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Preheat Operating Experiences At The FFTF 

W. R. Tucker 

INTRODUCTION 

Operation of the FFTF preheat control system in preparation for sodium 
fill was anticipated to require complex activities in order that preheat 
progress smoothly. Complex operational activities were expected to result 
from the large amount of piping and components requiring simultaneous, or t 
nearly simultaneous, preheat and the diversity of physical arrangements of| 
this equipment. It was therefore planned to test preheat system components 
and various typical system configurations onsite and removed from the plant 
proper, to assure a clear understanding of both normal and off-normal system 
operation. This testing extended over a period greater than one year and 
culminated in the stable preheat of one heat transport secondary loop for 
sodium fill on July 2, 1978. 

Principal tests conducted included verification of control system 
component performance after extended onsite storage, examination of dynetiic 
performance characteristics of large and small components in various control 
modes, and observation of heater and insulation capability in as-constructed 
configurations. These tests indicated system performance to be generally 
acceptable in the design configurations examined and that some improvements 
could be achieved with minor modifications. The modifications were deter
mined to be necessary for some design aspects of the control system and for 
the method in which the system was operated. Operating experience gained in 
preheat for sodium fill demonstrated the worth of previous testing. 
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Most of the FFTF is preheated with tubular electrical resistance heaters 
while the reactor vessel is heated by the circulation of hot argon gas. The 
testing described in this paper includes only electrical resistance heating 
systems. 

Heaters for piping and components are typically mounted in a gas filled 
annulus between the pressure boundary and an inner stainless steel wrapper. 
Thermal insulation is applied over this inner wrapper to a suitable thick
ness and overlaid with an outer stainless steel wrapper to provide physical 
protection. The heater is arranged within the annulus and supported sucti 
that no direct contact with the pressure boundary will occur. Figure 1 
shows this heater/insulation arrangement. Heat transfer for the piping or 
component surface is thus accomplished by a combination of radiation, con
vection, and conduction through the gas (air during initial preheat). 
Heaters are occasionally strapped directly to the pressure boundary when 
space limitations require this installation method. 

The heaters are metal oxide insulated, metal sheathed, spiral wound 
elements and are generally either 12.7 run or 9.5 mm in diameter. Electrical 
insulation is rated for continuous operation at 480 VAC, however, actual 
operation is limited to 277 VAC or 120 VAC as required to achieve the 
desired power per unit length of heated component. Power input to large 
piping is typically 820 W/m and is typically 238 W/m for small piping. 
Heaters are connected electrically in series and parallel configuration to 
provide continuous circuits around piping supports and achieve required 
power densities. 

Chrome1/Alumel (Type K) thermocouples are used for indication and con
trol of piping and component temperature. The thermocouples are metal 
oxide, stainless steel sheathed, ungrounded units. They are mounted such 
that about eight diameters of thermocouple length contact the metal surface 
insulation is not required for thermocouple replacement. 

A typical preheat control system channel consists of a solid state tem
perature controjler, set point generator, power control module, and feedback 
thermocouple. In most cases, a single set point generator provides a tem
perature demand signal to several temperature controllers and each tempera
ture controller provides a power demand signal to as many as three power con
trol modules. Additionally, a thermocouple is located in each heated zone 
and is monitored to provide temperature indication and high/low alarms. A 
typical control channel block diagram is shown in Figure 2. To aid in 
understanding some of the later described test results, each control 
component will be further discussed. 

The set point generator module is capable of providing both a fixed 
voltage output and a time-ramped voltage output to allow controlled heat-up 
rates. The units are calibrated to indicate directly in temperature with 
heat-up rate selection from about 0.28OC/hour to about 280C/hour. The 
output will increase at the selected rate until a pre-selected hold tempera
ture is reached. The output will then remain steady at the voltage corre
sponding to the desired steady-state temperature. 
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The temperature controller receives the thermocouple signal directly and 
compares this signal with- the set point demand. The output of the tempera
ture controller is directly proportional to the difference in actual and 
demand temperature when this difference is within the controller's propor
tional band. The proportional band is adjustable from about 6.70C to 
about 670C. No integral (or reset) function is provided. 

