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OPERATIONAL SAFETY AT THE FFTF 

Q. L. Baird1; J. W. Hagan2, S. E. Seeman3, S. M. Baker4 

ABSTRACT 

An extensive op~rational nuclear safety program has been an integral · 

part of the design, startup, and initial operating phases of the Fast 

Flux Test Facility (FFTF). During the design and construction of the 

facility, a program of independent safety overview~ and analyses 

assured the provision of responsible safety margins within the plant,. 

protective systems, and engineered safety features for protection of 

the public, operating staff, and the facility. The program is continuing 

through surveillance of operations to verify continued adherence to the 

established operating envelope and for timely identification of.any 

trends potentially adverse to those margins. Experience from operation 

of FFTF is being utilized in the development of enhanced operational 

nuclear safety aids for application in foliow-on breeder reactor power 

systems. The commendable plant and personnel safety experiences of 

FFTF through· its startup and ascension to full power demonstrate the 

overall effectiveness of the FFTF·operational nuclear safety program. 
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I!."TRODUCTIOll 

The FFTF is a 400 ~fwth liquid metal (sodium) 
cooled fast test reactor which recently began opera
tion at the Hanford Engineering Development Labora
tory (HEDL) operated by the Westinghouse Hanford 
Cocpany for the Department of Energy (DOE). The FFTF 
mission is to provide an in-reactor testing environ
ment typical of projected fast breeder reactors for 
irradiation testing of fuels and materials within the 
United States Liquid }!etal Fast Breede r Reactor pro
gram. The acceptance test program is being completed 
for the facilit y (Fig. 1) located near Richland, \,TA. 
This program will deoonstra:e the facility's capabil
ity to meet the cesign object ives. The purpose of 
this paper is to cescribe t he activities at FFTF 
which ensure a high le•n:!l of operational safety. 

The Operational Saie:y organization at FFTF pro
vides for independent evaluation of data and perfor
mance of analyses to assure continued safe operation 
of the plant. Responsibilities also include audit 
and appraisal functions and con tinued surveillance 
of daily operations. The DOE requires that the oper
ator of reactor facilities has a capability for 

1 Washington Public Power Supply System, Richland, 
WA., fomerly with l;estinghouse Hanford Co., Richland, 
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2 Westinghouse Hanford Company, Richland, WA. 
3 Westinghouse Hanford Coopany, Richland, WA. 
4 Washington Public Power Su pply System, Richland, 

WA., formerly with Department of Energy FfTF Project 
Office, Richland, !;A. 

Fig.! Fast Flux Test Facility 

objective, independent safety assessment in a multi
disciplined, technically competent staff. DOE 
directives set the overall requirements for adcinis
tration, control, and audit functi ons in performance 
of a strong and effective safety program. Policies 
for the Laborato.ry are established by the Director 
and meet or exceed the government requirements. De
tailed procedures have been developed which become 
the working documents for the operating organizations. 
The HEDL Safety organization functions in an advisory 
capacity to the Director (Fig. 2), thus assuring the 
authority to implement corrective action based upon 
the review and evaluation. The }~nager of Safety has 
designated authority to suspend reactor facility 
operation wnen it is judged that continued operation 
~ould jeopardize the health and safety of the general 
public, government or contractor employes, or the 
operations personnel. Interaction is maintained at 
all levels to assure timely and efficient probleM 
solving and resolution of issues . 

HEDL management carries out a vi~orous safety 
,program not only because it is required by its con·· 
tract with the DOE, but because it is dedica ted to 
operation of the Laboratory in a safe and efficient 
Qanner. Even under the intense pressures to meet 
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Fig.2 HEDL independen~ Safe~y organiza~ion 

project goals for fuel loading and full power demon
stration, it was clear that the startup would not 
proceed if any feature pote~tially affecting safety 
was not in a state of readiness. Each PFTF release 
point (e.g., fuel loading to initial criticality, 
natural circulation testing, ascension to full power) 
required independent Safety Depart~ent certification 
of readiness before proceeding beyond the release 
point. The· DOE perforned certification for selected 
release points in addition to its periodic audits of 
the HEDL safety program. 

the interface with Quality Assurance is centered 
primarily in the areas of plant .modification and main
tenance and there is, of course, a common interest 
and concern with operations surveillance and review. 

