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[57] ABSTRACT 
An on-line outlet temperature monitoring device to 
back up readings provided by stationary temperature 
detectors on individual process tubes in a nuclear reac 
tor. The monitoring device includes a highly accurate 
temperature sensor that can be selectively coupled to 
the outlet end of any chosen process tube to verify 
temperature readings pertaining to that process tube. 
Speci?cally, the sensor is suspended in a movable enclo 
sure that can be shifted into position about a supporting 
wall for the protruding ends of the process tubes. The 
movable sensor is used to back up readings provided by 
the stationary temperature detectors and to recalibrate 
the stationary temperature detectors so as to permit 
their use at lower tolerance limits. 

3 Claims, 4 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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ON-LINE TEMPERATURE sENsoR 

BACKGROUND OF THE INVENTION 

This disclosure relates to an apparatus for remotely 
monitoring the operating temperatures of individual 
coolant process tubes in a nuclear reactor. It consists of 
a remotely movable temperature sensor that backs up 
normal usage of the temperature detectors associated 
with each tube. The United States Government has 
rights in this invention. 

Process tube outlet temperatures are individually 
monitored during operation of pressure tube nuclear 
reactors, such as the N-Reactor at Hanford, Washing 
ton, by stationary Resistance Temperature Detectors 
associated with the outlet piping of each process tube. 
These Resistance Temperature Detectors occasionally 
fail due to the severe operating environment. In a reac 
tor facility that includes one thousand or more process 
tubes, a signi?cant number of Resistance Temperature 
Detectors might be found to be inoperative at any given 
time during reactor use. As a matter of operating rou 
tine, the individual Resistance Temperature Detectors 
are checked during reactor startup. If a Resistance 
Temperature Detector fails during reactor startup it is 
necessary that the reactor be shut down for replacement 
of the faulty temperature detector. 

In order to effectively utilize Resistance Temperature 
Detectors in these critical applications, it has been 
found necessary to operate them under relatively wide 
tolerance limits. This requires that the coolant tempera 
tures be lower than would be considered safe were a 
more accurate temperature sensing system to be uti 
lized. This in turn adversely affects the reactor power 
plant’s operational ef?ciency. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a new and 
useful apparatus for backing up the operation of individ 
ual temperature detectors on each process tube of a 
reactor so that temperature signal produced by their use 
can be independently veri?ed or corrected without 
modifying reactor operation or requiring replacement 
of the conventional temperature detectors. 
Another object of this invention is toprovide a reac 

tor with a movable, well calibrated, temperature sensor 
of greater reliability and accuracy than the conven 
tional temperature detectors, for periodically calibrat 
ing and backing up each temperature detector during 
reactor operation. 
To achieve the foregoing and other objects, and in 

accordance with the purposes of the present invention 
as embodied and broadly described herein, the appara 
tus of this invention comprises a movable temperature 
sensor mounted near the shield wall of the reactor core 
supporting corresponding ends of the process tubes and 
remotely operated means operably connected between 
the shield wall of the reactor core and the movable 
temperature sensor for selectively coupling the mov 
able temperature sensor to one end of a selected process 
tube to verify or correct readings provided by the sta 
tionary temperature detector associated with the pro 
cess tube without modifying reactor operation or re 
placing the stationary temperature detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated into and form a part of the speci?cation, illustrate 
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2 
an embodiment of the present invention and, together 
with the description, serve to explain the principles of 
the invention. In the drawings: 
FIG. 1 is a simpli?ed elevational view showing a 

vertical reactor shield wall with protruding process 
tube ends and a movable temperature sensor according 
to this disclosure; 
FIG. 2 is a sectional view taken essentially along line 

2—2 in FIG. 1; 
FIG. 3 is an enlarged schematic view of the movable 

temperature sensor as seen along line 3—3 in FIG. 2; 
and 
FIG. 4 is an enlarged schematic sectional view taken 

along line 4-4 in FIG. 1. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

This disclosure is concerned with an apparatus for 
on-line temperature monitoring of the reactor coolant 
as it exits the process tubes in nuclear reactors. The 
power level of such reactors is now based on power 
limit calculations using the measured coolant ?ow rate 
and the difference between the measured bulk coolant 
inlet temperature and the measured coolant outlet tem 
perature for the individual tubes. 