Power controllers are simple proportional devices providing zero power 
output with zero demand and 200 percent power output when the temperature 
controller output reaches the proportional band limit. Power level is 
adjusted by duty cycle variation; the output is switched off and on at zero 
voltage crossing for the number of cycles each second corresponding to th? 
required average power level. Switching is thus so rapid that the heater 
temperature fluctuates only with the average power. Power controllers 
operate at 120 VAC, 240 VAC, or 277 VAC, single phase 60 hz, at up to a 
maximum of 11 KW. Dual silicon controlled rectifiers comprise the power 
switches and are protected by current limiting fuses and magnetic circuit 
breakers against inadvertent overloads. 

Performance of the control system is indicated by a data multiplexing 
system which provides real time temperature display and high/low temperature 
alarms. This system automatically prints on paper tape when a temperature 
exceeds the high or low limit. Each display and alarm system can accom
modate 1000 data channels with a sample rate of 20 channels per second and 
employs solid state circuitry. 

1. ELECTRONIC EQUIPMENT TESTS 

The control and monitoring equipment was obtained and installed in the 
FFTF over two years prior to intended use. This extended field storage time 
was necessary because the location of the equipment made later installation 
extremely difficult. 

The equipment was fully tested and calibrated at the point of manu
facture, but the effects of long term de-energized storage in a construction 
environment were not fully known. It was therefore decided to test the J 
equipment in an environment representative of the operating plant since past 
experience indicated some electronic components such as capacitors could be 
damaged by such storage. 

A random sample of temperature controllers, power controllers, set point 
generators, and data system components was selected and assembled into 
several typical control channels. 

Heaters and thermocouples, which were not expected to show adverse aging 
effects, were obtained from plant inventories and assembled with appropriate 
thermal insulation and piping (76 mm diameter). A complete prototype pre
heat system was thus fabricated to determine performance prior to making any 
adjustments to electronic equipment. 

These tests showed that the equipment was not damaged by the relatively 
long storage period but that some calibration shifts had occurred in the 
temperature controllers. Field calibration and functional test procedures 
were verified in these tests and shown to be adequate. It was therefore 
decided that the bulk of the plant equipment would be functionally tested 
in-situ and any needed calibration would be performed at that time. 
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Temperature control at constant set point input (steady-state) was 
reasonably stable but did indicate limit cycling of a few percent. With the 
small piping size under test and the resulting relatively short time con
stant for heater/thermocouple response, it was a matter of concern that 
larger piping and the resulting longer time constants could cause signifi
cant cycling and overshoot. Further tests were then planned on large piping 
systems. 

The data monitoring and alarm system performed in an acceptable fashion 
during these tests. Field calibration procedures were verified after minor 
and apparently random integrated circuit failures were repaired. No equip
ment malfunctions related to long term storage were observed. 

It is relevent to note that the above described tests were conducted a 
little less than one year prior to testing of control equipment within the 
FFTF. The changes that occurred during the additional year of storage are 
discussed later. 

2. PREHEAT TEST OF A 711 mm PIPE SECTION 

At about the same time the control system was being tested to measure 
long term storage effects, a section of large piping typical of the main 
heat transport system was being tested to determine heater sizing adequacy, 
circumferential temperature gradients, and to verify insulation efficiency. 

The primary incentive to performing this test was to obtain baseline 
data to be used in support of thermal and stress analyses for evaluating 
preheat effectiveness and acceptability. A secondary incentive was to 
obtain useful information on prototypic heat losses in support of cell hi'at 
load predictions. The primary objective of the test was to determine the 
thermal effects of preheating an argon-filled 711 mm pipe with a single, 
longitudinal trace heater. The secondary objective was to determine heat 
loss characteristics in a prototypical section of 711 mm main heat transport 
system. Following are the specific objectives, to determine: 1) Circum
ferential temperature gradients versus heater orientation. 2) Prototypic 
insulation heat losses. 3) Other heat losses due to detail features re
quiring penetration of the insulation. 4) Maximum attainable dry preheat 
rate. 5) Heater reserve capacity at 200®C system hold. 

An additional objective that developed during the course of the testing 
was to characterize the dynamic processes of dry preheat in order to fully 
understand performance with a proportional power control system. Data to 
meet this objective were obtained by measuring the response of the feedback 
thermocouple (control thermocouple) to a step change in heater power. 

The test article was a 5 m long section of 711 mm OD stainless steel 
pipe, type AISI 316. From the standpoint of this preheat test, the pipe vas 
considered to be completely prototypical. 