the safety progr~ is augmented by the existence 
of a Safeguards Council, which is chartered to review 
~lant design and operation with responsibility to the 
Director of HEDL. This group is composed of selested 
senior staff members froc all divisions of the Labora-. 
tory with a multidiscipline balance being maintained. 
this group meets periodically to review the plant 
operation, as well as ~eing convened to review some 
safety-re.lated changes as ::hey are proposed. 

the operational safe~y review/analysis functions 
at the FFTF can be divieed into three areas: 
1) safety assesscent, surJeillance and analysis; 
2) personnel health and safety; and J) irradiation 
test safety analysis. In addition, advanced methods 
of enhancing operational safety are being developed 
for application at the plant. These activities in
clude the development of operational aids such as 
MIDAS (Haster Inforl:lation and Data Acquisition 
System}, a computerized data base system that allows 
the operations engineer rapid access to plant status 
data in order to maxi~ize opera~ional safety for both 
normal and emergency coniitions. 

SAFETY ASSESSMENT, SURVEILL~"\CE AND A.'lALYSIS 

Safety-related data fro~ the reactor, main heat 
transport system, plant ?rotection system (including 
the reactor shutdown syst~!:l and engineered safety 
features), and auxiliary systems are evaluated in 
this ongoing prograc. !his area also includes the 
inspection, audit, and review functions. The inde
pendent Safety organization performs some line func
tions, such as mainter.ar.ce of the FFTF Final Safety 
Analysis Report (FS~~), as well as independent review 
functions. Care is taken, ho·.·ever, to assure that 
responsibility for safeiy is not diluted. Responsi
bility and authority for safe plant operation is 
clearly assigned to the pla~t Operations organization. 

the safe~y assess-..~ent effort is maintained 
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current and relevant by active participation in the 
!project daily planning meetings. Long. range activity 
is cont~olled through the r~lease point progran. The 
effectiveness of the function relative to :hese hold· 
points is assured by establishing prerequisi~es ~ell 
in advance of the scheduled activity or test step. 

,The plant operating organizations are thereby keyed 
to safety-related issues. The general areas of 

!effort can be categorized as follows: 
;I 1 Operational nuclear safety assessment 
· 2 Safety review of facility modifications 

3 Safety analysis and reliability studies 
: 4 Safety tnspection and audits 

S Safety-related documentation maintenance. 
Operational nuclear safety assessm•nt is directly 

!involved in 1) evaluation of plant operability through 
design review, 2) assessment of the adequacy of 
acceptance test data, and J) review of operating and 
test procedures, in-service surveillance, and other 
plant documentation. The assessment of operational 
data is primarily focused upon the plant paraceters 
associated with normal operation. Some off-normal · 
events, however, such as emergency decay heat removal, 
result in the need for special tests and evaluations. 

The assessment items of most importance for the 
nuclear systems are the reactivity worths of compo
nents, the burnup reactivity algorithm, and excess 
reactivity tracking. Reactivity anomalies are in
vestigated thoroughly. Reactor stability is assessed 
periodically and comparative evaluations are continued. 
The performance predictions for irradiation experi
ments will be reviewed to assure that plant safety 
margins are not adversely affected. Thermal tran
sients of the heat transport systems are evaluated. 
Reviews of the plant calorimetries, pressure/flow, 
and other plant operating characteristics are also 
key elements of the program. Plant protection system 
calibration, instrument setpoint, and rod drop ti!lles 
are important surveillance items. A key engineered 
safaty feature of the FFTF is the removal of decay 
heat by natural circulation of the primary and 
secondary coolant sys terns. Pump coastdo;.n t·imes, 
heat rejection emergency controls, and ht?.at t.rans
port system integrity arc dcter!llining eleoents for 
maintenance of this capability. As such, they are 
monitored and evaluated periodically. Failure data 
for the plant arc monitored carefully to assess 
potential degradation of the plant protection system 
(PPS) or engineered safety features. 

Safety review of facility modifications assures 
that safety requirements are not degraded throughout 
the plant lifetime. During the acceptance test pro
gram, the characteristics essential to safety are 
being verified to establish baseline data and confirm 
the adequacy of design. 

