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ABSTRACT 

This report summarizes the work performed on the Research and Development Program for the Southwest Exper
imental Fast Oxide Reactor during the period from May 1, 1971, through July 31, 1971. The work was performed 
under contract AT(04-3)-540 with the United States Atomic Energy Commission. 

1. INTRODUCTION 

Southwest Experimental Fast Oxide Reactor (SEFOR) is a 20 MW, sodium-cooled fast reactor with characteristics 
similar to the large, soft spectrum fast breeder reactors fueled with mixed Pu02 -U-238 0 2 • for which studies indicate 
the .potential for producing low cost power. SEFOR will be used to obtain physics and engineering d~:~ta at fuel 
compositions, temperatures, and crystalline states characteristic of power reactor operating conditions. SEFOR is 
particularly designed for the systP.matic determination of the Doppler coefficient of reactivity at temperatures up to the 
vicinity of fuel melting. 

The SEFOR project consists of two major parts: the design·and construction of the reactor facility and the related 
research and development program. Funds for the design and construction of the facility are being provided by the 
Soythwest Atomic Energy Associates (a group of 17 investor-owned utility companies located in the south and 
southwest of the United States), together. with the Karlsruhe Laboratory of The Federal Republic of Germany, 
Euratom, and the General Electric Company·. 

The United States Atomic Energy Commission is supporting the research and development program. The R and D 
program consists of two phases: 

Phase !-Preoperational research and development, 

Phase II-The reactor test program after the start of reactor operation. 

Phase I consists of 10 major tasks divided into 28 subtasks. This report summarizes the tasks scheduled for activity 
at this time. The remaining tasks will be included in future reports as the work progresses. 

The following periodic reports have been issued in partial fulfillment of United States Atomic Energy Commission 
Contract AT(04-3)-540. 

1. "Southwest Experimental Fast Oxide Reactor Development Program. First Quarterly Report, April-June 1964," 
GEAP-4594 (July 1964). . 

2. "Southwest Experlmente~l Filst Oxide Reactor Dev~;>lopmP.nt Program, Second Quarterly Report, July-September 
1964;" GEAP-4742 (October 1964). 

3. "Southwest Experimental Fast Oxide Reactor Development Program, Third Quarterly Report, October 
1964-January 1965," GEAP-4799 (February 1965). · 

4. "Southwest Experimental Fast Oxide Reactor Development Program, Fourth Quarterly Report, February-April 
1965," GEAP-4864 (May 1965). 

5. "Southwest Experimental Fast OxidP. Reactor Development Program, Fifth Quarterly Report, May-July 1965," 
GEAP-4934 (August 1965). 

6. "Southwest Experimental Fast Oxide Reactor Development Program, Sixth Quarterly Report, August-October 
1965.'' GEAP-4994 (November 1965). 

7. "So1,1thwest Experimental Fast Oxide Reactor Development Program, Seventh Quarterly Report, November 
1965-January 1966," GEAP·5108 (February 1966). 

8. "Southwest Experimental Fast Oxide Reactor Development Program, Eighth Quarterly Report, February-April 
1966," GEAP-!:>160 (May 1960). 
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9. "Southwest Experimental Fast Oxide Reactor Development Program, Ninth Quarterly Report, May-July 1966," 
GEAP-5208 (August 1966). 

10. "Southwest Experimental Fast Oxide Reactor Development Program, Tenth Quarterly Report, August-Oc~ober 
1966," GEAP-5301 (November 1967). 

11. "Southwest Experimental Fast Oxide Reactor Development Program, Eleventh Quarterly Report, NovefT.lber 
1966-January 1967," GEAP-5442 (February 1967). 

12. "Southwest Experimental Fast Oxide Reactor Development Program Twelfth Quarterly Report, Februa!y-April 
1967," GEAP-5498 (May 1967). 

13. "Southwest Experimental Fast Oxide Reactor Development Program, Thirteenth Quarterly Report; May-July 
1967," GEAP-5533 (August 1967). 

14. "Southwest Experimental Fast Oxide Reactor Development Program, Fourteenth Quarterly Report, 
August-October 1967," GEAP-5561 (November 1967). 

15. "Southwest Experimental Fast Oxide Reactor Development Program, Fifteenth Quarterly Report, November 
1967-January 1968," GEAP-5595 (February 1968). 

16. "Southwest Experimental Fast Oxide Reactor Development Program, Sixteenth Qua'rterly ·Report, February-. . . 
April 1968," GEAP-5629 (May 1968). 

17. "Southwest Experimental Fast Oxide Reactor Development Program, Seventeenth Quarterly Report, May-July 
1968." GEAP-5673 (August 1968). 

18. "Southwest Experimental Fast Oxide Reactor Development Program, Eighteenth Quarterly Repor.t, August
October 1968," GEAP-5705 (November 1968). 

19. "Southwest Experimental Fast Oxide Reactor Development Program, Nineteenth Quarterly Report, November. 
1968-January 1969," GEAP-5754. 

20. "Southwest Experimental Fast Oxide Reactor Development Program, Twentieth Quarterly Report, February
April 1969," GEAP-10010 (May 1969). 

21. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-First Quarterly Report, May-July 
1969," GEAP-10010-21 (August 1969). . 

22. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Second Quarterly Report, August
October 1969," GEAP-10010-22 (November 1969). 

23. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Third Quarterly Report, November 
1969-January 1970," GEAP-10010-23 (February 1970). . · 

24. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Fourth Quarterly Report, 
February-April 1970," GEAP-10010-24 (May 1970). 

0 • 0 I 

25. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Fifth Quarterly Report, May-July 
1970," GEAP-10010-25 (August 1970). . . 

26. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Sixth Quarterly l;{eport, August
October 1970," GEAP-10010-26 (November 1970). 

2 
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27. ."Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Seventh Quarterly Report, 

November 1970-January 1971," GEAP-10010-27 (February 1971) . 

28. "Southwest Experimental Fast Oxide Reactor Development Program, Twenty-Eighth Quarterly Report, 
February-April1971," GEAP-10010-28 (May 1971). 

In addition, the following topical reports have been issued: 

·1. Novak, P. E., and Asamoto, R. R., "A Survey for a High Temperature Sensor for SEFOR," GEAP-4903 (July 
1965). 

2. Quinn, E. P., "Vibration of SEFOR Fuel Rods in Parallel Flow," GEAP-4966 (September 1965). 

3. Johnson, M. L., "A Description of Fuel and Other Core Materials Procured for SEFOR Critical Experiments in 
ZPR-111," GEAP-6133 (December 1965). 

4. Protsik, R., "Epithermal Capture and Fission Distribution in a Fuel Rod-The Computer Code REAX," 
GEAP-4973 (April 1966). 

5. Novak, P. E., and Asamoto, R. R., "An Out-of-Pile Evaluation of W-Re Thermocouple Systems for Use to 4700°F 
in Mixed Oxide," GEAP-5166 (May 1966). 

6. pflasterer, G. R., "SEFOR Experimental Program Planning, Vols. I and II, "GEAP-5092 (August 1966). 

7. Morrell, R. P., "SEFOR {3/Q, Measurements by Noise Analysis Techniques," ID0-17210 (August 1966). 

8. Williams, R. F., and Polomik, E. E., "Pressure Drop and Dye Tests with Water on the SEFOR Prototype Fuel 
Bundle," GEAP-5129 (February 1966). · 

9 .. Carig, C. N:, Ryer, C. M., and ·Thompson, M. L .. "Plutonium-Uranium Mixed Oxide Fuel Pellet Fabrication 
Development for the Southwest Experimental Fast Oxide Reactor," GEAP-5285 (October 1966). 

10. Polomik, E. E., and Williams, R. F., "Coolant Surface Turbulence Study, SEFOR Reactor Vessel," GEAP-5099 
(December 1966). 

11. Wilkinson, L.; "Use of Neutron Filters for Fast Reactor Fuel Irradiations in a Thermal Core," GEAP-5035 (April 
1967). 

12. Wilkinson. L., et al., "Devices for Cyclic and Transient Power Control in a Steady-State Neutron Flux Gradient," 
GEAP-5036 (May 1967). 

13. Reynolds, A. 8., and Stewart, S. L., "Analysis of the SEFOR Mockup Critical Experiments in ZPR-3," 
GEAP-5294 (March 1967). 

14. Wilkinson, D., "Weighted Doppler Analysis Code-WEDOP," GEAP-5513 (October 1967). 

15. Craig, E. R., Fulton, R. H., Damon, J. J., "Design and Testing of Solenoid and Instrument Lead Connector for Use 
in SEFOR Reactor Vessel," GEAP-5307 (March 1967). 

16. Asamoto, R. R., Perry, K. J., and Zebroski, E. L., "The Effective and·Diametral Thermal· Expansion of U02 Under 
a Radial Temperature Gradient," GEAP-5284 (October 1966). 

17. McVean, R. L., Weitzberg, A., Kremser, J. A., Leridon, A.M., and Long, J. K., "Critical Studies of the Southwest 
Experimental Fast Oxide Reactor (SEFOR) in ZPR-3," ANL-7348. 
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18. Polomik, E:, "Fluid Flow and Vibration Tests, 1/2-Scale Model of SEFOR Reactor Vessel," GEAP-5440 (April 
1967). 

19. Field, 'J." H., Johnson, M. L., and Novak, P. E., "An Evaluation of the Effect of Design and Operating Variables on 
SEFOR Fuel and Fuel Cladding," GEAP-5309 December 1967). · 

20. Noble, L. D., "Final Specifications for the SEFOR Experimental Program," GEAP-5576 (April 1968). 

21. Russell, C. E., "Flow Distribution Measurements in a 3-Scale Model of the SEFOR Fuel Bundle," GEAP-5184 
(May 1968). 

.. 
22. Cochran, J., "SEFOR Core Clamping Model Tests, One-Sixth Segment," GEAP-5465 (May 1968). 

23. Asamoto, R. R., and Novak, P. E., "An In-Pile Evaluation of W-Re Thermocouple Systems for Use to 4700°F in 
SEFOR Fuel," GEAP-5466 (October 1968). 

24. Cochran, J. T., "SEFOR Fuel Assembly Sodium Flow Tests," GEAP-5466 (September 1968). 

25. Cockran, J. T., "SEFOR Fuel Rod Sodium Thermal Shock Tests," GEAP-5467 August 1968). 

26. Craig, E. R .• "SEFOR Instrumented Fuel Assembly Design and .Oevt!lopment," GEAP-5615 (April1968). 

27. Steamer, A. G., Brynsvold, G. V., and Franckx, L. C., "Fuel Handling and· Other Tests in the SEFOR Refueling 
Cell Mockup," GEAP-5701 (March 1969). 

28. Johnson, M. L., Becker. R. A., Haar, J. M., "SEFOR Fuel Handling," GEAP-13565 (December 1969). 

29. Noble, L. D., et al., "Results of SEFOR Zero Power Experirn41nts," GEAP·13580 (Mardi 1970). 

30. lkeuye, D. T., and Young, F. E., "Fabrication of Non-Fuel Core Components for SEFOR," GEAP-13595 (Feb·. 
ruary 1970). 

31. Meyer, R. A., Stewart, S. L., Craig, E. R., Rt!ynolds, A. 8., and Johnson, M. L., "Design and Analysis 6f SEFOR 
Core 1," GEAP-13598 (April 1970). 

32. McKeehan, E. R., "Design and Testing of the SEFOR Fast Reactivity Excursion Device (FRED)," GEAP-13649' · 
(October 1970). 

33. Noble, L. D., et al., "SEFOR Core I Test Results to 20 MW," GEAP-13702 (April1971 ). 

2. SUMMARY 

2.1 COMPLETED TASKS 
Experimental and/or analytical work has been completed on the tasks listed below, although in some cases work 

on topical reports is continuing: 

TASK TITLE 
1.1 Specifications for the Reactor and Experimental Program 

1.2 Final Specifications of the Experimental Program 

2.0 Experimental Program in ZPR-111 

4 
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3.0 Fuel Development 

4.0 Special Instrumentation 

5.0 Steady-State and Transient Characteristics of the Core Assembly 

7.0 Fuel Handling 

8.0 Core Design 

2.2 TASK 6- REACTIVITY CONTROLS REQUIRED FOR EXPERIMENTATION 
Th~ phase Ill (< 130 cents) neutron absorber rod was shipped to SEFOR. 

2.3 TASK 9- FUEL FABRICATION 
Receiving inspection of the fuel rods and loose fuel pellets fabricated by Nuclear Fuel Services, Inc. was com

pleted. The loose fuel pellets were acceptable and are stored at the GE Vallecitos Nuclear Center. The fuel rod 
dispostion was completed based on the results of the receiving inspections. 

A Time Domain Reflectometer (TOR) was used to locate thermocouple short-circuits and open-circuits in several 
Instrumented Fuel Assemblies (IFAs). The defective circuits were successfully repaired. The 6th IFA was shipped to 
SEFOR. Electrical faults in two IFAs (VNC-24 and VNC-26) were repaired at the SEFOR site. Plans were made for 
further diagnostic work with the IF As after reactor installation . 

. The Core II Instrumented Fuel Rod (IFR) assembly sequence was established. Work was begun on written 
assembly procedures and setting up IF R assembly-work areas. IF R specifications are essentially completed except for 
the fuel thermocouple and assembly specifications. Cost and schedule quotes for the fuel thermocouple were received 
from vendors. Long lead time material has been received. Fuel and reference thermocouple material compatibility tests 
were initiated. 

2.4 TASK 10- APPROACH TO POWER 
Balanced oscillator Experiments (B.O.E.) of the first (constant temperature) and second (constant power) kinds 

wer"e performed at reactor power levels from 10 MW to'\•19 MW. The amplitude of temperature response due to coolant 
flow oscillation was smaller than expected. This reduced the magnitude of reactivity effects which could be obtained 
and ·therefore reduced. the sensitivity of the tests. The results obtained from the first B.O.E. for the value of the 
reactivity feedback coefficient showed reasonably good agreement with the results obtained from the conventional 
oscillator tests and have been previously reported. The second B.O.E. tests results are much more sensitive to uncer
tainties in coolant temperature measurements, however, and the low amplitude of the coolant temperature oscillations, 
combined with thermocouple measurement anomalies, prevented a good comparison with reactivity effects obtained 
trom other measurements. 

2.5 TASK 11- TRANSIENT TESTS 
Analysis of the data obtLiined from the subprompt critical transient tests provides additional evidence that the 

value of the Doppler coefficient is T ~ = -0.0081, as determined by the static and oscillator tests. The familiarization 
and subprompt critical tests demonstrated consistency and repeatability of data among the tests. The reactivity 
insertion inferred from the measured transient flux data coupled with the space independent reactor kinetic model vilas 
approximately 4% greater than that determined from measurements of the poison slug reactivity worth during static 
tests. 

2.6 SAFETY AUDIT AND LICENSING 
The following series of reports were sent to the AEC-DR L: three malfunction reports, three reports giving the 

result~ of th~ power ascension, conventional oscillator, balanced oscillator, and familiarization and subprompt critical 
transients for Core I, and a report documenting the analysis of the reactor vessel head bolt stresses. Ten safety 
evaluation were completed for equipment modifications and operating procedure changes. The seventh meeting of the 
Safety Review Committee was held at the site. 

5 
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2.7 SEFOR SUPPORT 
The backup reactor vessel head seal was fabricated and installed at the site. The seal is designed to reduce cover gas 

leakage from the existing metal o·ring seals located between the reactor vessel outer head and flange. The crane retrieval 
system was installed and checked out satisfactorily at the site. 

