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AtiSTRACT 

The Three Mile Island-Unit 2 (TMI-2} nuclear power rPactor contains 

61 control rod assemblies and 8 axial power shaping rod assemblies (APSRs). 

The APSRs are positioned symmetrically, forming a ring approximately mid

radius around the core. The APSRs do not perform a safety or control func

tion, but are used only to flatten the axial power distribution within the 

core. 

All control rod and AP::>R drive leadscrews must be uncoupled and removed 

prior to vessel head removal . Leadscrew removal is facilitated by having 

the rod assemblies inserted to a down hard-stop position . Following the 

TMI-2 accident, the eight axial power shaping rods were in a partially with

drawn position l�25% of their full travel}. Therefore, a test was per

formed to attempt to insert the APSRs to the fully inserted, or at least a 

hard-stop position. In addition, accelerometers were mounted on the drive 

mechanisms of all the APSRs in an attempt to obtain acoustical signals that 

would provide some information about the physical condition of the APSRs and 

of the damaged TMI-2 reactor core. The acoustical data obtained were ana

lyzed independently by the Babcock and Wilcox Company (B&W) and by Science 

Applications, Incorporated (SAl). In addition to the APSK Insertion Test 

results, information obtained from the postaccident in-core instrumentation 

evaluation and "Quick Look" closed-circuit television camera pictures of the 

damaged core was used to interpret the physical condition of the TMI-2 core. 

This report describes the TMI-2 APSR Insertion Test performance ana results, 

and presents an evaluation of correlations between APSR insertion informa

tion and other available information on the condition of the TMI-L reactor. 



SUMMARY 

When the TM I -2 acci dent occurred, the e i g ht APSRs were a l l at approx i 

mately the 37-in. (25%) w i thdrawn posi tion. S i nc e  they perform no safety 

or criticali ty control function, these rods were not i nserted duri ng reactor 

shutdown and remained at the part i ally withdrawn pos i ti on throughout the 

durati on of the acci dent. Unc oup l ing the APSR l eadscrews from the APSR 

assembl i es i s  essential to head removal prior to defue l i ng the reactor, and 

uncoupling is fac i l i tated by havi ng the APSRs in the fully inserted, or at 

least a d ownward hard-stop positi on. 

An APSR Insertion Test was performed in an attempt to move each APSR 

leadscrew to its fully i nserted posi tion . In add iti on to pos i tioning the 

leadscrews for easy uncoupli ng and removal, the insertion test also provid ed 

an opportunity to obtai n i nformati on on the physi cal conditi on of the lead

screw dri ve motors, the APSR rods themselves, the upper plenum gui de tubes, 

and possibly the core i tself. Accelerometers were attached to the top of 

the dri ve mechanism of each of the eight APSRs to provide ac ousti cal d ata 

related to drive motor functions, l eadscrew movement, and possibly resis

tance to APSR movement in the fuel assembly and upper plenum areas, due to 

distortion or blockage of g u i d e  tubes. Spec i f i c  objecti ves of the TMI-2 

APSR Insert i on Tests were ( a ) to i nsert the APSRs as fully as possible to 

facilitate later uncoupli ng of the l eadscrews, and (b ) to obtain e l ectri cal 

and acoust i cal signatures, insert i on d istanc e d ata, and as much insi g ht as 

poss i ble into the extent and l ocation of d amage to the core and upper 

plenum. 

The acousti cal si gnals obtai ned from the TMI-2 APSR Inserti on Test were 

e valuated by compari son to acoustic signa l s obtai ned from APSR movement in 

the i dentical , but undamaged, TMI-1 reactor, and from APSR mockup tests 

performed at the Di amond Power Spec i al ty Company. The acousti c si g na l s were 

ana l yzed independentl y by the B&W and by SAl. Resu l ts from these i nd epend

ent anal yses are inc l uded and the anal yses are prov i ded i n  the i r  enti rety 

as Appendixes B and C of thi s  report. 
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Two of the APSRs were ablP. to be fully inserted, two were inserted to 

the approximately 5% withdrawn position, one was inserted to approximately 

the 18% withdrawn position and, for all practical purposes, the other three 

could not be moved at all . The acoustic signals representing the drive 

motor functions of "latch," "jog," and "pole slip" were all distinctive and 

easily recognizable . Based on the movement of the leadscrews and the 

acoustic signals, it was determined that the drive motors of all eight APSRs 

functioned properly, that the leadscrews were intact, and that the upper 

plenum guide tubes were not severely damaged since most of the APSRs moved 

to some degree. The acoustic and electrical signature data obtained on the 

APSRs may also be of generic benefit to other conunercial reactors of similar 

design . The signatures may help in the diagnosis of system condition dur

ing the periodic survei�lance of the APSR and control rod drive systems 

conducted at these plants. 

The APSK movement results were also compared with in-core instrumenta

tion {thermocouples and self-powered neutron detectors) damage evaluations 

and "Quick. Look" television camera insertion results. The ability to move 

some of the APSR drives to essentially the fully inserted position corre

lates well with data from the in-core instrumentation and television 

inspection . Nonmovement of Rods 64, 68, and 69 correlates with other data 

indicating lesser core damage in these areas, which suggests that restric

tions to rod movement may be due to movement interference in the core area 

or at the fuel assembly upper end fittings rather than in the plenum area. 
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AN ASSESSMENT OF THE TMI-2 AXIAL POWeR 

SHAP I NG ROO DYNAM I C  TEST RESULTS 

I NTRODUCTION 

The acc i dent at Three Mi l e  I s l and -Un i t  2 ( TM I -2) prov i des a u n i que 

opportun i ty to i nvest i gate severe acc i dent damage and advance the know l edge 

of l i ght water reactor safety . Recogn i z i ng these facts , four organ i zat i ons  

joi ned together after the  acc i dent to acqu i re techn i c a l  data duri ng reactor 

recovery .  These organ i zat i ons , common ly referred t o  a s  the GtNO group  

( General Pub l ic Util ities ,  fl ectric Power Research Institute , Nuc l ear Regu 

l atory Commiss•on , and the Department of Energy ) are conduct i ng a vari ety 

of data acqu i s i t i on and reactor recovery tasks . Recent ly ,  the Uepartment  

of Energy sponsored a study to assess the extent of  damage to  the  TM I-2 

ax i al power shap i ng rods . 

I n  add i t i on to 61 contro l rods assemb l i es ,  the TM I -� reactor contai ns  

e i3ht ax i al power shap i ng rod assembl i es ( APSRs ) that are used to  adjust  the  

ax i a l power s hape for  eff i c i ent fuel  u t i l izat i on throughout core l i fet i me .  