The test article was fitted at each end, approximately 1 m inboard, with 
a pipe clamp typical of an FFTF half-clamp for 711 mm piping, and was 
supported from the clamps by a stranded steel cable. The section of pipe 

6 



Between the clamps (the test section) was prototypically heat-traced and 
insulated, complete with FFTF heater supports, inner and outer stainless 
steel jacketing, and stainless steel end caps at the interface between the 
insulation and the pipe clamps. The insulation consisted of seven inches of 
refractory fiber. 

Instead of one active heater location as on FFTF, the test article had 
two active heater locations in the test section between the clamps, one in 
each of the lower quadrants, 120 degrees apart, and symmetrical about the 
centerline. One of these heaters was designated the primary heater, to be 
used in all tests considered prototypical of FFTF. The other heaterwa-^ 
designated the secondary heater, to be used separately or in conjunction 
with the primary heater if special tests were required to obtain data for 
analytical purposes (such tests were not performed). FFTF heater supports, 
at 609 irni maximum spacing, were used for mounting the heaters and for sup
porting the inner jacket to provide a 25 mm annulus around the test section. 

At the primary heater location, a dummy redundant heater was installed, 
consisting of two projecting cold ends of a discarded heater. Sufficient 
length in the straight run of each dummy segment was provided to permit it 
to be mounted in the heater support clips as if it were a redundant heater, 
centered 64 nm from the active heater. 

The cold ends of both active heaters and the dummy heater were fitted 
with a stainless steel convection stop at the inner jacket interface. At 
the outer jacket interface, a ceramic protective sleeve was installed over 
the active heater cold ends. 

Each of the two active heaters was a straight heater, with a finished 
length of approximately 2.4 m and a 90-degree bend at each cold end. Each 
heater was sized to deliver approximately 200 watts per lineal foot at 120 
volts. The test heater was intended to have been automatically controlled 
by a three-mode solid-state power controller, but trouble with the power 
controller and the system dynamics required the test heater to be controlled 
in the manual mode instead. 

Prior to installation of heaters and inner jacketing, stainless steel 
socket fittings were cemented to the test pipe to provide a means of at
taching quartz rods that extended radially out beyond the insulation to 
serve as motion trans!aters for pipe bowing measurements. One fitting was 
located at the test section midpoint at the primary heater location, and a 
similar fitting was located axially in line with the midpoint fitting at 
each end of the test pipe for reference purposes. An additional set of 
three fittings, 90 degrees apart from the first set, was also provided in 
the lower quadrant of the test pipe. Cutouts were made in the jacketing and 
insulation where the quartz rods penetrated to protect the rods against pos
sible shearing effects from differential thermal movements. The quartz rods 
were fitted with stainless steel convection stops at the inner jacket inter
face. The insulation cutouts were packed with loose fibrous cloth fitted 
around the quartz rod. A sheet metal collar was attached to the insulation 
outer jacket at the quartz rod penetration to protect the rod against 
accidental damage. 
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An argon atmosphere was maintained in the test pipe to simulate FFTF 
conditions during dry preheat. A nominal pressure on the argon was main
tained (approximately 6 mm of water) to prevent inleakage. The controlled 
outleakage was safely piped away from the test area to the outside 
atmosphere. 

These tests demonstrated that the circumferential temperature gradipnts 
produced by a single longitudinal trace heater are within acceptable FFiF 
limits. At a step increase from zero to approximately 50 percent heater 
power, the maximum pipe AT was 29^0. Later increases to approximately 75 
percent heater power brought the pipe AT up to 40OC, which was determined 
to be equivalent approximately to the thermal stress of 1.5 KATM and a 
lateral displacement of 30 mm. These values are within allowable pipe 
stress limits and hanger displacement capabilities. 

The effect of heater orientation on temperature gradients was also 
demonstrated. Within the normal FFTF range of heater locations on large 
piping, below the horizontal centerline, the circumferential temperature 
gradients were greatest at the three o'clock position. 

At a steady-state pipe temperature of 200Oc, the measured heat loss 
from the 3 m central test section of the 5 m long pipe was 20 watts. The 
2.4 m long heater in this section was operating conservatively at less than 
50 percent of its capacity to maintain the 200^0 dry preheat temperature. 
This test demonstrated adequate capacity of a single trace' heater on a large 
pipe to maintain preheat temperatures. 