2.8 SEFOR OPERATIONS 
A reactor outage initiated on March 14, 1971 to investigate the loading on the reactor vessel outer head studs, 

which results from differential movement of the vessel flange and head during temperature changes of the primary 
coolant, was terminated on April 29, 1971. The subprompt critical transient test series was completed,. a preliminary 
calibration of the superprompt transient FRED slug was performed, and the annual outage for containment leak checks 
was initiated on June 15, 1971. Contain111ent leak tests were accomplished with satisfactory results. Plant and equip· 
ment modifications and maintenance were completed and a leak rate retest of the inner containment was initiated 
subsequent to the modifications. 

3. TASK 6- REACTIVITY CONTROLS REQUIRED FOR EXPERIMENTATION 

3.1 TASK 6.1- FAST REACTIVITY EXCURSION DEVICE (FRED) 

3.1.1 Purpose 
The purpose of the FRED is to initiate reactor power excursions under controlled conditions. The device devel· 

oped and fabricated under this task is used in SEFOR to carry out the planned excursion during the experimental 
program. 

3.1.2 Past Accomplishments 
The FRED design, fabrication, and testing have been completed and a topical report on the design and testin9 has 

been issueg. 1 
. · . 

3.1.3 'FRED Rod 
The experimental program requires neutron. absorber rods with three different reactivity worths for the FRED 

tests. The FRED rods are designed to enable reactivity adjustment and remote assembly and disassembly from the 
extension shart. 

The Phase Ill absorber rod was shipped to the SEFOR site for calibration and worth adjustment in preparation for 
superprompt tests. 

3.1.4 FRED Rod and Dry well Emittance Measurements 
A report was .issued on the surface emittance measurements made of the samples which simulated drywell and 

FRED rod surface conditions. The emittance values obtained were slightly lower than expected. 

4. TASK 9- FUEL FABRICATION 

4.1 PURPOSE 
The purpose of Task 9 is to procure fuel rods and associated core components for SEFOR. Fabrication of the 

hexagonal fuel channel and all of its internal components are part of this task, as well as the instrumented fuel assembly 
fabrication. 

4.2 PAST ACCOMPLISHMENTS 
The complete core component and fuel rod order has been received at SEFOR in previous quarters. The stainless 

steel tightener rods for Core II were received. Five instrumented fuel assemblies were shipped to the SEFOR site. 
Fabrication was started on 102 additional fuel rods. Conceptual design of SEFOR Core II instrumented fuel rods was 
completed. The design includes three rods located at three separate through-head ports. Each rod contains one fuel 
thermocouple. Scoping drawings were made of fuel thermocouple design options, the instrumented fuel rod with vessel 
penetration of thermocouple leadout, and rod handling from shipment to post-irradiation storage. 

6 
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4.3 CURRENT RESULTS 

4.3.1 Fuel Rod Procurement 

Nuclear Fuel Services (N FS) is fabricating additional fuel rods and repairing 22 helium-leaking rods under Revision 
4 to the original purchase order for fuel rods. 

The receiving inspection of the fuel rods and loose fuel pellets shipped from Nuclear Fuel Services, Inc. (N FS) was 
completed. The fuel rod inspection was done at the SEFOR site and the loose pellet inspection was done at GE 
Vallecitos Nuclear Center. 

The loose fuel pellets were satisfactory and they are stored at GE Vallecitos Nuclear Center for use in in· 
strumented fuel rods t hat are planned. 

Some discrepancies were fo und d uring the inspecti on of the fuel rods. Two tests included in t he inspection , He 
leak check at 800°F and eliptical radiographs of the end pl ug welds, were mo re stringent t han those agreed upon in the 
GE-N FS contract and therefo re were not part of the acce pt ance criteria. 

The di sposition of t he fuel rods (new and repai r rods) is given below based upon the results of t he receiving 
inspection. 

CLASSIFICATION AND DISPOSITION 

Acceptable (Retained at SEFOR Site) 

' ;l;ie leak rate greater than 1x10.8 cc/sec at room temperature 

...• ,{Re!urn to NFS for repairs) 
.'··:, .. ':ft .. :.\· 
If. : ~Yfechanical discrepancies (Return to NFS for repairs) 

He leak rate greater than 1x10·8 cc/sec at 800° F (Retained 
at SEFOR site for further investigation) 

-lnd~icated defects from special radiographic inspection of 
end .plug welds. (Retained at SEFOR site for further inves· 
t igati on). ' 

4.3.2 First Core Instrumented Fuel Assemblies (I FA) 

4 .3.2.1 IFA Circuit Analysis 

NUMBER OF FUEL RODS 

81 plus the uo2 filled 
dummy rod 

7 

4 

24 

7 

A , number "Of circuit analyzing tests were conducted on the 6th I FA sensor circuits using a Time Domain 
Reflec~orii~ter (IDR) . The usefulness of the TOR as a diagnostic aid in sensor circuit tault analysis was demonstrated , 
and the 'Tb~ was used to locate the fuel thermocouple short-circuit in the 6th IFA (VNC 27) . When a possible 
successful repai·r was ind icated from this analysis, the decis ion was made to proceed with the repa ir . The repair work 
was successfully compjeted. The 6th IFA passed final inspection and was shipped to the SEFOR Site . 

The Time Domain Reflectometer was used at the SEFOR Site to check the sensor circuits in the four IFAs in 
storage awaiting reactor installation. The extension leads between the constant temperature junction and the reactor 
vessel were also checked . The results of this work ind icated all the extension leads were intact. The work also showed 
the open circuit in VNC-24 and VNC-26 were in reasonably accessible locations tor repair . The open circuits in VNC-24 
and VNC-26 were successfully repaired at the SEFOR Site. 

4.3.2.2 IFA Repair 
The I FA's VNC-24 and VNC-26 were repaired in accordance with previously prepared procedures . The previous 

work with a Time Domain Reflectometer indicated both IFAs had failed leads in their splice areas. The clam shell 
sections covering the splice areas were removed by grinding along the weld seams. The exposed splice area allowed the 
failed leads to be repaired by spot welding. (See Fig 4-1 ). The resistances of all the leads were measured and recorded 
after each grinding or welding step to assure they had not been damaged. After rewelding the clam shell section to the 
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splice tube head, heat was applied and the IFA evacuated overnight to remove any moisture which may have accumu
lated during the repair. The final step was to-straighten the I FA to its original specification. 

Both IF As were repaired in much the same way. The major difference was the need to cut two access holes into 
the VNC-26 splice region. Although the failed lead could be seen through the first opening cut, it could not be reached 
with the spot welder. A second opening was cut adjacent the failed lead and it was easily repaired . 

. Plans were made for modifications to the sensor lead connections at the thermocouple reference junction to 
simplify monitoring the condition of the IFA thermocouple circuits in the reactor. 

Plans were made for the initial (after reactor installation) IFA thermocouple circuit surveillance. This work will 
take advantage of the previously discussed circuit change. Follo_wing further safety analysis. work plans were made for 
repair of in-reactor sensor circuit faults (open circuits) by "zapping." 

The IFA (VNC-27) with a spacer missing (reduced spring force) in the center fuel section was radiographed in the 
vertical position in the Refueling Cell. The pellet dislocations shown on the radiograph should not effect the fuel 
temperature measurements. The spring force 'is not required during reactor operation. 

4.3.3 Core ll_lnstrumented F:uel Rods (IFR) 
The Core II Instrumented Fuel Rod (I FR) is provied to determine the fuel temperature during the SEFOR 

superprompt"'critical transient tests. A special·high temperature fast response thermocouple that is designed for these 
transient te.st requirements is contained in. each IFR to satisfy its operational objective. 

An as~embly sequence for the IFR components was established. The sequence centers around the fuel thermo
couple and builds to the fuel loading as final assembly. The IF R receives minimal handling after the fuel is loaded. Up 
to and through fuel loading the fuel thermocouple will receive special handling considerations. Work was started on 
written assembly procedures and on establishing IFR assembly areas. 

Work' continues on the IF R specifications. The design, assembly, and fuel thermocouple specifications are being . .. ~ 

resolved for final issue. A preliminary fuel thermocouple specification was used to obtain cost and schedule quotes 
from three thermocouple vendors. The seal plate assembly design and final specification was issued and an order placed 
for the assemblies. The mini fuel rod specification and drawings were completed and issued. The cladding, extension 
rod, and bar materials have all been received. The fuel was segregated for processing tests and loading ·into the IFRs. 

A material compatibility test is being initiated for the_reference thermocouple design materials and the fuel. The 
test will mockup the axial fuel rod temperatur~ gradient and the reactor transient tests time at temperature. The first 
test phase will determine basic material compatibility. Subsequen~ tests will determine effects of term perature and time 
on thermocouple emf output. 

5. TASK 10- STARTUP TESTING 

5.1 PURPOSE 
The purpose of Task 10 is to investigate the startup characteristics of a Pu02 ·U02 fueled fast reactor and to 

compare the experimental results with the theoretical calculations. the wet critical tests comprise Task 1 0.3. Task 10.4 
includes the initial aprrn;:~r.h to full powor. 

~2 PASTPERFORMANCE 
Measurements of reactivity feedback using steady state and oscillator tests at power levels up to 20 MW were 

completed. During these measurements the mixed oxide ((Pu02 -U02 ) fuel temperature reached a calculated maximum 
temperature of approximately 4700°F. Analysis of the test data provided a measured power-Doppler reactivity rela
tionship with an estimated standard deviation of ±8%. Comparison of results with calculations demonstrated that the 
Doppler component of the feedback can be described by a fuel temperature coefficient 1~-{l of -0.0081 with an 
estimated standard deviation of ±0.014. This coefficient compared favorably with the value of -0.0085 that was 
predicted prior to the measurements. 

5.3 CURRENT RESULTS 

5.3.1 Balanced Oscillator Tests 
Balanced oscillator tests of the first and second kinds were performed at reactor power levels from 10 MW to 'V19 

MW. Seven frequencies were used covering the range between 0.011 and 0.23 radians pe'r second. The results of the first 
balanced oscillator tests (constant r.oolant temperature) ore reported in rert~rence 2. 

9 
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The objecti.ye of the second balanced oscillator experiment (B .. O.E.) was to measure the time dependent reactivity 
effects of coolant temperature changes at a constant power. The power was to be held constant by causing the coolant 
temperature to oscillate with sufficient amplitude to counteract the reactivity effect of a 8 4 C rod oscillation. The 
coolant tempera.ture oscillation was induced by oscillating the primary and secondary coolant flows. 

For this experiment the model for the relation between the input reactivity, AK;0 , and the oscillating .core 
average coolant temperature, AT c• is (see reference 3). 

where P is the reactor power, G is the zero power reactivity transfer function, A Pis the power oscillation and ATi is the 
• 0 . 

inlet temperature oscillation; Ct. Cq, and C; are fuel, average coolant, and inlet coolant temperature reactivity coeffi-

cients respectively; while at is the power reactivity coefficient. F5 and Fav are normalized frequency response functions 
that desc(ibe3 the fuel temperature response to power and coolant temperature oscillations, and Xt is the response3 

of the totiJI power absorbed in the fuel to the "fission" power. 
The measured quantities in the above expression are reactivity, the temperature, and the power oscillations. For a 

perfect bala.rltCe, AP=O, the last term vanishes, and the fuel and coolant temperature reactivity coefficients can, in 
princi.p_@.l., be detetmined from the measured reactivity and temperature oscillations. 

Measured data from the second balanced oscillator experiment are tabulated in Tables 5-1 through 5·5. Unless 
otherwise indicated, the coolant temperature oscillations were obtained from data channels 42 (inlet temperature) and 
41 (outlet temperature). The average coolant temperature, which is approximately the average of the inlet and outlet 
temperature oscillations, was computed from a formula 3 that accounts for frequency dependent changes through the· 
core. 

Table 5-1 
SI!!COND BALANCED 03CJLLATOO TCCT DATA 

. 0 
10 MW, 40% Flow, 560 F Coolant 

Data Tape 75 

AP/ATc Ak/ATc ATi/ATc 
Frequency Amplitude Phase Amplitude Phase Real Imaginary 

File (rad/sec) (MWtFl (degrees) (centfF) (degrees) Part Part 

16 0.2213 Apparent Balance· 0.207 -16.7 0.00 o.oo· 
17 0.1296 Reached for all files 0.192 -32.7 0.64 0.24 

18 0.07792 0.254 -29.7 0.84 0.55 

19 0.07795 0.255 -29.0 0.80 0.50 

20 0.07788 0.266 -27.7 0.74 0.52 

21 0.04853 0.282 -22.5 0.78 0.64 

22 0.04843 0.309 -21.,. 0.64 0.65 

23 0.03019 0.317 -15.7 0.59 0.69 

24 0.03005 0.322 -15.6 0.51 0.75 

25 0.01709 0.328 -1.1 0.40 . 1.26 

26 0.01062 0.299 12.5 0.32 2.00 
27 0.01052 0.338 17.4 0.00 1.71 
28 0.2109 0.205 -20.0 0.00 0.00 

10 
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Table 5-2 

SECOND BALANCED OSCILLATOR TEST DATA 
10 MW, 40% Flow, 760°F Coolant 

Data Tape 45 

flP/ATc flk/flTc llTj/llTc 
Frequency Amplitude Phase Amplitude Phase Real · Imaginary 

File· (rad/see) (MWfFl (degrees) (centt'Fl (degrees) Part Part 

11a 0.07769' 0.0020 88.0 0.26 -37.0 0.24 0.15 

12a 0.07820 0.0021 -160.0 0.29 -31.4 0.24 0.14 

13a 0.04938 . 0.0011 62.6 0.27 -4L1 -o.12 0.33 

14a 0.04938 0.0030 21.3 0.30 0.0 -o.36 0.04 

15a. 0.03100 0.046 20.7 0.52 2.6 -o.48 -o.01 

16a 0.03096 0.0054 15A 0.28 0.0 -o.H) 0.36 

23 0.07739 0.008 . 125.0. 0.221 -27.8 0.79 0.42 

24. 0.07750 0.0117 27.0 0.217 -28.6 0.74 0.41 

25 0.07747 0.0 0.0 0.227 -33.4 0.78 0.51 

26 0.1295 0.0 0.0 0.188 -31.8 0.72 0.07 

27. 0.04904. 0.0 o:o . 0.297 -27.2 0.69 0.69 

28 0.04899' 0.0 0.0 0.290 -27.1 0.70 0.66 

29 0.03066 0.0 0.0 0.326 -19.2 0.58 0.90 

30 0.03056 0.0 0.0 0.310 -16.3 0.58 0.93 

31 . 0.01780 " 0.0 0.0 0.362 7.1 0.79 1.72 

32 0.01779 0.0 0.0 0.385 3.5 0.56 1.61 

33 0.01148 0.071 13.4 1.087 19.9 1.08 4.26 

34· 0.01166 0.056 15.7 0.969 23.5 0.76 3.81 

35 0.2243 0.0 0.0 0.178 -23.4 0.0 0.0 

36 0.0113 0.0 0.0 0.741 57.7 -o.77 6.60 

a These data obtained frol)'l Data Tape 104, using central IFA inlet and outlet ~easured temperature oscillations. 
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Table 5~3 

SECOND BALANCED OSCILLATOR TEST DATA 
. 0 . 

