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ST<VRTt.T OF THE FFTF 30DIUM COOLED REACTOR' 
A. M. Umek and R. D. Redekopp 

Hanford Engineering Development Laboratory 
Westinghouse Hanford Company 

Richland, WA 99352 

ABSTRACT 

The Fast Flux Test Facility (FFTF), located on the 
Department of Energy (DOE) Hanford Reservation near 
Richland, Washington, is a 3 Loop 400 hWt sodium 
cooled fast reactor with a primary mission to test 
fuels and materials for development of the Liquid 
Metal Fast Breeder Reactor (LMFBR). Bringing FFTF to 
a condition to accomplish this mission is the goal of 
the Acceptance Test Program (ATP). This program was 
the mechanism for achieving startup of the FFTF. 

Highlights of the ATP involving the system inerting, 
liquid metal and inerted cell testing and initial 
ascent to full power are discussed. 

INTRODUCTION AND BACKGROUND 

FFTF is currently r.earing completion of its ATP which 
began with preparation for initial inerting of gas/ 
liquid metal systems and subsequent liquid metal fill 
(July 1978). FFTF will complete the ATP and begin 
beneficial testing defined as cycle ('v-lOO day full 
power run) in the last quarter of 1981. Initial cri-
r.icality occurred in February 1980 (2) and initial as
cent to full power occurred in December 1980. This 
paper addresses the key milestones accomplished to 
date, and the current plans to complete the ATP. 

ORGANIZATION 

The FFTF ATP was conducted under the direction of FFTF 
Test Engineering, an organization consisting of sever
al discrete disciplined functions, each responsible 
for a portion of the ATP. 

ACCEPT-^sCE TEST PROGRAM 

Cell Leak Testing 
Piping and equipment containing primary radioactive 
sodium located in individual cells in the FFTF Plant 
requires the use of a controlled inert atmosphere. 
These cells are lined with carbon steel to reduce the 
likelihood of radioactive gas leakage, and in the 
event of sodium leakage, to reduce interactions 
between sodium and air or sodium and concrete. In 
addition, the O2 content is controlled by inerting 
with N2 to reduce potential nitriding and to reduce 
corrosion of stainless steel piping/components in the 
event of a sodium leak. The cells are designed to 
withstand a normal operating pressure of 0.0049 kg/ 
cm (0.07 psig), positive or negative and to have a 
0.018 kg/cm- (+0.25 psig), external design pressure. 
(V) Prior to initial criticality, 30 of 52 total 
cells were inerted with N';. Each cell had to pass a 
leak test to demonstrate its ability to meet normal 
operating and external design pressures. In addition, 
cell leak rates are limited by the capacity of the cell 

atmosphere processing system which is designed to con
trol the cells' O2 content and, in the event of an 
accident, to remove the atmospheric contents of any 
given cell or combination of cells. Cells were pres
surized with air from the instrument air system at 
pressures up to 0.144 kg/erâ  (2.0 psig) to facilitate 
finding leaks. Testing was conducted using various 
techniques including locating personnel in cells, 
bubble leak tests, acoustic emission, contact ultra
sonic, and olfactory senses (perfume). Some redesign 
and rework was required to seal leaking plug gaskets 
and electrical terminal boxes. 

The cell leak test program was successfully completed 
In support of initial criticality. Currently, these 
cells are maintained at a positive pressure of 
+ 0.75 cm W.G.) 0.6 + 0.3 in W.G. to control 0; 
meet the leakage requirements. 

(1.50 
and 

Significant results include: 1) Cells initially de
signed to operate at a negative pressure of (-3.18 + 
1.90 cm W.G.) -1 1/4 + 3/4 in. W.G. have been re-
qualified to operate at positive pressure with no ad
verse impact on plant or public safety. In the event 
of an accident, a cell (or combination of cells) will 
be purged at a negative pressure. 2) O2 is injected 
into the N2 inerting system to maintain <̂  2% (Techni
cal Specification Limit). 3) Selected cell plugs 
which do not require frequent access are welded to 
reduce leakage. 

Sodium Svstem Inerting 

^Work perfor.T.ed under the auspices of the U.S. Depart
ment of Energy. 

