is available
dating back approximatelynine year$ however, these quality control practices are laboratoryand industry standards
and have been historicallypracticed at the Ml@.

4.2 Analytical Results for Plutonium and Neptunium in Uranium Materials Shipped and Received

Them is very little analyticaldata for TRU in product shipped or received. There was apparentlya monthIy
sampling programin the mid-1970’s that analyzedVHE, PPF and tails material for total tmmumnics and ~C (R&.
20). The fw sample results available are “less than” values which indicate that TRU levels were below the
detection limit of the method Based on that da@ there is no evidence of Np or Pu oontamiuationin either the PPF
or Side WMdrmval streams at that time, the likelihood of TRU co~ “onwas greater in previous years when
RU materkd containing higher levels of TRU was fd (Ref. 23). The ASTM specificationC 996-90 for enriched
reprocesseduranium states a limit of 200 dpm/gUfor alpha activity attributed to Np and Pu. The fkw sample results
availabIe from the mid-70’s are, agaiq “less than” vaIues with detection limits of 5 or 2 dpdgU. Regarding
analytical results in materials receiva there was not a rigorous sampling or analytical program for incoming
recycled materiaL Some correspondenceexists discussing acceptance of out-of~cification mateti, however,
most of tie @@d &h ~ - is for W6 which _ ~~- fhm o~de how to con~ mu (R&
24). Much of this materialwas aboveASTM specificationlimits for f~ material. These limits are 1,500dpm/gU
for alpha activity attributable to Np and Pu in both the volatile and non-volatile components in a cylinder, or 200
dpdgU for strictlyvolatile components. The range of data for TRU’Sin UFGrange fkomthe “less than” values of 2
or 5 dpdgu to 23,800 dpm/gU for ~tj producedat the tide @wersion Facility.

Sample data (Ref. 23a) covering the period Febmary 1977 through May 1977 indicate thatallVHE

produ@ side withdrawals,and tails withdrawalshad less than detectable quantities of TRU present. For this time
frame, the laboratory instruments and ~ocedums utilized claimed a 5 dpm/gU (2.25 pCi/gU) minimum detection
level for total TRU. For the isotopes of con- ~ and ‘7Np, this equates to concentrationlevels of 0.037 ppb
and 3.19 @, ~y.

Deminimuslevels of constituentsare defined in the project plan as those resulting in no more than a 10%
increase in heaith efRxt due to inhalation of the constituentspresent in the base uranium. The levels at which this
occurs fm’% and ‘Np is 2.17 ppb and 189 ppb, mpecdvdy, for the worst case of solubIe uranium at tails
enrichmentlevels. As enrichmentlevels increasethe allowableconstituent concentmtionsrncrease. ~‘% and
“Np constituentsat 5 dpm/gU are below the 10%incrementalhealth impact. Any combinationof the two isotopes
with a total activitybelow 5 dpm/gU mm also result in a determinationof deminimus. The conclusionis that it is
~~ tit W ~G _ ~ and skk with&ww@ and ~ @& withtb- tim the d-t @@ COtid
less than demininmskz@~Sof mu constituats ~ and ‘7Np.

4.3 Analytical Results for *Tc in Uranium Materials Shipped or Rec@ed

The ASTM specification for ~c in enriched mpmssed ~G is 5@gW, however, the mcasurement of
WC is not required unless the ~ level is above 2,500 ug/gU or another control level aged upon by the buyer
and seller. The WC contaminationproduct ~ at tim~ been a problem with extm efXortssometimes needed to
_ inzation maw Wii the past five years, estimates of total grams of ~c shipped from PORTS
have been in the range of less than 10grams for a year with the estimates of total amount received fkomPaducah to
beintherange of20t0200 gramsa year (l?ef.25). Data fiomtbetime RUwasbetigfdis

T
and there does

not appearto havebeen a rigorous samplingprogram for incoming materirdfor either TRU or c Thedatathatis
available is from sampling of X PPF, and VHE is in the range of less than 0.0002 u@YgU to 0.69 ugTc/gU (Ref.
20). The ~c contaminationin cascadeequipmenthas been an acknowledgedproblem since the mid-1970’s. Some
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materials removedfrom the cascadeat areas known to concentrate -c have been as high as 40’20by weight WC
(Rd. 26).
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5. MASS BALANCEACTMTIES

5.1 Annual Mass Balance of Reeycled Uranium

From startup in FY 1955 through March 31, 1999, approximately371,000 MTU of uranium (all forms)
receivedat PK)RTS,with 1,123.7MTU detmmined to contain RU. Of this RU, 15.6MTU are Imownto have been
shipped from FORTS. The balance of the RU was either pmewsed as discussed in other sections of this report or
remains in storage.

The annual inventory of RU constituents is shown in Table 5.1-1 and Figure 5.1-1. The data sources are
&cussed later in Section 5.6

Table 5.1-1

Annual Inventory Of RU Constituents

5.2 Annual Mass BaIanee of Pktonium in Reeycied Uranium

As discussedin section 3.1, RU when fd to the cascadeloses its identityas RU. However, it is possible to
. identify the individualproeessedkiliti~ which eoneentmte isotopes of Np, I% and ?Ik and to esdmate the mass
flowkdance of the Np, Pu and w Tc.

This sectionaddressesthe annualmass balance of the Pu introducedinto the FORTS cascadein RU.
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Figure
5.1-1
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PORTS used four major campaigns to model the flow of Pu fkomits arrival on plantsite through various
fiwilitiesand promses to estimate the quantity of Pu present at a given locationand to providea basis for the annual
mass bakmee (seeFigures 3.1-2 through 3.1-5).

Plutonium was first introduced in FY 1955 with feed manufbetured~ Paducah fkomHRT/SRT. In the
X Y- ~ 1955- ~ 1%7) of~ ~RTS -OR m tit remained in the f~ cylinder heel atlerf-g
was returned with the cylinder to either Padueah or W Ridge. The Pu contained in the eyiinderheels is assumed
not to be in inventory at Yearad Starting in FY 1968, RU was sometimes stored prior to fdng and some
remains iu storage as of March 31, 1999. In these instances Pu in the cylinders is included in the year+nd
inventory.

After cascadef-~ 90?%of the Pu is assumedto remain in the cylinderheeL The Pu that does enter the
cascade deposits on metallic surfhees within the immediate area of the f~ point or in the feed lines. During
change-out progmms of FY 1958- FY 1960 and FY 1974- FY 1983 essentially 100% of the Pu intmdueed up to
that point was consideredremoved Due to the sohdii of Pu in the decontamimtion solutions, the tramfer of Pu
from the equipment to the solution is assumed to be nearly 100%. Approximately99% of the Fu remains with the
USC)Eproduced from uranium reeovery. The bakmee of the Pu traveled with the mifinate to the X-701B. Trace
quantitiesmay remain in fd lines or cascadepiping near the feed point

During process equipment change-ou~ the equipment typically was decontaminated soon after it was
removed For purposesof the annual mass bakmeethe Pu is counted as either in the cascade,X-701B sludge, oxide
storag~ or feed eyiinders. Material is always assumed to have been completely pmeemed in the same year the
w- -

The amount of Pu in inventory annually is estimatedto a peak at 0.23g m FY 1977through FY 1981, with
0.1lg Pu in inventoryas of March 3~ 1999. The estimateofannuid Pu inventoryat FORTS is shownin Figure 5.1-
1 and Table 5.1-1.

5.3 Annual Mass Balance of Neptunium in Reeycled Uranium

This seetion discusses the annual mass balance for the Np that was introduced with RU. This is not an
annual mass balance of Np in RU ( See rationale for Pu mass balance in Section 5S) The model for dmating Np
h*@tit&~ti tio@W~@~gtit tie_tige of Npfd@tie~&h~titi
33% with 67% mmainingin the cylinderheeL

Like ~ Np was first intmdueed in FY 1955 with f- manufacturedat Padueah from HRT/SRT. Upon
ti~timtiw Wmdtie_~d~ titi R_or MM@. Beginning in FY1968, the
cylinderswere sometimesheld for a period of time before fixding therefo~ in these ~ the Np contained in the
cylinders is included in the year+nd inventcny. During periods when a cylinder is fti and returned to Pam the
Np in the cylinder is not inducted in the year-end inventory.

~eNpti_ti~ phbwtiti~n~ ~ofti Np_tdtipMo@on~&
componentswithin araugeof+6 cells to+ cells of the fdpoint @. 27). While Npmay spread gradwdlyover
extendedtimeframes,the litemture (Ref. 28) suggests suflieient immobilityso that it ean be assumedthat during the
easeade change-outs, FY 1958- FY 1960 and FY 1974- FY 1983, the equipment where the Np deposited was
replaeedand essentially 100% of the Npthatwasf~ up to this time, was removed Trace quandties undoubtedly
remainedandperhaps arestiJlpresent onsurl%esnotchangedout.

The process equipment was decontaminated with essentially all of the Np going into solution through
umnium reeovrxy. The oxide produced was stored for oxide eonversionat a later date. Appmximtely 1% of the
Np that was pmcesed through uranium recoveryended up in the raffinateat the X-701B with the remaining 99% in
the oxide (UJQ).
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The amount of Np in inventory annually is estimated to peak at 76.Olg in FY 1973, with 44.3g Np in
inventory as of March 31, 1999.. The estimated annual Np in inventory at PORTS is shown in Figure 5.1-1 and
Table 5.1-1.

5.4 Annual Mass Balance of Technetium in Reeycled Uranium

~tion~tiemd -timfor_c@ wtitititi~RTS sitevvitheither
RU or ~c-contaminated PPF. This is not an annual mass balance of ~c in RU (See rationale for Pu mass balance
in section5.2).

The Wc mass balanceis developedusing the same campaigns “dmmssed earlier for Z%and Np to model the
mmstituentmovementafter arriva!at PORTS.