This invention arose to improve upon the reliability 
and accuracy of Resistance Temperature Detectors 
used on outlet assemblies of the N-Reactor at Hanford, 
Washington. The tube outlet temperatures in this reac 
tor are measured by Resistance Temperature Detectors 
on the outlet jumpers with a :8” F. tolerance. The 
resulting power calculations, to be conservative, are 
based upon the assumption that the Resistance Temper 
ature Detectors are at all times reading 8° F. too low. 
Thus, the individual tube power limits, as the reactor is 
currently operated, arbitrarily limit the power supplied 
by the reactor at about 6% (8/130) below the level 
which would be necessary if the actual outlet tempera 
ture were accurately known. This assumes an average 
temperature difference of 130° F. between the inlet and 
outlet of each process tube. Furthermore, because a 
Resistance Temperature Detector which indicates tem 
peratures beyond the i8° F. tolerance is assumed to be 
defective, those that indicate readings outside this toler 
ance must be replaced. The replacement of Resistance 
Temperature Detectors is a high personnel radiation 
exposure task. When a substantial number of Resistance 
Temperature Detectors malfunction, particularly dur 
ing start-up of the reactor, the entire reactor operation 
must often be shut down. This is an extremely expensive 
process to undertake simply due to the breakdown of 
monitoring devices. 
According to this disclosure, a remotely controlled 

device can be used to position a more accurate tempera 
ture sensor at any selected process tube to measure the 
individual tube outlet temperature while the reactor is 
operating. The resulting measurements can be used for 
recalibrating the stationary Resistance Temperature 
Detectors. Using a more accurate sensor to periodically 
calibrate the stationary temperature detectors would 
allow the power produced by the reactor to be signi? 
cantly increased and would greatly reduce the need to 
replace the individual temperature detectors. 

In general, the apparatus consists of a suspended or 
crawler enclosure containing a temperature sensor that 
can be selectively coupled to any individual process 
tube end arranged about a supporting reactor wall. As 
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used herein, the reference to “coupling” the movable 
temperature sensor to one end of a selected process tube 
might involve physical contact or engagement between 
the sensor and process tube, or the positioning of the 
sensor in such proximity to the process tube as to func 
tionally permit the sensor to measure the process to 
operating temperature without physical contact. 
The concepts of this apparatus will be more clear in 

view of the schematic illustration provided in FIGS. 
1-4. In these drawings. a vertical reactor wall 10 sup 
ports a plurality of individual process tubes 11 arranged 
in an array of vertical columns and horizontal rows. 
Because the elevated outlet temperature of the process 
tubes is critical in assuring that the maximum liquid 
temperature within the tube is below the temperature at 
which boiling will occur in the outlet piping, this inven 
tion will be described as directed to the monitoring of 
the outlet end of each process tube 11. 
The outlet end of each process tube includes an outlet 

nozzle 12 leading to common risers (not shown) for the 
coolant circulated through the process tubes. The outlet 
piping for each tube 11 is typically provided with a 
stationary temperature detector (not shown). These 
detectors currently have a degree of reliability and 
accuracy which requires temperature calculation based 
upon conservative and relatively large tolerances, as 
described above. 
The movable temperature sensor 14 is located within 

an insulated enclosure 15. The sensor 14 includes an 
extension 16 that protrudes outward from enclosure 15 
to facilitate coupling to the end cap 13 of a selected 
process tube 11. Enclosure 15 also houses an electronics 
module 17 and a cooling unit 18 designed to maintain 
the electronics module 17 at a safe operating tempera 
ture during use within the elevated temperatures en 
countered adjacent to the wall 10. 
The enclosure 15 is suspended by two cables 20 lead 

ing individually to transverse spaced points 21 and 22 
spanning the width of the process tube rows and posi 
tioned above the process tube columns (FIG. 1). By 
operating one or both of two winches 31, 32, to control 
the respective lengths of cables 20, the enclosure 15 and 
sensor 14 can be moved to the outer end of any selected 
tube 11. 
The enclosure 15 is also provided with a trailing 

instrumentation and electrical cable 23 leading to re 
mote monitoring equipment (not shown) for recording 
operation of the reactor components. 
One purpose of the sensor 14 is to back up the opera 