13 MW, 50% Flow, 760 F Coolant 
Data Tape 61 

AP/ATc Ak/ATc ATi/ATc 
Frequency· Amplitude Phase Amplitude Phase Real Imaginary 

File (rad/sec) (MW/°F) (degrees) (ceniff) (degrees) Part Part 

17 0.2241 0.0026 -50.68 0.267 -31.00 0.46 -o.22 

18 0.2240 0.0009 -58.61 0.179 -30.00 0.46 -o.22 

19 0.1301 0.0016 -14.25 0.281 -26.28 0.72 0.29 

20 0.1305 0.0007 15.15 0.230 -24.71 0.70 0.26 

21 0.07889 0.0008 -123.7 0.222 -40.22 0.63 0.16 

22 0.07896 0.0007 -144.3 0.208 -39.00 0.66 0.14 

23 0.01145 0.0 0.0 0.451 23.39 1.72 1.90 

24 0.07876 0.0 0.0 0.238 -18.34 0.36 1.08 

25 0.07889 0.0 0.0 0.210 -31.00 0.66 0.15 

26 0.04953 0.0 0.0 0.262 -22.70 0.68 0.57 

27 0.04945 0.0 0.0 0.278 -23.69 0.58 0.57 ... 
28 0.03103 0.0 0.0 0.283 -10.02 0.43 0.96 

29 0.03111 0.0 0.0 0.287 -11.28 0.48 0.91 

30 0.01812 0.0 0.0 0.299 29.87 0.0 . " 
l.Y:l 

31 0.01799 0.0 0.0 0.310 15.47 -o.03 1.79 

32 0.01176 0.0012 136.6 0.437 26.83 1.55 1.80 

33 0.07914 0.0009 149.6 0.266 -30.34 0.49 0.83 

34 0.2318 0.0028 -45.6 0.286 -27.91 0.41 -o.25 

35 0.2312 0.0 0.0 0.204 -20.30 0.093 -o.09. 

12 
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Table 5-4 

SECOND BALANCED OSCILLATOR TEST DATA 
'~ 15 MW, 60% Flow, 760°F Coolant 

Data Tape 45 

.. fl.P/fl.Tc fl.k/fl.T c tl.Ti/tl.Tc 

Frequency Amplitude Phase Amplitude Phase Real Imaginary 
File (rad/sec) (MWfFI (degrees) (centfFI (degrees) Part Part 

8 0.2222 0.0147 .:.12.75 0.212 -21.92 0.51 0.07 

9 0.1302 0.0064 -10.63 0.262 -27.51 ·0.75 0.31 

10 0.07885 0.0051 100.0 0.265 -22.78 0.55 0.26 

11 0.07849 0.0053 82.34 0.242 -26.56 0.59 0.22 

12 0.07851 0.0034 -163.0 0.241 -30.63 0.57 0.19 

13 0.04924 0.0 0.0 0.275 -22.17 0.59 0.62 

14 0.03098 0.0072 -37.52 0.330 -20.58 0.36 0.96 

15 0.03105 0.0207 -33.71 0.389 -22.16 0.26 1.05 

16 0.03096 0.0069 . -32;51 0.303 -23.64 0.24 0]5 

17 0.03093 0.0146 -31.69 0.353 -19.67 0.35 1.26 

18 0.03061 0.0070 -25.91 0.346 -9.55 0.30 1.35 

19 0.01748 0.0117 -12.43 0.314 6.52 -o.44 2.21 

20 0.01108 0.0293 54.47 0.393 15.20 -o.61 1.22 

:; 21 0.0110 0.0268 53.43 0.369 14.20 -o.53 1.17 

22 0.1291 0.0 0.0 0.207 -31.71 0.80 0.32 

Table 5-5 

SECOND BALANCED OSCILLATOR TEST DATA 
19 MW, 75% Flow, 760°F Coolant 

Tape 113 

fl.P/fl.Tc fl.k/fl.T c fl.Ti/tl.Tc 
Frequen·cv Amplitude Phase Amplitude Phase Real Imaginary 

File (rad/sec) (MWfFI (degrees I (cent/°FI (degrees) Part Part 

8 0.07896 0.0 0.0 0.257 -26.00 0.59 0.61 

0 0.07903 0.0. 0.0 0.241 -·25.55 O.G2 0.57 

10 0.04946 0.0065 76.3 0.276 -1320 0.64 0.88 

12 0.03099 0.0069 3.5 0.291 -18.96 0.14 0.94 

13 0.03098 0.0 0.0 0.281 -13.92 0.19 1.03 

14 0.1305 0.0 0.0 0.214 -31.55 0.87 0.62 

15 0.1307 0.0 0.0 0.225 -31.26 0.78 0.53 .. 
16 0.2258 0.0069 -178.0 0.159 -38.13 0.73 0.28 

17 0.01778 0.0135 60.8 0.302 6.03 -o.28 1.70 

18 0.01106 0.0169 112.3 0272 22.95 -1.11 2.71 

13 
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The four thermocouples (TCs) available for measuring core outlet coolant temperature oscillations showed general 
agreement at all frequencies of oscillation, and their mean temperatures confirmed the measurements of the resistance 
temperature detector at the vessel outlet. :fwo TCs (32 and 42) were avaiiable for measuring coolant inlet temperature 
response during the oscillator tests. One (32) was located just at the inlet of a channel containing fuel, while the other 
(42) was located on the shroud just prior, in the coolant flow path, to the inlet plenum. The TC at the core inlet (32) 
was suspect, since it indicated an increase in temperature with power level even when the coolant inlet temperature, as 
measured by 42, and a resistance ternperature detector located at the vessel inlet, was held constant. When the flow was 
held consta~t (a~ in~· conventional oscillator test), the temperature oscillations indicated by TCs 32 and 43 agreed well, 
as indicated in Figures 5·1 and 5-2. When the flow was oscillated (as in the 2nd B.O.E.) however, these thermocouples 
showed the marked differences indicated in Figures 5·1 and 5-2. 
. The average coolant temperatures were computed from the measured inlet and outlet temperature oscillations, and 

values of .:1Kin/.:1 Tcwere computed for different combinations of inlet and outlet coolant TCs. The "measured" values of 
.:1K;ofl11: are compared in Figures 5-3 and 5-4 with the expected behavior - [Cl 

5
+Cq) obtained from the right hand 

side ·at the above equation using coefficients determined from other 4 static and conventional oscillator tests and 
assuming .:1P = 0. The previously measured4 (by static tests) value of C; was smail and the term .C;.:1T;/.:1T c was also 
neglected. As the .curves indicate, no set of measurements is in agreement with the behavior expected from previous 
experiments. The curves also indicate, as previously discussed, that the coolant outlet thermocouples (31, 33, 39, and 
41) are in agreement, while the two inlet TCs (32 and 421 show marked disagreement during th~ balanced oscillator 
experiments. This poor comparison between results of the 2nd B.O.E. and previous test results is apparently due to the 
low magnitude of the oscillations involved (they could not be increased because the flow oscillations are limited to 
amplitudes of ±14Jb ~bout their mean values) and the apparent direct influence of flow on the. indicated inlet TC 
responses. 
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6. TASK 11- TRANSIENT TESTS 

6.1 TEST DESCRIPTIONS 
The transient tests involve the rapid insertion of positive reactivities (produced by ejecting ·a 8 4 C slug from a-_ 

central channel in a time interval of "-'0.1 sec) ranging between a minimum of approximately 0.4 dollars and a 
maximum in excess of 1 dollar. The tests are terminated by introduction of large negative ~eactivities (reactor scram) 
within 0.4 sec of transient initiation. · 

. 
For convenience, the tests have been divided into three groups. These are the tamiliarization transients, which 

involve reactivity insertions of 0.5 dollars or less, the subprompt critical transients involving reactivity insertion's g~e~ter . 
than 0.5 dollars, but less than 1.0 dollars, and the superprompt critical transients that result .from reactivity insertions· 
in excess of 1.0 dollars. 

The familiarization transients were initiated from two power levels: 1 MWt and JO MWt. The energy release was 
small (of the order of 5 MW-sec, or less) during these transients, and the Doppler feedback produced by the fuel 
temperature changes was less than 2 cents. Consequently, these tests were used to gain familiarity with the system .under 
transient conditions, and to verify test equipment operation and procedures, but not to obtain Dopple~ f_eedback · 
information. ' 

The subprompt critical transients involving reactivity insertions greater than 0.5 dollars provide the first measure
ments of the inherent prompt Doppler feedback characteristic during a rapid transient. These tests were initiate«:~ from 
powers of 1, 2, 5, and 10 MWt. The tests initiated from the higher- power levels with reactivity insertions of the order of 

0.96 dollars are of primary interest, as the energies released during these transients cause several cents reactivity 
feedback. 
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6.2 METHODS USED IN THE DATA ANALYSIS 

6.2.1 Data S!:"oothing 

6.2 .1.1 Need for Data Smoothing · · .. , .. · . . . 
During a transient test, the flux, temper~-ture>etc::, si~n_als ar.e digitized with an analog to digital (A to D) 

converter, and under programmed digital computer cont~pl.,. tt)~: digitized signals are stored on magnet tape. This data 
sampling and storage equipment is referred to as the data acq-uisition system (DAS). The DAS samples and stores the 
signals from the wide range monitors (WRMs), as well as signals from temperature and flow instrumentation, every 7.3 
msec. Two transient data channels (connected to either U-238 or 'Y detectors) as well as the status (open or closed) of 
the two relays along the length of the Fast Reactivity Excursion Device (FRED) that expels B4 C from the core are 
sampled and stored every 0.1 msec. 

During the familiarization transients. and the sub-prompt critical transients involving reactivity worths of "-'80 
cents, both ·the wide range monitors and the U-238 fission detectors provided useful signals during the tests. For 
transients involving larger slug worths, the two wide range monitors quickly saturat_ed (as exp~cted) because of the large 
power changes (full scale power on the WRMs is 25 MW), and only the signals from the special U-238 fission chambers 
installed for use during the transient tests provided useful information. The 'Y detectors are intended for use during the 
superprompt tests. 

Linear amplifiers were used to boost the amplitude of the current signal for those tests in which the change in 
power level (current) was less than about one decade. For the larger transients, logarithmic amplifiers were used, and 
the-voltage input to the DAS was proportional to the logarithm of the current. 

The wide range monitor (WRM) signals exhibited only small (nearly zero) fluctuations prior to and during the 
transients. However, the U-238 fission chamber signals exhibited four different types of fluctuation~. during the course 
ot' the familiarization and subprompt critical experiments. One type was a high frequency random fluctuation. This 
fh.ictuatio~ (shown in Figure 6·1). which. may have been caused by noise pick up.in the signa·l transmission cables, was 
significantly reduced by use of a 5 KC filter. A second fluctuation (also shown in Figure 6-1) was a "-'200 Hertz 
oscillation that was quite evident in one of the detectors at the lower power levels. Investigation revealed· this oscillation 
to be a result of vibration (induced by the flowing nitrogen coolant around the detector) of the electrically charged ion 
collection plates in the detector. The detectors were removed and modified to reduce this oscillation. 

: The third and fourth types of fluctuations became apparent in the larger transients when the fission chambers 
were used with the logarithmic amplifiers. See Figure 6·2. One of these was a "-'6 mV 60 Hertz voltage oscillation in a 
signal having a mean value of the ·order of 1 to 2 volts. Because of the logarithmic conversion (with a slope of "-'300 
mV/decade) between voltage and current, (power), the resultant apparent oscillation in reiative power was thus ten 
raised to the power of ±6/300, which is "-' 1±0.05 or about ±5% oscillation. Due to the logarithmic conversion, the 
oscillation is the same percentage at all power levels. The fourth type of fiuctuation is illustrated by the step changes in 
Figure 6·2. These are caused by the resolution ("-'2 mV) ·of ·the ~he.an~l~g to digital converter, and have an insignificant 
effect on the final results. , ·.: · . 

The digitized flux data obtained during the 'tr~nsient tests are treated ("smoothed") to ol:ltain a more accurate 
representatio'n of the transient flux behavior. This treatment reduces the spurious fluctuations (noise) without signifi
car1tly modifying the true flux values. ln_.addition, the data treatl't:lent facilitates the calculation of the reactivity and the 
energy release from the recorded transient data. ' 

6.2.1.2 Method of Data Smoothing 
The smoothing procedure that is us~d;for the SEFOR data is essentially the same as that used for the analysis of 

SPERT 5 t~ansient data. With· this procedure, a section of recorded data is fitted (in the least squares sense) with a 
parabola, and the smoothed data point (as wefl as its first and second time derivatives), at the center of the section is 
obtained from the ·fitted curve. The next recorded. data point is then incorporated into the section, the first data point 
of the section is removed, and the next smoci.thed· point is obtained from a fit to the new section of data. 

In SEFOR, the data points are all equally spaced in time, so that the central point in a section of data containing 
an odd number of data points corresponds to the middle of the.time interval for that section. The data smoothing code 
takes advantage of this symmetry about the centr~l point by only fitting sections of data containing an odd number of 
points. Thus, except for the first (and last) few points of a set of <;lata, the smoothed data point at point j is obtained by 
fitting to the N+l data points between j-N/2 and j+N/2, where N is any even nurnber. 
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The data are smoothed by replacing the actual measured points with those obtained from least squares fittings of 
parabolas to the data. This procedure is based on that given ·in reference 6. For the "central" data points (those which 
have at least N/2 data on each side of the point in question), the· fitted parabola Fi that is· valid. on. the· time -interval 
(j-1/2)At to (j+1/2)At may be represented as 

3 [ 'l(k-1) 
F·(t) = ~ Ak· .!.. - i j - 1/2 1 1 At 

=1 

~ .!. ~ j + 1/2 
At 

where j is an integer and At is the time interval between samples. 
The coefficients Akj in this expression are obtained from a fitting of the parabola to the N+1 data points be~ween 

j-N/2 and j+N/2. , 
It is seen from the above expression lhat A1i is the "smoothed" data point at time jilt, that A2 /At is the -time. 

derivative of the function at time jilt and that 2A3 ji(At)2 is the second derivative at time jilt. These valu~_scire · 
determined (for the central data points) from the recorded data, G{n). between point j-N/2 and j+N/2 according to 'the 
following experssion: 

N 

Akj = L CknGO + n - N/2) 
n=O 

where N is even, and where: 

N+1 [
1 + 5N(N+2) (n-N/2) 2 l 

4(N-1) (N +3) - 15 (N-1) (N+3) 

12(n-N/2) 
N(N+1) (N+2) 

-15 [ 
(N-1) (N+1) (N+3) 1 12(n-N/2)2 ] 

. N(N+2) 

These coefficients make the following sums, Sj. a minimum for each jon the interval ~N/2~j~MAX- N/2. 

where Fi (tl_is defined above. 

N 

Sj = L [ G(j + n - N/2) - Fj~~t(j + n - N/2)1r 
n=O 

For the first N/2 points, and for the last N/2 points, in a set of data, the coefficients Akj must be determined from 
the following relations: · 

Alj = 8, + 82(1 - 2j/N) + 8311 - 6j/N + 6j(j- 1)/[N(N- 1)] I 
6 

A2i = -282/N -N83 [1 - (2j- 1)/(N- 1)] 

where, with L = 0 on the interval ~j~N/2-1 and L = JMAX:-N on the interval JMAX-N/2 +1~j<::;; JMAX, ~he con
stants 8 1 , 8 2, and 8 3 are determined from the data as follows: 
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N 

8. 1 = -1-~ G(n + L) N+1 
. n= 

N 

3N ~ 11 - 2Nn I G(n + L) 
(N+1l (N+2lL 

·n=O 

. N 
83 - 5N(N - 1) ~ G(n + L) 

- (N+1) (jJ+2) (N+3) ~ . 1
1 _ ~ + -:6-:-;n-:-:( n,.----:1~) I 

N N(N 1) 

The latter sets of equations are taken directly, with a slight change in notation, from reference 6. As is demonstrated in 
reference 6 these equations yield a parabolic function which minimumizes the sum of the squares of the differences 
between the calculated and measured points over the interval.in question. The first sets of equations for the Akj can be 
calc~lated directly from the latter set by a shift in the time origin from the zero to the N/2 point. 