The project control procedures for facility modi
fications provide for classification of changes by 
safety impact levels (categorized as Levels 1, 2, or 
J). The criteria for Level 1 changes relate to the 
plant technical specifications, changes to PPS, compo
nent seismic category, and unreviewed safety questions 
and require approval of Safety, the Safeguards Council, 
and the DOE. Level 2 criteria relate to changes in 
performance capability of safety-related equipment 
(as documented in the FSAR) and changes to safety
related docu>nents and require the approval of Safety.· 
All other changes or modifications are considered 
Level J and are sub~itted to Safety and other organi
zations for information. 

Safety analysps and rel~ability studies are per
formed in such areas as protected transients, sodium 
fires, radiological and aerosol transport, and 
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diffusion. The need for additional analysis can 
result from plant modifications, technical specifi
cations or FSAR changes, unique test proposals, and 
data base changes or advancements in safety technol
ogy. 

Selected reliability studies (e.g., electrical 
power system) have been performed to determine the 
adequacy of design and/or contribute to evaluation 
of design options. The results of these studies are 
integrated into the comprehensive overview of opera
tions. The compilation of component failure data 
will also be evaluated to provide trend predictions. 

Safety inspection and audit of plant evolutions 
and procedures verify compliance with the plant 
technical specifications, approved procedures, and 
acceptable safety practices. 

During the performance of critical phases of the 
plant acceptance testing, round-the-clock coverage by 
safety engineers is provided, with procedural sign
off at significant steps. During normal operations, 
certain procedures such as completion of startup 
compliance activities also require the independent 
concurrence of the safety personnel. Another facet 
of this review function is the conduct of an annual 
safety appraisal of operations and the performance of 
monthly or quarterly audits of such items as mainte
nance procedures, work control practice, temporary 
plant modifications, and operator training. 

Three administrative levels of reporting and 
evaluation of plant incidents are utilized. Imme
diately following any off-normal occurrence an Event 
Fact Sheet is issued. Reviews and evaluations of 
plant incidents are conducted for determination of 
adequacy of corrective actions for the specific 
occurrence and prevention of recurrence. The event 
is reviewed at least by Quality Assurance and Safety, 
who may require that further reviews be ·conducted. 
Significant, or safety-related events, are followed up 
up by an Unusual Occurrence Report (UOR) as required 
by the DOE directives. The UOR ensures thorough in
vestigation and corrective action to further minimize 
the liklihood of recurrence. Events not required to 
be documented as UOR's, but considered of such signi
ficance to warrant further investigation, are followed 
up by a Critique Report which also looks at the causes 
and actions required for prevention of future prob
lems. Incident reports from FFTF are compiled by the 
Quality Assurance organization along with plant ex
perience from other facilities to identify any adverse 
trends. 

The continued maintenance of the FSAR and safety
related documentation is essential to the effective 
and safe operation of the plant. Fnr. P.xample, dia
grams which highlight seismic category one equipment 
are constantly used for operations analysis, proce
dure modifications, and work control. Hence, the 
processing of changes to these documents represents a 
very crucial administrative function in support of 
safe and effieicnE FFTF operation. 

PERSONNEL HEALTH A.~D SAFETY 

A comprehensive personnel health and safety pro-
· gram is maintained. This proeram is ~n extension of 
the overall health and safety program applied at HEDL. 
The areas included in the health and safety program 
are radiation protectlua, fire protection, industrial 
safety, industrial hygiene, enviroamental protection, 
and criticality of ex-reactor fuel handling safety. 

The health and »afety prngr~m rnnt~ins r.he 
following key elements: design safety, personnel 
training, detailed procedures, detailed audits, and 
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incident assessments to ensure the continued protec
tion of plant personnel and equipment. 

The first key element in personnel health and 
safety, designated here as "design safety," is the 
involvement of Safety throughout the design process 
to minimize the potential of personnel hazards. De
sign safety requirements were integrated into the 
system design descriptions beginning with the concep
tual design. All safety-related design/construction 
changes required the independent review and approval 
of Safety to assure that the intended safety depth 
provided by the facility was not compromised. 