~c~titidat~R~ ti~1955titifd~ by Paducah fkomHRT/SRT oxide
and Paducah or Oak Ridge product feed. Upon recei~ the materialwas fed and the cylinders returned to Padueah
or Oak Ridge. Beginning in FY 196S,cylinderswere sometimesheld for a period of time before feeding Any -c
contained in the cylinders that were stored is includedin the year-end inventory. During periods when a cylinder is
fti and returnedto PaduedL the ~c in the cylinder is not included in the year-endinvento~.

Durin cascadef- it is estimated that 90% of the -C enters the easeade with 10%mmahdng in the
hIinder. The c that enters the cascade initialIyabsorbs on the metal surfacesas it moves up the cascade. While

% c is higldy mobile and moves quickly to the top of the cascadeonce cquiIiium has been estabIisha$ it was not
unequivody identifieduntil 1974. This 19-yearlag is assumedto be at least in part due to the time it took the -c
to reach equilibrium (Ref. 19). Once at equiliiuq additional -c in the fd rapidiy traveled fkomthe f~ point
to the top of the cascade. The migration of~c in the easca& was slowedby the equipment change-outm FY 1958
- FY 1%0 when much of the equipment eon “Wnmatedwith WC was removedand deeontamhatd

The process equipment was decontaminatedwith essentially all of the WC going into solution through
uranium reeovery. The oxide produced was stored for oxide conversionat a later date. All of the WC processed
through uraniumreeoveryis assumed to end up at the X-701B.

The model (Campaigns2 &3) includes~c releasesto the environmentas identifi~ in Table 2.5-L

The amount of WC in inventory annually is estimated to peak at 6526 kg m FY 1975. The ~c in
inventory as of March 31, 1999 is estimated to be 35.11 kg. The estimated annual ~c in inventory at PORTS is
shown in Figure 5.1-1and Table 5.1-1.

5.5 Potential for Worker Exposure from ReeycIedUranium

Workermonitming began in 1954with the Film Badge and BioassayPrograms. Workerswith the potential
for extemudradiation exposure were providedfilm badges for monitoring. However,not all workers were provided
film badges, and not all badges issued to workers were mad This changed in the m-d 70’swhtmthe filxnbadges
were replaeed with TLD badges. All worke~ regardlessof exposure potential since that time, have been provided
TLDbadges. time~mmnatidS tiak~~ti Hma*_~~hw&nmM
Reeords of badge readingsobtained since 1954are retainedby USEC.

The bioassayprogmm began with urine sampIingfor uranium or gross aIpha. Uranium sampling was used
to monitor intake of workers with the potential for exposure to low assay soluble uranium. Workers with the
potential for exposure to high assay uranium were monitoredby gross alpha. In the mid-1990s both methods were
repkwed with Inductively Coupled Plasma/Mass Spectrosc~ (ICP/MS) methods. Results of mine bioassay
monitoring since 1954are retainedby USEC.
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Since 1988, intend doses have been reported for workers with positive bioassay results ~20 @m/I) that
resulted in eakxdated doses that exeeeded 10 men Up to several hundd employees per year were assigned
internal doses based on the alpha bioassay results due to the 20 dpm/I deteetion limit. When the ICWMSmethod
repkmedthe uranium and alpha methods, the workers assigned internal doses dropped to a fbw eaeh year since the
method detection limit is about 10 nanograms (@l for eaeh isotope of uranium. The lower deteetion limit resulted
in fewer workersbeing assigned doses ftom We positives. The uranium method (tluorimetry)used previouslyhad
a deteetionlimit of about 5 ug/1.

5.5.1 Derived Air Concentration (DAC!)andMaximumPermissibleConcentrations(MPC)

Over the years of plant operation,the radiation San&rds have changed. The most reeent standmdsam 10
C!FR20 @sEC) and 10CFF2835 which replaeed DOE order 5480.11. Both of these used the DAC based on
International Commission on Radiation IMeetion (ICI@) 26/30 recommendations. The DAC is defined as the
concentrationthat if breathed ty a worker for a work-year,would result in a limiting dose. The limiting dose is the
more limiting of either 5 rem committed effbetivedose equivalent or 50 rem eonunitted organ dose equivalent.
DACSare listed by each radioisotope and by volubility. The soh.bility classes, from most to least soluble, are D
(for days), W (for weeks),andY (for years).

AEC4ERDA/DOE0524 provided Radiation Protection Guidelines (RPGs)based on ICRP 2/10. The MPC
if breathed by a worker for a work-year would result in 15 rem annual organ dose. Reporting of internal dose was
_wh~_~ti~5@Atitie =fortititi@o=

AEC/ERDA/IXIE 0524 listed the MPC!afor soluble uranium as 6X1(Y*1uCi/ml and lxlO-10uCi/nd for
insoluble uranium. The MIX% for TRU ranged fkom lxlO-10uCi/ml for insoluble “Np, to 2X1U12for sohdie
‘~ ~ ~dm The currentDACafiom 10CFR835 are listed in Table 5.5.1-1.

Table 5.5.1-1

CurrentDerivedAir Concentrationfrom 10CFR835

E!El%== I ,*W I -...

:10-’0 2X1
*n-lo I 9Y1

“C. -v

,& I 705;3- 2X10-’2
*W 87.74 1.7X107 3X10-’2 7X10-12

22% 24,065 62JO0 2X10-12 6X10-’2
‘Am 432.2 1 3.4X1O’ 2X10”12

The most dramatic change between the old stdards and the new standards are for the insoluble TRU
DACS. For instance, the MPC for insoluble ‘71$1was 50 times higher than the current DAC. Since the insolubIe
TRU MPG were similar or higher than the insoluble uranium oxide ~ expmure to insoIubIeTRU under the old
limits would be considered to be adequately eontrcdledif the exposure to insoluble uranium was eontrdled. The
plant allowablelimits (PAL)were about half the DOWEnergyReseareh snd DevelopmentAdminMmtion limits.
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To significantly&crease the efkctive DAC 10% for a mixture of Class D uranium and TRU compared to
the uranium tdone would require that only 0.04% of the total activity be TRU. The presence of the TRU increases
the dose compamdto the dose that would havebeen receivedby inhalation of the uranium alone. For Class W, there
would only have to be 0.07% TRU present for the same 10% &crease m the DAC. For ckws Y uraniunL there
would have to be 1.2°Apresent to result in 10°/oincreasein dose.

For WC, the DAC is much higher than the DAC for other beta emitters present at the site. ‘I’he‘U decay
products ‘% and ~ are psen$ espcciMy at the fd facilities. The DAC for ~ Class Y (the most
restrictive)is 6x1O*uCi/ml comparedto the Class W -c DAC of 3 X10-7uCtiml. Since the uranium alpha DACS
are at least 500 times lower, unkss ~c is present at 500 times the uranium activity, the uranium is the more
limiting in terms of the hazard to workers. ‘~ is also present at PORTS in significantquantities.~ arises ftom
thedecayof~. About 9uCiof -per year areproducedper curie of ~. Theprescnce of~isnot related
to RU since it would be present regardless. It is im rtant to note that ~ is generallypresent in larger quantities
compamd to TRU. The ratio is generally 3 parts % to 1 part TRU. The DAC for -is compamble to TRU.
since 1993, internal dose assessments include a contributionfrom ~ and ‘U. The significanceof TRU to the
potentialdose to workers in this report will not includethe contrilmtionfivm ~

5.5.2 Bioassay Monitoring Results

From 1%5, until the early 1990s,a portabIeIn-Viio counterwas employedto monitor lungs of workers for
insolubIeuranium The counter was usually brought to PORTS twice per year. The ca bility to detect -c, and
“Np wem added in 1977. The detectionlimits for this counterwere stated ax 100ug % (240 ug RPG limit} 10
mg total uranium (27 mg RPG Iim@ 1 uCi WC (9 uCi RPG limit~ and 0.2 uci ‘7Np (17 nci RPG limit). The
most reliable results were for’% since the gamma emissionswere monitored direcdy. ‘U is determinedfrom the

.-decay product of ‘*U, and ‘Np is based on the ~ emissions. Naturallywmrring radon daughtersprovide
a fidse positive for ‘7Np. -c is not a gamma emitter, thus a background adjustment is performed over a low
energyrange to obtain the WC count.

No records have been found that indicate that doses from uranhq -c or TRU have been assigned based
solely on In-Viio results. Usually, another In-Vhmcount and a mine bioassayare requested ifa result that euxeds
the detectionlimit was obtained. To determinedose, the amount inhaled and how&t the material is removedfkom
eachorganofinterest must bcknown. ~eWsm~onHgtie~~ti titie_fora~. The
results of In-V&o monitoring were summmkd in a 1986report (Ref. 29.) The following table lists the number of
counts taken and the number that exceededthe’~ detectionlimit fium 1965to 1985:(Table 5.5.2-1)

Table 5.!5.2-1

In-VivoSummary(1965-1985)
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Another summary produced at the same time (Ref 30) listed the urine sampiing results for uranium and
alpha for the same period. The total collected each year and the number that exceeded the detectable level for
alpha results (approximately50 dpm/1)are “AXIbelow (Table 5.5.2-2)

Table 5.5.2-2 “

Urine SampIingSummary1965-1985

.= 1 r ..”- I 4,.”” I -, ..- , .-

1 &z#.1 I .J, f.JtJ I >,734 66 I I

The bioassay results indicate that a largeproportionof monitored workerswere exposedand had intakes of
uranium. The dose to each worker cannot be determined without &tailed analysis. Because the monthly sanqies
were not eonsiskntiy submitted by workers, the actual numberof workers monitored eaeh year or the number of
workerswith positive results ean not be reliablyextractedfkomthe results above.