All Heat Transport System (HTS) piping and associated 
process systems were inerted prior to liquid metal 
fill to prevent chemical reaction of the sodium with 
oxygen and water vapor left in the system piping 
from the construction period. Inerting was accom
plished by using evacuation/backfill and pressuri2a-
tion/vent techniques. All systems were initially eva
cuated to 700 Pa (0.1 psia) and vacuum decay tests 
performed to quantify any system inleakage. Argon 
(used as a cover gas for the FFTF) was then used to 
backfill the systems. Secondary HTS systems were 
pressurized to 380 kPa (40 psia) and vented to atmos
phere three times to expedite the inerting. Leak 
checks at mechanical joints were performed using 
acoustic monitors and argon leak detectors. 

Final system purity was verified by using portable gas 
analyzers and taking gas grab samples. Purity levels 
of 5 - 20 ppm oxygen (50 ppm limit) and 30 - 85 ppm 
water vapor (100 ppm limit) were achieved using these 
techniques. A total system volume of approximately 
1153 m^ (20970 ft^) was inerted to these purity le
vels in preparation for the liquid metal fill. This 
systems, which are American Society of Mechanical 
Engineers (.-̂ SM) Coded systems, continue to operate 
under the argon cover gas supplied from an excontain-
ment argon dewar system. 



Significant results include: 1) Using acoustic moni
tors to identify system leakage was difficult due to 
other noise sources such as heating and ventilating. 
Using argon leak detectors proved to be much more 
successful. 2) Argon purity was achieved using a 
temporary/portable a.xalysis technique. 

Sodium Fill and Initial System Testing 
Prior to liquid metal fill, all sodium systems were 
preheated to 177 deg C (350 deg F) using permanently 
installed electrical resistance trace heaters (de
signed for 20 year life). Permanently installed oil 
fired preheaters were used to preheat Dump Heat Ex
changer (DHX) tube bundles, llie reactor vessel 
was heated externally by circulating hot air in the 
annulus between the reactor vessel and guard vessel 
and was heated internally by circulating hot pres
surized argon in a closed cycle through the reactor 
Internals. Both of these systems were temporarily 
Installed to accomplish the required preheat of the 
reactor vessel. 

Secondary system sodium fill of FFTF was started by 
first pressure transferring the molten sodium from 
railroad tank cars containing 39.7 m^ (10700 gallons) 
into various plant storage vessels. (3̂ ) Secondary HTS 
piping was then filled by gradual pressurization of 
the storage tank. Secondary loop fill was started on 
July 4, 1978, and was complete in September 1978. The 
three secondary loops were filled one loop at a time 
using a total of 238 m^ (63000 gallons) of sodium. 
The primary HTS system was filled primarily by pumped 
transfer. Elevated piping in the primary system was 
filled last using a gradually increasing vacuum at 
high point vents to draw the sodium into elevated 
piping. Primary HTS fill was completed in December 
1978 requiring a total of 456 m^ (120700 gallons) of 
sodium. Sodium circulation was initiated by starting 
the main sodium pumps on pony motor (10% of full flow) 
and electromagnetic pumps in the process loops. So
dium chemistry was monitored by plugging temperature 
indicators and initial values indicated that excel
lent system purity had been maintained during the fill 
effort. Cold trapping to remove system impurities 
was started as was cover gas chromatography of the 
primary argon cover gas. Plant testing then focused 
on determining the hydraulic characteristics of the 
HTS system and checkout of control systems for all 
sodium wetted components. Initial testing was per" 
formed at a system temperature of 240 deg C (400 
deg F), the normal refueling temperature for FFTF. 
Included were vibration measurements and coastdown 
tests on main HTS pumps from full flow conditions, 
main isolation valve cycling, and further sodium 
chemistry measurements. Wnen system testing was 
completed at refueling temperature, the plant was 
raised to the Maximum Isothermal System Temperature 
(MIST) of 421 deg C (790 deg F) using a combination 
of pump work and trace heat. Three thermal cycles to 
the MIST temperature were performed to verify system 
performance at elevated temperatures. Two MIST cycles 
were completed in March and October of 1979 prior to 
initial criticality and the third cycle was completed 
in August of 1980. A major Heating and Venting Air 
Conditioning (HVAC) and insulation redesign effort 
occurred based on the results of MIST testing, which 
was successfully completed to support initial ascent 
to full power. 

Initial Power Ascent 
The FFTF initial power ascent was started by perform
ing a week of low power physics tests co gain baseline 

data for operation at power. On November 20, 1980, 
power was raised above 1 MW for the first time and the 
ascent to 400 >M initiated. 

Power increases were made in 5% (20 MW) increments 
with hold points for data collection and plant evalua
tion following each power increase. Extended plant 
holds were conducted at 10%, 35%, 75%, and 100% power. 
During these hold periods, nuclear instruments were 
recalibrated, reactor control systems tested, physics 
parameters measured, and extensive shield surveys 
conducted as required by the ATP. 