The seco~d, and major element of safety during 
operation is that of personnel training. The opera
tors and service/maintenance personnel a·ce recognized 
as the first line in operating the facility safely 
and in protecting themselves and others. All opera
tors receive extensive training in operating the 
facility within safe limits as well as training for a 
range of casualty events. The three major hazards to 
personnel at FFTF are those associated with oxygen
deficient atmosphere, radiation, and sodium fires. 
Special training is dedicated to each area to assure 
that each worker can recognize the hazards and is 
proficient in protective measures. Physical access 
to FFTF is controlled by key-cards. As a prerequisite 
to receipt of key card access to the yard or building, 
each person is required to attend classes emphasizing 
radiation and fire protection and oxygen-deficiency 
training. In addition, selected operating personnel 
are given over 50 hours of emergency response training 
for participation as members of the Emergency Response 
Teams. This training includes life-saving skills as 
well as casualty evaluation and control. The on-shift 
Emergency Response Team responds to every fire and 
oxygen-deficiency alarm and any other events specified 
by the on-shift Operations manager. 

The third element in the health and safety pro
gram is the preparation and adherence to detailed 
procedures. Administrative procedures cover such 
items as equipment tag-out procedures, requirements 
for cell entry, and protection from oxygen-deficient 
atmospheres. The latter procedures establish the 
requirements that cells with a potential source of 
oxygen deficiency (from nitrogen or argon flooding) 
shall be protected by alarms. Entry to special cells 
requires backup personnel and individual portable 
monitors. Other procedures establish requirements 
for checkout and accountability of safety equipment, 
e.g., emergency kits, fire hoses, air packs, extin
guishers, etc. Radiation protection procedures are 
specified in a separate manual which implements appli
cable industry requirements. 

Independent audits are conducted to assure strict 
conformance to established policies and procedures. 
HEDL Safety conducts an extensive program of periodic 
health and safety audits of FFTF operations to ensure 
compliance to procedures and identify any new areas 
of potential ha~ard to personnel or equipment. In 
addition, audits to support special events are con
ducted as required. Each audit is followed by an 
immediate written report where the findings are cate
gorized by the potential severity of the hazard. 
Items of significant potential to personnel safety 
must receive immediate attention. The lesser signifi
cant audit findings are reviewed monthly until satis
factori.ly resolved. 

The final element of the health and safety pro
gram is that of incident reviews. Each incident is 
reviewed with follow-up to ensure a very low proba
bility of recurrence. 

The FFTF health and safety program has been very 





successful as measured by its low rate of occurrences. 
As shown in the following table, the rate of record
able injuries has steadily decreased. Also, it should 
be noted that, excluding a motorcycle-auto accident 
of a person in-transit to the FFTF site, only three 
lost time days resulted from the remaining 13 record
able injuries during 1980. 

Injury St.atistics 1978, 1979, 1980 

Hours Recordable 
Year Worked Injuries OSHA Rate 

1978 1,985,431 23 2.32/100 man-years 
1979 2,044,735 19 1.86 
1980 1,948,829 14 1.44 

Table 1 FFTF Project injury rate 

Only two occurrences have resulted in signifi
cant damage to equipment. The first occurred in 1978 
during acceptance testing of the In-Vessel Fuel 
Handling ~lachine ( IVHN) prior to fuel loading. Due 
to a complex combination of personnel errors, the 
grapple drive chain failed, .allowing the 3450 lb 
grapple to fall some 12 feet striking reactor vessel 
internals. Damaged components were repaired and the 
IVHH exchanged for the spare. A second major occur
rence took place in 1980 when a chiller was inadver
tently started without proper cooling and lubricant. 
The chiller was returned to the vendor and repaired. 
In addition, errors, primarily procedural, during 
testing of primary sodium systems contributed to 
thermally-induced distortion of one of the primary 
pump shafts. Again, the spare component was installed 
and the damaged component repaired. 

During fuel loading, low power physics testing, 
and the power ascension, no radiation incidents have 
occurred. Some local streams of higher than back
ground level were found at power in the vicinity of 
some sh-ield plugs and piping penetrations. All such 
situations have been corrected by additional shielding 
or access limitation. Overall, the radiological 
status of the plant has been shown to be well within 
the design values, allvwing routine personnel access 
into the containment building. 