Because of power controller problems, a manual mode of rate control was 
used to simulate'a typical FFTF dry heatup rate of 5.50C/hour, from 
ambient to over 200^0 test pipe temperature. An average heater power 
level of approximately 50 percent was required throughout most of the ramp, 
with power steps to approximately 75 percent of heater power required at the 
end, indicating adequate heater capabilities. At the start of the ramp, a 
step to 45 percent power produced an initial heatup rate of 140C/hour. A 
step to full power^ produced an average heatup rate of approximately 
30OC/hour. 

In addition to demonstrating the preheat capabilities of a single heater 
on a large pipe and its effect on pipe bowing and thermal stresses, the 
testing provided a basis for verifying prototypic pipe insulation heat 
losses, estimating pipe clamp heat losses, identifying potential heat leaks, 
and evaluating corrective measures for heat leaks. 

As a somewhat' inadvertent result of the testing, it was discovered a=". 
the start that the prescribed tests could not be successfully controlled 
automatically in a temperature feedback mode with the then existing cont-ol 
equipment. All data, therefore, was taken in a manual power control mod •. 
Additional testing was required to characterize the dynamic processes of dry 
preheat of large piping and provide a basis for determining control modifi
cations to achieve effective preheat control. The principal cause for the 
lack of controllability was believed to be a combination of the long time 
constant (hours) between the heater power and thermocouple response and the 
integral term in the temperature controller. 
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The next step was therefore to test the control system dynamics in a 
prototypic application with small piping. 

3. DYNAMIC TESTING WITH A 76 mm PIPING SECTION 

The test article consisted of a section of 76 mm piping, insulated and 
heated in a pro-totypic fashion. The control system consisted of the same 
equipment tested for extended storage time effects. It was planned that the 
test results would be applied to a new test with 711 irm piping and control 
system stability thus demonstrated. 

The FFTF temperature controllers were originally equipped with both a 
variable proportional band and a variable integral term or automatic reset. 
It was this original controller configuration that was tested for 
stability. Recall that some stability problems were suspected during the 
electronic equipment tests and the 711 mn piping tests but the actual source 
of the instability was not yet determined. 

Figure 3 shows the results of the dynamic test in a graphic manner. The 
controller was adjusted for what was thought to be the most stable settings, 
maximum proportional band and minimum integral term. This configuration was 
not stable. It resulted in large bursts in power spaced about two hours 
apart. During each power burst so much energy accumnulates in the pipe that 
by the time the feedback thermocouple senses the condition the average pipe 
temperature is far above the temperature demand. Power then goes off while 
the system cools. 

Since the rates and AT associated with this configuration were exces
sive, it was decided to interrupt the ramp, modify the controller and th^n 
continue to 200^0. Figure 4 shows the response of the system with the 
temperature controller modified to eliminate the integral term. The system 
was stable with maximum proportional band, but limit cycling became severe 
when the gain was increased only 6 db. System performance with this con
troller configuration was acceptable, even with the 140c peak to peak 
limit cycling, however the lack of stability margin suggested that stability 
problems would be encountered on larger pipe, even with the integral term 
removed. 

Figure 5 shows the system response to a 280C/hour ramp in temperature 
demand under the same conditions as those of Figure 4 except that the power 
controller has been rescaled such that the temperature controller can only 
ask for half power. In addition to alleviating the consequences of a full 
on temperature controller failure, this rescaling has the effect of reducing 
proportional gain by 6 db. The data shows the response under these condi
tions to be well controlled but with minor limit cycling. This limit cycle 
is inherent in system with slow feedback and a nonlinear element such as the 
power controller. It is not equivalent to the instability shown in 
Figure 3. The latter was cured by reducing gain, while the limit cycle cjn 
be cured by increasing the gain in conjunction with speeding up the feed
back, as will be shown in Figure 6. This particular limit cycle comes about 
when the system finds itself with power slightly high and attempts to 
correct by reducing power. But the minimum power change allowed is 1 out of 
32 half cycles of A.C., which makes power too low. The system then hunts 
for the null condition, which results in small limit cycles. 
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Figu-re 6 illustrates the performance obtained by placing the feedback 
thermocouples closer to the heater. For this- 280C/hour ramp, a thermo
couple 30° away from the heater (less than 25 mm) was selected for 
feedback. Since this eliminates much of the low frequency phase shift, 
thereby increasing stability margins, it permits increasing the proportional 
gain. The proportional band was therefore decreased to its minimum of 
6.7OC, e.g., a 6.7^0 error causes full temperature controller output. 
The response is stable and very well controlled. The limit cycling is 
eliminated. With the high gain, power changes occur for wery small tempera
ture error changes and therefore occur so frequently that the heater simply 
averages them out. 