5.5.3 Facilities with the Potential for Worker Exposure to RU Constituents

5.5.3.1 X-705 Oxide ConvemionFacility

A Iimitedamount of information is availablethat deseriibesthe recyeledconstituentsof the oxide prowssed
in this fiwility. An unpublished draft repo~ eirea 1977, (Ref. 31) which covered the conversion of TRU
eontamina@doxides fivm 1%7 to 1975 ineluded calcadationsof airborne TRU concentrationif TRU contaminated
oxide were to be pmemed. This report did indicate that the airborne uranium concentrationexeeeded the Plant
AllowableLevel (PAL) m 1368 occwrenees in the Tower Romq in 826 omurxnces in Oxide Unloading and an
additional 577 oeeurmnees in the Cold Trap Room. ‘l’hePAL, aeeording to the May 1979 GAT-226 “@i& to
safe~, was 3 @m/& (4.8x10-11uCi/mI). The actual data cited in this report could not be located. The use of
respirator protectionwas requhed by pmeedum in place at the time, and their use was eneouragedby supervision

How much TRU was present in each year of operation is not known however, these sample results do
verify that TRU contamination was present when the fiwility was shutdown in 1978. The samples m H-Area
indicate that the TRU percentageis 0.12%, In soluble uranium (Class D or W), fbund in H-Area aud the cold trap
room the levels of RU constituentshas a significanteffecton tbe DAC. For TRU in insoluble (Class Y) oxi~ @
and F-Areas) the tieet is lesseneddue to the &crease in the insolubIeuraniumDAC. Sincethe TRU percentage is
less than 1.2’Hithe effectof TRU in the oxide at these levels is insignificant.
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Table 5.5.3.1-1

TRU Characterizationof Smear SampIesfrom ‘En, ‘1?’,and ‘W Areas

..,.:.,
~ii~” ‘ ;“’

~ .<,,::;,”, ,, ,.. , a37

on “.
Total, 0 ‘“‘“”’ “ ‘:’”’’’’.’”;..%=%‘“s@lple #:@$x. ,,.:, : ‘;;“’;,,::”:&p ,,.. ~,: ,,, .+~g ,,., ,, .:,:, .:-,., ‘!qq

F-Area 93-934 26 32 7,630 0.76 8.18 12.4

H-Area 94-070,077,100,101 3.2 7.5 8,699 0.12 18.86 30.3

E-h 93-924,925,931,
96-039 231 61.0 81,623 0.36 11.66 20.0

Air sampling in the Oxide ConversionFacility measured only the tots! alpha concentrationfrom mani~
thorium and TRU. Appendix XIV, taken tlom site internal correspondence (Ref. 32) summadzes the air sample
concentrationat the continuousair samplers located in the Oxide ConversionFacilityfkomsampler startup through
1978. These levels wamant the use of “aspirators @ when worn properly, provide adequate protection to the
worker.

The calculationsfor obtainhg the DAC are shown in AttachmentXIV. The calculatedClass D DACScan
be comparedto the currentClass D DAC of lxlO-10uCi/rnlwhich assumes that up 2% ~ is present. The samples
from H-Area wem used to calculate the DAC for the cold trap room in E-Areq since the TRU fraction is lowerand
the ~d handled is soluble (Class D). This is in line with removal of the TRU in the tower ash and the MgF2trap.
The airborne radioactivity in the other E-Area samples may contain oxides or ash fkom the tower which arc
consideredinsoluble (Class Y).

5.5.3.2 X-705 Deeontarnination Area

The X-705 DecontaminationArea contains a multitude of activities with the potential for workerexposure
to the constituentsof RU. There are two principal routes of entry for these constituents- PG cylindersto be cleaned
and process equipment to be disassembled and decontamimtd The cylinder cleaning area is b the northwest
comer of the X-705, Eoth large cylinders (2-1/2 ton and up) and small cylinders (5” to 13”)arc cleaned in sepamte
areas. The cylinders are currently cleaned with a boric acid soluti~ rinsed and &ied. The solutions from the
cylinder cleaningam added to the solutionrecoverysystem.

Process equipmentmay be disassembled in one of several areas depending on size and the fixtures
necesmy to handIe it Gross intend eontamimdionis removed after dmssemb Iy. The componentsare then either
placed on carts and passed through the LargeParts DecontaminationTunnel or decontaminatedby hand in the Small
Parts Area. SoIutionsfkomthese areas are also added to the solution recoverysystem.

Air contaminationsurveystaken in 1993-1994and 1995-19% in the X-705 DecontaminationArea indicate
thatsignificant TRUwaspresent. Asummaryofthesc msultsisshowninAppendixXV.

In the airborne samples taken in 1993-1994,both Pu and ‘Np are significant. In the samples taken in
1995- 19% only ‘7Np is significant for the RU eomtituents. Since the analytical techniques were being refined
during 1993 and 1994, it is possible that the diffcmnee is due to changes in the laboratory meth~ or to actual
changesin the constituentspresent.

5.53.2-1 CylinderCkaning

The cylinder cleaning operations in the X-705DecontaminationAreapotentiallyinvolveconcentratedRU
constituents. The results shownin Table 5.5.3.2-1are from samplesMum during dccontamhation of ktrgecylina
area in 1993. The results in Table 5.5.3.2-2,which wereobtained in 1999,were taken fivm small cylinderwash
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solutions in the X-705 West Annex In both cylinder-ole+ming~ the TRU percentageis significantlygreater
than 0.04%.

TabIe5.5.3.2-1

Large Cylinder Area - SampIe Results 1993

Table 5.5.3.2-2

X-705 West Annex - Sample Results from Small Cylinder Wash

,.
I ., ..,..’ >.. ,.,’:,:~, .‘ “. .,.: 7

,, ,,.. ., .AiliiiW’.~~‘tip “ ; ‘,=% “: :?%%: ““Totil““: ‘“::~’’”:+;:”’“’”i+’+’ ‘~’’”‘“;”,,,::@j@e~~< ~~,:;@ ,; :,,,:, .,,,,,: .,- :’?/e TRu’llctigu‘“;90~‘,,, .;P!?’:::,,,.,;’’,.,.,.,,..”:7,.,:.,. .;,p~”.,,;:?,“::,:pQ:. .:,p~;~~; .“pcl““’‘,.,:;:,,,,: “:.”{:.:.”,.,,:.:,,:.,.
340-110,112,
114,116,118, wash 471 11,514 1,287 2,838 1,692,643 0.92 19.82 42.7

120

340-111,113, ~
115,117,119 0.11 4.8 0.39 1.7 1,305 0.53 17.09 37.1

*Laboratory Information Management SystemIdentificationNumber (LIMSW#)

5.5.3.3 X-744G Bulk Storage Building

Batching operations of trap materiaIswere carried out k the X-744G in the mid 1990s. Respi@orswere
wornby workersduringthese operations. In 1995, air sampleswem takenandanalyzedto characterizethe TRU
constituents.. The results of all 28 samples taken in 1995wem oombinedto producethe data in Table 5.5.3.3-1. In
this instancethe TRU is significantsince the TRU percentageis 0.15% of the total activity.

Table 5.5.S3-1

X-744GBuIk Storage-Air Sample Results for Trap Batching (1995)
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5.s3.4 X-343 Feed Vaporization and SampIing Facility

Thk fhfi~ f~ WI%~o the ~. -me mdioa~~~ m=~m~ts -~ for mu ~
summmized in Table 5.5.3,4-1. The results were obtained fkom 38 samples taken belxveen1994 and 1997. The
TRU levels are insignificantat 0.01% of the total activity.

TabIe53.3.4-1

L
,.

!

1

L.

X-343 Feed Vaporization and Sampling Facilii - Airborne Radioactivity Summary (1994- 1997)

5.s3.5 X-344 Toll Enrichment Facility

The samp!eresults shown in Table 5.5.3.5-1were obtainedfrom eleven air samplestaken in 1994-1997 in
the X-344. ‘IheTRU levels are insigni.ilcantat less than O.OIVOof the total activity.

Table 5S.3.5-1

S.6 Environmental

Surveys to determinethe extentof amtmination in the USEC leased facilities covered more than 540
outside acres. Most outside areas coveredwith ~ gravel or pavementwere smveyed with an array of radiation
detectorstowed behind a tractor at slow speeds. Other areaswere surveyedwith hand-heldsurveyinstruments.

USEC Health Physics Poliw X3830W0-001 lists all areasofeontaminadonwithin the USEC kased areas.
One area is Imownto contain -c and TRU @701B), but most are posted only fa potection of personnel from
removableeontamkation. Them are about 527,000 W.ft. of contaminatedareaq of which ahnost half (244,000 sq.
ft.) areon therods of theX-705 andX-71O.The X-701B is about260,000 sq. ft. Co@minationcontrolzones are
4,116,800 aq.ft. OfWhiCh 4,109,000 sq. ft. are associatedwith the three processbuildings. There are 1,532,900sq.
ft. of fixed contamination areas with 530,000 q. ft. in the X-530 Switchyard. soil eontaddon areas amount to
199,100sq. ft. of which 130,000aq. ft. are near the X-7721, 12,000sq. ft. near the X-745F, and 14,000 sq. ft. near
the X-705. Undergroundradioactivematerial areas amount to 15,800 aq. tl. and mostly associatedwith the X-705
(15,500 Sq.ft.).

E.-
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6. RESULTSANDCONCLUSIONS

6.1 Explanationof Flow Paths

‘IkeRU enteredPORTS fkomtwo sources. The first sourcewas the stream derivedfimn spnt reactor fuel
that had been converted to ~6 at the PGDP and ORGDP f~ manuikmning fiwilities. A total of 1,094.6 MTU
was fed to the cascade (-0.64 assay). The second source was materials receivedin various chemicalforms through
the scrap returnsprogram(see Table 5.1-2).

The constituent -c reached PORTS through the RU and PPF. Since startup, some 58 kg of WC are
estimated to have entered the PORTS cascade from PPF and 6 kg from RU for a total of 64 kg fd to the cascade.
Somepreviousestimates have placed this level as high as 90 kg.