During the power ascent, the reactor was intentionally 
shutdown (scrammed) a total of five times. Reactor 
scrams conducted from 5% and 35% power verified that 
natural circulation flow would initiate to remove de
cay heat in .the event that forced circulation was lost. 
The FFTF design does not require a separate emergency 
core cooling system. It relies on natural circulation 
of sodium within the HTS loops for emergency core 
cooling. Scrams to pony motor flow were conducted 
from 35% and 75% power to verify that plant protective 
systems performed satisfactorily and to monitor the 
plant thermal response to a scram. One additional 
scran was performed from 5% power for Operator train
ing and plant maintenance. 

Full power operation was achieved on December 21, 1980 
when reactor power was raised to 400 MW with a core 
AT of 143 deg C (258 deg F) . The plant was theri shut
down by slowly decreasing power while gathering addi
tional test data. 

This effort spanned an interval of 32 days and paved 
the way for further power testing to be conducted in 
1981. 

Significant results include: 1) The power ascent 
was completed in advance of the scheduled 45 days for 
the effort. 2) No major design changes were identi
fied. 3) Only four unplanned scrams were experi
enced - all at power levels below 10%. 4) Initiation 
of natural circulation of sodium within HTS loops 
following scram tests was much better than predicted. 

SUMMARY 

FFTF's initial ascent to full power was a notable suc
cess and marked completion of a number of important 
milestones. The ATP was instrumental in helping to 
accomplish these milestones and will continue to be 
instrumental in bringing FFTF to full power operation. 
The technology developed in startup of the FFTF stands 
ready to support the development of L>!FBR technology. 
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FAST FLUX TEST F A C I L E ' (FFTF) 

OBJECTIVES' 

O IRRADIATION TESTING 

o CORE CHARACTERIZATION 

© CONFIRM REFERENCE FUEL/ABSORBER PERFORMANCE 

© MATERIALS DEVELOPMENT: 

• FUELS 
• ABSORBER 
• CLADDING 
• STRUCTURAL 
• SODIUM TECHNOLOGY 

o OPERATING PLANT PERFORMANCE 

O CONFIRM COMPONENT AND SYSTEM PERFORMANCE 

© CONFIRM OPERATIONAL RELIABILITY 

o CONFIRM MAINTAINABILITY 
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FAST FLUX TEST FACILITY (FFTF) 

TECHNICAL PARAMETERS 

o THERMAL POWER 

® MAXIMUM CORE OUTLET TEMPERATURE 
• REACTOR VESSEL INLET OPERATING TEMPERATURE 
• REACTOR VESSEL OUTLET OPERATING TEMPERATURE 

© NOMINAL CORE AT 

© M A X I M U M CORE AT CAPABILITY 

400 MW 

noo°F 
680°F 
938°F 

300°F 

350°F 

o PRIMARY SODIUM FLOW CAPABILITY 

® PRIMARY SODIUM DYNAMIC HEAD 

o CORE DIAMETER 

o CORE HEIGHT 

0 PEAK FAST FLUX 

© DECAY HEAT REMOVAL 

43.500 gpm 

500 ft 

4 f t 
I 

3 ft 

7 X 10^5nv/cm2/sec 

NATURAL CIRCULATION 

H I [>L A U - l U'N. «0 



FAST FLUX TEST FACILITY 

STARTUP TEST PROGRAM 

0 LEAK TESTING AND ESTABLISHMENT OF INERT ATMOSPHERES 

© FILL OF SODIUM SYSTEMS 

® REACTOR TESTING AND ASCENT TO POWER 
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FAST FLUX TEST FACILITY 

STARTUP TEST PROGRAM 

INERT, PREHEAT 
AMD SODlUfw^ FILL 

1 SYSTEMS TESTS 
4OC AND P.̂ IST (427OC) 

CRITICALITY 

FUEL HANDLING DEMONSTRATION 
AND INITIAL CORE LOAD 

PHYSICS TESTS 

ASCENT 
TO POWER 

REACTOR CHARACTERIZATION 
AND PLANT COMPLETION 

PREPARATIONS FOR 
POWER OPERATION 

1 0 7 0 

\ 

10 7 0 1 0 U 0 1001 
CALENDAR YEAR 



FAST FLUX TEST FACILITY 

MAJOR COMPONENTS LAYOUT 

DHX 

DHX 
DHX 

CONTAINMENT BOUNDARY 

DENOTES 
INERTED CELLS 



FAST FLUX TEST FACILITY 

CELL LEAK TESTING 

TEST PRESSURE: 7" W.Q. 