From a controls standpoint the obvious solution to the total instability 
problem was to remove the integral term from the controllers and relocate 
feedback thermocouples nearer the heaters. Controller modification was very 
straight forward and was completed on all plant hardware in less than one 
month with plant forces. Relocating control thermocouples was recognized to 
be \/ery difficult and expensive because of the advanced stage of construc
tion. Since the limit cycling of 140C was acceptable for small piping, it 
was hoped that similar testing on the 711 mm mockup would produce acceptable 
results. The results were somewhat surprising. 

Test of the 711 mm piping section with the modified temperature con
troller and no other changes showed the control system to be nearly free of 
oscillation. With the lesser power density on the large pipe, the system 
was stable and performed in a completely acceptable manner. The control 
thermocouples in the plant were thus not relocated. 

In sunmary, the control system instabilities were traced to the con
troller integral term coupled with slow time response and rapid heat-up 
rate. Removal of any two of these conditions resulted in stable 
performance. The controllers were modified and slower heat-up rates were 
selected. 

4. BRANCH ARM PIPING TESTS 

The closed loop test positions are connected to the closed loop heat 
removal systems by piping contained within the reactor head compartment. 
This piping is referred to as the Branch Arm Piping or BAP and is contained 
within two welded steel enclosures covered with a large amount of 
shielding. The piping is virtually inaccessible after construction without 
removing much of the head compartment equipment. Preheat testing of the BAP 
was thus planned prior to completely enclosing the BAP to ensure acceptable 
performance. These tests were naturally performed within the plant proper 
but temporary manual controls were used since plant equipment was not yei 
connected. 

The test was performed to demonstrate the ability to reach the requii ed 
temperature for sodium fill, to obtain deflection data for comparison with 
analytical results, and to demonstrate the absence of interferences between 
the enclosure and piping components. 

The heaters were demonstrated to have the capability to increase piping 
temperature at a maximum rate of 1350C/hour and at an average rate of 
680C/hour. This is much greater than the required rate of 280C/hour and 
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indicates ample reserve capability. Each BAP was heated to 200°C to 
indicate sodium fill capability. One BAP was heated to 3150C to make a 
better check for possible interferences due to pipe motion at the design 
temperature of 600^0. Pipe motion was measured at 3150C and compared 
with analytical results. Good correlation was observed between analytically 
.and empirically determined pipe motion- and when extrapolated to design tem
peratures indicated that no interferences should exist between heater cold 
ends, thermocouples, and other objects within the enclosure. 

The highly successful test results allowed final sealing of the BAP 
enclosures with good confidence that re-entry would not be required. 

5. PREHEAT TESTS ON THE CLOSED LOOP HEAT TRANSPORT MODULE 

Heat is removed from a closed loop test position via the branch arm 
piping and the closed loop heat transport module (CLM). The CLM is a 
compact skid mounted heat transport system containing piping, valves, pumps, 
tanks, and vapor and freeze traps. The module fits rather tightly into a 
hot cell within the reactor containment building. The compactness and dif
ficult in-situ access combine to make repairs after installation complicated 
and in some cases impossible for heaters and thermocouples. It was there
fore decided to preheat the CLM to design conditions with plant control 
equipment prior to installation in the plant. This testing was done onsite 
in one of the test facilities. 

The principal objectives of the test were to confirm the adequacy of the 
system to reach 200OC at a rate of at least 4.4^0 per hour, to assess 
vapor trap heat up rate and temperature profile, to assess thermal motions 
which could cause electrical interferences, and to verify electromagnetic 
pump preheat techniques. 

An initial interference survey was conducted at room temperature to 
eliminate obvious restrictions to expected pipe motion; no significant 
electrical interferences were found. Testing then proceeded to raise the 
entire assembly to 200OC at a rate of 5.50C/hopr, inspect for possible 
interferences, and examine temperature profiles. The CLM temperature was 
then raised to 315^0 and the above observations repeated. This was the 
first time a significantly large amount of equipment was heated simul
taneously at FFTF. Nearly 100 heater circuits were employed in this test 
with generally acceptable results. 

