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ABSTRACT

A compilation of operating problems and equipment failures associated with the process
centrifuges in the Savannah River Site canyon fuel reprocessing facilities is presented. These data
have been collected over the 33 year operation of the facility. An analysis of the failure rates of the
centrifuges is also presented. A brief description of the centrifuges and the data bank from which
the information was sorted is also included.
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INTRODUCTION

The Savannah River Laboratory (SRL) maintains a compilation of operating problems and
equipment failures that have occurred in the fuel reprocessing areas of the Savannah River Site
(SRS). At present, the data bank contains more than 230,000 entries ranging from minor
equipment malfunctions to incidents with the potential for injury or contamination of personnel, or
for economic loss. The data bank has been used extensively for a wide variety of purposes, such
as failure analyses, trend analyses, and preparation of safety analyses. Typical of the data are
problems associated with the canyon process centrifuges. This report contains a compilation of the
centrifuge operating problems and equipment failures primarily as an aid to organizations with
related equipment. Publication of these data was prompted by a number of requests for this
information by other Department of Energy (DOE) sites.

REPROCESSING AREA DATA BANK

In 1973, SRL personnel began a computerized compilation of incidents that had occurred in the
reprocessing facilities of SRS.1-5 At present, the data bank contains more than 230,000 entries.
The vast majority of these incidents are minor equipment malfunctions such as leaks, instrument
failures, line pluggage, and localized contamination. A few, such as fires and major equipment
failures, are significant from the point of potential economic loss or injury to personnel if other
unlikely events were also to have happened. However, at no time have the operating problems or
equipment failures listed in this report resulted in serious injury to operating personnel.

Each of the entries is coded so that it can be retrieved based on a wide variety of specifications,
including the site location, facility, unit operation, key word, date, and source document. In
addition, further selectivity may be applied by combining specific key words ("and" logic) or by
excluding specific key words ("not” logic). Data are presented either to a CRT terminal or as hard
copy.

Data are obtained from many sources , such as incident reports, progress reports, maintenance
records, service department files, and shift turnover log books. A complete list of these sources is
shown in Table 1. Maintenance of the data bank requires one technical person plus clerical
support. Data are normally abstracted onto a personal computer and then transferred by computer
into the mainframe computer system where data are stored on a disk with magnetic tape backup.
The data bank is both write and read protected to prevent unauthorized use or modifications of the
stored data.
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TABLE 1. Sources Of Information In The 200-Area Fault Tree Data Bank

SOURCE
SQURCE —CODE EROM T0
Operating Incident Report (OI) 01 1960 1988
Unusual Incident Report (UI) 02 1955 1988
Special Hazards Investigation (SHI) 03 1954 1988
Daily Teletype : 04 1954 1988
Criticality Audit 05 1959 1988
Separations Department Monthly Report 06 1977 1988
Works Technical Monthly Report 07 1954 1988
Fire Department Records 08 1955 1987
Salvage Yard Receipt Records 09 1975 1979
Health Protection Monthly Report 10 1959 1987
Private Communication 11 1956 1978
Equipment Histories (Selected) 12 1955 1988
TID Accident Summary (Selected) 14 1953 1960
Undocumented RBOF Monthly Report 15 1962 1984
RBOF Unusual Incidents 18 1970 1975
Radiation Control Monthly Report 19 1962 1983
Works Engineering Monthly Report” 20 1956 1984
Patrol Monthly Report 21 1963 1984
Power Department Unusual Incident Report 22 1957 1988
Waste Management Incident Report (WMI) 23 1979 1987
Waste Management Monthly Report 24 1970 1987
T&T UT's and Monthly Report 25 1957 1983
Power Department Weekly Report 26 1953 1975
Separations Incident Report (SI) 27 1976 1988
Health Protection Log Book - 772-F 28 1970 1987
Health Protection Log Book - H Canyon 28 1976 1986
Health Protection Log Book - F Canyon 28 1974 1988
Health Protection Log Book - FB-Line 28 1976 1987
Health Protection Log Book - HB-Line 28 1976 1987
Health Protection Log Book - Np Billet Line 28 1973 | 1984
Health Protection Log Book - Waste Tank Farm 28 1974 1987
Health Protection Log Book - Burial Ground 29 1960 1985
Laboratories Dept. Incident Report (LDI) 30 1975 1988
MIAC Records (Selected) 31 1975 1984
H Canyon Senior Supervisor Log Book 32 1977 1988
F Canyon Senior Supervisor Log Book 32 1975 1988
F Canyon Crane Log Book 33 1975 1988
FB-Line Daily Report 34 1979 1988
H Canyon Decon and Maintenance Log Book 35 1975 1984
FB-Line Recovery Shift Log Book 36 1976 1986
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TABLE 1. Sources Of Information In The 200-Area Fault Tree Data Bank