The APSRs are d i str i buted symmetri cal ly  around the reactor core i n  the 

pos i t i on s  numbered 62 through 69, and are l ocated as shown i n  F i gure l .  

Each  APSR assemb ly contai ns  16 stai n l ess  stee l c l ad s i l ver,  i nd i um� cadmi um 

s hap i ng rods attached to a common sp i der ,  as shown i n  F i gure 2. Each  APSR 

i s  i nserted i nto a fue l assemb ly  through g u i de tubes l ocated w i th i n  the  

assembly. 

The e i ght APSRs were a l l  approximate ly at the 37- i n .  (�5% ) w i thdrawn 

pos i t i on i mmed i ately pr ior  to the TMI-2 acc i dent. That i s ,  the bottom 

"'111 i n. (75% of the i r length) remai ned i nserted i n  the fuel assembl i es. 

The APSRs are not automat i cal ly  i nserted duri ng a shutdown. Hence , when t he 

acc i dent occurred and the reactor scrammed , the APSRs were l eft  i n  the i r 

p art i al ly w i t hdrawn pos i t i on. However,  pri or to head removal and core 

defue l i ng ,  i t  i s  desi rab l e  that the APSRs be e i ther fu l ly i nserted , or at 

l east i nserted to  a hard-stop pos i t i on ,  to provi de vert ical  and tors i onal  

stabi l i ty duri ng the uncoupl i ng of  the  dri ve l eadscrews from the rod spi de r  
h ubs. 
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Figure l .  Diagram of TMI-2 core cross section, showing grid locations 
of the eight axial power shaping rod assemblies. 
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Figure 2. TMI-2 axial power shaping rod assembly. 
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Since t he attempt to move the APSRs wou l d  be t he f i rst  operat i on i ns i de 

the reactor vesse l fol l owing the TMI-2 acc i dent, toe operation cou l d  provide 

an opportun i ty to  obtai n i nformat i on on t he phy�i cal cond i tion of tht upper 

p l enum reg i on ,  and poss i b l y  even the core reg i on i tse l f .  Movement of the 

APSKs wou l d  i tse l f  prov i de usefu l  i nformat ion , but  the record i ng and ana

lys i s  of  e l ect rical  and acoust i c  si gnals  from events occurri ng both i nter
nally and externa l ly  to t he APSRs mi ght p ro v i de aad i t i ona l  i nsi ght as  to 

the cond i tion of the core . Thus , the spec i f i c  object i ves of t he APSR 

In sert i on Test were as fol l ows: 

1. I n sert each APSR as f u l ly  as poss i b l e  to fac i l i tate l ater 

uncoup l i ng of the l eadscrews 

2. Gather e l ectr i ca l  and acoust ica l  s i gnatures, i nsert i on d i stance 

data, and as much i nsi ght as poss ib le  i nto  the extent and l ocat i on 

of damage to  t he reactor core and t he upper p l enum . 

Acoust i ca l  dat a  were obtai ned from accel erometers that were attached 

to the top of the dr ive mechan ism motor t ubes of each of the e i ght APSKs as 

shown i n  Figure 3. To i dent i fy the APSR mechan i ca l  funct i ons that can be 

detected acoust i cal ly ,  tests were performed on ASPR mockups at the Diamond 

Power Spec i a l i ty Company (Lancaster, Oh i o ) . Detai l s  of these tests are 

described i n  Reference 1. T:1e D i amond Power tests demonstrated that the 

fo l l owi ng mechan i cal  funct i ons cou l d  be detected acoust i cal ly: 

• Latching ( def i ned be l ow) 

• Movement of the l eadscrew 

• Uri ve motor po l e  s l i pp i ng (def i ned be l ow )  

• Un l atch i ng (def i ned be l ow ) . 

To pro v i de a b as i s  for eva l uat i ng changes i n  acoust i cal  s i gnal s due to t he 
cond i t i ons w i t h i n the TM I -2 reactor , s imi l ar s i gnal s were obta i ned dur i ng 

an acoust i ca l ly  mon i tored i nsert i on test of APSR No. 68 i n  the undamaged 
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Figure 3 .  Cross section of TMI-2 reactor vessel , showing typical axial 
power shaping rod assembly. 



TMI-1 reactor (a reactor that is identical to the TMI-2 reac�or). However, 

because the water level for the TMI-2 tests was above the control rod drive 

n1echanism (CRUM) motors, and the water level for the TMI-1 test was well 

below the drive mechanism (at the reactor vessel primary coolant loop pene

trations) and, furthermore, flowing lubrication water was artificially 

introduced into the motor tube of the Unit-1 mechanism, the signals are not 

expected to be identical, even for mechanically identical functions. 

Interpretation of the APSR Insertion Test acoustic data requires an 

understanding of the APSR drive mechanism, shown in Figure 4. Ti1e aY.ial 

power shaping rod drive mechanism is an electromechanical device consisting 

of an electrically driven, rotating nut assembly (rotor) within a pressure 

vessel; a four pole, six-phase stator; a translating leadscrew that converts 

rotary 1notion of the nut to linear travel of the leadscrew and APSR cluster; 

and a brake that prevents motion of the APSR assembly when power is inter

rupted to ti1e stator. When power is off (or interrupted), the rotor 

assembly segment arms pivot until contact between buttons on the lower end 

of the segment arms contact a rotationally fixed cylinder (motor tube). 

Contact of the buttons with the tube prevents complete disengagement of the 

rol1er nuts from the leadscrew while imparting a friction force that 

prevents rotor movement and thus leadscrew translation. 

The drive mechanism control system inputs a sequent�ally programmed 

direct current to the four-pole, reluctance-type drive motor that incorpo

rates a six-coil, star-connected winding. The stator coils Qre sequentially 

energized in a unique 3-2-3-( progression, producing a rotating magnetic 

field around the rotor assembly. When power is applied to the stator, the 

magnetic field established by energizing the stator cssembly acts as a 

magnetic coupling through the motor tube wall to pull the upper portions of 

the rotor segment arms outward. Due to the �ivoting action, the lower por

tions of the segment arms move inward, causing the brake buttons to lose 

contact with the motor tube and the roller nuts to complete engagement with 
' 

the leadscrew. As the stator coils are progressively energized, the rotor 

rotates (steps) to orient itself to the new positions. Basic functions of 

the drive mechanism are described by the following terminology, which is 

used throughout this report and supporting documents: 
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Figure 4 .  TM I -2 axial power shaping rod dri ve mechan i sm. 
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Latch 

Single step 

Jog 

Po l e  sl i p  

The act i on by wh ich  the rotor i s  ali gned w i th the stator 

magnet i c  f i eld, releasi ng a mechan i cal brake ana lock i ng the 

rotor i nto synchroni zat i on with the act i ve magnet i c  poles of 

t he stator wi nd i ngs . Th i s  i s  accompanied by a rad i ally out 

ward mot i on of the two rotor arms and i nward travel of the 

roller nut elements , thus prov i d i ng tight engagement of the 

four nut rollers w i th  the leadscrew . 