The preheat system in general was found to be unable to meet the design 
requirement that temperature differentials be maintained within 42^0 
throughout the CLM. Subsequent stress calculations showed, however, that a 
differential temperature spread of 111°C was acceptable so the design 
requirement was relaxed. 

The principal concern then became one of achieving an adequate sodium 
fill temperature. Two types of problems were encountered. The first type 
was characterized by uneven temperature distributions due to a combination 
of insulation discontinuities, control thermocouple location and pipe 
orientation. As an example, the primary surge tank developed a 890c 
temperature difference from the hottest to coldest region. The control 
system was modified to add a temperature controller for each region on the 
tank which reduced the temperature differential to a completely acceptable 
value. 
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The electromagnetic pump design required that the six. duct temperatures 
be maintained below the coldest nozzle and within 560C of the hottest 
nozzle. Temperature differences were noted over the duct and between the 
nozzles in excess of 560C. Stress evaluation indicated that it would be 
acceptable to maintain the hottest duct temperature between the two nozzle 
temperatures so the differential temperature between the nozzles was also 
allowed to go to ll^C. These changes resulted in a controllable situation. 

Six piping locations in the CLM had differential temperatures in excess 
of 830C. These in general were partially corrected by modifying the 
control system to provide separate temperature control of the cold or hot 
portions of the line. These changes were readily made externally to the CLM. 

The second type of problem noted in maintaining temperature was attri
buted to excessive cooling in the area immediately adjacent to the cell 
cooling inlet. Numerous valves and selected piping in the inroediate area 
sustained significant temperature drops when cooling flow was introduced. A 
flow baffle for the inlet was designed subsequent to the test for instal
lation in the plant. As a fallback, cooling flow to the cell can be inter
rupted during the filling process. The success of this latter approach was 
demonstrated during testing. 

A few locations in the CLM involving process thermocouples indicated 
temperatures in excess of the heater set point for the respective lines. In 
general, the process thermocouples were on horizontal runs and the preheat 
control thermocouples were on vertical runs. There was also visible 
evidence that some lines had achieved temperatures in excess of 315^0. 
This was attributed to locally better insulation than at the control 
location. Little could be done to the control system to eliminate this 
since the process thermocouples are not connected into the preheat control 
system. It was necessary at times to manually cycle the breakers to the 
heaters in the respective zones to bring the relative temperatures within 
limits. This proved to be an acceptable operating mode. 

CLM preheat to SIS^C was generally successful except that drain lines 
and associated valves were difficult to maintain at 3150C. This problem 
was compounded by the air cooling effect previously described. Subsequent 
evaluations have resulted in a change of operating mode that does not re
quire maintaining the drain lines at 315^0 during normal CLM operation. 

A more significant test result was the discovery that the vapor trap had 
insufficient heater capability to reach the design temperature of 576^0. 
This was believed to be the result of a combination of undersized heaters 
and discontinuities in thermal insulation. Heater power was doubled durirg 
the test by connecting both active and redundant heaters (which are in
stalled throughout the CLM). This resulted in a steady-state temperature on 
the vapor trap of 5650C. Heaters were subsequently changed on the vapor 
trap to provide increased power with full redundancy prior to installation 
of the CLM in the plant to allow preheat to the design temperature. 
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The interference surveys conducted for each line indicated over a 
hundred interferences existed on components, piping and interfering 
structures. All piping interferences were resolved by reworking insulation 
to provide sufficient clearance for anticipated movements. Component inter
ferences in general were accepted based on an analysis of the forces imposed 
by the insulatiori on the component during thermal expansion. Conservative 
calculations indicated insulation compression and fracture before inducing 
significant component loadings. Minor crushing of thermal insulation wa:. 
considered acceptable. 

Pre-install ation heating of the CLM allowed early identification and 
repair of items that could result in delayed preheat for sodium fill or 
could result in marginal performance. The test demonstrated the ability of 
the control system to be operated for simultaneous heating of many indi
vidual heaters. As anticipated, close operator attention to the system was 
required. 

6. INITIAL IN-PLANT TESTS FOR EQUIPMENT CALIBRATION 

Many months after the first tests conducted on the preheat electronic 
equipment, detailed calibration and wiring tests were begun in the plant. 
Two significant results were obtained on the control and indicating 
equipment. 