(Continued)
SOURCE
SQURCE _CODE FROM IO
HB-Line Daily Report 37 1976 1988
NSF Data (Selected) 38 1966 1973
Idaho Data (Selected) 39 1972 1978
Np Target Fab. Facil. Senior Supv. Log Book 40 1975 1985
Waste Tank Farms Senior Supv. Log Book 41 1976 1987
MPPF Daily Report .42 1978 1983
MPPF Manipulator Log Book 43 1972 1980
MPPF Shift Log Book ' T 44 1978 1981
RBOF Shift Log Book 45 1977 1986
RBOF Daily Report 46 1976 1986
Waste Tank Annulus Alarm Report 47 1981 1984
Waste Management Technology Monthly Report 48 1981 1987
PuFF Senior Supervisor Log Book 49 1979 1983
Burial Ground Waste Management Log 50 1972 1985
Special Incident Report 51 1954 1983
221-F Canyon & Outside Facil. Monthly Report 52 1982 1988
Power Technology Monthly Report 53 1977 1983
221-F Building Log 55 1977 1987
HB-Line Scrap Recovery Log 57 1978 1987
A-Line-Outside Facilities Shift Log 61 1969 1984
Health Protection Exposure Records 61 1969 1984
Unusual Occurrence Report , ' 62 1983 1988
Environmental Control Monthly Report 63 - ----
SRP Environment Weekly Report 64 1983 1988
RHYTHM Report 65 1983 1983
A-Line/QOutside Facilities Daily Log 66 1979 1988
Area Metallurgical Report 67 1954 1988
Safety Department Records 68 1983 1988
221-211-H Moming Report 69 1984 1988
Main Line Shift Log, FB-Line 70 1983 1986
772-F Laboratories Shift Log 71 1983 1988
FB-Line Seniors Log Book 72 1984 1986
FB-Line Construction Shutdown Log 73 1986 1986
FB-Line Team Monthly Summary 74 1986 1988
FB-Line Special Recovery Shift Log 75 1985 1986
Non-Conformance Report 76 1984 1988
FB-Line Nuclear Safety Inspection Highlights 77 1987 1988
HB-Line Surveillance Log Book 78 1984 1987
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These data have been applied to a wide range of applications by SRS organizations. Typically,
the data have been used in preparing safety analysis reports, trend analyses, and failure rate data.
A complete listing of applications is shown in Table 2.

TABLE 2. Applications Of The Reprocessing Area Data Bank

Failure rate data

Equipment breakdown histories

Generic incident histories

Data for systems analyses and safety analysis reports
Dates of specific incidents

Consequences of incidents

Data for design studies

Data for quality assurance studies

Trend analyses

Data for project justification

Training

Process problem solving

Management decision data

Studies of effectiveness of administrative controls
Incident audit

Data for reliability studies

References to source documents

A number of requests for information have been received from other DOE sites over the past
several years. In response to these requests, data for selected operations are being published. The
first of a planned series of reports was published in 1984 and concerned evaporation operations in
the H-Area reprocessing facilities.® The second was published in 1985 and concerned manipulator
operations.” The third was published in 1986 and presented data on the hot canyon crane in the F-
Area reprocessing facilities.8 The fourth, in 1987, contained data on process pumps.? The fifth,

in 1988, contained data on process agitators.10 This report is the sixth in the planned series. A
brief description of the canyon process centrifuges follows.

CENTRIFUGE DESCRIPTION

Centrifuges are used at the nuclear fuels reprocessing plants at SRS to aid in decontamination
and clarification of dissolved fuel solutions prior to separation of product and waste materials by
solvent extraction.

Construction and operation details of the centrifuge are shown in Figure 1. Each centrifuge is
40 inches in diameter and has a total dynamic volume of 60 gallons. The assembly is mounted on
an "A" frame which is bolted to a reinforced concrete inertia block weighing approximately 40
tons. The bowl is suspended by a single shaft on an upper bearing assembly and is driven by a
40/10 hp motor. This assembly is made up of an encasement holding the suspending ball bearing
near the top of the shaft and a roller bearing located further down the shaft.

The bow! is divided into four horizontal compartments by three 6-inch-wide ring baffles, each
containing a series of holes to permit vertical liquid flow. The lip of the bow! is 5-1/2 inches wide
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and has no holes. The stationary compartment around the bowl is fitted on top with eight sleeves
which are positioned to provide proper placement of dip tubes remotely inserted through the
sleeves and into the bowl space. Two of these sleeves provide access for feed dip legs, two for
remote sprays, two for permanent sprays, one for a liquid level dip leg, and one for a jet dip leg.