A s i ngle i ncremental advance (or retreat ) of the stator 

f i eld . Thi s  represents 1 5  degrees of mechan i cal rotat i on ,  
wh i ch t ranslates to 0. 079 em ( 1 /32 i n . ) of ax i al l i near 

movemer1t of the leadscrew . 

Cont inuous sequent i al step advance ( or retreat ) of the stator 

f i eld . This represents 96 steps per mi nute or four  full 

revolut i ons per mi nute and translates to 7.b2 em (3 in . ) of 

l i near movement per mi nute . 

The act i on where i n  the rotor fa ils to advance i n  response to 

the advance of the stator f i eld . On the fourth such zero 

movement step , the rotor w ill reverse d i rect i on and move 

backwards the equ i valent of two steps and aga i n  lock i nto 

synchron i zat i on, represent i ng a 90-degree phase sli p  w i th 

respect to the f i eld advance . Th i s  produces an aud i blP. 

no ise .  One must then step forward twi ce i n  order t o  get to 

the starting po i nt .  Thus , pole sl i p  represents a loss i n  

actual movement of s i x  steps , when consi dered i n  terms of 
"applied " steps . 

I n  add i t i on to the APSR I nsert i on Test data ,  other i nformat i on i s  

avai lable that prov i des i ns i ght i nto the physical cond i t i on of the TMI -2 

upper plenum and reactor core . Perhaps most i nformat i ve are the v i deo t ape 

"�u i ck Look " p i ctures that have been obta i ned by a closed -c i rc u i t  tele v i s i on 

c amera that was i nserted down the leadscrew p aths of core pos i t i ons H-8 

(cent ral core posi t i on ) , E-9 (hal f -rad i us posi t i on ) , and B-8 ( near peri phery 

p os i t i on ) . These p i ctures i nd i cate a gradat i on of damage occurred to the 
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core, varying from total absence of the upper portion of the fuel and con

trol rods and formation of a rubble bed at �150 em (5 ft) below the top 

of the original core height at the center position, to observable fuel rod 

and control rod stubs at the E-9 position, to possibly intact fuel assem

blies and control rods at the B-8 peripheral position. The 11Quick Look11 

camera insertion information correlates well with core damage profiles 

obtained from analysis of the in-core instrumentation (thermocouple and 

self-powered neutron detectors). 

The data obtained from the APSR Insertion Test were analyzed independ

ently by SAl and the B&W. The purpose of this report is to summarize the 

performance and results of the APSR Insertion Test, to provide in a single 

document the analyses of the data by SAI and B&W, and to factor in other 

data relevant to interpretation of the physical condition of the TMI-2 core. 

The following section, 11 Test Procedures and Measurements, .. briefly 

describes the APSR Insertion Test, identifies the acoustic and other meas

urements, and summarizes the analysis techniques used to help evaluate the 

plenum and core conditions. 11Test Results Correlation with Other Uata11 

describes the test results and summarizes interpretations of the acoustic 

data. This section also correlates the APSR movement data with other data, 

to aid in evaluating the plenum and reactor core conditions. The uconclu

s ionsu section is based on the results of the APSR Insertion Test and 

related data. The appendixes are provided on microfiche attached to the 

inside of the back cover. 
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T£Sr PHOCf.DUHf.S AND M£ASUH£M£NTS 

The p l anned procedure fo l l owed d ur i ng the TMI -2 APSR Insert i on Test 
was to w i thdraw each APSR assemb ly  i nd i v i dual l y ,  s i x  steps ( 0 . 467 em or  

3/16 i n. )  i n  the s i ngl e-step mode , then i nsert each assemb ly  12 steps 

( 0 .952 em or 3/8 i n.) in the sing l e-step mode. If t he 1 2 -step i nward motion 

succeeded, the rods �rere to be moved farther i nward in the faster "jog" mode 

until t he fu l ly  i nserted pos i t i on was reached or unti l po l e  s l i p  occurred . 

The initial dr i ve motor current to be used was 9 amps , and i f  pol e s l ip 

occurreo prior to fu11 insertion it was planned to i nc rease motor current 

in l -amp steps, up to the maximum avail ab l e  of 1 4  amps. If 14  amps wou l d  

not move a g i ven assemb l y ,  test i ng wou l d  be d isconti nued and the assemb l y  

wou l o  be cons i dered stuck . Once a n  assemb l y  had reached i ts l owest position 

{whether it was fu l ly i nserted or stuck ) ,  i ts pos i t i on wou l d  be determi ned 

by t he abso l ute pos i tion i nd i cator (avai l ab l e  as a readout in the reactor 

control room ) or by l imit switches . 

Tile APSRs were operated from the TM I -2 re l ay room , u s i ng a portab l e  

service power supp ly. The serv i ce power supp l y  was i nstrumented to record 

vo l tage and current supp l i ed to each dr i ve mechan i sm stator wind i ng ,  and was 

connected to each APSR i nd i vidual ly  at the CRDM cabi nets i n  the re l ay room. 

The mec11anisms were run w i thout the normal stator coo l i ng water,  and stator 

temperature was l imi ted by mon i toring stator thermocoup l es ,  if they were 

ava i l ab l e ,  and by l imit i ng the t ime power was app l i ed to the stator. 

Data obta i ned dul"i ng the TMI-2 APSR Insert i on Test were categori zed 

into two groups . Group l i nc l udes a l l of the e l ectr i ca l  and acoust i c  data 

necessary to analyze operat i on of the APSRs. These data were recorded on 

magnet i c  tape for l ater analys i s ,  and , i n  most c ases , were recorded on str i p  

charts for rea l -t ime ana lys i s .  Group 2 i nc l udes data that were benef i c i a l  

to the conduct of the test , such as stator temperature and abso l ute pos i t i on 

informat i o n ,  but were not essent i a l to APSR movement analys i s .  Group l dat a  

a re presented and d i scussed i n  th i s  report , and a comp l ete descri pt i on of 

the Group 1 d at a  obta ined i s  prov ided i n  Append i x  A. Group 2 data are not 

p ro v i ded i n  t h i s report , but are avai l ab l e  from test fil es ,  GPU Job T i cket 

c-�631. 
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Analys i s  of the data i nc l uded reduct i on of the real -t i me str i p  chart s 

a na test l ogs to arri ve at event l ogs ana movement summary p l ots  for each  

APSR; analys i s  of stator coi l vol tage , current , and temperature data to  

eval uate dr i ve motor performance; and compari sons of  :�oust i c  s i gna l s  for 

each  APSR w i th the Di amond Power and TMI-1 test s i gnal s to i dent i fy 

l atch i ng ,  unl atch i ng ,  jogg i ng ,  and pol e  s l i p  events. 