The control equipment previously tested for extended storage effects was 
found now to be generally out of calibration. This was traced to continued 
aging effects and ambient temperature effects. The aging effects were 
removed by onsite recalibration of all components not in calibration. This 
required adjustment of power controllers, temperature controllers, and set 
point generators. 

In-plant calibration tests were started during the colder months of the 
year. Because of the stage of construction complete protection against the 
weather could not be provided and the test activities required opening con
trol panels for access. Cold air drafts thus ventilated the control in
ternals and caused severe short term calibration shifts. Access to panel 
internals was restricted and a wait period initiated after exposure to cold 
air drafts to reduce environmental effects to an acceptable level. Testing 
then proceeded successfully. 

The preheat temperature indicating system was found to be generally 
inoperative during these tests even though the earlier test had shown satis
factory performance. The first system tested included only 64 data channels 
while initial in-plant tests included 1000 data channels. With the large'' 
system, maloperation became apparent. 

Three significant performance related defects were found: The equipm-mt 
was out of calibration, had apparently poor noise immunity, and had malfunc
tioning alarm circuits. The out of calibration condition was eventually 
attributed to aging effects. Environmental tests indicated good performance 
over the required temperature range after recalibration. 
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What was suspected as poor no.ise immunity was really found to be a 
result of internal miswiring and other vendor related errors not easily 
found in.a factory environment, although complete factory tests were 
conducted. Installation of the equipment in the field coupled with the more 
severe field environment, including electromagnetic interference, disclosed 
the errors within the equipment. Repairs were made with vendor assistance, 
restoring the equipment to required performance for temperature indication. 

Adjustment of set points for high and low temperature alarms within the 
indicating system is accomplished with front panel mounted digital thumb
wheel switches. The lack of operability of the alarms was quickly trace! to 
these switches. Apparently, in an effort to clean the front panel surface, 
solvent had been allowed to enter and remain within the switches. The 
solvent was not compatable with the thermo-plastic material from which the 
switches were constructed resulting in heavy damage to switch internals. 
Replacement of the switches restored the system to full operation. 

7. PREHEAT TESTING ON THE MAIN HEAT TRANSPORT SYSTEM 

The testing described previously included most aspects of the preheat 
system but did not include testing of a large piping system within the 
plant. Further, preheat thermocouples at FFTF are surface mounted and 
easily removed for maintenance. Inspection of thermocouples in the plant 
had caused some concern that the very features making them removable could 
cause poor performance. Construction related activities had caused some 
thermocouples to rotate within their housing or otherwise be misaligned with 
the surface of the heated component. It was therefore decided to preheat a 
portion of one secondary main heat transport loop, associated fill piping, 
and the secondary sodium storage tank to measure thermocouple performance 
and overall system performance. 

The heatup was accomplished in three steps: First, the large heat 
transport piping system was heated, next the fill piping, and finally the 
secondary sodium storage tank. The heat transport piping was heated at a 
rate of 140C/hour up to 2000C with intermediate holds at 90OC and 
150^0. Thermocouples throughout the system were monitored for performance 
at each steady-state condition by removing the thermocouple and measuring 
the pipe temperature with a surface contact pyrometer. The plant thermo
couples were not physically adjusted for improved alignment prior to these 
measurements. The indicated performance was + 120C which was well within 
the required performance of + 17^0. This test showed the thermocouple 
design to be fairly insensitTve to alignment for maximum surface contact 
area. 

It was noted during this test that heaters on the 203 itm sodium isola
tion valves could not maintain the design temperature of 200^0 because of 
leakage through thermal insulation. The leakage was occurring through minor 
cracks in the insulation near the top of the valves. The leakage was 
stopped by the installation of a thin layer of insulation applied over the 
cracks. 
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Preheat of the small fill piping showed nom.inal performance as expected 
from earlier CLM testing. 

The secondary sodium storage tank was heated at a rate of 14^0 to a 
steady-state temperature of 200OC. While, based on earlier testing, this 
was a fairly rapid heat up rate, control instabilities were not observed at 
temperatures over 650C. Below 650C apparently rapid temperature changes 
in tank surface temperature were noted in some cases. The rate of tempera
ture change in these cases exceeded the allowed stress limit. On-line 
investigation showed the problem to be related to thermocouple alignment and 
relative heater position. In the few instances of large excursions the 
thermocouples were misaligned to the point of making virtually no contact 
with the tank. The result was rapid heating (and cooling) of the thermo
couple by convection. This of course caused the instabilities and apparent 
rapid heating rate. Repair was completed and the controlled heatup 
continued. The heatup profile for the tank is shown in Figure 7. 

