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Introduction

This report is prepared in accordance with AFRRI Techmcal Specification 6.6.1 a. It sddresses
the license change of maximum steady swate power icorease 0 1.1 MW maximum sieady state
power level and the installation of fuel follower control rods (FFCRs). The installavon of fuel
followesr control rods (FFCRS) is described 10 chronological sequence and analysis of the results
is provided. For a detailed descoption of FFURs and thetr safety analysis with regard to
mnstallation at AFRRI, see AFRRI TR91-1, "Maximum Temperature Calculation and Operational
Charactenistics of Fuel Follower Control Rods for the AFRR] TRIGA Reactor Facility®. FTCRs
were instalied to offset the long-term effects of fuel-burnup and increase the core excess
reactivity. AFRRI first applied to the USNRC for a technical specification amendment to allow
for the wstallation of FFCRs on 30 Apr 90, The FFCRs arrived at AFRRI from General Atomic
on B Aug 91, and the NRC gpproved installaton of the FFCRs on 8 Oct 91 The FFCR
mstallation project at AFRRI began on 8 Nov 91 and concluded on 12 FEB 92

Receiving and Storage of FFCRs Prior 1o Instalistion

Prior to receiving the FFCRs, the Hot Cell was prepared for fuel storage.  The room was made
free of dust and debris, & gamma detector (criticality monitor) was in place, a high security lock
was installed, and cradles for holding the fuel were built

The FFCRs entered AFRRI through the shipping and 1eceiving department (LOGS). LOGS
personnel were instructed to not open the containers holding the FFCRs. LOGS personnel called
RSDR and SHD immediately upon receipt of the FFCRs. SHD performed a radiological survey
n accordance with HPP-0-3 of external radiation and external contamination of the packaging
in the loading dock ares prior ¢ moving the FFCR containers to the Hot Cell. No measurat:le
comamination was found.

Jnce the FFCRs were cleared by SHD to be moved to the Hot Cell, RSDR staff conducted a
series of tests within the Hot Cell to determine if any uranium was on the outer surface of the
FFCR cladding. The testing methodology was similar to the series of measurements outlined in
10 CFR 70.39 which Jeals with the certification of calibration or reierence radiation sources.
The following tests were conducted:

1. Dry wipe test. The entire surfaces of the FFCRs were wiped with filter paper
using moderate finger pressure.  No radioactivity was found on the filter paper.

ra

Wet wipe test.  The entire surfaces of the FFCRs were wiped with filter paper,
moistened with water, using moderate finger pressure.  No radioactivity was
found on the filter paper.

3 Water Boil Test. The FFCRs were completely immersed in boiling water for one

hour. The residue obtained by evaporating the water showed no presence of
urarsum using the SHD counting 'ab.



CAppendix | contsins radioanalysis reports of the above tests

Core Preparation

Prior to shutdown und FECR installaton, seatron activation foils/wires were used i ER1 with
the bare core configuration at a fixed position near the center of the room.  An approximate
neutron enerey spectrum was devermined and the data was saved for later companison with FECR
loaded core

Fuel onloading commence. 8 Nov 91 and was completed on 12 Nov 91 (we AFRRI TRIGA
Refueling Plun, Appendix 2).  Following the removal of fuel, the standard control rads and
transient control rod were removed.  The rod drive support structure was then modified to allow
for the ease of transient rod drive maintenance. A platform was built approximately 40 inches
above the rod drive mounting plate to accommodate the transient rod drive mechanism. Work
o madify the transient rod drive platform was completed on 18 NOV 91,

While the transient rod drive platform was being fabricatied, RSDR staff set up two BF, chambers
in the core to be used for subcritical multuplication measurements during fuel reloading. The
counting systems consisted of ANPDR-70 neutron detectors which were modified to use a
Harshaw Type S212414AB BF, chamber  The output from the ANPDR 70 was sent 1o a
scaler. The BF, chambers were located in core grid positions F- 18 and -7 A fission chamber
was set up over core grid location F-11 as an additional neutron monror during fuel reloading.
The signal from the fission chamber was sent through a PA- 15 amp'ifier and scaler.

The FFCR und transient rod connecting rods were assembled on 18 19 Nov 91 The method for
determiming the correct length of the connecting rod was as follosws

Using blueprints, the center of the poison section was located on each control rod.
The center of the poison was marked on each rnd using 8 magic marker.