11 



TEST RESULTS AND CORRELATION WITH OTHER DATA 

APSR Insert i on Data 

Data obta i ned from str i p  charts and test records prov i ded detai l ed 

event l ogs for each APSR movement , wh i ch i nc l ude the fol l owi ng : 

• The beg i nn i ng and end i ng t i me of the i nsert i on test for eacn APSK 

• The total net mot i on of each APSR 

• The mode of movement as a funct i on of t i me ( s i ng l e  step or j og ) 

• Rod movement d i rect i on ( i n  or out ) 

Spec i f i c  comments on the mechan i ca l  and acoust i c  act i v i t i es tak i ng 

p l ace duri ng rod movement . 

A detai l ed event l og for each of the e i ght APSRs i s  prov i ded i n  Append i x  A. 

In add i t i on to the event l og, a movement summary p l ot was deve l oped for eac h  

APSK. The movement summary p l ots  re l ate APSR pos i t i on ( i n  terms of percent 

wi thdrawn ) to the number of serv i ce power supp ly steps , and i dent i fy the 

l ocat i ons at wh ich  po l e  s l i ps occurred , wh ich  may be i nd icat i ve of i ncreased 

res i stance to APSR rod movement or even total b l ockage of movement . A 

samp l e  movement summary p l ot for APSR 65, wh i ch was i nserted to the full - i n  

pos i t i o n ,  i s  shown i n  F i gure 5 .  Movement summary p l ots  for a l l e i yht APSRs 

are al so prov i ded i n  Append i x  A.  Tab l e  l descr ibes the i n i t i � l  pos i t i on ,  

f i na l  pos i t i on ,  and i nches of abso l ute movement of a l l e i ght APSR assemb l i e s  

our i ng the test . 

Acoust i c  phenomena,  as measured by the acce l erometers attached to the 

top of the dri ve mechan i sm of each APSR , were recorded on  magnet i c  tape 

dur i ng the ent i re moveme�t sequence for each  APSR . The s i gn i f i cant APSR 

acoust i c  s i gna l s ,  i nd i cat i ng l atch ,  u n l atch , po l e  s l i p ,  and runn i ng motor 

no i ses , were observed . A few m i sce l l aneous meta l l i c i mpact no i ses were 

detected that had l ow amp l i tude and were assoc i ated on ly  w i th the dr i ve 

12 



30.-----.-----T-----�----�----�----�----�----�----�----� 

____ ;;;����1���:��:-�0:��:�����---------------- ----------- J 
c20 
� 
� 
"'0 .c 

10 po le s l ips (9 amp s) 

Total i nward 
trave l  
35 in .  

Noise (vary i ng 
i n  i ntensi ty) 

12 s teps dow n ( 1 0  amp s)-__J 

Serv ice powe r supp ly step s  
1125 1250 

INEL 24192 

F i gure 5. Movement summary d i agram for APSR 65, duri ng the TMI-2 
APSR I nsert i on Test . 

TABLE l .  APSR POS I TION DATA 

APSR 

62 
63 

64 
65 

b6 
67 

6� 

69 

Pos i t i on 
(% w i thdrawn) 

In i t i al F i na l  

26 5 
25 19 

25 25 
25 0 

25 4 
26 l 

25 23 

26 26 

13 

Absol ute Movement 
( i n .  i nward ) 

29.72 
8.31 

0.31 
37.16 

30.9 
35.22 

3.63 
0.25 
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-. 



under test ( i . e . , were not detected by the accel erometers on the other rod 

dri ves ) .  T ime-dependent p l ots of the acoust i c  si gnal s for the vari ous  rod 

movement events were devel oped. Sampl e s i gnatures obtai ned for APSR Rod 65 

are shown i n  F i gures 6a through 6f to i l l ustrate the u n i que acoust ic  

s i gnatures assoc i ated wi th APSR movement events . 

Ind i v i dua l  APSR i nsert i on event d i agrams were devel oped , based on the 

acoust i c  s i gnal s (see Append ix  B ) , wh i ch re l ate observed rod mot i on noi se 

to rod pos i t i on (percent w ithdrawn) duri ng the i nsert i on test . Based on 

the i n sert i on event d i agram ,  t he d i agram shown in F i gure 7 was devel oped to 

:ompare rod motion noise l eve l s  (po l e  s l ip ,  running noise , quiet motion , 

and end of motion ) at d i fferent rod pos i t i ons  for a l l the APSRs . F i gure 7 

c l ear l y  i l l ustrates how each APSR assembly  moved and i dent i f i es the major 

acoustic features assoc i ated w i th that movement . 

F i gure 7 reveals that a lthough none of the i nsert i on acoust i c  prof i l es 

are exact ly  a l i ke (wi th the exception of the rods that d i d  not move at a l l ) ,  

there are s imi lar i t i es between several of the rods at spec i f i c  l ocat i ons. 

For examp l e , Rods 62, 63 , 65 , and 6b a l l exh i b i t  a h i gh no i se l evel (Rod 63 

actua l l y stopped ) at about the 19 to 20% w ithdrawn l evel . Al so ,  Rods 62, 

E5, 66, and 67 a l l exh i b i t  a h i gh noise l evel over t he reg i on from the 1 0  

to 7% l eve l s, Rods 62 and 66 stopp i ng comp l ete l y  at the 5 and 4% w ithdrawn 

l eve l s ,  respect i ve l y .  It appears , then , that at spec i f i c  e l evat i ons the 

res i stance to rod movement i ncreases . In some cases the i ncrease i $  suf

f i c i ent to stop rod mot i on ,  whereas i n  other cases the res i stance decreases 

after movement past these l ocat i ons . 