Relatively minor equipment failures occurred during these tests, 
including the thermocouple alignment problem, and the ability to make 
repairs without cessation of testing was demonstrated. Equipment malfunc
tions or operational errors were found to cause apparent heatup rates in 
excess of design allowables. 

Inadvertent operation of power switches, failures of power controllers, 
or thermocouple failures each may result in a rapid temperature change. 
Although only a few such occurrences were noted in the previous testing, the 
consequences of such a failure could result in operational delays. During 
the just described tests, temperature rate of change was calculated by the 
plant operators to provide the earliest possible indication of mal
operation. It was not believed that this method -of determining rates was 
wholly satisfactory for preheat for sodium fill. Approximately one order of 
magnitude more data channels would be used for sodium fill. 

A micro-computer based rate alarm system was provided for the next large 
test to aid the operators in detecting temperature excursions. The alarm 
system was connected to the existing indicating and high/low alarm system 
and required little installation time. 

8. PREHEAT FOR SODIUM FILL 

Preheat for sodium fill included raising the temperature of all the 
piping and components associated with one secondary main heat transport loop 
and the secondary storage tank to 2000C. Both incontainment and excon-
tainment equipment was utilized. 

The secondary sodium storage tank and fill piping were first heated. 
Since this equipment had been previously heated, the preheat for fill went 
smoothly. The instabilities at low temperature previously described wert. 
not present during this heat up, demonstrating the effectiveness of the 
previous repairs. 
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Figure 7. Temperature Profile of the First Preheat of the Secondary 
Sodium Storage Tank. 
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Preheat of the intermediate heat exchanger (IHX) was next accomplished. 
This piece of equipment had never been previously heated and experiences 
similar to the first heat up of the secondary sodium storage tank were 
expected. At the beginning of preheat a few .reverse- connected thermocouples 
were detected. These thermocouples provided indication only and were not 
-used for control. Repairs were made and preheat proceeded very smoothly at 
an average heating rate of l°C/hour to 200^0. 

Preheat of the secondary loop piping and associated fill lines was n('t 
quite so uneventful although the previously heated large piping presenter) no 
real difficulties. The small fill and drain piping included many branch 
points and numerous small sodium valves. The control system was arrange<i 
such that much of the small piping was controlled by feedback thermocouples 
located on the valve bodies. This proved to-be unsatisfactory. 

With this control arrangement it was not possible to maintain tempera
ture gradients of less than lOQOC as required for sodium fill. The feed
back thermocouple location was changed by reconnecting indicating 
thermocouples located on the piping into the control system. Because this 
eventuality had been somewhat expected, the control system was designed to 
accorrmodate such changes by the addition of jumpers within the control 
panels. The change was thus easily accomplished and provided satisfactory 
control. 

In general, most of the difficulties encountered were due to two 
features of the control system design: The use of feedback thermocouples 
located on thermally dissimilar components and the use of one temperature 
controller with three power controllers. The source of temperature feedback 
was designed to be somewhat flexible thus reducing the need for extensive 
operator action. It was found to be necessary to frequently adjust power 
controller gains to keep the temperature gradients within 100°C in those 
cases of multiple power controllers driven by a single temperature 
controller. These adjustments were time consuming but were successfully 
performed. 

The rate alarm system was wery useful during temperature increases (and 
decreases) and provided early indication of small temperature excursions. 
Its continued use during steady-state operation is being considered. 

CONCLUSIONS 

The rather extensive test program performed on the FFTF preheat control 
system resulted in successful sodium fill of one secondary heat transport 
loop on July 2, 1978. The data obtained during testing and the attendant 
operating experience gained resulted in some design changes and provided fie 
infonnation necessary to fully characterize system performance. Temperatu-^e 
excursions and deviations from preset limits of only a minor nature were 
encountered during preheat for sodium fill. The addition of the rate alarn 
feature was beneficial to operation of the preheat system and allowed early 
detection and correction of impending excursions. 
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