6.2 Identification and Evaluation of Processes or Facilities That Involved Worker Exposure to Recydled
Uranium Constituents

There are no known documented cases of worker exposureto TRU constituentsof RU at PORTS fivm any
process. Therehavebeen cases of worker contaminationdue to -c. Exposuresto -c through ingestion am TBD.
There was the potentialfor worker exposme in the followingfhcilitieshvork~

x. Oxide ConversionFacili~,

2. cascadeduring removal of cascadeequipmenq

3. equipment decontaminationm X-705 equipmenqand

4. cylinderscleaning.

In-wo results from workers are availabIe since 1%5. The HP sta& was concerned about exposmw to
insoluble Np compounds during C!IP/CUP. Urine bioassay results are amilabIe from 1955 and indicate that
uranium and -C qosures have occurrd It is not yet known whether these exposure indicated by urine
bioassay also include a contributionfkomTRU.

Dose assessments for works with positive bioassay have been required and per40rmedsince 1988. No
worker has beenassigmxi aninternd dose fkom-cor TRU since that time. Airandsmear samples taken since
1993to chamc&m- the radioactive constituents in the fiwilities listed above also indicate that TR13is presen$ but
may not be significant.

6.3 ldentMcation and Evaluation of Processes or Facilities that Involved Potential Environmental
Contamination

‘Iheonly recordof environmental releasesof TRU constituentsoccurrd betweenOctober 1976andMarch
1977 when one sampIeabove the minimumdetectionlimit (MDL)was detectedin the outt%llfrom the X-701B.
Thereare exkmive recordsand cases of environmentalmntamma. tiondue~qc.. Thesection above lists the
facilities / work areas into which RV was introducd Technetium has been found in site dispoml areas where
contamMed @Pm@ was sto~ ofi ~ Mg advents were dispmed 0~ and in air (stack and perimeter)and
water effluentmonitors Perimeter air mmpling genemlIyindicates oniy naturallyoccmring materkd~ but ?l’c was
found after the 1998 fire in X-326. Groundwater sampling has indicated that
originating tim the X-701B Holding Pond Technetium has higher mobility
constituents.

technethimis presentin plumes
than uraniumand the Otk RU

.-
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The immediatemea aroundthe X-705 has contaminationon pavement and in sofi. Because the source was
the X-705, w Tc and TRU are expected to be present The X-705A IncineratorFacility was operated until 1986to
dispose of burnable waste. Contaminationmeasurementsmade of the interior surfhcesduring demolition indicated
that wTc and TRU were present. Contaminationsurveys in the vicinity of these fkilities have located small areas
of surhce soil contamimtion. These areas have been~ed to protect ~rkers from exposure, but have not been
extensivelycharacterizedto determine if they contain Tc or other conshtuents of RU.

6.4 Discussion of Data Sources and Confidence Levels

~ormation utilized in this report was gatheredtim various sources.Factors influencingthe quality of the
information vary from the level of documentation in which the information was found to the crediiiIity of the
individual supplying the data. Certain types of &ta clearly have, as their ~ physical and chemical
measurements supported by reliabIe documentation including chain of custody records, weight ticke@ and lab
instrument printouts. At the other extreme, anecdotal testimoq’ of “how things were done” may be highly
dependenton fhdingmemories or hearsay ~ormatiom In some cases, conclusionscould be arrivedat only through
deductive reasoningand in a fkw cases, speculation Table 6.4-1 lists the sources andlor types of sources utiliz@
with the team’sassessmentof the reliabilityof the informationbased on their collectiveexperience.

Where deductivereasoning tier educated speculation were critical in coming to closure with an issue in this
repo~ such steps in logic are cited. In these cases, the 185 years of ccdlcctiveexperienceof the site team has been
relied upon.

6.5 Conclusions

In reviewing the operating historyof PORTS (including fiwilitiesand specific time periods), where there
are significant implications for potential worker exposure or environmentalcontamination cxrtain conclusions cm
be made with reasonableconfidence. ‘IhCSCareas follows:

1.

2.

3:

4.

5.

The largestqwmtityof recycieduranium receivedand fd to the PORTS cascadewas manufacturedat
PGDP and ORGDP fkom recycled U@ tim Hanford and Savannah River. Of the approximately
320,817 Mf’U fed to the PORTS cascade through FY 1997, 1,095 IvfI’Uwas RU promscd at the
PGDP or ORGDPf~ pkmts.

The largest contriion of ~c, which amounted to about 60 to 90 @ was in the 121,485MTU of
feed producedby PGDP.

Facilities and associatedpnmsses where TRU constituentshad the most potentiaIfor worker exposure
were in the casca& near the RU fd poin~ particularly during equipnent remo@ and the Oxide
@rversion Facilitywhen changingthe ash filtem.

Mble+-ti~c wddhve~-_~ dtie@~-m_ti
of trapping media near these locations. Potentiai exposure to WC fivm the handling of treatment
sludgesfiun the umnium recoveryf%ility is consideredunlikely due to the dilution of this streamwith
enormousquantitiesofnon-radiological materials.

The X-344Feed ManufacturingFacility was fke of TRU/l?Pconstituentsduring its operatinghistory.

The site team lists oppmhmities for impmvcment to the PORTS RU mass balance effort in Table 6.5-1.
The recommended actions are listed in order of priority for clar@ing worker expomrc or enviromnentai
contamination.
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Table 6.4-1

Data Sources and Assessmentof Data Qu@ity-PORTS Site

k
...i...:::.

t

..-.:

E
.....

L

1 I s Accountability Records I xl
2

I
Plant MonthlyInventoryReports I x I

I x I
4 I NNK%A-DEC1OJournals (VII&refeed) I x I

5

6

SupplementalAnalysisReports (Scrap)
GAT-XXX-XX-XX %“

NuclearMaterialsTransactionReports
‘f3wicallvDOWNRC-741

x

7 H13URefd Profprn cylinder cleaning
and ShipmentSchedules

x

8 motibghb x

9 Oxide ConversionFeed Sheets x

10 Plant and Depwtment ActivityReports x

11 I Plant Intm@@mental Correspondence

12 GAT.POEFOR and Paducah Fond Plant
& TechuicalReports

---c-
1

13
InteMewswithPlantChmntand Former
Employees

x

14 Consonant Inkaviews with Multiple Current x
and FormerEnmkwees

15 Dissonant interviewswith Multiple Cumnt

and FormerEn@oyees
x

16 PersonnelN% Memos to File x

c!orrespon&nceEetween
17 AEcYEItDA/DoEsiteoperations (XKCe x

andoperatingcontractors

18 Dmwings/Photographsof Systemsand
Facilities

x

19 I OperatingandMaintenancePrcmchm I I x I

Dependenton setting of proper
filters

Historical I

‘1
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Table 6.5-1

Opportunitiesfor Improvement- Prioritized

Evaluatepotential for workerexposureandor
environmentaleontaminadonfi-om199SX-
326 sidepurge fire

EvaluateX-744Gfieilitieshedvities for
potentialworker exposure

EvaluateX-71Ofiwilitiedaetitities for
potential worker exposure

Q@@’ flow paths for reeyeledwaste
streams (i.e., ion exchangeresirLzheavy
metals sludge,etc.) from uraniumrecovexy
fwility

Evaluate flow path of 17MTU enriched(15.5
Ml-U with assay of 0.7103 and 1.5MTu with
assayof 0.85303)~$ ~kd fkomORGDP
inFY 1961

Quanti& flow paths fwvarious trapping
materials (ie., al- NaF, and Mglj)

EvaluateX-760 Miitidpmewsedaetivities
(i.e., Fluoroxproees~ etc.) forpotent.ial
-workerexpxwre (particularlyin late 1950’s
and @dy 1960’s)

~~ flow path for -c at X-231Aand B
Oil BiodegradationPlots

Detedne final dispositionfor unaccounted
for 0.04 MTU of UNH reeeivedfrom Division
of InternationalAfEdrsin FY 1966- 1%7

Q@@ the TIWFPconstituentsinLEu
oxides in storage

Cleanqirqxdr workcurrentlyprogrrxing high
potentialfor ~c and Np eontaminatio~
doemnentationmaybe &adily available.

Largequantides of oxide, solutio~ nitrate,and
trappingmaterialseontahing possibleTRU/FP were
sampledor batched over the owrating history.

HandIedsmall quantitiesof TRU/FP under
experimentalconditions

Streamsare probablylow in TRU eonten~but high in
WC

Categorizedas non-TRU,but laelccertainty

High potentialfor worker exposure,but effort maybe
time consuming

Quantitiesof depkted RU (i.e., about 0.4 MTU U@,
3.3 MTU U@, and 0.9 MTU UF4)received*m
ORGDPin FY 1957may have been used for early
pht reaetor studies in X-760,but reeordscould not be
retrievedin time for this report

Enviromnatal data maybe availablein RC!RAclosure
doemnentation

LoWqlli@ityof RUpresent and Ioeatingrecords may
be laborious

Low potential for workerexposurein present storage
eonfigumtion. High cost associatedwith Sampiingand
=tioS@.S woddbe of benefit to find

II!.
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X-344~ED mFA~G P-
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I 69:7681 139 r-

IV4.

195.8801 I I 200:9231 a.iii236,971
5.300

.--, --- —-. ,-——

214,756 203,780 i! ~
9:820! 148:8271 175:818! 6:4401 182:258! 32:2081 3-367135:5751~ * 181;505 227,775 157,306 35,386

I ‘ 307,491 245,057 219,924 33,062
:4631 285:6281 166:414[ 101:5591 267:9731 45:8881 3:066148:954i hJ ● 267,988 257,375 230,610 13,128

I ● 289,664 268,270 46,509 205,482 17,428
:4751 290:706] 149:2991 137:131! 286:430[ 23:981 I 3:374 27:355 N ● 286,574 236,769 38,781 70,843 146,562 56,638

, 16~71 33,683 N ● 341,144 248,956 144,034 99,992 21,095
:4641 292:4591 36:8271 231:4511 268~2781 ~7;412i 39.584 56,996 N * 272,500 242,035 69,707 60,917 61,653

d 46.88!! N * WmQw ml ,401 108,403 33,541

I I 1 1 --2,990 177,578 31,148--, .——-- _—.,———
Rlfii5Qfi@Nt ● [ lwa m71 257.284 63.667 32.422---, -- . I I

--, --- 1
-—, .—

137.3701 64.9321 19.5741—-,——- .-, ..—
1 1

.- —,. —-
1 , a ,

IQ 1771 WitXdN] ● i 1.50616 “--130,8531 I ltiitil[ . 17;349
70 meal 1 4-4 c471 *A ac7
I z.zaal I I lL1.ulfl

I
—-, —-- . .