I n  add i t i on to the TMI-2 APSR Insert i on Test d ata ,  other data were 

ava i l db l e  that prov ided add i t i onal  i nformat i on on the phys ica l  cond i t i on of 

the core . These data  were obta i ned from postacc i dent analyses of core 

i nstrumentat i on ( thermocoup l es and sel f-powered neutron detectors ) and from 

p i ctures taken by cl osed-c i rcui t te lev i s i on camera i nsert i ons  at d i fferent 

rad i a l pos i t i ons  �n the core . These data and the i r  i nterpretat i on s  are 

descri bed i n  the sect i ons be l ow .  The i mp l i cat i on s  of  these d ata  on the 

conc l us i ons  d���wn from the APSR Insert i on Test are a l so d i scussed . 
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I n -Core Instrumentat i on Interpretat i on s  

Of the 1 7 7  fue l  assemb l i es i n  the TMI-2  core , 5 2  are i nstrumented w i t h  

a stri ng of 7 se l f-powered neutron detectors (SPNDs), one background e l ement  

(BE), and one thermocoup l e ,  l ocated vert i ca l ly  a l ong the l ength of the core, 
as  shown i n  F i gure 8. When the core was i n i t i a l ly i nstrumented , res i stance 

measurements were made on a l l i n -core thermocoup l es� BEs, and SPNDs . Fo l 

l owi ng the TM I -2 acc i dent , res i stance measurements were agai n  made on  a l l 

thermocoupl es ,  and the resu l ts were compared w i th  the ori g i nal  measurements 

to obtai n est i mates of changes i n  the l engths of the thermocou p l e  w i res as 

a resu lt  of damage duri ng the acc i dent . Measurement of the postacc i dent 

thermocoup l e  res i stances reveal ed three d i st i nct groups : Group 1 averaged 

a reduct i on correspond i ng to an apparent average reduct i on i n  l ength of 

19ft; Group 2 averaged a reduc t i on i n  res i stance �orrespond i ng to an 

apparent average reduct i on i n  l ength of 9 ft; and Group 3 cons i sts of ther

mocoup l es for wh i ch the data ,  and consequent l y  the thermal damage estimates , 

were i ncons i stent . These three stat i st i c a l  groups of thermocoup l e  damage 

are l ocated on the core map shown i n  F i gure 9, "1" for Group l, "2" for 

Group 2, and "3" for Group 3. As wou l d  be expected , the thermocoupl e s  t hat 

experi enced the h i ghest degree of apparent d amage are genera l ly  l ocated i n  

the central core reg i on .  

Stat i st i ca l  analyse� of the i nsu l at i on res i stance measurements on each 

of the 364 SPNDs and b2 BEs were al so performed . Under normal cond i t i on s , 

the SPNDs and BEs exh i b i t  an i nsu l at i on res i stance of �1 0 1 0  ohms , 

represent i ng essent i al ly  an open c i rcu i t .  Lower res i stance wou l d  i nd ic ate 

some type of cab l e  fai l ure or damage . The dat a  i nd icate that some of the 

SPNDs and BEs are badly damaged , as ev idenced by an e l ectri cal  short between 

the center conductor and sheath . These damaged e l ements  can be further 

c ategori zed by fue l assew.b ly  l ocat i on and SPND vert i c a l  pos i t i on .  

Category A i nc l udes l ocations at wh i ch  o n l y  SPNDs above the second l eve l 

(see F i gure 8 )  were c�ns i dered fai l ed .  Category B i nc l udes l ocat i ons at 

wh i ch essent i a l l y  al l SPNDs at a l l l evel s had fai l ed .  Locat i on s  of the 

Category A and Category B SPNDs are i dent i f i ed on  t he F i gure 1 0  core map . 

Agai n, the are12 of apparent l y  mor·e severe damage i s  the central  core reg i on .  
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Figure 9. Thermal damage estimates for TMI-2 in-core thermocouples. 
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for compari son , F i gure 1 1  shows t he d i stri but i on of the f i nal  pos i t i ons 

of al l eight APSR assemb l i es ,  as determ i ned from the APSR Insert i on Test. 

The data shown i n  F i gure 11 can be i nterpreted i n  two ways . The ab i l i ty to 

dr i ve APSRs numbered 62 , 65 , 66 , and 67 to essent i al l y  the fu l ly i nserted 

pos i t ion means that e i ther,  (a ) core damage at these l ocat ions was severe 

enough that the contro l  rods of these APSRs are vi rtual l y  m i s s i ng ,  and, 

therefore , there was no res i stance to movement of the l eadscrews to thei r 

fu l ly i nserted pos i t i ons , or (b ) that core damage at these locat ions was 

minor and that the APSR control e lements can move f ree ly  i n  the fuel 

assemb l y  gu i de tubes . 

Assum ing that comp l ete or nearl y  comp l ete APSR i nsert i on means that 

these l ocat i ons experi enced severe core damage , one can out l i ne thi s area 

of the �ore . A compari son of the areas of p robabl e  severe damage to the 

i n -core i nstrumentat i on ( the Group 1 l ocat i ons  i n  F i gure 9 and the 

Category B l ocat ions i n  F i gure 1 0 )  wi th the out l i ne of essent ially comp l ete 

APSR i nsert i on i s  al so prov i ded i n  F i gure 11 , and shows a h i gh degree of 

corre l at i on .  From these data one wou l d  conc l ude that i t  i s  l i ke ly that the 

APSRs (with  the excepti on of Numbers 63 and 64 ) are severely  damaged and 

probably no l onger attached to thei r l eadscrews . I t  i s , therefore , highly  

un l i kely that res i stance to  APSR movement resu l t s  f rom i nterference w i t h  

i n -core features such a s  fuel assemb ly  g u i de tubes and spacer gr i ds . 

Tel ev i s i on Camera Exam inat i ons 

tarl y_ in  1982 , the DOE-sponsored TM I -2 Techn i ca l  Assessment and 

Adv i sory Group (TAAu ) suggested that a re l at i ve ly  s i mp l e  "Qu i ck Look" exam

i nat i on of the TM I -2 core cou l d  be performed by i nsert i ng a m i n i ature 

te lev i s i on camera through a l eadscrew support tube .  Th i s  techn i que wou l d  

i nvol ve remov i ng a control rod l eadscrew and l ower i ng the camera down the 

control rod dr i ve mechani sm {CRUM) gu i de tube to exam i ne t he presumed 

damaged core . 

Sequence of Te l ev i s ion Camera "Qu i ck Look 11 Exami nat i ons 

On Ju ly  21 , 1982 , after previ ous ly  remov i ng t he control rod l eadscrew , 

the fi rst "Qu i ck Look" Inspection ( QL- 1 ) was init i ated at the H-8 (center 
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Figu re 1 1. Areas of TMI-2 core damage based on APSR movement and 
in-core instrument analyses . 
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cure) location. The camera was lowered down throuyh the leddScr'ew suppor't 

tube i nto the CROM gu i de tube . Next , the camera was l owered down i nto a 

l arge voi d  i n  the reg i on where the core was ori g i na l l y  l ocated . At that 

l ocat i on the void extended about 1 50 em (5 ft ) bel ow the nomi na l  top of the 
core . The debri s  bed was exami ned , and then the camera was rotated to v i ew 

upward , and rai sed to exami ne the unders i de of the p l enum assemb ly .  