IRRADIATION TEST-SAFETY ANALYSIS 

The basic objective of FFTF is to provide a 
testing environment for the development of U~BR fuels 
and materials. In accordance with this objective, 
test assemblies are proposed by various U~BR vendors 
for irradiation in the FFTF core. Documentation 
supporting proposed tests is submitted to a central 
organization, Irradiation Test ~~n~gement Activity 
(ITIIA), established for coordination of the review 
and evaluation of experiments. The test evaluation 
sequence includes an independent s~fety analysis Per
formed within the Safety Department in accordance 
with established procedures. 'The objective of the 
independent safeLy (t:Vi~w i!l to cn~urc that the t&~st 
can be irradiated in FFTF with:minimal risks to the 
safety of the plant, operating personnel, or the pub
lic. The review is independent and redundant to 
the safety analysis performed·: by the experimenter to 
minimize the occurrence of undetected errors. 

The independent safety review evaluates the 
Safety Analysis Report submit•ed by the experimenter 
for conform~n~P with the FFTr 1Iechnical Specifica
tions and confirms that the l •st does not constitute 
an unreviewed safety question The test is reviewed 
by HEDL to assess its accepta~le performance under 
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normal operation, defined off-normal conditions, and 
seismic events. The consequences of accident calcu
lations used .as a design basis for engineered safety 
features are reassessed or recalculated for the pre
sence of each test to assure that safety margins are 
maintained. 

Twelve tests were evaluated for irradiation 
during the acceptance test program and found to be 
acceptable. In addition to core vibration and core 
characterization assemblies, the initial complement 
of tests included a radial blanket test and absorber 
test assemblies. 

OPERATIONAL SAFETY METHODS DEVELOPMENT 

HEDL is engaged in several development programs 
intended to improve operational safety when utilized 
at an operating fast reactor such as FFTF. These 
programs stress accident prevention, although they 
will be useful in the traditional safety system role 
of accident mitigation. There should also be substan
tial economic return, since reactor plant accidents 
can be quite extensive. Since the intent is to 
develop systems which provide a margin of safety 
beyond that demanded in the current regulatory envi
ronment, the programs have been provided funding which 
is independent from the FFTF program. There are 
several reasons, however, why close association with 
a state-of-the-art operating .plant is necessary: 

1 Successful accident prevention must be a multi
disciplinary activity involving designers, construc
tors, and operators, as well as special disciplines 

. relevant to the design effort. Specialized disci
plines used for these efforts include data base 
management and human factors experts. 

2 Development concepts must be demonstrated to be 
effective before they can be widely implemented. 
FFTF is an ideal plant for demonstration of many con
cepts including those related to accident prevention. 

A wide range of information management, process 
control, and human factors concepts are being con
sidered. However, the most active development effort 
MIDAS, has been directed toward providing a simple, 
straightforward data base management system for use 
in controlling plant work. A significant effort has 
been made to keep abreast of the information manage
ment and display systems being developed for the 
Light Water Reactor industry. Some human factors re
views ·have been completed and work initiated to 
develop advanced process control concepts for fast 
reactors. 

The HIDAS system is being developed to provide 
interactive access to a very large data base which is 
relevant to the control of work in FFTF. The funda
mental entry into the data base system is the plant 
wor~ request form. When a given item of work has been 
administratively approved and is ready to be accom
plished in the plant, a signed work request form is 
presented to an operator designated as the shift 
Operations Engineer. The Operations Engineer must 
then perform many functions to make sure that the 
work i.s prnpPrly performed, Ihe~e functions include: 

1 Verification that plant conditions support the 
work. 

2 Isolation of equipment electrically and mechani
cally so that the work can be performed safely. 

3 Verification that the above isolation is allow
able under controlling plant documents such as the 
Technical Specifications. 

4 Prevention of subsequent plant activities which 
are rendered unsafe by this work activity. 

5 Verification that the work is performed properly. 
6 Restoration of normal plant conditions following 
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the work. 
Performance of any single work item is usually 

not particularly difficult to track to proper comple
tion. However, when one considers the large volume 
of work that must be performed in a large plant, 
proper control of all work becomes a difficult task. 
The NIDAS system is-designed to support the operator 
in this very important task. 

CO~CLUSION 

The independent safety program has enhanced the 
focus of top project management on the technical and 
administrative aspects important to safe and effi- · 
cient startup and operation of the FFTF. The involve
ment of the independent safety review function be
ginning with con~cptual design phase of the project, 
has contributed to the obvious success of the project. 
The continued commitment of HEDL management to an 
aggressive safety program at the FFTF is expected to 
contribute significantly to meeting plant testing 
objectives. Additional safety developments applied 
at the FFTF should have far-reaching·benefits for 
the nuclear industry. 
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