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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the .United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents thai its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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ABSTILACT
e

Immobilization of high-level defense production wastes is en tmporta.nt
step in environmental restoration. The best available technology for
immobilization of this waste currently is b.v incorporation into
borosilicate glass, t.e., vttrif`tcatton. "........

Three U.$. sites are active in the design, construct, ton, or operat, ton of
vitrification factllt, tes. The status, factltty description and Quality
Assurance (QA) development for each f`ac_]lty was presented at, the 1989
Energy Dtvtston Conference (ASQClg8g)(*). This paper present, s the
developments since that time. The West Valley Demonstration Project
(WVDP) in northwestern New York State has demonstrated the technology.
At the Savannah River Site (SRS) in South Carol tna the Defense Haste
Processing Factltt, y (DWPF)has completed destgn, construction ls
essentially complete, and preparatlon for operation" ts underway. The
Hanford Haste Vitrification Plant (HHVP) In Washington St,at,e ts tn
lnltlal Det,alled Design.

The design, manufact,ure and const,ructlon of the Tacllltles continues at
IWDP. A novel modular structure has been developed, and Installation is
unclerway. After ' ftve years of prot,otype development and operation using
non-radioact, tve materials, the full-scale melter was removed and
examination for unanticipated damage ts commencing. The results from
thts task will be important to demonstrate the melter has been designed
adequately so as to opera_,e safely throughout, the 11fe of the West Valley
vltrlf_cation process. The WVDP'also has revised lts quality assurance
program descrlption (QAPD) for conformancewli;hthe r99vlremenLsof
DOE/RW-OZI4,Duallty Assurar}ceReQuIcemen_.sDocument,_/ rather than
with OGR/B-14,Dual!rvAssurance Re(_uirementsfor Hiqh-LeYe!Wast.eForm
ProducT,i_OD,(DOE.OCRWM-19881. __)

The QAPDfor the SRSbased on DOE/RW-OZ14requirements was submitted
to U.S: Department of Energy-Headquarters (DOE-HQ) for review and
approv,tl. The DOE-HQ has conductedan audit of the DOE fleld office
and will soon participate l'n audlts of the operating contractor. The
DWPF"Program ManagementTeam (PHT) is developing a formalized, phased
startup programwith a comp]Imentln9 list of startupcriteria defining
programs and requirementswhich need to be in place and/or met before
the Initiation of" each startup phase.

The HWVPProject reorganized lnto an Integrated Management Team (]HT)
consist'lng of four contractors and the u.s. Department of Energy Rtchland
Operations Office (DOE-RL). The newest member of the team is UE&C-
Catalytic, Inc. (UCAT),whom the DOE select`edas the general construction
contractor In January 1990. The currentHWVP ProjectQA Program Is
based on the requirementsof ANSI/ASMENQA-I. "qg_]ItyAssurance Program
Requirementsfor Nuclear Facilitles (ANSl 1986)"_) and the supplemental
requirementsof OGR/B-I4,which has been in place since mld-February
1990. A major effort Is currentlyunderway to develop and qualify the
HWVP QAPD In accordancewlth DOE/RW-0214.
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INTRODUCTION ,.

During Session B of the 1989 American Society for Quality Control Energy
Conference (ASQC 1989), a report was presented on the history, status,
and process characteristics for three of the vitrification sites ('n the
United States. The WVDP has demonstratedvltriflc_tiontechnology -
since clean-up activitiesbegan in 1982, under the direction of the
DOE. Its mission involves two phases: 1) process and vitrify the high-
level waste and also decontaminatethe facilities;and 2) ship the
vitrified high-level waste to a federal geologic repository plus complete
dtsposal of the low-level waste. Testing ls essentially complete at
WVDPand vitrification operat'tons are scheduled i'D commenceIn October
]992. About 350 glass ftlled canisters, O.61m (Z ft) diameter by 3m
(lO ft) ta11, wi 11 be produced.

A vitrification factltty Is also being designed and' constracted at the
SRS. Known as the DWPF,the design is complete and construction ls
virtually flntshed TheDWPF ts larger than WVDPand capable of
processlng the IZl'm1111on liters (35 m1111on gallons) of existing high-
level waste at SRS, as well as future waste gene:rationfor 20 years
after startup. The DWPF is a canyon-type fac111tywith remote-handllng
capabllltleswhere the feed wlll be treatedand blendedwith other
ingredientsfor eventualprocessing into borosilicateglass, The glass
thenwill be poured into stalnless,_teelcanlstersfor subsequent
transportto a federalrepository. Radloactivestartupof DWPF Is
scheduled for ]ggz.