O n  August 5, 1982, after try ing severa l l ocat i ons , the l eadscrews were 

removed at Locat i ons E-9 and B-8 (see core pos i t i on numbering d i agram i n  

Figure 1 1. )  On August 6 ,  the second .. Qu i ck Look 11 Inspect i on (lJL-2) was 

performed at both l ocat i ons . The contro l  rod spi der assemb l y  was st i l l  i n  

p l ace at the B -8 l ocat i on ,  wh i ch  i s  near t he core peri phery ,  and the camera 

cou l d  not be l owered beyond that poi nt . The camera was moved to the 

E-9 l ocat i on ,  which  i s  m i dway between the H-8 and B -8 pos i t i ons and , as 

before , the CROM guide tube , the vo i d  and debri s bed , and unders i de of the 

p l enum assemb l y  werE� exam ined . Var i ations i f  l i ght i ng us i ng the on-camera 

and aux i l i ary l i ghts were tr ied .  

On August 12,  1 982, the th i rd and final "Quick Look" Inspec t i on ( QL-3) 

was performed , agai n at Locat i on E-9 . Bes i des add i t i onal exam inat i on of the 

debri s bed , two other act i v i t i es were added to t he i nspect i on .  The debri s 

was probed for depth and degree of compact i on w i th  a stai nless  steel rod , 

and a r i ght ang l e  v·iewi ng l ens was mounted on the c amera to enhance the 

hori zontal  v i ew i ng .  

Summary of Observat i ons Dur ing TV Camera Insert i ons 

Many hours of v i deo t apes from t he three "Qu i ck Look" exami nat i ons  were 

rev i ewed and eval uated . Summary descri ptions of the camera insert i on i nfor

mat i on are prov i ded in this sect�on , as they relate to  the core vo i d ,  the 

debri s  bed , the p l enum assembly ,  and the CRDM guide tubes . 

Core Voi d  

There is a void i n  the upper central portion o f  the core , a s  shown 

schematically in Figure 12. At the core center , the H-8 location ,  the void 
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E stimated 
regi on of v oid 

Figu re 12. Void i n  the upper central portion of the TMI-2 reactor core . 
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e x t ends downward from t h e  bot tom of t h e  pl enum t o  a d ebris bed w hose t op 
su rfac e is abou t  l bU em ( 5  ft ) bel ow the pl enum l owe r su rfac e . The vo i d  

al so extends down to about 1 50 em ( 5  f t )  bel ow t he top of the core at the 

E-9 l ocat i on .  I n  add i t i on ,  several fuel rod stubs extend vert i ca l l y  upward 

f rom the debri s bed at E-9 . Adjacent to the E-9 l ocat ion ,  the rema i ns of 

the upper ends of some severely damaged fuel assemb l i es are suspended f rom 

t he bottom of the p l enum . 

When the camera w ith  the ri ght-ang l e  v i ewi ng l ens  was i nse rted at t h e  

E - 9  l ocat i on ,  a panorami c scan was made at an  el evat i on about 7 5  e m  

( 2 -1 /2 ft)  bel ow the top of the core . An array of vert i cal ly  or i ented rod s 

or tubes cou l d  be d i sc�rned when the camera was poi nti ng toward the per i ph 

ery of the core , al tnough i nd i st i nct ly .  Based on thei r apparent s i ze and 

the known mag n i f i cat i on characteri st i cs of the l ens , the tubes appear to be 

30 to 60 em (1  to 2 ft ) away from the camera . Uur i ng the remai nder of the 

scan , the p i cture was dark and detai l was not d i scern i b l e .  Therefore , i t  

i s  be l i eved that the l im i t  of the core voi d  i n  th i s sector extends approx i 

mately to where i nd i cated i n  F i gure 12 , and the voi d  i nc l udes 45 or more 

ful l assemb l i es .  

The control rod sp i der assemb ly was encountered at i t s expected l oca

t i on at B-8, as  we l l as  at one adjacent l ocat i on .  Th i s  i nd i cates that the 

f uel  bund l es i n  these peri pheral l ocat i ons  are e i ther i ntact , or suffered 

mi nor damage .  

Debri s  Bed 

The debri s bed was probed by lower i ng a 0. 64-cm d i ameter ( 1 /4-i n . ) 

stai n l ess steel  rod unt i l i t  penetrated the debri s by the force of i ts own 

wei ght (about 30 l b ) . The probe penetrated eas i ly to a depth of 35 . 5  em 

(14 i n . ) ,  and then stopped . The probe penetrated to the same depth at 

Locat i ons  H-8 and E-9,  i nd i cat i ng that the surface of the debri s bed at 

both l ocat i ons  i s  loose and granu l ar .  

The debri s btj appears re lat i vely f l at and l evel at the center l ocat i on 

( H-8 ) , and appears to cons i st of smal l granular fuel p i ec�s whose average 
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s i ze i s  �0 . 32 em (1 /8 i n . ) or l ess . A few very smal l part i c l e s  that 

appear to  have once been mo l ten were a l so observed . A photograph taken of 

th i s mater i al appears as F i gure 1 3 . The debr i s bed i s  more i rregu l ar at 

l oc at i on E -9 ; the p i eces are l arger and many i dent i f i ab l e  components , such 

as fuel  rod c l add i ng p i eces , broken c l add i ng shards , and Al 203-s4c 

burnab l e  poi son rod pe l l ets , are present ( F i gure 1 4 ) . 

P l enum Assemb ly 

The unders ide of  the p l enum assemb ly appears to be  i n  the  norma l con 

f i gurat i on at the H-8 l ocat i o n .  Two of the pressure pads were seen , and 

appear to  be normal , except for l i near surface p atterns . Tnese patterns 

cou l d  be e i ther cracks  i n  a surface coat i ng of f i ne debr i s ,  or fracture 

marks assoc i ated w i th sp� l l i ng of the pad surface . 

Four adj acent fue l assemb ly upper end-f i tt i ngs 

f rom the unders i de of the p l enum at l ocat i on E-9 . 
suspended from the gr i d  p l ate have been i dent i f i ed 

e l ements l ocatea at g r i d  poi nts 0-9,  D-8 ,  and E-8 . 

cou l d  be seen suspended 

The four end-f i tt i ngs 

as be l ongi ng to the fue l  

Protrud i ng downward from 

these fue l as semb ly upper end -f i tt i ngs were , at var i ous  l ocat i ons , damaged 

c ontrol  rod stubs , fractured fue l  ruds ,  and port i ons of a damaged top-most 

fue l assemb ly spacer gri d .  Al so,  the gr i l l age on the bottom of the stai n 

l es s  - s tee l upper end -f i tt i ngs was erooed o r  me l ted i n  several l ocat i ons  

( see F i gu re 1 5 ) . 