1 1
-—,.—. , I #

27.712! 51.3871 N I ● i 82.683! 119:768! . 84;2861 36;2851
93:1191 I i 68:9431 mima

.359
1

3i959N
!

liJ.fi730
1

155;959

I
108j27 “

q I 101:761 I 101:761 I - I 138:109/ I38:109I
t

I N 140,704 184,836 64,147
I I I

lmd- 1 I 1 I I I I I I 1 I I 1 I I I I I I

1 I 17.400.548/4.744.577/ 12.127.887[7.379.742i4.602.926i 11 .982.668! I I 11.890.285i 8.604.1 12i 2.915.4551 331.0931 1- 1,’%zml

Notes 82 .

N-Normal material
..-

* - Totals include MCW material in 30 gallon drums (includes substandard material)



APPEND3X II

PORTS SUMMAR Y HISTORICAL DATA RECYCLED URANIUM WORKSHEET

(-RECEIPTS)

7I shipper .y’

,,
N1971thruMarch 1999 .Toia&anti~ ~startq”tlx&Y 1970

I I

Total Quantity
of Uraniml

h?)

Total
Quanilir-f

uranium
(8)

&YQof
Recycled

uranium (g)

Total Quantity
of uranium

(a

o

0

150>93

4,073,685 4,073,685

153,112

0

0

7,798,373

100
I

4,073,685
I

4,073,685

21 8>926s1 I 153,1128,926~41 2

237J04 63 237J04 150593

65302 45,855

17 44.852.657 7,798s373

63

T65202 45,855

0

70

17

a
<1

100

21,069 44,831,588

<1 I 6,950,454,440 [ 1,585,738101~7,684 o

0

864,952

6,849,106,756 1,585,738

6,853~88 6,853~88

o

100I 6,853~88 I 6,853,588

100 I 864$52 i 864,952864,952

714,852za

802,891

I t

2,644,692,418 I 296@l,82S296.504,829 41 1.929,840,198 0

I 802,892 418,4814X8,481 52

I 3,319,042 I 3,319,0423,319,042 3.319,042 100

330,429

0

6,916

32,772,42C o 8.679.175 41 11,451s95 I 330,42S

798,609,341 45,705$82,073 114~36~82$07 798,60%341
1 I

168,830,800,4%

a 6,957 99 I 6,957 I 6,91( 99

53 0 I 5386,873 I 2,83325! 535,386,87 I

103,719l#217,87i t

1,102,746s$

<1
I 95?523,766 / 103,71!

1

<1

1k I I<1 124S13,903,925 1,123,651,90!20,915#069,661,687,8% 2

-

y-
,::
k

Ii...“..

‘B
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&- APPENDIX III

PORTS SUMMAR Y HISTORICAL DATA

RECYCLED URANIUM WORKSHEET

[

.?
“i (SHIPMENTS)
.;

., .,,.,..!, ,. ..,. ”. .,., .
Stitlxptbrh?lwo FYMJlai-’1999:’ : ‘ ‘ “y;;””” “-’T$& ,’

,.,, ,., , ., ,,,. . .,,. ,..,., ...
‘ti ‘

., Total Total
F+ig?, ;, ‘$= Toti Quontity Qwmt&wff ~ ToM QwitltityOf QtlJ~yJf

?5 I

~ Total Quantity Quantityof q,..: ..’..<.,, CEfUronium Uraniltm Ofufonium Recycled,. .. .’,

$
f,. .,,,.,, .~...,

(8) uranium && (g) Urauium & (8) uranium i?.,;,:,.. ... .-,,., ,, .,,,, ,. ....
s.’.,? (.8) (8) (8) ‘x.. ; ,,

France ~s 904,0s2 o 126,997,607 64,553 + 127,901,659 64353 <1

K-25 ~IJ 456,452,730 3,102,118 1 191#26~86 o 647$79,016 3,102,118 a

Paducah ~s 53,549,902,918 1,502,414 <1 48,837,760,004 (368,000) a 102~87,662,922 1,134,414 ==1

Total Shipments 54,007359,700 4,604~32 <1 49,156~83,897 (303,447) a 103,163,543,597 4,301,085 <1
fi-omPORT3

.
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APPENDIX IV

PORTS CASCADE FEED

Page 1of 2

1

,,. , F&d”Soum, , . +&’ I I .... .. :‘.’,::.~.,, , _,. .

l“-” 0.8 I 1,210.0I I 1,!
/..- 1 I “.” I 1 ---

1964 I 2,157.9I - I 0.9 [ 0.2 I 52.4 2,623.i 1.3 ~ 4,836.1
?.7 14.5[ 7,981.5

:< I 1 O“QA ‘1 I
I 4.9 I I

---,–-—------ ,
Co I n2 — — 7

1965 I 1,274.7 I - I 3.6 I I 1129

196U APAQ9.2I 2(-)2 1 I 5,801.1

1%7 755.-. -, .,. , —, 28.6 I 4865.1

1968 690%1 -1 AA1 -1 -1 us I ZY.6 I 4059.0

1969 2,236.2 -1 l%RI -1 631 0.4 I lY.”/ I 4187.4

1970 1,950.9 168.2 9.6 0.3 42.U 401Y.7

1971 2,553.9 - 3.5 3,374.7 28.2 6005.5

1972 1,645.3 - 18.7 6.0 2,715.8 21.5 4,423.0

19
‘AJ

}72 439.0 - 8.8 7.5 965.6 78.8 1,634.5
(BXA)
1973 1,549.9 - 27.4 36.6 3,894.6 31.6 5,794.3

@cA)
1974 1,118.4 400.0 15.1 207.6 4>007.9 86.5 5,907.4

(BX#k)
1975 1,408.2 - 14.8 - 180.4 5,458.1 31.3 7,092.8

(BXA) “.
1976 1,166.5 - 22.1 4,649.3 4,649.0 2.6 10,489.5

@xA)
1976-5 312.6 - 3.1 1,272.7 1,405.6 2,994.0
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Fiscal

Year

1994
1995
1996
1997
1998*
1999*

+

APPENDIX Iv

PORTS CASCADE FEED

Page Z of 2

Feed Source
Paducah Re@or
Product Tails X-705
MTu MTu Oxide

PORTS

3,901.2 -
4212.8
3,795.5 - -

4,752.4 -
4,305.3 -
4,643.1 - 0.1
3,884.9 - 5.7
4,193.7 - 2.7
3,924.9 -
4,179.3 -

I I I
121,485.4I

.

.

PORTS
Recycled

Tails

1.7

2.5
2.3
3.7
2.3
1.7
1.0
7.3
1.0

Commercial
sources

3,266.7
3,326.7

Misc.

119.3
29.9
27.4
26.4

Total

7326.3
7,504.4

320,817.2*



APPENDIX V

FED TO PORTS CASCADE BETWEEN FY 1955-FY1958

Page1of 4
;.

.-

1
-----

5 I 32731 I 0.6125 I 0!
K 2111A1 (-)668X o!

f 21 I
.-2... I JZ I

1 1

1 I I

1.6708 I 05t26f55 I 56 I 32475 I (

I . . 1 . . .

i 60 A-4..
i I 61 I

\ i7. -----
18 31458 c
19 26241 0.6198 I o
.- ,,, -z, n /?s00 n

t55 I 65 I 24956 I 0.6420 I
c G ~7--- - - ---
, I ““ I -.

,.#> I 67 ?e

,r - .-

155 1 71 I 33112 I (

I
42 I aa

26 21--- -. -.. . . .- , ---
.“ I -.”n” 1 n <71< 1 MI% 9J55 73 ~za’n I 0.6359 I 07m5i55 I

155 74 D-3
J55 75 c-
.-

5 76 k
c w i ma

Al A- V.vta.l .- .“ -----

2% 28063 0.6702 06/13/ 11903 0.6426 07m7155

29 39398 0.6S75 06/14 J-27293 0.6399 07/06155

30 77252 0.6616 06/1s/s3 ‘ Zw70 0.6420 07m7t55

7020 0.6779 06/16/5S I 1 -36164 0.6374

}
32 I

wmstss

24106 0.6582 06/17/55 k lX27122 0.6353 07m8f55

*7 ZQlw 1 0.6731 06/18/55 1 m I n.36326 0.6392 07/09/55

[“.i
\ 31 1 7

t
-. 1 -. --- . .---- . 1 .- -----

2A i mm 1 0.6676 I 06/19/55 I 80 I -W-561 I 0.6393 J 071091s5 I
.,-- 0. m ..-, n c*dI

. . 1 -. .- ------
-. ‘1032 0.6737 06/20!2: -UC1 I U.W 66 OW1OI55

lx32779 0.6490 06nw5! P31271 0.6379 07tlw55

D-40505 0.6432 06/’21/ 3636 0. R 07/11/55

D-37685 0.6610 06/18/5! 2923 0. R 07/1 1/55

tM8558 0.6548 0113 0.6375 07/12/55

40 D-52945 0.6469 06i19155 I 86 I A-3435 0.6363 07112!55

41 D-78441 0.6503 06t22155 !27 85907 0.6377 07!13/55

42 D-31702 0.6468 06/2115! ---- ..m 07113155

43 D-80113 0.6537 06f1915L 1 “. I -9398 0.6368 07/14/55

44 D.89454 0.6411 0612315? an ~6313 0.6804 I 07/14/55

A< n***+9 l-i au 06/17/sL -3841 0.6385 07/15/55

33
36 14
37 I
38 I
39 I

. I “.
,

-----

‘5 I 88 I 29= I 0.63
: Qa W

v t .“ I -.