A facility based on DWPFdesign and experience is being designed to
vitrify the high-level waste at the Hanford Site. Located on the DOE
site in south centralWashingtonState, the HWVP will vitrify the high-,
level waste generatedduring defense productlonactivitiesand currently
located tn the double-shell tanks. Detailed Design began earlier this
year (1990), with construction forecasted to begin in Ouly 1991.
Radioactive operation ls scheduled to begin In 1999.

WESTVALLEYDEMONSTRATIONPROOECT

Between 1966 and 197i_, Nuclear Fuel Services (NFS) carried oul; the
reprocessing of 640 metric tons of commercially owned nuclear fuel at
West ValleyD New York. In )976, NFS withdrew from the fuel reprocessing
business and turned the slte over to New York State. A DOE study In
1978 resulted In the a11ocatlonof responslbllitybetween New York
State and the DOE. Congress authorized DOEto carry out a high level
nuclearwaste managementdemonstrationin 1980. WestinghouseElectric
Corporation (WEC)was selected.lh]981 as the prime operating contractor,
Early In Ig8Z, DOE, New York State, and WEC assembledtheir waste
management teams and assumedoperating control of the former reprocessing
facillty.

The primary objectivesof the project'areto demonstratethe safe
solldlflcatlonof hlgh-levelradioactivewaste using the vltrlficatlon
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process and cement stabilized low-level waste, and to develop technolog_
for .nuclear facility decommissioning,

To this end, WVDPhas processed 1786 thousand liters (47Z thousand- ' .,
gallons) of zupernatant, passing lt through lon-exchanye columns 1,b
extract 137 Cs. The cesium is returned to the high-level waste storage
tank while the extracted llquJd ts combined wlth Portland cement and
poured into Z69 liters (71 gallon) low-level waste drums. As of June
lg90, 8,260 drums have been processed, each having a radiation reading
on contact of less than 30 m1111Rad.

The destgn, manufacture, and construction of the facilities and equipment
to be used in the vitrification process contlnue to be on schedule.
Durtng thts past year, the Vltrlflcatton Sutldtng shell and supporting
structures were completed. The process cell wall modules, which included
preplaced mechanical and electrical penetrations, have been..lnstalled.
Vitrification equipment such as the offgas system and mechanical Jumpers
are being manufactured. Destgn work for the melter, turntable,
decontamination statlon, remote vldeo system, and the weldlng system
for the canister seal has been or is nearing completion.

The full-scale prototype melter was removed and currently is bein_l
disassembled to ascertain if unanticipated damageoccurred during tts
flve years of operation. The 1ast run of this melter was conducted
remotely durlng a 1 1/Z-month period. The purpose of this run was to
show that a glass product meettn_ the hlgh-level waste acceptance
specification requirements could be produced on a routine basts. The
results of this run will become part of the glass qualification data.

Currently, the canister seal welds are being welded and tested. Tile
welding is being performed using an autogenous gas tungsten arc process.
This round of tests conslst of dropping fully weighted canisters from a
height: of lOm (thirty-three feet). The canisters, which have been
helium-leak tested before the drop test, are leak-tested again to verify
the Integrity of the canister and seal weld.

Technical exchanges are ongolng between WVDP, DWPF, and HWVP.'" Engineers
meet periodically to discuss glass technology, melter design, remote
handllng and viewing, as well as the welding and decontamination of the
canisters. The WVDPmeets monthly with representatives (DOE and
operating contractors) from each of the other facilities (Working Group
on Waste Acceptance) to discuss regulations, share problems and concerns,
and tdenf_tfy effective ways of Implementing High-Level Waste QA Program
requirements,

The OA Program for WVDP was updated this past year to incorporatethe
QA requirementsof DOE/RW-OZ]4,which superseded the prevlous [IA
requirements document OGR/B-I4. The DOE/RW-OZ14document ls a result
of combining the Civilian Radioactive Waste ManagementProgram for
production and repository requirements tnto one document. Changes were
made to the WVDPQAPDas well as Implementing procedures that dealt
with softwarecontrol, peer reviews, qualificationof existing data,
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and test control for High-Level waste form qualification. She revised
WVDPQAPD's have been submitted to DOE-HQfor review,

The qualtty program at WVOPhas not only been Implemented and provQn'
effective, but tt has become a way of ltfe. The WVDPSite is agatna
finalistfor the CorporateGeorge WestinghouseTotal Quality AwaFd.
Thls pride in quality ts evidenced by the results of various outside
evaluations. Inspections are conducted on an ongoing ba_ls by the DOE
and Nuclear Regulatory Commission (NRC). It was concluded in the latest
NRCaudit that "nothtng was Identified thatwould suggest a near-term
safety problem." Suggestions were offered thatwould improve the program
and these suggestions are now being Implemented. 'TheDOE has given
WVDPan "excellent" rating twlce In the past 6 months. The DOETiger
Team concluded that "WVDPwas doing an excellent job In nuclear safety,"
and this Information was passed to Congress by the Secretary of Energy.