The old control rod was attached to the barrel ussembly and was oxtended 1o its
full length. The center points of the old rod and the FFCR were then matched
and the new connecting rod length was measuied from the top of the FFCR to the
comnection point on the barrel assembly.

Installation of FFCRs into AFRRI TRIGA Reactor Core

With the core free of fuel, FFCRs were imserted without danger of activabon. The FFCRs were
centered 1 their grid locations using the set screws for the barrel assemblies.  The goal was o
minimize any rubbing of the FFCR as it travels up #nd down. Once the FECRs were centorsd
drop tme tests were performed to insure compliance with the technical specifications
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Refuehing AFRRI TRIGA Reactor Core
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A cntical contigurstion was achieved on 29 Nov 91 with 69 elements in a close packed array.
Fuel was then added 1o get enovgh excess reactivity to gllow for the calibration of control rods,
A thermal power calibration was performed (o msere that the placement of the fission chamber
was correct (data 15 recorded 1 the core physics loghook) For an operationa) fuel loading of
84 standard fuel dlemeats and three FECRS. cootrol rod calibravons vielded the following results

Contral Rod Woith of rod at 300
Transsem 414
Reg $2.63
Sale $2.06
Shim $2.41

With the excess reactivity of 34 40 measured on 6 Dec 91, this insured a shutdown reactivity of
$6 71 With the most reactive rod removed (the transient rod), the shutdown reactividy 1s $2.57
which is well in excess of the techmical specibication himit of $0. 50, The predicted value of the
shutdown reactivity with the transient rod removed (see AFRRI TR91 1) was $2 80, with the
measured value reasonably close to the predicted value. A mechanical stop was placed on the
transient rod by an wdministrative directive to hmit its travel and prevent an inadvertent reactivity
insertion of greater than $4 00

Operational Testing Program

Power operations greater than cold critical commenced on 2 DEC 91 with a 100 kW steady state
power run 0 perform a thermal power calibration. 1.0 MW was attained on 4 DEC /1 w0
calibrate the high-flux safety channels. During the period of § Dec 91 10 25 JAN 92 the reactor
operated exclusively in the steady state mode 1o continue checkout and system calibrations.

Pulsing operations commenced on 25 JAN 92 The sequence of pulse opc ations listed in the
refueling plan was followed.  The purpose of the pulsing program was to gradually streach the
fuel cladding in a controlled manner. Following the - ising program, the reactor was operated
at full power for two hours to ensure that the cladding had not failed during the course of testing .
No increase in radiation levels in the CAMs or water monitor bax were observed.  Routine tests
of the water performed by SHD hate shown no presence of fission products tn the reactor pool
wite,

The operational testing program was completed on 12 FEB 92 with the final full power test to
the license power limit of 1.1 MW This test was conducted i accordance with the refueling
plan. The tollowing table shows rod positons, fuel iemperatures, and radiaton levels during
the approach to the hicense mat of | 1| MW
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ISPOSITION FORM

FERENCE Of OFFICE S yMBn SuUBb g
SHIH Analyses of fuel elammnts
qm 7o DATE T
% Forsbacka HM2 Castle 5 Nov 91
SHIH wlc

| 1. Analyses were performed 30 Oct 91 - 1 Nov 91 for the fuel elements recently
| received by RED  P.ease note the enclosed AFRRI Form 144 sheets Fach is
described briefly below.

2. Enclosure (1) contains results from smear surveys of the cap encasing the
elements, the plastic surrounding each element., a wet smear of the first

| element., a dry smear os first element, and a dry smear of the first rod
| after boiling. All activity was leses than 10 pCi/smear.

3. Wet and dry smears were also performed on the second, third and fourth rods
Results of these smears are contained in enclosures (2) and (3). Actavity was
less than 10 pCi/smear.