6.2.3 Filtering Characteristics of the Smoothing Routine 

The filtering characteristic of the smoothing procedure can be determined by calculating the values of the 
smoothed function for an input signal of the form eiwt. Since all signals of interest can be represented, through the 
Fourier transform, with components of this form, such an assumption for the input signal does not restrict the 
conclusions. 

From the definition for the Aki· given in Section 6.2.1, it is seen that for an input signal G(j) = eiwj~t the ratio, 

T 1 , of AIJ to G(j), is 

A 1j -iw N 2~t [ ~ . A 

T I = Gj = e L e•wn~t 1 + 5,N(N+2) iwn~t (n-N/2) 
N 

2 

l I N+1 · 4(N+1) (N-1) (N+3) 1- 15 ~O e I (N+1) (N-1) (N+3) I 
n=O 

Since the derivative, Gj, of Gj is iw eiwj~t and the derivative of the smoothed function is A2j//:Jt, the transfer function, 

T2, of the derivative is 

N 
12 '\.' 

N(N+1) (N+2) L ~n 
. n"'O · 

N/2)eiwn~t 

In a similar manner the transfer function for the second derivative of the input function is 

T - 2A3j/~t2 e-iw.~ . 30 ·. ~ eiwn~t 11 - 12(n-N/2)2l 
3 - Gj' · (w~t)2 (N-1) (N+1) (N+3) ~O . N(N+2) 

Noting that for any x -=1= 1 

~ x" 
n=O 

N L (n- N/2)x" 

n=O 
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and that 

Nx (xN+ 1]+(x+1)X[N_ 1 ] 
(x - 1)2 (x - 1)3 x . 

substitution of eiwAt for x gives, after rearranging and defining y = w/)./2, the following values for the transfer functions 

I 
TI(N,y) 3 (- (N _ 21 sin (_N+1 )y + .2_ I cosy sin Ny - N sin y cos Ny _,) ,·· 

2(N+1) (N+3) sm y N-1 sin3y · 

3 [sin Ny - N ~in y cos(N+1 ly j 
N(N+1) (N+2) y sm2 y 

~::-:--:-:-:-:-:-.,....-,--15:._.,----- (3cosysinNy- 3NsinycosNy- N(N-1)sin2 ysin(N+1~y] 
N(N-1) (N+1) (N+2) (N+3) y2 sin3y . · · 

The relationship between the integral from 0 tot of the smoothed function F(t) and tht! smoothing coefficients is 
given in Section 6.2.4. For an input function eiwt. the ratio between the value obtained from a fit to the data and the 
actual integral 

can be written as 

n~t 

[ 
eiwn~t _ 1 

iw 

T (N ) = cosy IT 2 I I 2 
4 ,y ((siny)/y) 1- Y T3 6 + y T2/2 

where y, and the functions T1 , T2 , and T 3 are defined above. 

Note that T 1 (N,y) =T 1 (N,-y) and that T 1 (N,y+mrr) = T dN,y) where m is any integer, i.e., the function is periodic and is 
symmetric about w~t/i= mrr/2. The periodicity is a result of the finite digitizing interval, and the effect is called aliasing 
because signals at frequencies greater than rlt' appear, in the digitized ~ignal, to have a frequency of less than 1/2~t. 

The functions T 1 , T2 , T3, and T4 are plotted in Figures 6-3 through 6-6. As can be seen from Figure 6-3, the 
function T 1 decreases to zero when Nw~t/2 "-5.5, and it has an absolute value ~0.1·0 when Nw~t/2 -? 15. Thus, if it is 
desired to eliminate a particular frequency w0 from the data, N may be set equal to "-11/w~t. and if it is desired to 

decrease unwanted signals of frequency >w0 by a factor of 10 or more, N should be <30/w0~t. Conversely, if all 

signals with frequencies ~wk are to be retained with little (<5%) distortion, N should be ~4/wk~t. 

6.2.4 Reactivity Determination 
A space independent reactivity model is used to determine the time dependent reactivity, k(t), from the recorded 

transient flux (power) data, P(t). With this model, the reactivity, in units of dollars, can be expressed as follows: 

t 

k(t) S + ~ dP(t) - P1(t) f D(t - u)P(u)du 
- a P(t) P(t) dt 

-oo 
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where a is the ratio of the prompt neutron lifetime to the ·effective delayed neutron fraction, S is the neutron source 
(assumed constant) and D(t) is the delayed neutron kernel defined as follows: 

In this expression A;j is the decay constant for delayed neutrons in delay group i from fissionable isotope j. and B;j 

is the effective fractional contribution of delayed neutrons in group i from isotope j (i.e. ~ ~ B;j = 1). 
• '\ J. I 

The actual values of the dalayed neutron parameters which were used in this model were obtained from table 4-4 
of reference 4. 

Under the assumption that the source contribution is small (S=O), and that the power is constant with a value P(o) 
in the interval (-oo,olthe equation for the reactivity can be written 

. t 

k[t P(t)] = P(t) - P(o) + ~ dP(t) - _1_J [P(u) - P(o)]D(t - u)du 
' P(t) P(t) dt P(t) 

0 

This is the relation that is generally used to determine the reactivity k(t) from the SEFOR transient detector signal 
P(t), however, cases with nonequilibrium starting conditions can be treated by. specifiying the initial values of the 
effective delayed neutron precursors, C;j (o), at time zero, since, 

The quantities Ak .i that are generated during the smoothing of the data are directly used in the calculation of net 
reactivity k(t). The calculation of the reactivity involves the evaluation of a convolution integral, of the form 

t 

H(A.) = J e-'Y(t-ul F(u)du 

to 

where 'Y is constant, and where the function F (u) is obtained from the smoothing of the flux data, and is written as 
follows: 

. 3 k-1 

F(u) '"\ Ak -(~- i) L ·1 .:lt 
k=1 

u 
for. j - 1/2 ~ - ~ 

~t 
+ 1/2 

Since the data are obtained at equally spaced points in time, it is sufficient to evaluate the integral at points t = m.:lt. 
Thus H ('Y) becomes 

m ll.:lt 

Hm e-m'Y.:lt '\' J e'YU F(u)d';J m ;;;:. 1 

ll£r (ll-1 ).:lt 

when'! H0 is specified initial value at time t0 . 

Use of the above definitions, integration by parts, and rearrangement of the terms yives 

where 
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Th·' Ak,m are determined during the smoothing, and Sk is defined as follows: 

[ 

,. )k-1 ·~ 1 ( 1 )j-1 ( 1 )k-1] 
Sk(x) = (k - 1)! (- 2x ex - j~ (k-j)! -; -2 

Note that Hm can also be written as 

The convolution of the delayed neutron kernel and the reactor power can be written in terms of the i!bove functions as 
follows: 

mllt J D(mllt - u)P(u)du 
-oo 

\ '1e1. F;j (mllt) is related to the effective delayed neutron precursors by 

where, with H0 ('Y) = 0, Hm ('Y) is the integral defined above. 

The reactivity, km. at time mllt can then be written as 

a A2m _ ~ 
+ At A1m A ..... . .... 

6.2.5 Energy Release 
The energy (i.e., the time integral of the power) is a particular case of the general integral considered above and 

may be obtained from the expressions for H ('Y) in the case where 'Y = 0. The change in energy, AEm, is given by 

where LlE0 = 0. 

6.3 ANALYSIS OF FAMILIARIZATION TRANSIENTS 
The recorded signals from the WRMs and the fission chambers were analyzed as described in Section 6.2 to obtain 

a "smoothed" transient power .and time dependent reactivity. 
The data from the FRED position relays are listed in Tables 6-1 and 6-2. There are four relays: two (which are 

labeled TO and T1) of these are lift-off switches which close at FRED lift-off; the other two are magnetic proximity 
switches (labeled P1 and P2) .located approximately 10. and 20 inches respectively, from the lift-off position. For 
consistency, and because it is one of the computer program sampling controls, all times are measured relative to TO 
closure. The difference in lift-off times as given by TO and T1 is typically tess than 1 msec. FRED firing is defined to 
occur at TO closure. 

For reference purposes, the data tape numbers and the location of TO on these taptls are listed in Tables 6-3 and 
6·4. As the tables indicate, there are two sets of tapes for each transient. One set contains data from the FRED position 
signals and the transient detectors (U-238 'or -y). On this tape, 0.1 msec is the time interval between successive samples 
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Table 6-1 

FRED POSITION-TIME DATA FROM FAMILIARIZATION TRANSIENT TESTS 

Time to Lift-Off and Proximity Switches 
Relative to T 0 Lift-Off Switch 

Lift-Off Lift-Off Proximity Sw1tch P1 Proximity Switch P2 
Initial Nominal Switch Switch (10 inches) (20 inches) 
Power Slug Worth To T1 Close Open Close a Open 

Test (MW) (cents) (msec) (msec) (msec) (msec) (msec) (msec) 

1 40 0.0 1.2 69.0 97.0 105.8 132.0 

2 40 0.0 0.1 67.9 95.8 104.6 129.9 

3 50 0.0 0.0 68.9 97.5 106.4 132.3 

4 50 0.0 -0.3 69.2 97.9 107.0 133.2 

5 10 40 0.0 0.0 68.8 97.3 106.1 132.0 

6 10 40 0.0 -o.1 69.7 98.7 108.0 134.6 

7 10 50 0.0 -Q.5 68.3 96.7 105.6 131.5 

8 10 50 0.0 ·-o.5 68.6 97.2 106.0 131.9 

a The listed value is the time to the first indication of P2 closure. 
The data show two, or sometimes three, "P2 closure signals" at intervals of0.3 msec .. 

Table 6-2 

FRED POSITION-TIME DATA FROM SUBPROMPT CRITICAL TRANSIENT TESTS 

Time to Lift-Off and Proximity Switches 
Relative to To Lift-Off Switch 

Lift-Off Lift-Off Proximity Switch P1 Proximity Switch P2 
Initial Nominal Switch Switch (10 inches) (20 inches) 
Power Slug Worth To T1 Close Open Close a Open 

Test. (MW) (cents) (msec) (msec) (msec) (msec) (msec) (msec) 

84 0.0 0.3 68.2 96.7 105.4 131.2 

1A . 1 80 0.0 0.8 68.2 96.3 105.2 130.8 

2 .2 97 0.0 0.4 67.9 95.9 104.7 130.2 

3 2 97 0.0 0.3 68.4 96.8 105.5 131.0 

4 5 97 0.0 0.0 68,2 96.6 105.3 130.9 

5 5 97 0.0 0.6 68.1 96.4 105.1 130.6 

6 5 97 0.0 0.3 67.9 96.3 105.0 130.5 

7 10. 97 0.0 0.2 67.7 95.9 10'1.7 1::m.3 

8 10 97 0.0 0.5 68.0 96.1 104.7 129.9 

9 10 97 0.0 1.0 68.8 97.4 106.4 132.3 

10 10 97 0.0 0.9 69.0 97.8 106.4 132.2 

a The listed vaiue is the time tu Lhe first indication of P2 closurP..' 
The data show two, or sometimes three, "P2 closure signals" at intervals of 0.3 msec. 
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Table 6-3 

FAMILIARIZATION TRANSIENT-TAPE LOCATION DATA 

Location of To on 
Tape Numbers High Sampling Rate Tapea Location of To on 

High Sampling Low Sampling Record Word Low Sampling Rate Tapeb 

Test Rate Rate • R N Record 

1 132 697 

2 41 139 56 141 1 

3 COM 141 51 135 51 

4 73 143 59 132 49 

5 24 114 52 219 52 

6 DA5 53 57 162 57 

7 47C 
111C 129 51 105 51 

8 93C 
115C 126 55d 69 55 

a The relative times, t, in milliseconds on these tapes are determined from the following relation: t = 0 ·1 [219(R-1 )+N) 
3 

bon these tapes, the time interval is 7.3 milliseconds per record. 

cTapes numbered 47 and 93 contain data for fission detector A (with a linear amplifier), and Tapes 111 and 115 contain 
data for fission detector B (with a logarithmic amplifier). 

dRecord 54 for Tape 93. 

Table 6-4 

SUBPROMPT CRITICAL TRANSIENT -TAPE LOCATION DATA 

Location of To on 
Tape Numbers High Sampling Rate Tapesa Location of To on 

High Sampling Low Sampling Record Word Low Sampling Rate Tapeb 

Test Rate Rate R N Record 

185 184 59 198 59 
178 Log 

1A 188 189 54 156 54 

2 191 192 54 45 54 

3 . 190 193 58 135 58 

4 194 195 59 132 59 

5 196 177 52 129 52 

6 160 161 57 129 57 

7 163 164 52 219 52 

8 167 168 56 105 56 

9 170 171 54 186 54 

10 173A 174 55 60 55 
1488 

a The relative time, t, in milliseconds, on these tapes are determined from the following ~elation: .t = 
0j 1 [219(~-11+Nl 

bon these tapes, the time interval is 7.3 milliseconds per record. 
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of the same signal. The other set of tapes contains flux, flow, and temperature data (the signals from the wide range 
monitors [WRMs), numbered 1 and 2, are stored on DAS data channels 27 and 28) which have a time interval of 7.3 
msec between successive samples of the same channel. This set also contains data from the FRED position signals (they 
have lower time resolution than the sets on the other tapes because of the lower sampling rate) and from time records. 

The raw data from the WRMs which had no fluctuation, were used to evaluate the effect of using different 
numbers (N+1) of data points in the smoothing routine. It was found that use of up to seven data points caused 
essentially no difference between the raw and the "smoothed" data. As shown in Section 6.2.2, the smoothing 
characteristics depend on the product of the number of data points per set, and the time interval between samples. 
Since the U-238 fission detectors are sampled seventy-three times as often as the WRMs, the analysis indicated that up 
to 7 x 73 = 511 data point sets could be used in the smoothing of the fission detector data without distorting the true 
power signal during the familiarization transients. Because of the prominence of the 200 Hertz signal, 289 data point 
se~s wert~ used (for 200 Hz noise this corresponds to approximately the fifth zero of the T1 function) to minimize this 
particular noise signal. (See Section 6.2.2) The result of this smoothing on the raw data of Figure 6-1 is illustrated in 
Figure 6-7. 

The reactivity feedback was small during the familiarization transients. The reactivity calculated using the 
measured "smoothed" power in the space independent reactor kinetic equation could thus be directly compared with 
that calculated (Section 6-5) from the static FRED reactivity worth versus position measurements, and the FRED 
position versus time measurements. All tests showed similar performance. A representative comparison is illustrated in 
Figure 6-8. This figure illustrates two effects. One is a time displacement of 'V5 msec between the U-238 fission 
chamber data and the wide range monitor data. This is caused by the difference in response time for the two systems: 
about 10 to 20 ~-tsec for the fission chamber system, ·compared to about 10 msec for the WRM system. The other is a 
general agreement between the dynamic time dependent worth and that derived from the nontransient data. There is a 
4% ~ifference in reactivity between these two curves, however. This effect, which also occurred during the sub-prompt 
critical tests, should have little or no effect (<4%) on the reactivity feedback effects inferred from the transient 
measurements. To further illustrate this difference, Figure 6-9 shows a modified curve obtained by increasing all 
non-transient reactivities by 4%. As illustrated, the modified curve and the "dynamic" time dependent reactivity curve 
show. good agreement. For comparison purposes, the maximum FRED reactivity worths are tabulated for the different 
tests in Table 6-5. 