HANFORDWASTEVITRIFICATION PLAITrPROJECT

_ong the major events regarding the HWVPProject st_ce September 19ag
were the following: the announcement of UCATasthe general contractor;
reorganization of the HWVPparticipants !nto an IMT; and the Initiation
of definitive design. The DOEannounced the selection of UCATIn Oanuary
1990. A construction and maintenance servtce company, UCATls a
subsidiary of United Engineers & Constructors International, Inc. and
currently ts performing maintenance and modifications at more than 15
nuclear power plants and more than 15 operating process plants. Untted
Engineers & Constructors was formed In ]eZ8 and becamea wholly-owned
subsidiary of Raytheon Company In I959. Raytheon CompanyIs a
diversified science and technologybased organization with current
annual sales in excess of $8 b1111on. .

,

Deflnltlvedeslgn for HWVP was officially initiatedIn January 199o by
the archltect/englneer(A/E) Fluor Daniel, Inc. (Fluor)of Irvine,
Californla. The design to date has focusedprimarilyon planning,
support utilities,and structures, lt is being conductedin accordance
with OGR/B-]4 (DOE-OCRWM1988) requirements;however, not all systems
receive OGR/B-I¢ coverage. Only those systems "importantto waste
acceptance process activities (WAPA)" must comply wlth OGR/B-14. The
design has not matured sufficiently to conclusively tdenttfy all specific
items and components "important to WAPA." Untt1 thts can be completed,
15 systems that are considered tn thelr entirety to be under the WAPA
umbrella have been identified.

Durtng the fall of 1989, the HWVPProject reorganized into the IMT
approach. The IMT purpose was,to increase efficiency through elimination
of redundancy, provtde cost avoidance, and cause the contractors to focus
on their respective tasks and functions. Westinghouse Hanford Company
(WHC), In tta role as Project manager, was reduced In the area of
engtneerln 9 and technical overviews, and expanded in lts QAoversight
and overall QAcoordination. The A/E, Fluor's, Pole became focused on
design and design verification, wlth WHCQA assuming the independent
auditingof Fluor as well as selectedQA technicalsurve111ances. The
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role of the technology contractor, Pactftc Northwest L_boratory [PNL
(operated for DOEby Battelle Memorial InsLitute)], changed only
slightly and continues under the direction of the WHCHWVPTechnology
Group, The WHCOAcontinues to conduct independent audtts and .
surveillances plus an involvement in .PNLprocedures and test plans. As
mentioned above, UCATbecame the General Contractor wlth constru_tl6n
responsibility including procurement of processing equipment.. Th_'HHC
provtdes QA audits and overvlew of UCAT, and will perform Title III
inspections.

Before IMT, the Project wasla collection of DOEcontractors: each with
nearly a full range of functions. The IHT vtsualtzes the Team as a
functioning enttty_ 1.e., wlth a Project Manager (WHC) function, an
Engineering function (FD), a construction function (UCAT), and a Research
& Development function (PHL and WHC). The central _A group (WHC)
provides overall.guidance, approvals, and tndependeht verification.
However, each function retatns certain qA activities. For the IHT to
ucceed, it ts vital that each functtonlng organization performs in the
est, long-range Interests of the overall Project, and that cooperation
e paramount. It ls also recognized that the IMT needs increased

definition of responsibilities and plann)ng, and the ProJect (including
DOE-RL) has moved to document these.

The principal recent QAdevelopment at HWVPwasthe Implementation of
OGR/B-14 (DOE-OCRWM1988) requirements, An Implementation Plan was
prepared tn December 1989, describing the.seven major steps to achieve
compliance. The steps included the following: identification of the
applicable crlterla for each contractor, revision of the Quality
Assurance Plan (QAP), procedure preparatio n, training, and QA
surveillance. The resources were committed and the Project participants
were in compliance by mid-February 1990. To achieve compliance in this
short period, only tKose procedures needed to support current work
activities were prepared and implemented. Each participant prepared a

schedule of additional procedures needed to support forecasted future
work. Additional procedures have been prepared per this schedule.
Durlng thls period DOE/RW-OZ14was approved by DOE-HQto replace OGR/B-.

14 and conversion from OGR/B-14 to DOE/RW-0214by HWVPparticipants is
expected during 1990. Any new procedures are being prepared with thts
tn mind.