I
T. I — *“.. I “.””- - 1 ‘5------- 91 A-

46 D-29955 0.6400 06/23/55 I 92 I 37458 I 0.6372 I 07115155 [1!..

E
-,
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APPENDIX V

REACTOR RETURN FEED CYLINDERS
r

r
FED TO PORTS CASCADE BETWEEN FY 195S-FY1958

. . Page20f4 .

r-

Item CylinderNumber % Assay FeedDate Item CylinderNumber % Assay FeedDate

93 25350 0.6809 07/16/55 144 36164 0.6500 08/05/55

94 38905 0.6810 07116/55 145 27123 0.6780 08102155

95 32601 0.6815 07/17/55 146 26620 0.6770 08m7/55

96 34756 0.6814 07117155 147 26716 0.6770 08tlo155

97 39s33 0.6828 071181qx IA* 25~$o 0.6780 08/09/55

98 40787 0.6830 07/18/-* I .7. # ..-. . . . ...-. }810915S

99 I 30392 0.6833 07119155 150 27474 I 0.6800 I 08108155
.—..- .-. I .-. R e. . ..- n z-an nehmlsc

!, .,- 1 . . . , -----

‘/<< 1AO I %514A I 0.6710 I o

I 100 I D-21241 1 0.6835 I U711Y133 I 121 I >1S12 I V.w I -MI I WUf”<i.rti

.-. . . . . . . . . . “--W5 152 yal~ (1S790 02/1 1/55 I101 XW U.063% u IIAW

102 33680 0.6842 07/20155

103 ‘ A-812 0.6816 071W55

MM 27354 0.6824 07/21
-a. 1 . ..- 1 n za*-r (W**

rv-s r , ------

I 153 t 27599 I 0.6760 .o&l&ss

154 32777 0.6720 08/1 1/55
).6500 08/07/55
).6610 08/06/55

f: 106 26790 0.6806 u“lrLsl>;
c
< 107 24850 0.6815
k.

07n3f5:

108 A-3163 0.6822 07n4f5:

109 78511 0.6S

[

110 39884 0.6820

111 23329 0.6446 I 08/01/5
.; ..- -. .n.l n C4AV fi’ln,lls

t ‘“

L

[/55 155 A-3435 I o

I IUD I >llbb I V.WJ4# I V,MX55 156 80137 o.. ._
. ..- ---- ,.

5 157 235V 1 n cl*n 1 lwll-us< 1

5 158
A--

5 159 2

24 r- 07n5155 160 8

07/26/55 161 2

5 162 3
. 8 . Z* n

“.”,*” f “.” .-r ---

k35Yl 0.6880 08nl155

Z33W 0.6880 08114155

B6260 0.6880 0SIW55

Z5223 0.6721 08J15J55

37916 0.6743 08115155
?!ms2 0.6743 08m9155

1 IL AJ>uc. Vu-s-?I “r, a!-T7xl 10.I A ---—

113 37531 0.6410 07/24/55 164 D-33680 0.6796 08115f55

114 36439 0.6410 07n7t55 165 D-78500 0.6806 08/16155

115 D-80024 0.6448 07n9155 166 A-2534 0.6781 L18116155

116 W-340 0.6482 07130155 167 D-29961 0.6798 0SJW55
-—. - -..,.-,--

113> I lfl 1
.,-- .-

71>> I 1“/.3 I
- “15 174

i+ I 175 I

,- I . . . I .- ..-.
!5 178 TV?** i nd

f5 179 --- .-

55 180 i
55 I 181 I A

1 I 08/01155 182 D-5

55 I 184 I
.- 1 --- E -----

c< l= I 2R432 I (

>> 1 155 I &93Ju

3 I 08/14/55 189 80113

55 I 193 I 25685 I 0.6[
a< 19A 27474 0.6[
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APPENDIX V

REACTOR RETURN FEED CYLINDER$J

FED TO PORTS CASCADE BETWEEN FY 1955-FY19S8

Page30f4 .

J C!ylinderNumber %Assay FeedDate Item CylinderNumber % Assay Feed1 ___
f 195 3s144 0.6820 08/21/55

1%
246 31182 0.6743 09msns

CW8-562 0.6834 OW24155
197

247
36437

85907 0.6739 09/08/55
0.6S50 08124155

198
248

27123 0.6839
A-3435 0.6748

09101155
09m9155

9A0 1 **- 0.6747 09i09/55
199 D-18 0.6842 0812615
200 36326

n 6764
0.6845

I 09/10/ss
081221

201 48558
I

0.6851
-. . ---

08r22ts5
“.s808 09tlor55

I 252 I _a7<~ 0.6787
202 75445

I 09/11!55
0.6844 02/2315 <Q 1 n Kne Ml. ● Ice

~- V -T. I .J&fl#z

J5 250 37631 1 “..
(55 I 251 I 2%1R2 n~

Date I

I 203
_.. J5

I
I 253 I

40787
485$. I

I 0.6848
“.” , .rU 1 U7J & u 2.7

I a&155 254 2fW-u-l n-in .-.ml.-,.= I

!C I “.. b .

,> I X>o I W-36
i5 257 27122

I 2ss I AJ?19

--- , . . .“-,

I I GI031S5 261 I A-495
i5 262 A ““”
= -.. I -.

-- . -,-,-
I (Mlf2w55 I 268 I 45<95

,; 9K0 1

I 221 _J 27354
,

I 0.6816 I I
—...- ------

09mu55
-., ----

272 I 24183 I O.W= I nail915< i
273 n-347’36 nta

5 I 276 I D-23182 i
. . m.-...-

r -- . 1 . .
. I -a. . .

——.. . . ---
11/5s I 288 I n30993 I O&

5 I 291 I ti271fi ‘– Im - .,S...
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APPENDIX V

REACTOR RETURN FEED CYLINDEM,..,
\-
; FED TO PORTS CASCADE BETWEEN FY 1955-FY1958

~.
PAGE 4 OF 4

L.

Item CytinderNumber % A$$ay FeedDate Item CylinderNumber % Assay FeedDate~. 297 1714 0.6500 08101157
298 647

303
0.6600

1668 0.6816 05/21/5804119158:L. 299 1830
304

0.6520
82

04/21/58
0.6615 05J22138

300 2016
305 2365

0.6586
0.6644 “05/23158

05117158
301 1943

306
?. 0.6536

2371 0.6706 05n5f58
05JMf511

302 2372
307

0.6446
1632

1
0.6650 05J2W58

05119158
i

Note: 1)CylinderNos. 1-295inclusiveare2-1/2-toncylinders

r

.x 2) CylinderNos.296-307inc~i~ are lo-toncylinders
“4 3) CylindersNos. 1-295ked pointcellsWere:
.2

a) 29-3-1,5
b) 29-2-IJ,3,5,8,9,1O!--

; C) 31-5-1#,3,4,5,6,7,8,9,10
~, d) 3l-4-1~,4,5,6,7,8,9,10

e) 3l-3-2,4#,6,7,8,9,10

[:

4) CylindeXSNos.296-307f~ pointcellswem
a) 33-1-1,3,5,9
b) 33-3-3
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APPENDIX VI

REACTOR RETURN FEED CYLINDEM FED

TO PORTS CASC~E (OCTOBER/NOVEMBER 1969)

.,,... . . .
Item” ; “ D~~eFed ‘‘ Cylilldqr”Nti.:“’ ‘ l.:; ,’ “;;% A& ,:.$1 “ ,. ‘F&d pm]

1 10/26/69 2442
2

0 WR i

I ‘7

99*C
10/28/69

3
1233

10/29/69 1109

I ..,, .,.I 1
---- .. ..Jo-l-u
0.6443 33-14

I
4 ! I

, 0.6448
10/3l/69 1187 ~

33-1-2
0.6444 33-1.9 I

----
------

1 I .J

5 11/1/69
6

761 I 0.6438
11/2/69

7
486 0.6440

11/4/69 1848
8

0.642<
11/5/69

9
1121 U.m

11/6/69
10

671 0.6434
11/8/69

11
1570 0.644

11/9/69
12

457 0.6440
11/10/69 1066 n 6.43R

J2-L-4

!; 33-7-7
----

‘6 33-1-2 1.

=l=H
I 13 I 11/1 1/69 I

--- .“-
273

J--I-4
I 0.6439 33-1-2Az. -

9 33-1-2
W 33-1-2

“o 33-1-2

91

I . .

T
.—,.

v. Wav >>.~.~

158 33-1-2
}32 33-1-2
54 33-3-x
S2 33-3-1
56 33-3-1

I ----- 1

42 i 33-3-3 I
J 33-3-3 -q



APPENDJX VII

REACTOR RETURN FEED CYLINDERS FED

TO PORTS CASCADE (JANUARY 1974)

Page 1of 2 -

m

‘/O: Assay
I FeedPoint IE=I=’ed““”“n’”c

,
. . 1624

W74
0.6A*A

53
W74

0.6
105 0.6-r-r.
176 0.6435
116 0.6435

1006
74

0.644”
147

l/4f74
0.643

900
1/5/74

0.642.

__..l_ lf5f74
91 0.6441

577 0.643
729 0.642.

-. -, . I
lf7f74 1063

J8 0.6441
1735 0.643
23411

(-J.KA9

1
----- Jm.6* 55-4-3

%0 3343
:AAI) 3343

3343
3345

?& 3345
34 3345
PA 3345
VA 3345
34 3347
9A 3347

44U 3347
AA? 3347

ra 3347
)8 3347

,UA9 3347
n ’422 3347

436 3347
429 3347
4A* 3347

n K~O 3347
-.-339 3347
n 6339 3347

138 3347
v.v429 3347
n c,4~l -.. ”

.6

3
4 lf3f74
5 1/3/74
6 U3f74
7 l/4f
8
a

r.