The feed enters through nozzles near the bottom center of the bowl, and the clarified solution
overflows from the bowl to the centrifuge casing and discharges by gravity to the centrifuge run
tank. Located in the bowl at the top compartment level are two skimmers which are turned slowly
by an electric mechanism toward the outside of the upper compartment. As the nozzle enters the
path of the rotating solution, the centrifugal velocity of the solution forces the solution through the
skimmer pipe to the centrifuge casing. As solution is skimmed out of the upper compartment,
solution in the lower compartment flows upward through holes in the baffles enabling the entire
bowl to be skimmed. Two spray pipes are used to break up and wash cake. One spray pipe
extends to the bottom of the bowl and has four spray nozzles that direct spray into the lower
compartment. The other spray pipe has twelve nozzles arranged so that four nozzles spray each of
the upper three compartments. The centrifuge spray pumps are triplex, single-acting power pumps
that develop the required spray pressure of 600 psig. Each centrifuge is equipped with a transfer
jet to ransfer cake slurry and bowl rinses to the high-activity waste tank where the cakes are
neutralized with sodium hydroxide before being transferred to the waste tank farm.

There are two styles of centrifuges used at SRS; the original Byrd and a newer Robatel. The
units are essentially the same in operating function with the primary difference being in the
mounting frame. Table 3 lists the units that are or have been used at SRS. The EP numbers may
be crossed referenced to those found in the data bank sorts in this report.

TABLE 3. Process Centrifuges At The Savannah River Site

EP # STYLE
420.1-1F Byrd
420.1-2F Byrd
420.1-1H Byrd
420.1-2H Byrd
420.1-1(M) Byrd
420.1-2(M) Byrd
420.1-1 Byrd
420.1-2 Byrd
420.1-3 Byrd
420.1-4 Byrd
420.1-5 Robatel
420.1-6 Robatel
5
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FIGURE 1. Process Centrifuge

6
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ANALYSIS OF CENTRIFUGE FAILURE RATES

Information contained in the data bank was analyzed to determine failure characteristics for the
canyon centrifuges. Cnly failures that required removal and major maintenance to the units were
considered. Minor electrical or instrumentation problems that could be repaired without removal of
the units were discounted.

Individual units have been used in the canyons since 1954. Of these, two have never
experienced a major failure; the remainder have failed one or more times. Failed units are either
repaired and returned to service, or are retired from service. A total of 26 major failures had
occurred by the end of 1988, two units were in active service. Table 4 shows the days to failure
and Table 5 shows the suspensions; that is, the days that the active units have operated since their
last major repair (or since installation if no failures have occurred). Weibull analysis techniques
were used to determine characteristic life of the canyon centrifuges.1l These techniques enable a
prediction from populations in which a significant number of the units have not experienced
failure. As shown in Figure 2, the characteristic life is calculated to be 1244 days.

TABLE 4. Days To Failure For Canyon Centrifuges

(Refer to Figure 2)

2 851
10 882
94- 943
113 973
116 - 1520
182 1581
243 1794
425 1885
485 2098
486 2372
699 2433
760 2920
760 3802

TABLES5. Days Since Last Failure For Canyon Centrifuges Or Days Since
Installation For Units That Have Not Failed

(Refer to Figure 2)

730 1277
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ABBREVIATIONS AND DEFINITIONS

Information in the data bank is essentially as abstracted from the source documents. The
documents contain a significant amount of jargon; some of the abbreviations used are defined here
as an aid to the reader.

ABBREVIATIONS DEFINITIONS
AMPS Amperage
ANSI American National Standards Institute
C Centrifuge
CM Centimeter
CMS Centimeters
CPO . Crane Process Operator
DC Direct Current
DEG C Degrees Centigrade
E&I Electrical and Instrument Group
EP EM-420.1-1(m) Equipment Piece, Extra Machinery, Centrifuge
' Designation {Typical)
ETE Estimated Total Exposure (Radiation Dose)
G Grams
HC Hot Canyon
HCM Hot Crane Maintenance
HCMA Hot Crane Maintenance Area
HE Head End (A Process Step)
HORZ Horizontal
LBS Pounds
L.L. Liquid Level
M Meter
MAX. RAD. Maximum Radiation
MCC Motor Control Center
MR Millirern
MRAD Millirad
NCR Nonconformance Report
NR3 MCC A Motor Control Center Identification Number
(typical) '
PA Palladium
PU Plutonium
(Continued on next page)
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SS 734

" SWE
SWE-ES

Ul
wC

W.S.
20006489
22100

2BP

8-4

10.3H

11.1

40 RAD/IR/HR
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DEFINITIONS

Separation Incident Report (Typical)

A Centrifuge Motor Designator (Typical)
Separations Work Engineering ‘

Separations Work Engineering-Engineering Services
Uranium

Unusual Incident Report (Typical)

Warm Canyon

Warm Decon Celi

Warm Shop

An Equipment Identification Number (Typical)
Building 221

A Process Stream (Typical)

8am to 4pm Shift (Typical)

A Vessel Location Designator in H Canyon (Typical)
A Vessel Location Designator (Typical)

A Quantitative Radiation Rate

(Continued)
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APPENDIX: Process Centrifuge Operating Problems And Equipment Failures In Canyon
Reprocessing Facilities.

Data on the process centrifuges, as sorted from the 200-Area Fault Tree Data Bank, are as follows.
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