Table 6-5 

FAMILIARIZATION TRANSIENTS-SLUG WORTH 
(Preliminary) 

Worth from Transient Flux Data 

Static U-238 U-238 
Slug Worth WRM 2a Channel A Channel Bb 

Tost (r.P.nts) (c;:ents) (cents) (cents) 

1 40.0 42.1 c c 

2 40.0 42.1 42.3 41.2 

3 49.5 51".9 52.1 48.0 

4 49.5 52.0 51.5 52.0 

5 40.0 41.6 41.5 38.9 

6 40.0 41.7 41.5 40.9 

7 49.5 51.2 60.8 49.7 

8 49.5 51.2 50.9 49.6 

Note: All data· were obtained using linear amplifiers except for U-238 Channel B in Tests 7 and 8, where a logarithmic amplifier was used. 

aWRM 1 exhibited drift during these tests, and the detector was replaced for subsequent transients. 

bThe low volull!l for Channel B may he the result of incorrect current background corrections. This disparity was not observed in the 
subprompt transhmb wln!:o'e the current I ovalo ore high11r, and thus le$$ ~ll!:r.P.ptihle to changes in· background. 

cU-238 data are not available for this test. 
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Possible reasons for this small difference include reflector-FRED rod interaction effects during the static reactivity 
versus position measurements, errors in the delayed neutron parameters or in the relative contribution* of the U-238 
and Pu-239 delayed neutrons which would cause an error in the period versus reactivity conversion formula, or small 
errors introduced by the use of the space-independent reactor model to describe the actual results. All reactivity worths 
discussed in this report are dynamic worths unless otherwise specified. 

In general, however, familiarization test results demonstrated agreement with the spece-independent reactor 
kinetic calculational model and they demonstrated consistency and repeatability. 

6.4 ANAL VSIS OF THE SUBPROMPT CRITICAL TRANSIENTS 

Eleven tests were performed that involved dynamic reactivity insertions of>50 cents, but<98 cents. These were 
classified under the heading of the subprompt critical transients. The first two tests ( 1 and 1-A) involved reactivity 
insertions of "'='80 cents from an initial power level of 1 MWt. The reactivity feedback was small during these 
experiments. The last nine tests involved reactivity insertions of "-97 cents that resulted in appreciable reactivity 
feedback. The nine latter tests were used to determine the Doppler reactivity feedback effects, while the earlier tests 
were used, along with the familiarization transients, to check the equipment and the data analysis methods. The wide 
range monitors saturated at the high flux levels during test 1, and thus provided valid signals only for a portion of the 
transient. Test 1-A was performed with a slightly lower slug worth to provide valid WRM signals throughout the 
transient for comparison with the U-238 fission chamber signals. The WRM's saturated during the latter 97 cents 
transients; the two U-238 fission chambers were used with logarithmic amplifiers in tests 2 through 7. 

Tests 8, 9, and 10, which were repeats of test 7, were used to test and calibrate the gamma chambers by 
comparison with the U-238 fission chambers. These chambers will be used in the subsequent super-prompt critical 
transients involving reactivity insertions in excess of 1 dollar. The super-prompt critical tests will result in flux level 
changes that cover several decades and two types of detectors will be used to record these changes. U-238 fission 
chambers will be used over the first portions of the transients, and gamma detectors will be used at the higher flux 
levels where the U-238 chambers may saturate. The DAS logic and components which control the switchover from the 
U-238 fission chambers to the gamma chambers and back again at pre-set voltage levels were also checked out during 
test 10. 

The two tests (tests 1 and 1 A) that were performed from an initial power of 1 MWt substantiated the results of the 
familiarization transients, including the "-4% difference between the dynamic FRED worth and the values predicted 
from static test results. The reactivity derived from the flux monitors during the transient tests is compared with the 
predicted values in Figure 6-10, using the "-4% reactivity adjustment indicated by the familiarization transients. As 
illustrated, the WRMs again (see Section 6.3) demonstrated the small time lag observed during the familiarization 
transients. The good agreement between the predicted reactivity curve for the 97 cents transients and that obtained 
from the fission chamber measurements during the subprompt critical transients is illustrated in Figures 6-11 through 
6-13. 

The flux data were smoothed and used in the space independent kinetic equation to determine the net reactivity 
in the same manner as for the familiarization transients. During these tests, especially the latter 97 cents transients, 
appreciable reactivity feedback occurred. The net reactivity, Knet• for these transients is composed of two terms; the 
FRED (and scram) reactivity, Kin; and the feedback, Kfb. accordi~g to the following equation: · 

Since the net reactivity, Knet!t), is determined from the power trace during the transient, the reactivity feedback 
can be readily determined from the above equation, provided the input (FRED or other) reactivity, Kin(t) can be 
determined by some other independent means. 

One method of determining the feedback would be to calculate an input reactivity, such as that shown in Figure 
6-10, by combining the adjustment factor of approximately 4% (as indicated by the earlier familiarization transients) 
with the FRED position versus reactivity worth and position versus time measurements. These values would then be 
subtracted from the net reactivity measured during the transients. The resultant feedbacl< could then be combined with 
the measured energy release, as determined from the integral of the power, to determine the feedback reactivity energy 
coefficient. Unfortunately, if there are errors in the determination of Kin or Knet• this method can introduce 

*Use of the calculated inhour equation of Reference 3, rather than the one inferred from the zero power oscillator tests, would decrease 
the difference (see Reference 4) from 4 to 2%. 
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significant errors in the feedback, since it is determined from the difference between two numbers which are very large, 
being of the order of 85 to 95 cents, compared to the feedback, which has a maximum magnitude of 'V14 cents. 

Another method; the one employed for the determination of the dependence of the feedback reactivity on the 
energy, avoids the potentially large errors introduced by the method described above. With this latter method, 
advantage is taken of the fact that the input reactivity is constant during the time interval following the complete 
ejectiQn .. ot. the FRED from reactor regions of reactivity influence, but prior to reactor scram and prior to re-entry of 
t.he poison slug into the core. During this or any other time interval, the. reactivity feedback may be·expressed as a 
polynomial in energy, E, of the form 

Ktb(t) 

where the energy, E, is determined from the recorded power (flux) data P(t) according to the following expression 

t_ . 

E (t) = j [P(u) - P(o)] du 

0 

Since ~in(t) = K0 , a constant, on this interval the net reactivity can thus be expressed as 

Knetltl = K0 + ~ ajEi(t) t0 .:;;;; t .:;;;; t 5 

j=1 

where t0 and ts define the time interval for which the input reactivity is constant after FRED ejection, but prior to 
scram and prior to the time the slug returns to the core region. A least squares fit of the above expression to the 
m!'!asured reactivity, and feedback data provides an estil"flate, K0 , of the maximum F.RED slug worth, and coefficients 
for the reactivity energy coefficient. 

The coefficients, K0 and a 1 that were. determined by fitting straight lines, Ktb = K0 + a 1 E, to the net reactivity 
during the time interval between 140 msec and 'V280 msec after FRED lift-off are summarized in Table 6-6. A 
representative comparison of the straight line fits and the data are shown in Figures 6-14 and 6-15. As illustrated, 
straight lines provide good fits to the data. 

During the short time interval, .:;;;;o.35 sec, after transie!'lt initiation and prior to scram, most of the heat and 
temperature changes are generated in the fuel. Smaller temperature changes occur in other materials as a result of direct 
gamma and neutron heating,. and as a result of some small heat conduction from the fuel. The primary ('V85 to 90%1 
component of the reactivity feedback is thus the fuel temperature prompt Doppler effect. The other components 
include reactivity effects· due to fuel and cladding axial expansion, sodium density changes, and radial and axial 
expansion of the coro, and its (non-h1~1 rot:!) r.onstituents. Since the Doppler and non-Doppler effects cannot be 
experimentally separated during the transients, the non-Doppler components are calculated and the Doppler effect is 
then determined as the difference between the measured reactivity feedback and the calculated non-Doppler effects. To 
obtain estimates of the non-Doppler effects, the transient tests were simulated using the FORE 11 7 computer program. 
The predicted FRED reactivity, the 11reviously4 mea~ured or' calculated non-Doppler reactivity coefficients, and an 

. dk 
effective Doppler coefficient T- = -Q.0081 were used as input to the program. 

dT 

Figures 6-16 ond 6-17 compare the calcuiC~tP.t:l rear.tor power and energy release during the transient to the 
measured values for test 8. The reactivity insertion used for the calculated transient was 96.3 cents; subsequent 
analysis of the test results int:lir.ated a reactivity insertion of 96.6 cents. The measured scram reactivities ·were also used 
for the calculated transient. The close agreement between test data and calculated response is evident in the figures. The 
non-Doppler feedback effects are illustrated in Figure 6-18 as a function of. energy for the 97 cents transients from an 
initial power level of 5 MW. These effects are approximately linear with energy release. The non-Doppler energy 
coefficients are approximately 12% of the total reactivity energy coefficient. 

Subtraction of a constant 12% non-Doppler effect from the total measured energy coefficients listed in Table 6-6 
gives the averaged measured Doppler coefficients in terms of the total energy produced. These are divided by the 
product of 0.932 (tho fraction of the total energy prnrlllcP.d that is released during the transient) and 0.943 (the por Lion 
of the total energy released which is absorbed in the fuel) to express the Doppler reactivity energy coefficients in terms 
of transient energy absorbed in the fuel. These are listed in Table 6-7 with the values that were calculated using an 
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Table 6-6 

PRELIMINARY RESULTS OF SUBPROMPT CRITICAL TRANSIENTS 

Nominal Maximum Slug Worth, Ko Energy Coefficient'~, a1 Nominal Peak Power 

Power Detector A Detector B Detector A Detector B Detector A Detector B 
Test (MW) (cents) (cents) (cents/MW -sec) (cents/MW-s_ec) (MW) (MW) 

2 2 96.6 96.6 -0.57 -0.56 80. 85 

3 2 96.7 96.5 -0.54 -0.58 85 80 

4 5 96.4 96.5 -0.46 -0.45 140 150 

5 5 96.6 96.6 -0:45 -0.45 150 . 150 

6 5 96.9 96.8 -0.43 -0.44 160 160 

7 10 96.6 96.7 -0.36 -0.37 260 250 

8 10 b 96.6 b -0.36 b 260 

9 10 96.9 b -0.34 b 270 b 

10 10 b b b b a b 

a These coefficients are defined in terms of the total energy produced during the transient. 

bn,e gamma detectors were used in these channels during tests 8 and 9 to compare their response with that observed on the fission chambers. 
In test 10 the computer switchover logic (see discussion in Section 5) from the fission to gamma chambers was checked o~t. 
The gamma detectors agreed with the fission chambers at the higher flux leVP.Is, but nonlinear current vs voltage relationships, and high 
(compared to the flux) background currents were observed at low power. These" effects should not affect the superprompt region. 
The values from these detectors for tests 8, 9, and 10 were therefore less accurate and are not included in the table. 

Power 

(MW) 

2 

5 

10 

Table 6-7 

COMPARISON OF DOPPLER ENERGY COEFFICIENTS 

Doppler Energy Coefficient'~ (cents/MW-sec) · 

Subprompt Tests Calculated T(dk/dt) = -0.0081 

-0.56 ±0.08 -0,54 

-0.45 ±0.06 -0.45 

-0.36 ±0.05 -0.37 

a These coefficients are defined in terms of the total transient energy absorbed in the fuel. 

36 



94 

li c 
.§ 

~ 92 

> 
t 
< 
Ul 90 a: 
I-
Ul z 

88 

88 

0 

91 

98 

95 

94 

ii 
j 93 

~ 
$ 92 

~ 
Ul 
a: 91 

90 

89 

GEAP-10010.29 

SYM80.._ Def'OOTJON 

0 TEST 7-10 MW "NtTIA-L. POWERI 

0 TEST 4,-5 MW (INIT~L POWERI 

!::. TesT 2-2 MW (IN1TIAL POWERI 

FITTED CURVES 

RELA'J'IVE ENERGY RELEASE IMW--.c:l 

Figure 6-14. RBBCt/Wty Vfii'IUS Ef'181'W Dna from Subprompt Tests 2, 4 and 7 

SYMBOl. DEFINITION 

Jt 6 TEST No. 2 FtSSION Del"ECTOA A 

~ 0 1UT No. 2 FtSSIOW DETECTOR B 

()0 0 1'e5T No. 3 F~ON DETECTOR A 
Bo 

() TEST No.3 ~ON DETECTOR B <>s 
()0 

Bo 
<>6Jo 

<>so 
<>€o 

io 
eo 

eo 
jo 
€ 0 

<PO 
~ 

FigurtJ 6-15. Comparison of R«<cf/vity V~ Enetf/V·lor Subprompt Tests at 2 MW 

37 



i 
! 
a: 
"' ~ 
A." 

GEAP-10010-29 

200 
FORE II RESULTS 

0 SUB-PROMPT TEST No. 8 

150 

100 

50 

0 100 200 300 500 600 700 800 

TIME FROM FRED PISTON LIFT -OFF (rnlilel 

Figure 6-16. Power Profile for 0.96$ Tl'tiMient from 10 MW 

60 

50 

140 
~ 
>30 
(!) 
a: 
"' 2 

"' 20 

10 

0 
0 

-- FORE tJ RESULTS 

0 SUB-PROWl" TEST No.8 

START OF REFLECTOR SCRAM 

100 200' 300 400 500 600 700 

TIME FROM FRED PISTON LIFT -OFF (msec) 

Figure 6-17. Energy Release from 0.96$ Transient from 10 MWt 

38 



0..13 

0 5 

GEAP-10010-29 

10 

ENERGY fMW-.c:l 

16 20 

Figure~ 18. Calcu/6ffld Ratio of Non-Doppler to Tots/ Ftllldbsck for a 0.96$ Trsmient from 5 MW 

effective Doppler T~~ of -0.0081. The reactivity-energy coefficients for a Doppler coefficient, T~~· of -0.0081 were 

calculated using the computer program WEDOP. 7 The program calculates the fuel temperature rise resulting from the 
energy addition assuming no heat losses from the fuel r~d ilnd assuming all the energy is deposited in the fuel. The total 
core Doppler reactivity change associated with the temperature rise is calculated using a power-squared weighting of the 
local reactivity effects. Tht= Doppler reactivity change divided by the energy added during the transient yields a Doppler 
energy coefficient in terms of transient energy absorbed in the fuel which can be compared to the measured values 
adjusted to also be relative to the energy deposited in the fuel. 

The presently estimated standard deviation in the measured transie'nt Doppler energy coefficient is ±14%. This 
deviation is composed of the following parts (combined as the square root of the sum of the squares of the individual 
standard deviations). 
1. ±5% uncertainty (one sigma) in energy released (J[P(u)-P(o)]du) due to a ±5% uncertainty in absolute initiai 

power as indicated by heat balance data, 
2. ±10% additional uncertainty in the energy release as a.result of uncertainties in the leakage and background 

corrections (from the decay of Neptunium formed from U-238 cilpture) to the measured currents from the U-238 
fission chambers, 

3. ±4% uncertainty in absolute reactivity, 
4. ±7% unc&rtainty introduced by approximately ±50% uncertainty in the calculated non-Doppler corrections which 

constitute 12% of the measured reactivity change. 
Comparison of the measured and calculated transiP.nt Doppler energy coefficients in Table 6-7 shows that the best 

value of the Doppler coefficient, T~~· is -0.0081, in agreement with the previous static and oscillator test results. As 
shown below, the estimated standard deviation in the value of the Doppler temperature coefficient, T~~· obtained from 
the transient tests is ±17% to ±18%. This compares with' the ±17% deviation for the static and oscillator tests reported 
in reference 4. . 

The standa~d deviation in the val1,1e ofT~~· as determined from the transient tests, may be estimated as follows: · 
L.et A be the Dul-'pler con~tant defined by A"' T eff, ~~ 

where T eff is the effective core average absolute fuel temperature, and dk/dT Is the chc1119e in Doppler reactivity per 
unit temperature change. Then, since dE= MCdT, the equation for A becomes 
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dk 
A = TeuMC dE 

where dE is the energy deposited in the fuel, M is the fuel mass, and C is the fuel heat capacity. 
By defining 17 ~ dk/dE as the Doppler energy coefficient, and by assuming uncorrelated errors, the standard 

deviation a A in A may be obtained from the following expression: 

where ax denotes the standard deviation in X. 