I . I
10
11 l/6f74
12 1f6f7A

13
14 lf7f74 I
15

100
lf8f74

16 lf8n4
17 u9n4 7’X)A
18 u9n4
19 mon4
20 mon4
21 l/ion+ , a *a

22 u

23 1/1lf74 I 2198
24 l/12n4
25

134
l/12n4

26
----

lf12n4 I 1641

I
I

--- , 1 V.w.- -
b53 0.64

2175 0.64
1113

A O.&.a-l . !
I

/lln4 I
I V.v

1>-16 06’
7i--

[“.. .2 I ““o.&
I 1075 n KiI

r;. l---?z - I
---- V.W4%L I >3-+[

m3n4 I 7n17 of’- ----- 1

~. _u14n4
6 0.(

1737 0.(
1143 O.t

u15n4 1531 0.(
3106 0.(

u15n4 477 0.6.=T
387 0.6429 I*nA* . ..—

I 28 I
---

l/13f74 I 120
Vwla 55+-1

6422 3347
6426 3347
6439 334-7
Z

29
30
. .

;;
I

m5n4
** I

29 334-7
6447 3347
KA2A 3347

----G ll16n4
35 l/16f14 I 1U4z I

36 m7n4
37 v17n4
38 l\17f14
39

I llY I
l/18f74

40
1545

m9n4
41 m9n4
42 l/19f74
43

I >Zq
v20n4 94. I

L
.%.; 53+7 I

3347
3347
3347
3347
3347
3347
33-4-7

W.w& J
Zisi 0.6422
465 0.64221 ..-

0.6425
nfu9~
“.”7- s

3147 0.6430
1077 0.6437
-’-41

1
0.64;

.3 ntai

26 I 334-7
v.w16 3347
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APPENDRI VII

REACTOR RETURN FEED CYLINDERS FED

TO PORTS CASCADE (JANUARY 1974)

Page 20f2

DateFed I CylinderNo. I ‘?0 Assay I FeedPoint
I

44 1/20/74 2164 0.6442 3347
45 1/’21/74 3124 0.6428 3347
46 l/21f74 259 0.6450 3347
47 l/22f74 3312 0.6450 3347
48 1/22’74 148 ()~AfW 9*a-

49 1/22/74
UW4J >.7--?-I

I 1110 I 0.6448 3347
2070 0.6445 33-4-7

55 1/2
56 1/2.1
57 l/26tI+
58 112’mA
59 m

FiD4 3314 0.=0 >>-t-/
!5r74 211 0.6439 3347
bcff5 2176 06431 3347

-. 16 <A9E 22- A-7

ml J*

.L93 0.6.?.. JJY- r
3329 0.6447 3347
71 0.f’52 3347

*E 99A-

!7/74 .W.
!7/74 lti 0.6442 >>+’-!
}7tlA 513 0.6425 3347

1 VA I MAOIJW 3353 0.6439 3347



APPENDIX VIII

REACTOR RETURN FEED CYLINDERS

RECEIVED FROM DXVISIONOF INTERNATIONAL AFFAIRS

AND FED TO PORTS CASCADE

Item “CylinderNo.
Tmeframe

DateReceived ‘ -..Fed*,.. ,,,.

1 050189 12/27/67 l/68-l/93

2 050417 12/27/67 1/68-10/77

3 050502 12/23/67 1/68-10/77

4 I 050600 I 12/27/67 I 1/68-10/77

5 050626 12/27/67 1/68-10/77

6 053874 12/27/67 l/68-IOM

7 050142 1/26/68 1/68-10)77

8 050287 1126/68 1168-lot77

9. 050240 1/26/68 U68-lot77

I 10
I

051879
I

1/26/68 I u68-lon7
1 1 1

::.*W

*Actual f~ &tes not available in time for this report.

78.23
I

15.680 I 0.3

80.10
I

15.591 I 0.3

82.55 I 16.323 I 0.3

78.20 I 15/299 I 0.3

78.90 15.421 0.3

-=--H-+
=-t=-K-

83.99
I

16.151
I

0.3



APPENDIX IX

REACTOR RETURN FEED CYLINDERS

RECEIVED FROM BABCOCK AND WILCOX

AND FED TO PORTS CASCADE

CYLINDER DATE TXMEFRAME ASSAY ‘.d SHIPMENT ~ELWeight NO. TO ~ITEM NUMBER RECEIVED ~D* *!O
kgu kgU

1 054066 12/17/76 10/77- 1/93 %.700 12.0

2 050020 12/17/76 lot77 - 91.471 13.6

3 050360 12/17/76 10D7- 1/93 97.487 15.3 22 0.310

4 050225 12/17/76 10/77- 1/93 91.470 14.2

5 054075 12/17/76 1/93- 97.344 14.3 45 0.341

6 054060 12/17/76 1/93- 83.76 14.6 45 0.210

7 051933 12/17/76 10177-1193 92.58 16.8

8 050126 12/17/76 U77- 10/77 76.05 14.9

9 050012 12/17/76 1/77-10177 76.05 15.0.

10 050513 12/17/76 10/77- 94.853 16.2

11 050562 12/17/76 lom - 93.420 7.0

,.. mm .,,,. , ‘,,, .;-:,; .,/,.:<,:: ‘;153-9 ., .,..,,.:, ,:,, ;:’’.;,’,.:“.,.,.,, .’,, .:.,, ,... ,...,.

*#dual f~ datesnot available in the for this report.
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APPENDIX X ~

REACTOR RETURN FEED CYLINDERS

RECEIVED FROM USAEC OFFICE

SAFEGUARDS AND MATERIALS MGMT.

AND FED TO PORTS CASCADE

,., . .,. . . .. . . . .,’.,.:,.. ,, .,,..,., .,,

_ER:”
,;’.....

‘Am ““’‘ ==? ““ As;:?..
: .::%U”.:’..,

‘syN~y ~ “’:.&uz?Nuli’fDER”. --RECEIVED ,“,,, ,. ... ..’

1 D29462 12/2/68 * 1.332 1405.3

2 D39829 12/2/6S * 1.374 1383.2

.3 050378 1U5168 11/68- lo/77** 78.03 16.4 24 0.262

4 050666 11/5/68 10/77- 1193** 79.04 16.4 32 0.317

5 050609 11/5/68 11/68- lore** 71.69 12.9

.,.:, ..: :’~~2834-$;’, .,,,.. ”,’ ;:”, ,: “’ .,.::;ToI’/iL<: ..’: ‘ .’ “ ~ ., .. . ... .:.+ .:-. . .;:’ ,:, ,:.: :. ~~‘: ““’ “
,. ,,..,,’.,., ,.. .,., ,, . ..
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APPENDIX XI

REACTOR RETURN FEED CYLINDERS

RECEIVED FROM NUMEC AND FRANCE

AND FED TO PORTS CASCADE

.-c’’’ ,’:;~~ ‘; ~~ ‘, ,,,, ,“

...

‘ J~3%Il’ ::;‘DATE ,:
... . ,. . .

lTEM ‘
:“-- ‘ -ASSAY., ,.::;&y& ;.; SHIPNP ‘.,qEE~-ER. ‘RECEqED : ‘:. ;,, , ;,;‘,.,:+ .,’.,+j&’. ::.’ .,”, . .’.~’ ‘.. ...

~D ‘;” ~~: y’y’.,-;:
....’., ,. ..,. ~ , ““’;

1 050178 8/3/71 6/97 79.85 14.587 20 0.595
2 051S61 Q~173 * IOQ -fC1 *2 I - A KQ7 -1: n 979

3 050013

*

*

16” I 050111 I 8/27/71 I 3/97 I 81.87 I 14.229 I 19 I 0.412
17 050131 i

Qt07Ffl -107 Qn 1A Z,4990 9A n Kln

20 I 052289 I 8/30/71 I —.. ---



APPENDIX Xi (CONT’D)
Page 2 of 3

,.
Tm~sNucle+r -~i~~ ...,,,

I I

:,,... .,.,,. .“” “.,

,.,.
,. Ah nmmn X%AT’S7

r
t
tI

,,-7 I 1 -----

79.92_[
+

15.594 ii 0.2

14.772 1- 31 0.1%

1’ 15.011 23 0.161
● eA, * I 9= n I<?

i 7 T (-) S1R59 I 4/5/’74 I 1/98 I 46.-/0 1 13.U1l I .70 I v .&u& 4

:1 13.(. J11 I Au I V.v IJ

I -r. I -----

I 20 0.2
r 37 0.3.. i

1 78.9+ I 15.969 24 0: ‘-
) 1 0.201

1 r -. —-.

15.92i i; 0.220
I

.—

. 1
0 I 1A1A7 3; 0.502

● =*- 33 0255

~15.12~ 34 0.09-

% .1 -15.127 I 36 ! 0.2

5.219 I ‘“ 23 I 0.352
<910 19 0.304 i

I ~Q I tiwwf) I 9/lon5 1 6[97 [ 78.48 I 12.lLI I u I V.4 #*

$1 1. 11.353 41 0.148 1
I .“ I --.,--- t -.—..-.-—- 1 -#,.- 1 C4,

k
39
40
41

-HH- --%%+

lJ.YOJ
.e *,.

“.4.. .