4. Water samples were taken after each rod was boiled. 100 wl of each sample
were boiled down and analyzed for alpha and beta activity All were less than
10 pCi/smear 1000 mi samples were analyzed for gamma activity. No peaks were
found in ar  'mle :

& pid
/’

i

| 3\ y
w . e
HM2, SHDH
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(Taimerly 7 Torm 2896 ATDDT C papiine Oyrtpiing

AFRIRI 7% 165
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REQUEST FOK RADIUAIvALYSIS
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cvs | cD | com FACTOR oCi
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RADIOANALYSIS RESULTS
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Appendix 2

AFRRI TRIGA Rcfueling Plan and Assocated Documents




AFRRI/RSDR 25 NOV 91

MEMORANDUM FOR REACTOR STAFF

FILE
—
SUBJECT: Core Reloading and FFCR Inswallation e,

We will commence core reloading tomorrow.  For the duratica of this core reloading project,
we will use the AFRRI TRIGA Refueling Plan which 1s more specific than Operational
Procedure 7. Record all refucling related data in the refeeling laboratory noiebook which will
be maintained on the reactor control console.
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Core Preparation

Prior 10 shutdown and FFCR swliation, nestron activation foils/wires in will be used in ER|
with the bare core configuration at a fixed position e mwter from the core. Determine neutron
edergy spectrum, save daw for later comparisor ‘b FICR loaded core.  Next, completely
unload all fugl from the reactor core. Following the removai of fuel, the standard control rods
and transient control rod w' " be removed. The rod drive support structure wall then be modified
as required to allow for the . e of trazaent rod drive maintenance. Next, the new transient rod
will be installed.

The FFCR connecting rods will be set up to allow for the removal of FECRs without bringing
them out of the reactor pool. Once the FFCRs have been rradiated, they will become highly
radioactive due to their fission product mventories, so it will be important to keep them unde
water for shielding purposes.

Installation of FFCRs wto AFRR] TRIGA Reactor Core

Measurements of the required connecting rod lengths wall be made by measurmg the entire length
of the standard rods connected to the barvel. Correcting for differences between the FFCRs and
the standard rods, the connectng rod lengths for the Fi'CRs wall be determined. The connecting
rods will then be attached to the FFCR and the entive unn will be installed mto the reactor core.
The connecting rods will then be attached to the barrel assembly to complete the nstallation of
the FFCRs.

Foliowing mstallation, the FFCRs will centered in thewr grid locations using the set screws for
the barrel assemblies. The goal 1s to mimmize any rubbing of the FFCR as it travels up and
down. Oace the FFCRs have been centered, drop time tests will be performed to insure
compliance the technical specifications.

Refueling AFRRI TRIGA Reactor Core

A conservative approach to refueling the reactor core will be taken. These mstructions will
supplement Reactor Operational Procedure VI Once the critical loading has been achieved,
excess reactivity will be estimated using the transient rod until there is enough excess reactivity
to perform rod worth curves.  Excess reactivity will be determined after each fuel loading step
unttd the operational configuration is achieved. Care will be taken to ensure that the $5.00
maximum allowed excess reactivity 1s pot exceeded

Following Reactor Operational Procedure VI, install the thermocoupled fuel elements and load
the B-ring. Place neutron source in source holGer and BF, neutron detectors in F-7 and F- 18,
Then load elements for gnd locations C-1, C-5, C-6. C6, C-10, C-11, D-14, D-15, E- 18, E-
19.F-22, and F-23. Loading these elements will allow for the neutronic coupling of the FFCRs
und the neutron source. At this point the rods will be withdrawn as described in step 2.8 of the



procedure, and the first subcritical multiplication measurements will be taken.

Complete lo - Jing the C-Ring, load D-ring clements 2, 6, 8, 12, and 18, and repeat the subcritical
muitiplication measurements. Complete loading the D-ring, and load E-ring elements S, 6, 14,
15, perfor n subcritical multiplication measurements. Load E-ring elements 1, 2, 8, 9, 10, 16,
17, and 24, perform subcritical multiplication measurements. Load E-ring elements 2, 23, 7,
1, 13, and 20, perform subcritical multiphcation measurements. Load the following sets of
elements and perform subcritical multiplication measurements after each step (note: this load
patiern may be modified to accommaodate instrumentation or other items that may obstruct fuel
loading): E-4 and E-12; E-21 and E-22; F-1 and F-2; F-3 and F-30; F-4 and F-29; F-5 and F-
28, F-6 and F-27; F-26 and F-16; F-15 and F-17; F-14 and F-18; F-13 and F-19; F-12 and F-
20; F-11 and F-21; F-10; F-9, and F-8. This loading pattern allows for the FFCRs 10 exercise
a high influence over the neutron population while the core 1s still very suberitical.