DEFENSEWASTEPROCESSINGF,_¢ILITY

The DWPFis a three-story_ reinforced-concrete structure similar to the
exlstlng canyon-type facilities at the SRS. The Chemlcal Process Cell
(CPC) ts located in the center of thebulldtng, lt Is designed for
remote operation and maintenance. Within this cell is a 1tna of ten
37,805 liter (lO,O00-gallon) tanks and other equipment. Pumps,
agltators, and condensers are mounted on the tank tops. Tanks are
precisely "located" tn this canyon by trunnion buttons extending from
the tanks to trunnion guides mounted on the canyon walls. Thts allows
remotely removable pipes (Jumpers) to be Installed and connects equipment
to precisely located wall nozzles. All tanks, pumps, agitators,

6
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condensers, heating coils, and equipment frames can be removed by a
remotely controlled crane.

The DWPFcontains both remote and hands-on decontamtnatt;on and
maintenance facilities where equipment canbe repaired. The second and
third floors contain electrical, instrument, andcold feed facilities.
A mFzzanine between the first and second floor, adjacent to the CPC,
contains sampling and analyticalfacilities.

Someof the exlstlng waste at SRS has been processed and is ready to
fe_d to the DWPF. Low-levelradloactlve11quldwaste resultlng from
_hepreparation of waste for'the DWPFprovlded the first radioactive
feed to the new SRSSaltstone Facility on June ]Z, 1990. The first
three runs resulted In processing 106 thousand llters (28 thousand
gallons) of feed into grout, the permanentwaste form., o,

The DWPFis approximately 98_ mechanically complete with 85_ of checkoutand run in completed. The recently formalized OWPFstartup test program
follows checkout and run-In of individual equipment. The startup program
is divided into four phases, with operations quality assurance program
implementation increasing_proportional tp need as the startup program
progresses. In support of this, a list of all (including QA)
programmatic and program implementation requirements for the various
phases of startup are being developed. The phases of startup are
describedbrieflybelow.

In the integratedw_ter runs the obJect_v_ is to use water as the
operatingfluld to obtain basic operabllity informationon the
performance of systems and process steps. Performance of process
monitoring and support equipment wtll also be evaluated. Integrated
water runs are scheduled to start In late September 1990.

During cold chemical runs, chemicals will be Introduced into process
equipment to simulate future radioactive feed. Performance of equipment,
systems and process will be monitored and assessed as part of the startup
program. Thls wlll be the.first exposure of process equipment to
corrosion/erosion environments. ""

For the waste form Rualtrtcatton runs, the objective is to verifyl
using simulated waste, that the DWPFprocess produces a product that
will be acceptable to the repository. The waste form compliance plan
describes the productrequirements from the waste acceptance prelf_ry
specifications and the general plan for meetlng them. Results of the
waste form qualificationrunsw111 be documented in t_st reports, and
acceptance of the process and product will be through waste form
qualification reports. Included in prerequlsltes for qualification
runs are implementation of Westtnghous_ Savannah River Company (WSRC)
QAprocedures and the DWPFQAPD.

Prior to radioactive operation, readiness of equipment, documentation
and personnel will be thoroughly documented and demonstrated, Product
acceptancetestingwill Inltlallybe documented in waste form
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qulltftcatton reports to valtdate correlations w4th prevtous cold
quallrtcatton runs. If no significant problem; are encountered during
the f|rst three phases of startup, operation wtth radioactive matertal
could start tn late 1992. - "

The startuptest program administration ts modeled afte_preoperattonal
tests whtch have been employed successfully tn commercial nuclear power
plants. The primary qualtty assurance requirements applicable to
administration of the program are from WSRCQAprocedures. A startup
test programplan describes authorization and organization of the DWPF
Startup Department. The plan out!lne s a preliminary test index,
creation of the Joint Test G_oup (JTG), the basts for test plans and test
procedures.

The OTGtscomposed of members from WSRCEngineering and Projects
Division, Savannah River LaboratorY, Department of Energy, _aste
Managengnt Programs Quality Department (WMPq), and the DWPFOperating
and Teo,nlcal Departments, WMPq,as part of the JTG_ approves test
procedures and test reports. WMPQpersonnel perform normal oversight
activities on startup test program activities 1K support of the DWPFPHT
through surveillances and Inspections. Additional requirements Imposed
on startup activities by the QAPDare included tn Inspection criteria
and surveillance scopes.

A major SRSmilestone was reached tn April 1990 wtth the issuance of
the Operating Contractor QA Hanual based en NQA-1 (ANSI 1986). Much of
the destgn, manufacture, and construction of the DWPFwas conducted to
Industrial standards, but In 1988 a new Operating Contractor,
Westinghouse (WEC), was selected by DOE. The gesttnghouse Savannah
River Companycontract included compliance to NQA-1 (ANSI lg86). OWPF
PMTpersonnel are revlslng QA Implementing procedures to conform wtthtn
the gSRCqA Hanual.

The DWPFcompleted _evlslon 5 of their QAPDto respond to Revision 2 of'
DOE/RW-0214 (DOE-OCRWH1988). The qAPD andDOE/RW-OZ14are expected to
continue going through Iterations. .
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