tion of the individual temperature detectors that typi 
cally monitor output coolant temperatures in the pro 
cess tubes. By moving sensor 14 into a position coupled 
with the end cap of a process tube evidencing abnormal 
temperature readings, one can verify or correct the 
indicated temperature and determine whether the faulty 
indications are the result of reactor operation or moni 
toring equipment failure. This can be quickly accom 
plished without modifying normal reactor operation. 
According to this disclosure, the movable tempera 

ture sensor 14 should have signi?cantly greater reliabil 
ity and accuracy then the reliability and accuracy of the 
stationary temperature detectors on the individual pro 
cess tubes. The high costs involved in selecting and 
maintaining a highly accurate temperature sensor can 
be more easily justi?ed because only one such unit is 
required to monitor large numbers of less accurate sta 
tionary temperature detectors. Examples of sensors that 
might be used as the movable temperature sensor 14 
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include infrared sensors, thermocouples, and Resistance 
Temperature Detectors. The speci?c sensors selected 
for this purpose can be subjected to a high degree of 
scrutiny and calibration to assure a high degree of reli 
ability and accuracy during use. 
Another function of this apparatus is to provide regu 

lar recalibration of the individual temperature detectors 
for the process tube outlet ends. A high degree of accu 
racy in the measurements provided by the temperature 
sensor 14 can easily be maintained by providing one 
outlet nozzle 12 on a preselected process tube with 
redundant thermocouples or other temperature moni 
toring devices having known high accuracy and preci 
sion. The sensor 14 can then be recalibrated at the prese 
lected process tube as often as required to assure its high 
measurement accuracy for calibration of the tempera 
ture detectors associated with the remaining process 
tubes. If the outlet temperature of the process tubes is 
periodically measured with an on-line temperature 
monitoring device having an overall accuracy of :t2° 
F., the required conservative operating temperature for 
the coolant within the process tube can be reduced 6° F. 
(from 8° F. to 2° F.), resulting in substantially greater 
power output from the reactor. Such tolerances appear 
to be practical to obtain with existing Resistance Tem 
perature Detector technology backed up by the recali 
bration ability provided by an accurate back up sensor 
14. 
The foregoing description of the preferred embodi 

ment of the invention has been presented for purposes 
of illustration and description. It is not intended to be 
exhaustive nor to limit the invention to the precise step 
disclosed. Obviously, many modi?cations and varia 
tions are possible in view of the above teaching. The 
embodiment of the apparatus in detail was chosen and 
described in order to best explain the principles of the 
invention and its practical application so as to enable 
others skilled in this art to best utilize the invention. It is 
contemplated that various embodiments and modi?ca 
tions suited to a particular use will be utilized. It is 
intended that the scope of the invention be de?ned by 
the claims attached to this disclosure. 

I claim: 
1. In combination with a nuclear reactor having a 

plurality of coolant process tubes each having a corre 
sponding end protruding outwardly from a wall of the 
reactor and provided with a stationary temperature 
detector: 

monitoring means for remotely recording the temper 
ature sensed by each of said temperature detectors; 

a movable temperature sensor mounted on the wall of 
the reactor core; 

remotely operated means operably connected be 
tween the wall of the reactor and said temperature 
sensor for selectively coupling the movable tem 
perature sensor to one end of a selected process 
tube, the reliability and accuracy of said movable 
temperature sensor being greater than the reliabil 
ity and accuracy of the stationary temperature 
detectors; 

whereby the temperature indicated by use of the 
stationary temperature detector can be veri?ed 
without modifying reactor operation or replace 
ment of the stationary temperature detector associ 
ated with the selected process tube. 

2. The apparatus of claim 1 wherein the wall of the 
reactor is vertical and the corresponding ends of the 
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process tubes protrude from the wall in an array of 

vertical columns and horizontal rows; 
said remotely operated means comprising: 
two cables vertically suspending the movable tem 

perature sensor from two spaced points on the 

reactor spanning the width of the process tube 
rows and positioned above the process tube col 

umns; 
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6 
and means for moving said movable temperature 

sensor by effectively lengthening or shortening one 
or both of said cables relative to the movable tem 
perature sensor. 

3. The apparatus of claim 1 wherein one end of a 
preselected process tube is instrumented with redundant 
temperature detectors of known accuracy for periodic 
recalibration of the movable temperature sensor by 
coupling it to said preselected process tube. 

* * * >I< * 