Core Calibration

Once the core has been loaded to the operational excess reactivity, core calibraticas will proceed
in the same manner as following an annual shutdown. Differential and integral reactivity worth
curves will be generated for each rod in core positions 250, 500, and 750, Uy, to this point all
testing has been done at very low powers, so the fission product invemtory in the FFCRs will be
low. Since the probability that the FFCR cladding may fail is highest shortly after instaliation,
a senies of pulses will be performed to stress the FFCRs before the fission product inventory has
much of a chance of building up. During this pulsing operation the water will be closely
monitored for any fission fragments. In the event that fission fragments are found in the pool
water, all activities will stop, the NRC and GA will be notified, and the leaking element(s) will
be found and isolated.

A thermal power calibration will be performed in the usual manner. Next the power coefficient
of reactivity curve will be generated followed by the reflection coefficient measurements in
prsitions 250, 500, and 750. The neutron eneipy spectrum experiment m ER1 and ER? will be
repeated to ensure that the character of the radiation field has not been modified.



Refucling Checklist
Pre-shipment

Clean Hot Cell.

Inspect Hot Cell, ensure area 1s reasonably dust free.

Install high security lock on Hot Cell,

Ensure radiation monitor in hot cell is functiona!.

Prepare fuel cradles, install in Hot Ce'l.

Send memoranda to SHD and LOG on receipt of FFCR shipment.

Receipt of shipment
7. SHD pertorms radiological surveys of oxterior of package 0 accordance with their

O

procedures.
8. FFCR packages are transferred to Hot Cell.

9. Open FFCR shipping packages in Hot Cell.
10. Place FFCRs 1 prepared cradles.

Hot cell testing

11. Perform dry wipe test.
12. Perform wet wipe test.
13. Perform wa‘er boil test.

14 Repeat wet wipe test.
15, 1f all tests are successful, FFCRs may be moved to the Reuctor Room for storage.

Core preparation

16. Use neutron activation wire set from Reactor Experiments to establish base hine neutron
ener(y spectrum using Ledney’s set up.

17. Unioad all fuel from the core in sccordance with Procedure VI

18, Maodify the rod drive support structure.

FFCR installation

19, install new transient rod.

20. Fabricate connecting rods for FFCRs,

22. Install FFCRs, insure that they are not "hottomed out® with they are fully down.

23. Measure FFCRs against FFCR standard, record results.
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24. Reinstall FFCRs, wstall rod drive motors, and center FFCRs in their core grid locations,
25. Perfarm drop time tests to insure compliance with Technical Specifications.
Core refueling

26. Place neutron source in its holder, and place BF, or fission detectors in core grid locations
F-7 and F-18.

27. Load the thermocoupled elements into core grid locations B-5 and C-6.

28. Complete loading the B-ring and load C-1, C-5, C-6. C-9 C-10, C-11, D 14, D-15, E 18,
E-19, F-22, and F-23. Perform subcritical multiplication measurements.

20. Complete loading the C-ning. Load D-ring locations 2, 4, 6, B, 10, 12, 14, 16, and 18
Perform suberitical multiplication measurements.

30. Complete loading of D-ring, and 1ad E-nng elements 5, 6, 14, and 15, Perform sulxcritical
multiplication measurements.

31, Load E-ring elements 1, 2, 8, 9, 10, 16, 17, and 24 Perform subcritical multiphcation
measurements.

32. load E-ring elements 15, 19, F-22, and F-23, place neutron source into its holder, and

33, Load E-rting elements 2, 23, 7, 11 13, and 20. Perform subcritical multiplication
measurements

34, Lowd E-ring elements 4 and 12, and perform suberitical multiplication measurements.
35 load E-ring elements 21 and 22, and perform subcritical multiplication measurements.