ACCEPTABLE LEAK RATE: 1 CFM 

FLOW METER 

GAS SUPPLY 
(AIR) 

( / ^ JPRESSURE GAGE 

TEST VOLUME 

TYPICALLY 20,000 ft^ 



FAST FLUX TEST FACILITY 

CELL INERTING: PRESSURE CONTROL SYSTEM 

OPERATING PRESSURE: 0.6" ± 0.3' W.G. (1.5 1 0.75 Cm W.G.) 

OPERATING O2 LEVEL: 0^% < Og < 1^% 

10 PSIG 
NITROGEN 
SUPPLY 

TO VACUUM 



SOCIUM TANK CAR 
ReC£H/lNG AND UNLOADING 
STAflUN 

V 1 

V-165 ^' 

1" 'T:;! 

v-2 

/ - SODU'M 

c 

[ ^ f ' \, I ) fiiri 

I3=S> C<^±-> 
SOOiUM TANK CAR 

V-3 

r 

'~\ 

r'z. -iJ 

V8 

-n ' 

T-<< 

SECOHDART SOOlUM 

STORAGE VESSEL 

T^A:^SFE.R SODIUM F.IO.M 
TAHK CAR TO PRl.M/liY 
SODIUM CVERFLC';r i£SSELT]2 

T-^ 
V G7 

ICJ. 
V-Jl 

V 131 

, tlV-'OO.'.-, 

I 1 

V-3G 

V \1 

( — i -

n HV 42003 

i-L-

TT PRIMARY SOOIUM 
OVERFLOW VESSEL 

T43 

PRIM»;,/ sc;x„M 

STORAGE V I V L L 



v '̂ v ^ 

SECONDARY 
PUMP 

- • r i ^ 

ml 1 O i-J 

REACTOR 
FLOOR & 

CONTAIlMrvlE^JT 
GRADE LEVEL 

AIR DUMP 
HEAT EXCHANGER 

(4 MODULES) 

ONE OF THREE 
HEAT TRANSPORT LOOPS 

REACTOR 

INTERMEDIATE 
PUMP HEAT 

EXCHANGER 

HEDL 7911-023.3 
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FAST FLUX TEST FACILIH 

INITIAL POWER DEMONSTRATION 

( ^ 

A SUMMARY 

OF 

TEST AfID OPERATING ACTIVITIES 



ASCENT TO POWER SUMMARY 

t: NOVEh&ER 3 10 17 24 
DECEMBER 
1 8 15 22 

JANUARY 
29 5 

r I i-i M I I » I' I » I i i"» I I I I T I I » I I r i " 
1 

r I I I I I I I I I I I I I I I T i I r 

y RP-3 V INCREASE 
POWER 
ABOVE 
ONE MU 

V 35X 
^ POWER ^ POWER 

V7100X 
^ POWER 

V 

PHASE ONE 

PRE-CRITICAL 

CHECKOUT 

AND 

ZERO POWER 

TESTING 

PHASE TWO 

POWER INCREASE 

TO 

THIRTY-FIVE PERCENT 

PHASE THREE 

POWER INCREASE 

TO 

SEVENTY-FIVE 

PERCENT 

PHASE FOUR 

POWER 

INCREASE 

TO 

ONE-HUNDRED 

PERCENT 



ASCENT TO POWER HISTOGRAM 

^°°r 5% Natural 
- Circulation Test 

80 

oc 

I 60 
a. 
cc 
O 

< 
a) 
OC 

20 

^ 
11/20 22 

rĴ  , ^ : ^ ^ L ^ 
24 26 

Operator , 
Training 

\ ^ 
28 30 12/2 

'°°[:35% Scram 

80 

cc 
Ui 

5 
o 
0. 
cr 
o 
U 
< 
s 

60 

40 

Operatof* 
iTraining 

35% Natural 
Circulation 

Test 

i 
2 0 ^ I 

8 
i ^ 

75% Scram 

10 

Normal 
Descent 

r^ '-\ 
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MAJOR HOin POINT TESTS 
10-^5-75-1007 POWER ̂  

CALORIMETRIC POWER CALIBRATION 

CORE ASSEMBLY OUTLET FLOW AND TEMPERATURE CHECK 

MEASURE REACTOR POWER USING IN-CORE FLOW AND TEMPERATURE 

REACTIVITY SURVEILUNCE 

POWER COEFFICIENT MEASUREMENTS (COMPLETE AT 15, 35, 50, 75 AND 90Z) 