At 10 MW the calculated core average fuel temperature is "-1400°F at an average sodium temperature of 760°F. 
For essentially no uncertainty in sodium temperature, and a ±15% uncertainty (see reference 2) in the fuel 
temperature rise above the sodium, the value aT eft IT eft is thus 0.15 (1400-760)/(1400 + 460) = 0.05. 

At the lower power levels the fuel temperature rise, and thus its contribution to the over-all uncertainty is smaller. 
-~ h<> estimated standard deviation in heat capacity is ±10% and, as indicated above, the estimated standard deviation in 
the measured energy coefficient is ±14%. Use of the above relation shows that the estimated standard deviation in the 

Doppler coefficient T:~ determined from the sub-prompt critical transient tests ranges from ±17% at 2 MW to ±18% at 
10MW. 

6.5 FAMILIARIZATION SLUG STATIC CALIBRATION TEST RESULTS 
The reactivity worth of the FRED familiarization slug was measured as a function of axial position by moving the 

slug with the FRED positioner. The maximum static worth of the slug (with the positioner in its lowest position) was 
49.5 cents. The maximum reactivity insertion rate for this slug was determined from the worth vs. position 
measurements, and distance vs. time data, to be 6.6$/sec. 

The reactivity worth of the FRED familiarization slug was measured as a h,tllCtion of axial po5ition, These 
measurements wPrP .;:ombinod with po~iliun versus time measurements to generate the reactivity worth as a function of 
time. 

The worth versus position measurements were made with a calibrated fine reflector as the FRED rod was lowered 
by increments into the core, and they were repeated as the rod was withdrawn. Static equilibrium was attained after 
each change in the FRED position. The measurements were performed at low· power with a constant coolant 
temperature of 750° F. 

The actual worth versus position data are tabulated in Table 6-8. The two measurements at each axial position 
were averaged to give the worth versus position data tabulated in Table 6-9 and plotted in Figure 6-19. Averaged 
position versus time data for a FRED test firing with an accumulator pressure of 1385 psi (at or near maximum 
pressure) are illustrated in Figure 6.22. 

The FRED slug can be fired from any initial position in the core. The distance versus time characteristics are 
independent of the initial position. The reactivity change as a fun~tion of FRED slu~ displacement is dependent on the 
starting slug position. The total reactivity change for a firing of the familiarization slug can vary between a maximum of 
49.5 cents for a starting position of zero (positioner at lowest position) to a minimum of "-0 cents for a starting 
position "-25 inches (poison slug out of the core). 

The data in Figures 6-19 and 6-22 were used to generate FRED worth versus time curves for two initial positions: 
0.0 inch, and 4.0 inches. The zero and 4 inch starting positions correspond to the nominal 50 cent and 40 cent 
transients called for in the experimental program. The FRED reactivity worth- time characteristics for these different 
initial starting conditions are illustrated in Figure 6-20. 

6.6 FRED STATIC CALIBRATION- SUBPROMPT CRITICAL SLUG 

The reactivity worth of the FRED slug to be used for the sub-prompt critical transient tests was measured as a 
function of axial position in the core. The maximum static worth at zero inches was 97 cents. A positioner shim as 
installed to limit the lower position to 0.7 inch. This limited the maximum dynamic worth to 97 cents.· Measured 
position versus time characteristics of the FRED rod were combined with reactivity versus position data to estimate the 
reactivity worth as a function of time. The maximum reactivity insertion rate obtained from these data is 13.9$/sec. 
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Table 6-8 

FAMILIARIZATION SLUG REACTIVITY WORTH MEASUREMENTS 
FRED Reflector No. 3 Reflector No. 8 

Relative (b) Positiona Position Worth Position Worth FRED Worth 
(inches) (em) (cents) (em) (cents) (cents) 

29.69 34.38 45.06 0.41 -0.43 0.27 

24.69 34.38 45.06 1.03 O.Dl 0.71 
19.64 34.38 45.06 5.20 3.33 4.03 
17.64 34.38 45.06 8.08 6.01 6.71 
15.64 34.38 45.06 11.70 9.85 10.55 
13.64 34.38 45.06 15.46. 14.36 15.06 
11.64 34.38 45.06 19.60 20.01 20.71 
9.64 34.38 45.06 22.77 24.74 25.44 
7.64 34.38 45.06 26.00 29.82 30.52 
5.64 34.38 45.06 29.14 35.03 35.73 
3.64 34.38 45.06 32.12 40.29 40.99 
1.64 34.38 45.06 34.84 45.26 45.96 
0.00 34.38 45.06 36.72 48.75 49.45 
1.64 34.38 45.06 34.87 45.31 46.01 
3.64 34.38 45.06 32.15 40.34 41.04 
5.64 34.38 45.06 29.25 35.21 35.91 
7.64 34.38 45.06 26.15 30.06 30.76 
9.64 34.38 45.06 22.88 24.91 25.61 

11.64 34.38 45.06 19.27 19.53 20.23 
13.64 34.38 45.06 15.59 14.53 ·15.23 
15.64 34.38 45.06 11.59 9.72 10.42 
17.64 34.38 45.06 7.84 5.78 6.48 
19.64 34.38 45.06 4.71 2.90 3.60 
24.69 34,38 45.06 0.41 -0.43 0.27 
29.69 34.09 44.52 0.41 -0.43 -0.27 

a Indicated position from full-in. At an indicated position of O.Oinch, the lower tip of the B4 C column in this slug is estimated to be 
6.0 inches below the core midplane. 

bRelative to an average value at the completely out position (29.69 inches) of zero. 

FRED 
Positiona 

(in} 

0.00 

1.64 . 

3.64 

5.64 

7.64 

9.64 

11.64• .. 

Table 6-9 

FAMILIARIZATION SLUG WORTH vs POSITION 

Average Measuredb FRED 
Worth Positiona 
(cents) (in.) 

.0.00 13.64 

.3.47 15.64 

.8.44 17.64 

13.63 19.64 

18.81 24.69 

. 23.93 29.69 

. 28~98 

Average Measuredb 
Worth 
(cents) 

34.31 

38.97 

. 42.86 

. 45.64 

. 48.96 

. 49.45 

a Indicated position above 'the core midplane. At an indicated position of 0.0 inch, the lower tip of the B
4
C column in this slug is 

estimated to be 6.0 inches below the core midplane. 

bRI'!Iarive to zero at the completely inserted position 10.00 inch). Average Values obtained from last column of previous table. 
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The reactivity worth of the FRED subprompt critical slug was measured as a function of axial position in the core. 
The measurements were performed by moving a calibrated fine reflector segment to compensate reactivity changes 
introduced as the FRED rod was lowered by increments into the core. The measurements were repeated as the rod was 
withdrawn from the core. Static equilibrium was attained after each change in the FRED position. The measurements 
were performed at low power with a coolant temperature of about 740°F. · 

Measurement data are recorded in Tables 6-10 to 6-12. The data were averaged to give worth versus· FRED 
position data as taiJulated in Table 6-13 and. illustrated in Figure 6-21. 

Averaged position versus time data obtained from test firings during the familiarization and subprompt critical 
transients are tabulated in Table 6-14 and are illustrated in Figure 6-22. 

The FRED slug may be fired from any initial position in the core. The displacement versus time characteristics of 
the FRED rod are independent of its initial position. However, the amount of reactivity inserted is dependent on the 
starting position of the slug, and varies between a possible maximum of > 97 cents for a starting position of zero to a 
minimum of zero for a starting position of -25 in. 

The data in Figures 6-2 and 6-22 were used to calculate the time dependence of the reactivity changes occurring 
for slug firings from initial positions of 0.7, 2.85, and 3.5 in. These starting positions correspond to sub-prompt 
transients involving estimated (from the static datal reactivity insertions of 93.0, 80.5, and 76.5 cents, respectively. The 
time dependent behavior of these slugs are illustrated in Figure 6-23. 

Illustrated in Figure 6-24 are curves obtained by increasing the react1v1ty values of Figure 6-23 by 4%. These 
modified curves, which have maximum slug worths of 96.5, 84.0, and 79.7 cents, respectively, are in good agreement, 
as shown in Section 6.4, with the values calculated from the measured transient flux values. 

Table 6-10 

FRED SLUG ACTIVITY WORTH MEASUREMENTS 
Data Set .1 

· FRED Reflector No. 3 Reflector No. 8 Core 
Position Position Worth Position Worth Temperature 

(in.) (em) (cents) (em) (cents) (FI 

29.68 29.53 36.27 0.50 :..0.37 742.7 

0.01 29.53 36.27 62.65 96.35 742.7 

2.00 29.53 36.27 55.90 84.88 742.7 

4.00 29.53 36.27 49.27 72.70 742.8 

29:68 29.45 36.13 0.40 -0.44 742.2 

a Relative to an average value at the completely out position (29.7 Inches) of zero at a constant temperature, 
Reactivity corrections for the small temperature changes were made with a reactivity coefficient of -0.54 cent/°F. 

FRED 

Table 6-11 

FRED SLUG REACTIVITY WORTH MEASUREMENTS 
Data Set 2 

.Reflectora No. 8 Core 

Relativea FRED 
Worth 
(cents) 

-0.03 

96.69 

85.22 

72.99 

0.03 

Position Position Worth Temperature Relativeb FRED Worth 
(in.) (em) (cents) (oF) (cents) 

29.68 10.00 7.98 748.0 0.00 

24.68 10.00 7.98 747.7 0.16 

20.68 12.25 10.47 748.9 2.00 

17.68 16.64 15.90 748.8 7.49 

15.69 20.67 21.57 748.6 13.27 

a Reflector No.3 wers maintained at a constant position of 27.00 em (worth = 31.84 cents). 

bRP.Iative to an average value at the completely out position (29.7 inches) of zero at a constant temperature. 
Reactivity corrections for the imall tP.mprmltllrP. r.hanoP.~ were made with a re;~c;tivity coefficient of -0.54 cent/°F. 
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Table 6-12 
FRED SLUG REACTIVITY WORTH MEASUREMENTS 

Data Set 3 

FRED Reflectora No. 8 Core 
Position Position Worth Temperature Relativeb FR.ED. Worth 

(in.) (em) (cents) (oF) (cents) 

29.70 10.00 7.98 735.6 0.00 .. 
-0.13 25.00 9.87 7.85 735.6 

19.99 12.84 11.16 735.8 3.07 .... 
17.99 15.98 15.03 736.0 6.83 . ' 
15.99 19.83 20.34 736.3 11.98 
13.99 24.48 27.40 736.2 19.09 
11.99 29.75 36.08 736.5 27.61 
10.00 35.35 46.20 736.0 . 38.00 
8.00 41.34 57.54 736.2 49.?3 
5.99 47.64 69.61 736.0 ,61.41 
4.00 54.23 81.90 736.0 7,3.70,. 
2.00 61.22 94.00 735.7 85.96 
0.00 68.65 105.60 736.1 97.35 
2.02 61.24 94.04 .735.9 85.89 
4.01 54.24 81.92 735.9 73.77 
6.00 47.55 .69.44 735.9 61.29 
8.01 41.18 57.23 735.2 49.46 
9.99 35.26 46.03 735.4 38.15 

12.01 29.46 35.58 735.1 27.87 
14.00 24.21 26.98 735.1 19.27 
16.00 19.43 19.76 735.3 11.94 
18.01 15.63 14.58 735.2 6.81 
20.01 12.57 10.84 735.3 3.02 
22.00 10.56 8.58 735.2 0.81 
26.00 9.48 7.44 735.1 -0.27 
29.69 9.74 7.71 735.1 0.00 
25.99 9.47 7.42 734.9 -0.19 
24.00 9.55 7.51 734.7 .. 0.01 
28.00 9.55 7.51 734.8 

...... 
-0.04 

a Reflector No.3 was maintained at a constant position of 22.95 em (worth 3 25.07 cents). 

bRelative to an average value at the completely out position (29.7 inches) of zero at a constant temperature. 
Reactivity corrections for the s~all temperature changes were made with a reactivity coefficient of -:0.54 cent/ °F. 

.' 
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Table 6-13 

SUBPROMPT SLUG WORTH vs POSITION 

FRED Averageda Measured FRED 
Position Worth Position 

(in.) (cents) · (in.) 

0.0 . 0.0 17.7 

2.0 .11.3 18.0 

4.0 .23.5 .20.0 

6.0 .35.7 20.7 

8.0 . .47.7 22.0 

10.0 .58.9 24.0 

12.0 .69.3 25.0 

14.0 .77.8 26.0 

15.7 .83.8 29.7 

16.0 .85.1 

il Relative to zero at the com[)letely inserted position (0.0 inch). Maximum spread in data= ±0.4 cent. 

Distance 
(in.) 

0 

1 

2 

3 

4 

5 

8 

9 

10 

12 

13 

14 

15 

16 

17 

20 

21 

22 

25 

28 

Table 6-14 

AVERAGED .FRED TIME-POSITION DATA 

Familiarization 
Tests 

0 

20.6 

29.1 

35.3 

41.b 

46.3 

60.4 

64.3 

79.9 

83.4 

86.7 

94.6 

105.6 

123.1 

133.8 

Time from Lift-off (msec) 
Sub prompt Subprompt 

Tests Tests 
1 through 4 5 through 10 

0 0 

20.7 20.6 

29.1 28.8 

35.6 35.5 

41.1 .-,o.a 

60.2 59.3 

64.0" 

68.1 67.8 

76.3 75.9 

83.3 83.7 

87.2 87.2 

90.8 90.9 

104.9 105.5 

108.5 108.4 

112.2 112.4 

122.9 122.7 

. 134.0 133.7 

46 

Averageda Measured 
Worth 
(cents) 

.89.5 

.90.2 

.94.0 

.95.0 

.96.2 

.97.0 

.97.1 

.97.3 

.97.0 

Average 
from A 

Tests 

0 

20.6 

29.0 

35.5 

41.1 

46.3 

60.0 

64.1 

68.0 

76.1 

79.9 

83.5 

87.0 

90.9 

94.6 

105.3 

108.4 

112.3 

122.9 
133.8 
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A 6Kmex •93..0 

B 6Kmax .. 80.6 

CURVE A INtTIAL POSITION • 0.7 in. 

CURVE B INfTIAL POSil'ION • 2.86 in. 

CURVE C INITIAL POSITION • 3.6 in. 

50 100 150 

Figure 6-23. Subprompt FRED Tim.e Dependent Reactivity Inferred from Static Test Data 
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Figure 6-24. Subprompt FRED Time Dependent Reactivity 
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7. SEFOR SAFETY AUDIT AND LICENSING 

The objectives of Safety and Licensing in relation to SEFOR are to: ( 1) provide an independent safety audit of 
SEFOR operations, (2) provide support in assessing safety significance of reactor operations, the experimental program, 
and modifications to the reactor system, and (3) handle licensing efforts · special reports required by license, 
malfunction reports, and Technical Specification Char:'ges. 
Three malfunction reports were sent to the AEC-DRL concerning: 

1. Malfunction of the primary drain tank venting system which occurred during preparation for a scheduled fuel 
surveillance on May 8, 1971, 

2. malfunction of two, safety system, mercury wetted relays discovered during the performance .of a routine mon,thly 
surveillance test on May 23, 1971. The relays were associated with the high flux trip on WRM number 3 and the 
power supply breaker for the main secondary coolant system pump winding, and 

3. malfunction of a time delay ·relay in the emergency power supply for the main primary pump. This malfunction, 
which did not affect normal reactor operation, was discovered during routine data collection on June 10, 1971 
when the reactor was operating at criticality (zero power). 