RS NOTE o
When critical configurr tion is achieved,
estumate excess reactivit ' usiag the transient
rod. Continue loading until wove is enough excess
reactivity to perform a control red worth measurement

LR R wEne

36. Low. Foring eclements 1 and 2, perform subcritical multiplication/excess reactivity
measurements.

37. Load F-rmg elements 3 and 30, perform subcritical multiplication/excess reactivity
mea_arements,
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38, Load Foring elements 4 and 29, perform subcritical multiplication/excess reactivity

measurements.
32, Load F-ring elements 5 and 28, perform excess reactivity meusurements
40, Load F-ring elements 6 and 27, perform excess reactivity measurements.
41. Load F-ring elements 16 and 26, perform excess reactivity measurements.
42. Load F-ring elements 1S and 17, perform excess reactivity measurements.
43, Load F-ring elements 14 and 18 perform excess reactivity measurements.
- NOTh L L
Do not exceed $5.00 excess reactivity!
...... Perform thermal power calibration at 500 to insure preper plavement
of operztional channel. Perform rod worth curves for all rods in position 330
when operational loading is achieved

EAwx LAt

44, Load F-ning elements 13 and 19, perform excess reactivity measurements.
45, Load F-ring elements 12 and 20, perform excess reactivity measureraents.
46. Load Foring elemcots 11 and 21, perform excess reactivity measurements.
47. Load F-ring elements 10, perform excess reactivity measur-ments.

48, Load F-ring elements 9, perform excess reactivity measurements.

49, Loed rF-ring elements 8, perform excess reactivity measurements.

Core calibration

50. Install all core instrumantation inte their permenent Positions.

31, Perform iod worth curves for all rods in core positions 250, 500, and 750.
52, Perform thermal power calibtetion and set safety chambers.

53. Repeat neutron energy spectra measurement in ER1.
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Amendment 1o AFRRI TRIGA Refueling Plan
Introduction

The RFD has postponed the pulse testing of the FFCRs (o allow for pulse testing during non-duty
hours for the Institute. This is being done to prevent the interruption the work being performed
in the Institute in case one of the new elements fai! duning the testing process. Pulse testing will
commence during the last week of January. Full power testing to 1.1 MW will be conducted
when it will not interfere with low dose studies being conducted in mud-January to early
February.

Pulse Testing

The parpose of this pulse testing program is to gradually stretch the fuel cladding and test the
integrity of the welds i the FFCRs.  If the core 1s cold, it will be preheated at 50 kW steady
state power for tor minutes. Allow the core to cool for 20 minutes before commencing pulse
operations.  Pulse operations will be performed in the following sequence:

At position 500 with balanced control rod configuration (monitor CAM levels and water monitor
box radiation levels)

Pulse 1.058%
Pulse 1.108
Pulse 1.15%
Puise 1.15%
Pulse 1.20%
Pulse 1.258%
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26. Pulse 1.658
27, Pulse 1.70%
28. Pulse 1.758
29. Pulse 1,808
30. Pulse 1.80%
31, Pulse 1.808
32. Pulse 1.80%
33. Pulse 1.80%
34. Pulse 1.85%
15, Pulse 1.908
36. Pulse 1.95%
37. Pulse 2 008
38. Pulse 2.00%
39. Pulse 2.008
40. Pulse 2.00$
41, Pulse 2.00%
42, Pulse 2.05%
43, Pulse 2,108
44, Puise 2.15%
35. Pulse 2.158
46 Pulse 2.15%
47. Pulse 2.'5%
4%, Pulse 2,158
49. Pulse 2.20%
S0. Pulse 2.208
51. Pulse 2.208
52. Pulse 2.25%
$3. Pulse 2.308
54. Pulse 2.35%
55. Pulse 2.35%
$6. Pulse 2.35%
§7. Pulse 2.35%
58. Pulse 2.408
59. Pulse 2.45%
60. Pulse 2.50%

Move core to position 250

61. Pulse 2.00%
62. Pulse 2.008

Move core to position 750

63. Pulse 2.008
64. Pulse 2 00%



Maove core to position 500

6s.
66.
67.
68.
69.
70.
71.
n.
73.
74

75.

Pulse 2. 508

Pulse 2.50%

Pulse 2.50%

Pulse 2 50%

Pulse 2.50%

Pulse 2.50%

Pulse 2.50%

Pulse 2.50%

Pulse 2.508

Stop operations for at least one hour
Run reactor at 900 kW for two hours, closel” monitor CAM and water monitor box for any

unexpected incirease in readings.
Steady State Full Power Testing

Steadily increase state power level to ' .09 MW (SCRAM pomt). Record control rod positions,
fuel temperatures, CAM and SGM readings, and R readings at 100 kW, 500 kW, 1.0 MW,
1.05 MW, and 1 07 MW,