MEASURE REACTOR STABILITY (15, 35, 75 AND lOOZ POWER) 

DHX CONTROL TESTING (35 AND 75X POWER ONLY) 

AUTOMATIC FLUX CONTROL (5, 10, 35 AND lOOX POWER) 

LLFM TESTS (35, 75 AND lOOZ POWER ONLY) 

FOTA TEMPERATURE CHECK (35, 75 AND lOOZ POWER ONLY) 

COMPLETE SHIELDING SURVEYS (20, 75 AND lOOX POWER ONLY) 

OBTAIN PRIMARY SODIUM SAMPLES (10, 75 AND lOOX POWER) 
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^ FAST FLUX TEST FACILITY (FFTF) 

FULL POWER PERFORMANCE ASSESSMENT 

\ 

O NUCLEAR PARAMETERS FULLY ACCEPTABLE 

• TEMPERATURE AND POWER COEFFICIENTS 
SUBSTANTIALLY NEGATIVE 

• STABILITY MARGINS LARGE AND REPRODUCIBLE 

• NO UNANTICIPATED REACTIVITY EFFECTS 

O FUEL AND CONTROL ASSEMBLIES PERFORMED WELL 

O HTS LOOP HYDRAULICS SATISFACTORY 

O IN-REACTOR VIBRATION RESULTS FULLY SATISFACTORY 

O DHX y IHX HEAT REMOVAL CAPABILITY NEAR PREDICTIONS 

O PLANT INSTRUMENTS FOR MONITORING AND CONTROL 
VERY SATISFACTORY 

O THERMAL TRANSIENT RESPONSE CONFIRMED SATISFACTORY 

J 

CD o (-^ 



FAST FLUX TEST FACILITY (FFTF) 

FULL POWER PERFORMANCE ASSESSMENT 
(CONTINUED) 

O FLUX MONITORING INSTRUMENTATION PERFORMANCE 
BETTER THAN EXPECTED-GOOD ACCURACY 
AND REPRODUCIBILITY 

O SODIUM PURITY OUTSTANDING 

• NO EVIDENCE OF SILICON COMPOUNDS 

• LITTLE ACTIVITY FROM URANIUM CONTAMINATION 
OF SURFACES 

O NO EVIDENCE OF FUEL PIN FAILURES 

O NATURAL CIRCULATION DECAY HEAT REMOVAL 
CAPABILITY CONFIRMED 

O CELL HEAT LOADS NEAR PREDICTIONS. 
INERTED CONDITION MAINTAINED READILY 

O REACTOR SHIELDING DESIGN CONFIRMED SATISFACTORY 

O REACTOR HEAD TEMPERATURES LOWER THAN DESIGN. 
CORRECTIVE ACTION INITIATED 



FAST FLUX TEST FACILITY (FFTF) 

ASCENT TO POWER & 
NATURAL CIRCULATION TESTING 

NOVEMBER DECEMBER JANUARY FEBRUARY MARCH 

^ 

PLANT 
READINESS. & 
PRE-CRITICAL 
CHECKOUTS 

INITIAL ASCENT 
TO POWER 

w / 
^ 

7/ 

iUUm 
y// 

IRT REMOVAL. 
LPMA. ACTA CHANGEOUT. 

PLANT READINESS 

<ZA 

RESTART CHECKS 
& ZERO POWER 

PHYSICS 

Wy. 
2 

NATURAL 
CIRCULATION 

TEST.S_ 

Vy 
21 

POWER HISTOGRAM 

eo 

^ lOOp 

I 
cc 
LU 
^ eo 
o 
0. 
oc '•0 
o 

o 
< 
l U 
QC 

20 

NATURAL 
CIRCULATION 

SCRAM 

NATURAL 
CIRCULATION 

SCRAM 

J o 



FAST FLUX TEST FACILITY 

REMAINING STARTUP PROGRAM 

IRT REMOVAL, 

LPMA, ACTA CHANGEOUT 

NATURAL CIRCULATION 

IDS FILL, 
SCA REMOVAL 

1 9 8 1 

LOAD CHARACTERI2ERS 
AND GAS RELEASE 

lEM TESTS & WETTED 
CHARACTERIZER DEMONSTRATION 

PHYSICS & DHX TESTS 

CHARACTERIZATION & 
EIGHT DAY POWER RUN 

EMERGENCY POWER TIE-IN 

CYCLE ONE STARTUP 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

n\ 