Nine safety evaluations were completed for: 
1. Sodium system temperature during fuel surveillance operations, 
2. Operation requirements to minimize reactor vessel head bolt stresses, 
3. Measured dynamic slug worths being approximately 3% greater than the static slug worths for the FRED 

familiarization and subprompt transient slugs. 
4. Modification Request No. 702 ·Gas Meter for Rea~:tor Cover Gas-Usage Determination, 
5. Modification Request No. 731 · Improved Control for the Pump-Around-Pump, 
6. Modification of the Refueling Cell for Emergency Crane Retrieval, 
7. Modification Request No. 752 · WRM Picoammeter Protection, 
8. Modification Request No. 745 · Reactor Vessel Backup Seal, and 
9. Use of Water for Cooling the Concrete· Drill. 

The following series of reports were sent to the AEC-DRL to complete the report required by the Technical 
Specifications for Core I. 

Report 

Results for Core I of Power Ascension and Conventional Oscillator 
Tests to 20 MWt 

Results of the Balanced Oscillator-Experiments for Core I 

Results of the Familiarization and Sub-Prompt Critical Transients 
for Core I 

Date Submitted 

June 18, 1971 

July 14, 1971 

July 16, 1971 

A report was submitted to the AEC-DRL on May 28, 1971' to document the analysis of the reactor head bolt 
stresses which had been previously discussed with the DRL at meetings in Bethesda, Maryland, on March 24; April 27, 
and April 28, 1971. The report also provides the bases for corrective action . a reduction in bolt preload, and a 
reduction in the allowable rate of sodium temperature change. 

The seventh meeting of the Safety Review Committee was held at the site on June 8, and 9, and a site safety audit 
made on June 1·0, and 11. · 

8. SEFOR SUPPORT 

The Plant Engineering effort is a supporting function to the SEFOR Facility. During May the reactor was operated 
and the subprompt transient tests were completed. The subprompt transients included reactivity insertions of 97 cents. 
During June and July the reactor remained shutdown .. for the annual containment leak test along with modification and 
maintenance activities. 
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8-1 VESSEL HEAD SEAL 
During the later part of June, installation of a backup seal to the reactor vessel head seal "0" rings was completed. 

The design of the backup seal provides a backup to the existing reactor "0" ring seal for the purpose of minimizing 
reactor cover gas leakage. 

·The seal is shown schematically in Figure 8-1. The backup seal provides sealing in two locations: one, in the 
annular gap between the vessel support skirt and outer head; two, annular space between each of the forty-eight bolt 
holes in the outer head. Sealing capability for these components is provided by elastomer "0" rings. Details of the 
sealing arrangement are shown in Figure 8-2. 

The backup seal is made up of a seal face ring which is seal welded to the outer head and follows closely the shape 
of the vessel support skirt. A backup ring above the seal face ring confines an o-ring in a controlled volume 
compression. The "0" ring is ·confined between the seal face ring, the backup ring, and the vessel support skirt. 
Compression of the "0" ring is achieved by forcing the backup ring downward with set screws located in the ring 
segment components. 

The outer head studs, spacers and nuts are enclosed in containment caps (Figure 8-3). The caps rest on retainer 
ring segments (Figure 8·4) held down to the outer head by the stud nuts. The containment cap and retainer are sealed 
by elastomer "0" rings. 
The design conditions for the 0-ring elastomer seals are: 

Temperature 

500°F 
450°F 

Pressure 

30 psig internal 

Time 

100 hours 
4000 hours 

The design of the head seal "0" rings allows for replacement periodically following extended periods of operation. 
The design, fabrication, and installation of the head seal was performed in accordance with ASME Code, Section 

Ill for Class B vessels. All welds were designed and inspected in accordance with the requirements for Class B vessels. 
All welds were made with welders qualified to Section IX of the ASME Code. A pneumatic test was applied to the 
containment caps and the completed seal assembly. In addition, a reactor vessel cover gas leakage test was performed 

. and satisfactory results were achieved. 

8.2 CRANE RETRIEVAL 
Procurement of components and installation of the crane retrieval system was completed during the June/July 

outage. This system is described in detail in reference 2. Some delay occurred in coring holes in the refueling cell walls 
when reinforcing bars were encountered in line with the holes. 

Adjustments in alignment of the core hole and modification to the penetration sleeves was accomplished to avoid 
cutting any of the reinforcing bar. 

8.3 ADDITIONAL SUPPORT 
Additional engineering activities were completed during the report period as follows: 

1. A modification to the one-half ton refueling cell grapple was designed which would assure proper operation of the 
slack cable load limit interlock. 

2. Recommendations were made concerning installation of auxiliary air blast cooler door bearings. 
3. Recommendations were made concerning the design requirements, materials, and fabrication for a hold-up volume 

to be installed in the radiation monitoring system piping. 
4. A reactor head bolt surveillance plan was completed covering periodic visual, dimensional, dye penetrant, and 

ultrasonic examination of the reactor vessel outer head bolts. 
5. . A replacement "T" bar grapple handle for the refueling cell ten crane was fabricated. 
6. An improved design for the installation of reactor vessel head surface thermocouples was completed. 
7. Procurement ot the replacement axial-tan argon blower was completed when the unit was received at the site. 
8. Work was initiated on the development of an overall quality assurance program plan for the SEFOR Facility. 
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9. SEFOR OPERATION 

9.1 EXPERIMENTAL PROGRAM 

9.1.1 Transient Detectors 
After identification and quantification of the noises appearing in the signals from the transient fission detectors 

during the Familiar ization and SubPrompt Transient Test series, extensive tests and checks were performed to locate 
and eliminate the sources of these noises . From these tests, it was concluded that the transient fission chambers were 
susceptible to mechanically induced low frequency noise or "microphonics" of approximately 200 Hz excited by the 
Nitrogen Blowers. The two spare unirradiated transient fission detectors were returned to the vendor for correction and 
modification. 

Between subprompt tests 3 and 4, both fission chambers were replaced by the newly modified chambers. The 200 
Hz noise which had been a problem with the premodified chambers was greatly reduced in the modified ones. 
Provisional Test Procedure 54, Gamma Background Measurement, was performed on both old and modified chambers 
to determine what correction might be needed in the data analysis for induced background . 

In the continued effort to determine and correct any 60Hz pickup, the High Voltage and signal leads inside the 
N2 zone were encased in grounded conduit. External to the N2 zone, the signal leads from the penetrations to the 
amplif iers were also enclosed in grounded conduit. A careful re-review of all leads and connections disclosed a section 
of wiring in the calibration box (in conjunction with the amplifiers) which was nonshielded triaxial cabling. This section 
of wiring was replaced with grounded and shielded wiring. 

A review showed that the transient detector system was grounded at the amplifiers which are located inside the 
reactor containment, close to the reflector drive cell. The system was also grounded at the Data Acquisition System 
(DAS). These two grounds were at slightly different ground potential, which induced a low level ground loop current 
when the two grounds were connected. The major equipments grounded to both grounds are 60 Hz which would cause 
any ground loop current to be 60Hz. 

Several direct ground loop paths were discovered in the High Voltage Power supplies to the detectors located in 
the trans1ent amplitier cabinet. The incoming AC has an AC ground which results in ground loop noise irrespective of 
whether the high voltage supplies are on . 

The elimination of the ground loop was accomplished by removing the capacitors in the AC ground from the 
power supplies, and then electrically isolating the transient amplifier cabinet, grounding the system only at the DAS. 
Preliminary testing, using the oscilloscope, indicates that this solution reduces the 60Hz noise a factor of 4 to 6. More 
exhaustive testing, when the transient amplifier modifications have been completely installed, is planned to verify the 
reduced noise level. 

An additional noise content, about 2000 Hz, was observed in early system checkout. During the familiarization 
and subprompt testing, it was possible to filter this noise with on-hand 5 kHz filters and not compromise the needed 
system response. The superprompt transients, however, require the maximum system response ( 10-16 kHz band width) 
and high frequency noise filtering is no longer practical. 

In the diagnostic investigation, it was discovered that most of the high frequency noise appeared to be induced in 
the signal cable from the amplifiers to the DAS. When a graphite impregnated co-axial cable was substituted for the old 
signal cable, most of the 'V2000 Hz noise disappeared. 

Since this discovery, all the old signal leads for both fission and gamma detectors have been replaced with RG 
598/U, graphite impregnated coaxial cable . 

9.1.2 Transk nt Amplifiers 

One transient amplifier was returned to the vendor for modification to improve the temperature sensitive zero 
drift, and the low current, nonlogarithmic, current-voltage characteristic. The modified amplifier was returned to the 
site with parts, and instructions to modify the remaining four amplifiers. 

After the subprompt transient tests the amplifiers were modified and checked out. The temperature sensitive zero 
drift appeared to be much improved. The low current, nonlogarithmic, current-voltage characteristic was greatly 
improved, as can be seen by the representative comparison in Figure 9-1, which illustrates a before-and-after 
modification current-voltage characteristic . 

9.1.3 Transient Testing 

The subprompt transient testing was completed during the reporting period. Tables 6-2 and 6-6 summarize the 
subprompt tests performed. 
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The first subprompt transient test was performed on May 8, 1971 at 1120. This test was a nominal 84 cents 
transient from 1 MW. The transient fission detectors had one channel (channel B) in the linear mode w.ith a 5kHz filter 
installed a·nd one channel (channel A) in the log mode with a 5 kHz filter installed. 

Subprompt transient test 1A was performed as a repeat of subprompt transient number 1 to investigate an 
apparent d-isagreement in subprompt transient test 1 data between the static worth of the slug and the dynamic worth. 
In test 1, thedynamic worth was 'V4 percent higher than the static worth. Prior to subprompt transient test 1A, the 
slug was recalibrated by both period measurement and rod swapping. There was good agreement of the results of the 
two methods, both confirming the static worth as measured earlier by the rod swapping technique. The higher dynamic 
worth w,as also present in test 1A. 

Subprompt transient test 2 was performed with the slug partially withdrawn above the normal firing position to 
reduce the static worth to 0.93 dollars. As before, the nominal dynamic worth was approximately 4 percent higher 
(0.97 dollars) than the static value. The lower limit switch was adjusted, and a mechanical stop was added to the FRED 
mechanism which positively prevented the slug from being lowered to a position which would result in a static slug 
worth greater than 0.93 dollars. The subprompt test series was completed with this mechanical stop installed . 

. The initial power level" on tests 2 and 3 were increased to 2 MW from 1 MW in order to bring the initial power level 
output further onto the logarithmic portion of the amplifier current-voltage characteristics. 

An· additional test was performed from 10 MW steady state to provide additional dat(! on transient 
instrumentation cross calibration as described later. 

9.1.4 Transient Instrumentation 
During· the course of the. sub prompt tests, some transient instrument connections were varied. to provide cross 

calibration and some instruments were modified to improve the signal. Table 9-1 summarizes the instrumentation 
status for the individual tests: Normal instrument: connections are-defined as. follows: 

DAS High Sensitivity Channel A - Fission Chamber A (with 5kHz filter) 

DAS High Sensitivity Channel B - Fis.sion Chamber B (with 5kHz filter) 

DAS Low Sensitivity Channel A - Gamma Chamber A 

DAS Low Sensitivity Channel B -Gamma Chamber B 

Visicorder- SEFOR Energy Probe (through Sanborn amplifier) 

Visicorder- SEFOR Energy Probe (through Sanborn amplifier) 

Test No. ·10 Connections - Same as Test No. 7. Also, automatic switching was set up which allowed the DAS to 
record DAS High Sensitivity Channels A and B (fission chambers) below about 20 MW, ·and DAS Low 
Sensitivity Channels A and B (gamma chambers) above 20 MW. 
Channel A - Log Mode 
Channel B - Log Mode 
Sanborn Amplifiers- Gain Setting of 10 

On Test No.2, The Sanborn amplifiers saturated. The gain was reduced for the next test. 
On Test No. 3, the 5 kHz filter was removed from Channel A in an attempt to reduce a "ringing" high amplitude 

noise. The signal was much improved. The cause of the "ringing" which was peculiar only to Channel A was not 
established. The Sanborn amplifier gain of 3 was found to be too low. The gain was returned to 10 as in Test 1A. 

Prior. to Test 5, a buffer amplifier was installed between the DAS _and the amplifier for each gamma channel to 
correct for an impedance mismatch. Checkout showed that an earlier loading problem was corrected by the 
modification. 

For Test 8, gamma chamber A was connected to the DAS high levef Channel A in order to compare gamma 
chamber A with fission chamber B. (DAS low sensitivity channels A and B were not recorded during tests 1 through 7 
due to limitations of the system to record only 2 channeis). 

For Test 9, gamma chamber B was connected to DAS high sensitivity channel B in order to provide a comparison 
between gamma chamber B and fission chamber A. 
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Table 9-1 
SUBPROMPT TRANSIENT TEST DETECTOR CONNECTIONS 

Test No. 1 Connection - Normal 
Channel A - Log Mode 
Channel B- Linear (100 V/ma) [Sanborn Amplifier x 10] 

Test No. 1A Connection - Normal 
Channel A- Linear Mode (100 V/ma) 
Channel B- Linear Mode ( 100 V /ma) 
Sanborn Amplifiers - Gain Setting of 10 

Test No. 2 Connections- Normal 
Channel A - Log Mode 
Channel B - Log Mode 

* S.anborn Amplifiers- Gain Setting of 100 

Test No. 3 Connections - Normal, except 5 kHz filter removed from Channel A 
Channel A - Log Mode 

Test No.4 

Test No.5 

Test No.6 

Test No.7 

Test No.8 

Test No.9 

Channel B -- Log Mode 
Sanborn Amplifiers -Gain Setting of 3 

Connections- Same as Test No. 3. Both fission chambers were replaced with modified chambers 
Channel A - Log Mode 
Channel B - Log Mode 
Sanborn Amplifiers-- Gain Setting of 10 

Connections- Senne etS Test No. 4 
Channel A -- Log Mode 
Channel B - Log Mode 
Sanborn Amplifiers- Gain Setting of 10 

Connections- Same as Test No. 5 
Channel A - Log Mode 
Channel B - Log Mode 
Sanborn Amplifiers- Gain Setting of 10 

Connections - Same as Test No. 6 
Channel A ·- Log Mode 
Channel B - Log Mode 
Sanborn Amplifiers- Gain Setting of 10 
Connections - Same as Test No. 7, except gamma chamber A instead of fission chamber A was 
connected to DAS High Sensitivity Channel A 
Channel A - Log Mode 
Channel B - Log Mode 
Sanborn Amplifiers- Gain Setting of 10 

Connections - Same as Test No. 7, except gamma chamber 8 instead of fission chamber 8 was 
connected to DAS High Sensitivity Channel B 
Channel A - Log Mode 
Channel B - Log Mode 
Eonborn 1\mplifien- Gain S9ttina of 10 

• Sanborn amplifiers were used in the Energy Probe circuits from this test on. 
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Test 10 was the first test with automatic switching from fission chambers to gamma chambers during the transient. 
In the test, fission chamber output was recorded up to about 20 MW, then the circuitry-switched to record the tWo low 
sensitivity channels (gamma chambers); Switching occurred in the reverse direction during the power decay after the 

scram. . 
The voltage levels were initially selected so that switchover should oc.cur at about 70 MW, but switch-over was 

premature in the actual test. The reason for this premature switching is being investigated. 
When the reflector drive cell was opened to install the low sensitivity transient detectors (gamma).one of the wide 

range monitor (WRM) detector pairs which had been exhibiting a tendency to drift slightly was replaced. After'the· 
systems were return.ed to normal, calibration of all the WRMs, transient fission detectors and the transient gamma 
detectors was performed to 19 MW(t) and back to zero power with points at 2, 5, 10, 15 and 19 MW(t). 