I t  i s  con s i dered h i gh ly l i ke ly  that the h i gh temperatures that c aused 

severe damage to the fue l  assemb l ies  and contro l  rods cou l d  a l so have me l teo 

ana fused the stai n l ess stee l c l add i ng of the APSRs to the assoc i ated fue l 

assemb ly  upper-end f i tt i ngs . If the upper end-f i tt i ngs i n  turn were d i s 

torted o r  fused to the upper p l enum support p l ate , APSR mot i on wou l d  have 

been p revented . 

C K UM  bu i de Tubes 

The C- and sp l i t -tubes , wh ich  g u i de the contro l rods and APSRs when 

� ;ttiEJ' a re w i thdrawn i nto the i r  g u i de tubes ( shown i n  F i gure 16 ) , are i ntact  
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F i gure 1 3 . Photograph of debri s bed at l ocat i on H-8, showi ng a sma l l 
part i c l e  that appears to have been mol ten and reso l i d i f i ed .  
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F i gure 14. Photograph of debri s bed at l ocat i on E-9, showi ng l arger 
recogni z abl e pieces.  
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F i gure 15 . Photograph of gri l l age on bottom of a stai n l ess stee l upper 
end-f i tt i ng ,  showi ng part i al mel t i ng and reso l i d i f i cat i on .  
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C-tubes ( 12) 

Spli t-tubes (4) 

1 6  a 

F igure l 6a .  Cross -sec t i onal  d i agram showi ng re l at i ve ori entat i ons and 
rad i al l ocat i on of C- and spl i t -tubes i n  an APSR gu i de tube . 

Brazement 

16 b INEL 2 4200 

F i gure l bb. Cross -sec t i ona l  d i agram showi ng how APS� sp i der and rods 
pass through the C- and sp l i t -tubes . 
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and i n  good cond i ti on . The brazement sup��rt plates 9 wh i ch support the  

C - and sp l i t -tube s 9  appear normal  and show n o  si gn of d i stort i on, damage9  

or braze materi a l  me l t i ng .  

Conc l us i ons  From t he 11Qu i ck Look 11 Exami nat i ons  and Imp l i cat i ons  for the 

APSR I nsert i on Test 

The fol l owi ng conc l us i ons  can be d rawn from t he three .. Qu i ck Look .. 

camera  exami n at i ons : 

• The reactor upper p l enum assembly,  i nc l ud i ng the contro l  rod and 

APSR gu i de tubes , brazements , C-tubes , and spl i t -tubes , appears 

rel at i ve ly  undamaged . 

• At the ha l f-rad i us l ocat i on there are some fuel  assemb ly upper 

end-f i tt i ngs attached to the unders i de of the p l enum that contai n 

some d amaged fue l  rods and contro l rod s .  There i s  ev i dence of 

some me l t i ng of parts of the stai n l ess stee l end-f i tt i ngs . Such 

d amage cou l d  i nh i b i t  APSR mot i on at the upper p l enum support 

p l ate . 

• The TMI -2 fue l  was severe ly  damaged over a s i gn i f i cant port i on of 

the core , w i th the resu l t th�: a port i on of the fuel i s  i n  rubb le . 

• A l arge voi d exi sts i n  t he upper center of the core , due to 

sett l i ng of the damaged core or  removal  and red i stri but i on of 

materi al from the reactor vesse l . 

• At two po i nts --one at the center and the other mi dway to the 

edge--the rubb l e  bed i s  composed of l oose materi al to  a depth of 

at l east 3 5  em ( 14 i n . ) .  

D i scuss i on of APSR Insert i on Test Data 

When t he APSRs are part i al ly w i thdrawn , part of e ac h  rod assemb l y  i s  

w i th i n  the APSR g u i de tube assemb l i es and part i s  w i th i n  the core reg i on . 
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When the APSRs are fu l ly i nserted , a l l of the rod assemb l y  i s  i n  the core 

reg i on .  T i 1erefore , when the APSRs are part i a l l y  w i thdrawn , res i stance to 

movement may occur  due to obstruct i ons  e i ther i n  the g u i de tube reg i on 
( a l so k nown as  the reactor upper p l enum reg i on ) or i n  the core reg i on ,  or 

both . In  the upper p l enum reg i on ,  the APSR rod assemb l y  sp i de r  and port i on s  

o f  tne APSR rods themse l ves  must pass  through g u i de tubes i n  the form of 

so-c a l l ed C -tubes and sp l i t -tubes . Top v i ews of an APSR gu i de tube assemb l y  

a t  the l oc at i on of the C - and sp l i t -tubes are shown i n  F i gure 1 6 . 

F i gure l ba shows the re l at i ve ori entat i ons  and rad i al l ocat i ons  of the  

C - and s p l i t -tubes , and  F i gure 1 6b shows t �e C-tubes and s p l i t -tubes w i th 

an APSR sp i der and rod assemb ly  pas s i ng through the g u i de tubes . I n  an APSR 

y u i de tuDe assemb l y ,  the C- and sp l i t -tubes extend essent i al ly  the fu l l  

l ength of the APSR g u i de tube and are he l d  i n  p l ace by attachment to 1 0  
b razements that are pos i t i oned ax i al ly as shown i n  F i gure 1 7 . 

The re l at i ve ax i a l pcs i t i ons  of the bottom four APSR g u i de tube braze 

ments have been super imposed over the APSR rod movement resu l ts {f i gure 7 )  
i n  F i gure 1 8 . From the data i n  F i gure 1 8 , i t  i s  postu l ated that the res i s 

tance to mGvement of some of the APSRs , as i nd i cated by i ncreased noi se 

l eve l s  or , as i n  the cases of Rod� 62 , 63 ,  and 66 , comp l ete stoppage of 

movement , may be d ue to i nterference c aused by d i stort i on or bow i ng of the 

C - or spl i t -tubes . I t  i s  poss i b l e  that the seve r i ty of the postu l ated d i s 

t ort i ons may be greater at the l ocat i ons of the brazements , thereby resu l t 

i ng i n  comp l ete stoppage of movement for Rods 62 , 6 3 ,  and 6 6  at these 

l ocat i on s .  Severe d i stort i on of the C - and o r  sp l i t -tubes cou l d  a l so 

account for the f act that Rods b4 and 69 cou l d  not be i nserted at a l l ,  �nd  

t hat Rod 6b cou l d  on ly be i nserted a short d i stance before i t  reached a 

hard -stop pos i t i on .  The analys i s  by B&W of the APSR Insert i on Test acoust i c  

d at a  { see Append i x  B )  concentrated on the ro l e  of the C-tubes , s p l i t -tubes , 

and brazement upon APSR i nsert i on .  The B&W analys i s  noted that the i nter 

f erence to rod mot ion observed for some APSRs coi nc i ded w i th t he b razement 

l oc at i on s , and conc l uded that such i nterference mi ght be exp l a i ned by core 

d ebr i s  on  the b razement p l ates or  by l ocal  d i stort i on of the C- and 

s p l i t -tubes c au sed by braze a l l oy me l t i ng .  