I nln -i
?7 I WJ.U4 1 13.Y#2 I .41 1 a.”. ” IIAA I I

A
.?;:i .,f, I

. . 1 ------ t

981,

Ill!“~

i
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APPENDIX XI (CON=’D)
Page 3 of 3

Trans~ucl~r - France (qont’d)

CYLINDER DATE TIMEI?IGkME ASSAY ‘=wEIGHT
SHIPMENT EEEL

RECEIVED FED ?40 NO.
ITEM NUMBER kgu

050250 7t2U76 11/97 80.04 15.965 22 0.381
45

050086 7121t76 2)97 80.04 15.965 1 0.311
46

050713 214n7 1/98 79.69 15.965 36 0.110
47

050268 77.93 13.772 21 0.433
48 2/4177

050367 2/4/77 8/97 76.33 13.772 22 0.462
49

050390 214n7 1/98 79.64 13.772 26 0.280
50

050163 214177 1197 79.68 13.772 20 0.283
51

[ I 91AI17 5197 79.64 13.772 20 0.282
.- ACn%on

13.772 1 0.$ ‘-
---- *. t-if

t
-.
Cc I m

x! U>V107 I &#-rr#a ----

53 050018 214177 77.03

54 050253 8/lln7 1/98 78.22

t

.;02641 612J77 6t97 82.42
2J
56 050574 lll#lQ I 79.24

~
E- 1 fM2QA~

I 58 ! 050338

I 62 I 051

I w 71 lx I LL t v,
I “. , ““ I

“---5 ii ! 1.LVU
i

t=

16.33:
19.26
*ci*L&r a“, , “ 1

l/16n8 8197 %1.U1

U16n8 I I

11/16t78 8197 72.X1 19-26t

1/16/78 I 9/97 56..- ------

1/16/78 9197 56.54 19.268

1 1/16/78 I 7/97 72.95 1Q76%
— .A “.

%51-

F%- W. -----

1 li16t78 ! 3197 I >5.1> 19.268 19 I 0;6.-
- ,,... o-fLo 19.268 24 0.961

8 14.017 31 I 0.113
“,. -

3198 I 72 5 14.017 30 0.127
w78

3/98 73.21 14.017 33 0.243hnQ
~~ ;.,..... ‘. ~~ ~ ‘ ‘,$)9&os9 , ,“ .“ ~~~

;...39.947

~~T.~: ) .. .:;:,’;.;.‘ “ ‘ “ : ~5269.357 , >: -.. “ .:.”-” ;$’,~.697

NOTES:“. 1. Material IUX!hWd~ 1972 thnmgh ~ 1978 (8/3/71 - 7/20/98)
2. Material fd to PORTS cascade~ 1973 throu@~ 1998 (1/97-6/98)
3. Eighty-seven 5A cylind131sf~ 1.4W
4. q4inders sh@pedtoNFS andcleaned (0.029 MTIJ heels)

5. Feed@nt cellsforthe875“ cylinders WOIW
a. 25-7-3

b. 25-7-7
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APPENDIX XII

REACTOR RETURN UFCFEED

RECEIVED FROM NATIONAL LEA3) OF OHIO (FERNALD)

THROUGH PORTS OXIDE CONVERSION FACILITY

J/9 Yes
I k.837

Z2 134.322

6 120076 1/76 2.923
7 120157 1/76 1/’76-10/77 2.922
8 120154 1/76 lf16-10/77 2.92
9 120007 1/76 II76-1OI77 2.922 I 137.561

/77 2.922 133.375
-’5 - Yes
I*

I 15 I 300076 I 5176 I I 2.920 I 517.2T_ ‘ VII.-------

16 “-] 3001731 5/76 I I 2.920 I I 21546$
17 30020S 1/76 2.920 I 14914?4

....,,. .,::.,.,.,.~.,,...,,,...... . . . . . .... ......‘TOTAL ~~~‘?“:;”~:.::; . “::+$.::“.,.<$::XW90;474

*Four 2-1/2toncyti~ two 12”,andone5“ havenotbeenfd (m storage)asof March31,1999;
**Actualfd &tes andcylindercleaningMormationtobedetermhxi.
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APPENBIX XIV

OXIDE CONVERSION FACXLITY AIR SAMPLER RESULTS - TOTAL ALPHA CONCENTRATION

TOTAL ALPEA CONC!ENTRATKON(uCtimI)BY SMW%E LOCATION

Page 1of 2

for thisappendix --

,..mm Scales Area Class D 2.77XK-<
K ClassD 2.7

apArea UassD 2.7

; Glove Box
~l---=r 1 #

,,.- *W.- .km 13q wed cl

lloadirlgGloveBox classY I----

I~~,..tjraI@m ljQIumuty. .:“

,;;,.~&:::T{-:::,:c’.
-— --- 0

7xlo-’0
7xlo-’0

.Jassx I L9X1O-”
!IassY 1.9X1O-”

1.%104’
:lassY I 1.9X10-’]
!la$sY l.%do-]’

fdACmm + fwdDAb + f4AC~ + fWJDA& +f@ACuzM + fwu@Wnm

*NP237DACNP237 + f/mr@ACwu = UDACIM

f is theratioof theisotopicactivitydividedby thetotalactivity
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APPENDIX XIV
OXIDE CONVERSION FACILITY AIR SAMPLER RESULTS - TOTAL ALPHA CONCENTRATION

TOTAL ALPHA CONCENTRATION (Uciim!) BY SAMPLE LOCATION

Page 2 of 2

Using the Frations of the total activity for the nuclides as listed above in H areajthe efkdve DAC k for Class D U

and Cklss w mm

.00016/4x10-12+ .00293/3x10-12+0.945/5x10-*0+.0346/6x1010+ .0039/6x10-10+ .012/6xl(Y10+ 0.00086/2x]0-12+

.00037/2x10-1~l/DAC= 3.6xl@; DAC = 2.8xlW10

Without the TRU but including the ~ the DAC would be:

.00016/4xl&2+ .00295/3x10-12+ 0.950/5x10-10+.0348/6x10-*0+ .0124/6x10-10=UDAC = 3.0x109;DAC =
3.33xlo-’0

(3.33-2.77)/3.33= 0.168or 17% more dose from inhalation of the recycled constituents present in the materia!. Jn

this case the dose from TRU is significant using the 10% rule.

.00035/7x10-12+.00793/7x10-12+.922/2xl@] +.037/’2x1011+.006/2xlo-1*+.023/2xlLT1*+.00075/2x1@2
+.w83/6x10-1~
l/DAC= 5.lxl@; DAC = 1.94x10-11;

(2.00-1.94)/2.00= 0.03or3%

Inthis case of insolubleTRU beingpresemthe dose increase from the TRU constituentsis insignifbut The then

current PAL of 4.8x1&1 is sdll two andahalftimesthecummtefktive DAC.
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APPENDIX XV

X-705DECONTAMINATION AREA - AIR SURVEY RESULTS

1993-1994 ‘

i~ple”#9s (HPX-) IAcsltion~ y“ ‘7Np
,, Qci

~-
93-339,94-06,176,135 I GB

I
2.1

I
0.2

I 93-306,307,445,94-39,136 I a I 1“4I 1“2
93-308,472,944)1,02,23,29,33,40,51, GD

57,81,137,206 6.8 9.i

I 93-340,473,94-09,41,138,207 I GF I 3.4 I 2.8
#

93-309,446,94-34,42,10,67,69>82,92, ~
96.139.208

7.9 7.1

93-341,452,474,94-43,11,140,209 OH 8.6 3.3

I 93-448,94-1236,46,143,300 lQ12.810.2

93-343,476,9447,13,85,95,99,144 GR 3.2 1.3

94-31,48,58,107,115,153,204,301,218 GS 2.7 1.4
.,

93-449,94-14,145 GT 2.0 0.6

93-311,450,94-49,146,302 GU 2.9 1.2
..

I 93-344,477,94-32,50,16,147,303 I GV I 2.8 I 2,0

103

948I 0“24I 3“21I 4’0~
2,065 0.13 6.97 8.8

4,538 0.35 1.28 1.8

2,311 0.27 3.20 4.6

8,660 0.17 3.71 5.6

1’945I 061I 328I 44

22WI “3 I 234I 32
2,657 0.17 2.61 5.0

~ 8,809 0.05 6.88 9.9

1,902 0.14 3.35 4.7
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APPENDIX XV

X-705DECONTAMINATIONAREA- AIR SURVEYRESULTS

r

i.

L.-j

1995-1996

“% “% ‘7Np Total
Sample#’s @PX-) ~ti@ pa pcl pa Pg ‘?40TRu Ucdgu 0/0‘%

95-10,87,113,203,282 GB o 0 2.8 4,838 0.06 19.58 21.0

9546,135,137,223,297,%-330 Gc 0.0 0.0 0.5 1,625 0.03 4.40 6.4

)5-47,136,169,294,273,298,96- ~
331 0.5 0.0 2.1 4,120 0.06 2.59 3.8

95-11,88,170,205,274,299,%- ~~
332 0.0 0.0 0.9 2,312 0.04 4.85 7.0

35-12,89,138,171,206,275,300,GG
96-333 0.1 -0.0 0.7 5,655 0.01 3.82 5.7

95-13,90,207,301,96-334 GH 0.3 0.0 0.4 1,437 0.05 5.44 7.5

95-15,94,140,208,277,303 Q 0.0 0.0 0.4 1,803 0.02 4.17 5.6

95-16,141,172278,283 GR 0.1 0.0 1.0 3,634 0.03 4.26 7.8

95-92,106,112,123,159,168,
180,212,214,215,216,217,222, GS 1.8 2.7 21.7 63,287 0.04 25.81 31.6

304,96-336

95-17,93,209,305,96-337 GT 0.0 0.0 0.2 998 0.02 7.06 10.2

95-18,142,210,284,306,96-338 GU 0.0 0.0 0.6 1,915 0.03 5.55 8.2

95-19,95,143,211,285,96-339 GV 0.0 0.0 0.7 2,399 0.03 3.86 5.5

*N* lhc locationsof tie X-7O5 @m&uous Air Ssmpk locatkas listed●bove (snd &&i below) sroall locotedwithintic
H@ Boy oftheX-705 exqt forthc ssmplwC3&whi~ is locstedwithinthe SouthAmex Siooethe missionof the SouthAnnexis to pamit
the disssseribly of proc4ss equip- it was m- 8s weU.

~ikali RwtsDecontamination @ Column J-17 7
}

GB 1 -—

M! [ Calcinerh R&xwerybetween C&. AA-13andU-14
--- ---- . 1

—.-.. IICOmpresso r ~*k+~m*rI- 1

GR I Truck M@

GS south hnex

(3T co]
GU cd
GV co]

c
)1.G-25
1.E-18
J.G-12

El
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