A variety of calibration data was taken in both linear mode and-log· mode. The calibration data ·acquired is as 

follows:· 

Fission Chambers 

Linear Mode 

1) Gain- 100 volts/milliampere 
Sanborn Amplifier- x 10 
5 kHz filter installed 

2) Gain.- 100 volts/milliampere: 

Log Mode 

SanbornAi'nplifier: ~-x 10 
5:kHz .filter removed··· 

1) Sanborn Amplifier - x 1 
5 kHz filter· installed··. · 

2) Sanborn Amplifier,, x·1 · 
5; kHZ'filti'wremoved , . · 

A ·similar sequence was performed for the gamma chambers, and after the buffer amplifier was installed to correct 
an impedance mismatch, (see earlier discussion) the proper functioning of the gamma chambers was demonstrated. 
9.1 .5 Special Activities 

A special test involving the application of temperature sensitive paints to the FRED subprompt sh.ig was 
performed to determine the clad temperature versus reactor power. Preliminary results indicated the initial power for 
the subprompt transients should be limited to maintain acceptable· FRED cladding temperatures. Subsequent transient 
initial power levels were limited to 10 MW. 

At the comp_letio[J of the subpromp:t transient test series, the measured worth of the prompt slug was 1.17 dollars· 
at the same elevated position (0.7 inches) as the subprompt tests . 

. The core excess reactivity had to be increased prior to the high power subprompt transients because of the higher · 
negative livorth of the subprompt slug relative· to the familiarization slug. This was achieved by replacing a stainless steel 
rod located under a through-head port (W3.0S2.0E) with a standard fuel rod. This change increased the excess 
reactivity at 20 MW with 700° F inlet temperature by 0.24 dollars to 0.41 dollars. The new assembly is designated 
Assembly 1-K. 

Earlier plans called for measuring the reactivity worth of the subprompt FRED poison slug, returning the slug to 
Califo'rnia for adjustment and then returning the slug for full calibration. This procedure was necessary due to the 
extremely narrow limit imposed by the Technical Specifications and program requiremerit-96.5 ± 1.5 cents. The slug 
was sent to California during the previous reporting period after its ·total worth had been measured at .101 cents. The 
subprompt transient slug was returned after poison location adjustment had been made. A reactivity verification was 
made of its adjusted worth which resulted in a measured value of 97 cents. · 
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Prior to the initiation of the subp.rompt transient testing, a mechanical check·of FRED- test firing the assembled 
FRED with the slug out of the core and the reactor secured- with the subprompt slug was performed and the results 
analyzed. A number of firings were completed to verify performance. Test results are listed in Table 9-2. The mean 
ejection time (time for 20 inches of travel) is about one millisecond faster than the 50 cents familiarization ejection 
time, i.e. 105.6 msec versus approximately 104.6 msec, which is attributable to the weight difference between the two 
slugs. 

The evaluation of the pilot irradiation of the fission rate measurement, test procedure 11-11, indicated that the 
fluence would have to be reduced about a factor of 3 to 5 to avoid excessive track density. The actual irradiation was 
performed on May 3, 1971 with the power level reduced to 20 watts with an irradiation time of an hour and one half. 
The solid sta~e track records (SSTR) were prepared and were counted at the University of Arkansas. The data are being 
evaluated, but the preliminary results indicate that some form of surface contamination may have been present on the 
source foils. This effect is being evaluated. 

Work continued on the preparation of the Core II procedures. The status is as follows: 

Test Procedure 

Reactor Noise and Subcritical Multiplication Measurements 
in Core I, TP Vll-1 

Repl~cement of BeO Tightener Rods with Stainless Steel 
Rods, TP I-A.1 (Core II) 

Reactor Noise and Subcritical Multiplication Measurements 
in Core II, TP I-A.2 (Core II) 

Material Worth Measurements, TP 1-8.1 (Core II) 

Reflector Worth Measurements, TP 1-8.2 (Core II) 

.Oscillator Rod Calibri!tion, TP I-C.1 (Core II) 

Zero Power Trans!cr Function, TP I-C.2 (Core II) 

Reflector Worth Measurements (550°F and 760°F), TP 
1-D.3 (Core II) 

Conventional Oscillator Test, TP 11-2 

Static Test, TP KK-4 (Core II) 
9.1.6 Fuel Surveillance 

Status 

Approved 

Approved 

Approved 

Drafted 

Out for Review 

Out for Review 

Out for Review 

Drafted 

Drafted 

Drafted 

Fuel surveillance was. performed following the first subprompt transient at 1 MW, 0.8 cents; 2 MW, 0.96 cents; 
5 MW, 0.96 cents; and 10 MW, 0.96 cents; and after completion of the subprompt tests. Results of the measurements 
are compared with pre-irradiation measurements in Table 9-3. Lenglh and diameter measurements are recorded in 
inches deviation from the nominal drawing dimensions. Bow is recorded as total indicator reading during rotation, 
representing twice the actual bow. Pellet column lengths are as measured from the transmission gamma scan. 

All chilngcs in fuel rod features are small relative to the allowable changes, and are roughly equal to the 
repeatability of the measuring device. 

In order to prevent stress cycling of the fuel clad due to thermal shock, insertion of fuel into the reactor has been 
limited to temperature differences between the clad and coolant of 300°F. Removal of fuel from the reactor does not 
prese'nt the same thermal shock problem and no temperature difference limits have been imposed. To perform fuel 
surveillance, these limitations were adhered to operationally by cooling the entire coolant system to approximately 
400°F before fuel was returned to the reactor. Fuel surveillances resulted in many heat-up and cool-down cycles which 
were very time consuming. 
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Table 9~2 

FRED PREOPERATIONAL MECHANICAL CHECK 
SUBPROMPT SLUG 

April 23, 1971 

t t Pressure 

Visicorder Calcomp Gage_ Panel.29 
Test (msec) · (msec) (psig) (psi) 

100.8 100.8 1365 1420 
.. 

Ia 

2b 101.0 99.9 1390 1450 

3b 101.2 1400 1460. 

4b f03.5 102.8 1350 14oo· 

5b 103.5 102.4 1400 1450 

6 105.2 104.5 1320 1380 

7 104.0 103.5 1380 1440 

8 104.6 103.7 13!:)0 1450 

9 106.5 105.8 1310 1360 

10 105:0. 104.0 1400- 1440. 

11 105.0 103.9 1390 1450. 

a Nitrogen used .in test firing. 

b Nitrogen-argon mixture used in firi~g, progressing to pure argon in this sequence. 

During.the. fuel surveillance after the.first. subprompt. (80. cents): transient, .tests,were·cor:edl.ICted to .determine -if a 
fuel-.rod could be ·.heated·in .the-.vacuum.distillation station.·to·,750!"F and .. then·.returned to the.reactor:.before the·. 
temperature difference between fuel rod anci reactor sodium exceeded 300°F.when the reactor sodlum tempe~att~re:was 
approximately 600°F. If this were possible, fuel surveillance would not require complete cool-down and heat-up and 
attendant· time consumption at the 10°F /hr rate. The results of this test demonstrated that the transfer .could be made 
within all the prescribed limits, if the sodium temperature was at 575°F. In the future, all fuel surveillanc~ re~ovals and 
reinsertions are planned to be done at the elevated temperatures to speed this operation. 

All the fuel surveillances performed during the subprompt transients were performed by this mode of operation. 
Receiving inspection of the 126 new and re-worked fuel rods received from Nuclear Fuel Services (NFS) was 

completed. The following defects were noted: 

Defect • 

Helium Leak at Room Temp 
Upper gas plenum too short 
Top hole and bottom slot misaligned 
Helium leak at 800°F · 
Weld defects as determined by x-ray 
Possible weld defects 

Quantity 

7 
3 

25 
5 
2 

The ffrst eleven rods tabulated above were returned to NFS for repair. The remaining rods are ·stored at SEFOR 
until negotiations for repair are completed. 
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Table 9-3 

SUBPROMPT TRANSIENT TEST FUEL SURVEILLANCE RESULTS • 
1 MW 2MW 10 MW 

Pre-Irradiation 0.8 Dollars 0.96 Dollars 0.96 Dollars 

Rod A02 

Temperature-Corrected Length (in.) -0.008 -0.028 -0.032 -0.034 

Temperature-Corrected Diameter (in.) +0.0030 +0.0037 +0.0037 +0.0038 

Bow Spiral (in.) O.Q16 0.030 0.028 0.020 

Bottom Pellet Column Length (in.) 21-3/8 21-3/8 21-5/16 21-3/8 

Top Pellet Column Length (in.) 13-15/16 13-15/16 21-3/8 13-15/16 

Rod 807 

Temperature-Corrected Length (in.) -0.006 -0.025 

Temperature-Corrected Diameter (in.) +0.0035 +0.0039 +0.0039 

Bow Spiral (in.) 0.019 0.019 0.021 

Bottom Pellet Column Length (in.) 21-7/16 21-7/16 21-7/16 

Top Pellet Column Length (in.) 14 13-15/16 14 

5MW 
Pre-1 rrad iation 0.96 Dollars End of Tests 

Rod A16 

Temperature-Corrected Length (in.) -0.007 -0.033 -0.033 

Temperature-Corrected Diameter (in.) +0.0030 +0.0039 +0.0039 

Bow Spiral (in.) 0.008 0.042 0.040 
', 

Bottom Pellet Column Length (in.) 21-1/2 21-7/16 21-7/16 . ;, ~ ~ \~· 

Top Pellet Column Length (in.) 13-15/16 13-15/16 14 

Rod 806 

Temperature-Corrected Length (in.) '-0.001 -0.018 -0.040 

Temperature-Corrected Diameter (in.) +0.0035 +0.0038 +0.0035 

Bow Spiral (in.) 0.016 0.020 0.019 

Bottom Pellet Column Length (in.) 21-3/8 21-3/8 21-7/16 

Top Pellet Co!umn Length (in.) 13-15/16 14 14 

(I 
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9.2 OPERATIONS AND MAINTENANCE 

Reactor Operation Statistics Current Month Current Quarter Total to Date 
June -14-July 18, 1971 April 18-July 18, 1971 July 18, 1971 

Hours Critical (hr) 2.3 172.5 2,941 

Power G_enerated (MWh). 0 793.9 20,385 

Startups 1 34 486 

Scrams 0 20 . 143b 

Operating Efficiencya (%) 22.8 39.6 39.2 

a This rep~eserits the percent of time that the-reactor complex was available for performance of the test program. or work neces_sary for the 
operation of the reactor, such as normally scheduled License Test Procedures. The accountability is to the nearest full day. 

bTwenty-one scrams have been intentional, for FRED tests. 

The reactor outage that was initiated on March 14, 1971 to investigate the loading on the reactor vessel outer-h~ad 
studs ·from .differential 'movement of vessel flange and head during temperature changes of the primary coolant was 
terminated on April 29; 1971, when authorization to resume operations was received from DR L. Recalibration.of -the 
subprompt critical FRED plug was interrupted by a malfunction of the positioner .motor driv.e gear reduc:tor. A new 
gear reductor. ·was installed -and .the lubricant· was.changed·to ·heavyweight oil to improve: the lifetime·cif. the gears.
Following the· nominal o,a. dollars transient ·test from 1' MW; ·operation .was delayed· by- the necessity.·to irwestig~te ·and·'·,.- . 
remove a partial restriction in the Primary· Drain Tank vent- line,· a requirement. for readjustment of -one. of.- the• 
polyphase directional relays on .the Primary Pump Powe~ Supply., and· replacement of a. reflector scram solenoid· valve; 

S!Jbprompt transient. tests were resumed and were interrupted, again, to correct two malfunctions, of 
mercury-wetted relays in the safety system, and to perform measurements of the FRED slug temperature by the use of. 
temperature. sensitive paints. 

Following .subprompt ·test No. 4 (0.96 dollars from 5 MW)::operation.was interrupted to correct instabilities- in the· 
input· electr.ometers in: .the Wide .Range .Monitors. The. instabilities were created:by. excessive: input- ·currents•dur,ing~the:· -.-... 

_ previous. transient: tests~ or from diagnostic .tests to determine :the· lim its -:of. operation· for. the .electrometers;~ By._-the::··- . 
replacement of' the.electr.ometers,-and"the·addition•:of•an input·cuHent limiting_. circuit; -the instabilitieswere·eliminated;·; ._- ·· 
and the transient testing proceeded: Following sutiprompt test No.8 (0'.96'dollars from 10 MW) a·malfunctiori of the· · 
Main Primary Pump Motor Generator DC exciter circuit was corrected. The subprompt test series was completed and 
the reactivity worth of the superprompt slug was measured. 

An outage to perform the annual containment leak checks and to accomplish plant modifications and maintenance 
was initiated on June 15, 1971. Significant modifications involve the installation of a reactor vessel outer-head back-up 
seal, and an emergency crane retrieval system. Inner and outer containment leak checks were completed. The leakage 
rate fro.m .. the inner containment was well withinthe limits, and the leakage from the outer containment )lllas essentiaiJy 
zero. All_modifications and maintenance activities were accomplished. Pressure leak test of the back-up seal and a leak 
rate re-test of the inner containment were initiated. -

The two cold traps removed from the primary sodium system in November 1969, were cut open and examined· in 
an argon atmosphere. The blockage of flow through ~he traps had been caused by the compression. of the stairless steel 
mesh upward to 1/3 to 1 /2 of its height and the deposition of oxides on and around the mesh. Photographs of the 
interior of the traps and samples for chemical analyses were taken. The total quantity of residue (sodium plus sodium 
oxide) in each trap was determined. 

126 fuel rods received from the vendor were visually and dimensionally inspected, and helium leak checks were 
performed at ambient temperatures and at 700°F. The shipment consisted of 104 new, 19 repaired, 2 unrepaired fuel 
rods, and one U02 dummy rod. Eleven fuel rods were returned to the vendor because of deviations from specifications. 

A total of 196 equipment malfunctions were corrected, distributed as follows: 

Mechanical 
Electrical 
Instrumentation 

Total 

62 

58 
60 
78 

196 

~-. 
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The more significant malfunctions included: 
Reactor building pressure controller 
Positioner motor gear reductor 
Primary pump motor generator poly phase directional relay 
Safety system relays 
Primary pump control circuit line delay relay 
Wide range monitor input electrometers 
Freon compressor valves and springs 
Freon unit leaks 
Trace heaters and volt pacs 
Primary drain tank vent line 
Breathing air compressor seal 
Argon compressor oil seal 
Argon supply high velocity check valve 
M G set pillow block bearing 
Reflector limit switch 
480 V transformer insulator spacers 
Reflector scram solenoid limit switch 
Refueling all TV camera 

A total of 44 plant and equipment modifications were completed, including the following significant items: 
Refuel cell crane emergency retrieval system 
Reactor vessel outer-head back-up seal 
Transient fission chamber cable conduit 
Wide range monitor input current protection 
Valt-pac 3-phase neutral return to load center 
Half-ton grapple slack cable fix 
Safety system jumper panel 
Improved control -Pump-around-pump 
Boron carbide shield - Transient fission detectors 
Reactor vessel head surface thermocouples 
Transient flux detector system ripple reduction 
Excursion mode time ciP.Iay measurement equipment 
Programmed flow reduction adn time delay 
IFA reference junction monitor and alarm 
Area lighting 
Refueling cell inter-comm. 
Energy probe wide band amplifiers 
High velocity check valves position indication 

Gamma-ray spectrometry measurements of fission gas components of the reactor cover gas were made routinely 
during the experimental testing. The results continue to indicate levels of xenon and krypton commensurate with tramp 
uranium in the system. 

Routine environmental surveys were conducted to verify that no environmental radioactivity increase attributable 
to reactor operation occurred. 
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