I t  i s  a l so poss i b l e  to make a s imi l ar compari son b€tween the rel at i ve 

ax i a l posi t i on s  of the APSR contro l e l ements and the l o�at i ons  of pos s i b l e 
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F i gure 1 7 . Reactor vessel head and APSR gui de tube assembly, showi ng attac h - I ment of C- and split-tubes to 1 0  ax i ally pos i tioned brazements . 1 :� 
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obstruct ions i n  the core reg i on .  I n  the core , each of the APSR contro l rods 

must pass through a fue l assemb l y  g u i de tube that i s  he l d  i n  p l ace by space r 

g r i d s .  The gui de tubes span the ent i re l ength of the fuel  assemb l i es .  

Therefore , d i stort i on of the gu i de tubes i n  the core reg i on cou l d  eas i l y  
i ncrease res i stance to movement of th� APSKs , o r  even prevent movement . lf  
the APSR assemb l i es are sti l l  i ntact , obstruct i ons  to thei r movement cou l d  

b e  due to d amage to the gu ide t ubes i n  the core reg i on .  F i gure 1 9  p ro v i des 

a compari son of the re l at i ve ax i al pos i t i on s  of the bottom t i p s  of the APSR s 
and the ax i al pos i t i ons  of the l ower two spacer gr i d s  i n  the TM I -2 fue l  

assemb l i es .  From F i gure 1 9 , it  is  seen that  of  the  four APSR contro l e l e 

ments  that were i nserted to pos i t i ons be l ow the l ower spacer gr i d ,  two of 

them exh i b i ted h i gh noi se leve l s i n  the reg i on of the bottom-most gr i d ,  and 

two of them exhi b i ted reduced noi se l eve l s  at th i s  l oc at i o n .  It  i s  l i ke ly 

that di stort i on ,  or poss i b ly  extens i ve damage , to the APSR contro l  rod gu ide  

t ubes cou l d  have occurred over a l arge port i on of  the fue l  as semb ly  l ength 

i n  the core reg ion ,  and that th i s  d i stort i on cou l d  contri bute to APSR move 

ment res i stance . Th i s  poss i b l e  exp l anat i on for APSR mot i on i nterference 

was noted by Serv i ce App l i cat i on Incorporated ( SAl ) (Append i x  C ) . However , 

SAl a l so conc l uded that the data  obtai ned duri ng the APSR I n sert i on Test 

were i nsuff i c i ent to confi rm that the APSR assemb l ies  were i ntact and con 

nected t o  the APSR dr i ves . Therefore , i t  wou l d  be h i gh ly specu l at i ve to  

attri bute APSR movement res i stance to spec i f i c  i n -core features  such as  

g u i de tube d i stort i on or spacer gri d l ocat i ons . It i s  poss i b l e ,  as  shown 

be l ow ,  that core damage was extens i ve enough that some , i f  not al l ,  of the 

APSR contro l e l ements are themsel ves  m i ss i ng or  severe ly d�naged . 

It i s  l i ke ly that the h i gh temperatures that c au sed severe damage to  

t he fue l assemb l i es ,  contro l rods , and fue l  assemab l y  upper end  f i tt i ngs 

a l so fused the c l add i r� of the APSRs to the upper end f i tt i ngs . Suc h 

i nterference m i ght account for the l ack of movement of Rod s  64 and 69 . 

The core damage observat i ons support the earl i er conc l us i on that damage 

t o  the APSRs i n  the core reg i on was so severe t hat the observed i nterference 

to APSR rod movement duri ng the APSR Insert i on Test  cou l d  not have resu l ted 

f rom rod i �terference w i th fuel  assemb ly gu i de tubes or  spacer gr i d s . 
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The apparent l ack of severe damage to the reactor upper p l enum and APSH 
g u i de tubes l ends c redence to the hypothes i s  that the observed i nterference 

cou l d  resu l t  from l ocal  d i stort i on to the APSR C- and sp l i t tube s ,  or i n  

t hose c ases where the APS�s cou l d  not be moved at a l l ,  to we l d i ng of the 

APSR control rods to the fuel assemb ly  upper end f i tt i ngs . 
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-------------------------�--------

CONCL US I ONS 

Th e TM I - 2 APSR I n s e rt i on Te st was s ucce s s f u l bec a u s e  i t  y i e l de d  d i rec t 

i n f o rmat i on o n  the c o nd i t i on o f  the rod d r i ve motors , and a l l owed i nf e rence 

of t h e  cond i t i o n of t h e  l e ad sc rews and t h e  upper p l enum g u i de t u b e s . Al l 

o f  t he APSR d r i ve motors worked p roper l y .  The u pper p l enum g u i de t u bes d i d  

not s h ow any e v i dence of severe d amag e , based on c ame r a  i n sert i on i nforma 

t i on a n a  on t he f ac t  t h at t hey d i d  not t ot a l l y  o b st ruct APSR movement . Al l 

of t he APSR l e ad sc rews were i n s e rted to a hard-stop po s i t i on ,  and s u b 

s eq uent l y  were succe s sf u l l y uncoup l ed f rom t he i r  rod s p i ders . 

The APSR I n sert i on Te st p ro v i d ed s u b stant i a l i nf o rmat i on G n  t h e  

dyn am i c s  o f  APSR mot i on i n  t he d amaged reactor . Key operat i on s , s u c h  as 

l a tch , u n l atch , d r i ve , and po l e  s l i p ,  were read i l y  detected by c omp a r i so n 

w i t h acou s t i c  s i g n a t u res i n  t h e  u n d amaged TM I - l  reactor and f rom o u t -of 

reac t o r  expe r i me n t s  on APSR d r i ve moc k u p s .  

Tt1 e APSR I n s e rt i on Test p ro v i ded l i tt l e  d ef i n i t i ve i nformat i on app l i 

c ab l e  t o  d et e rm i n at i on of the phys i c a l  cond i t i on of t h e  TM I - 2 core i t se l f . 

Ho weve r ,  the a b i l i ty t o  move APSR D r i ves 62 , 6 b ,  66 , and 6 7  to e s se nt i a l l y  

t n e f u l l y i n s e rted po s i t i on c o r re l ates we l l  w i t h t h e  i nformat i on o n  t h e  

p 11ys i c a l  d amaye to the c ore i nd i c ated b y  the i n -core i n st rumen t at i on and 

w i t h the 11 lJu i c k Look 11 c ame ra i n sert i on p i c t u re s . The 1 1Qu i c k  Look 11 i ns pec 

t i on s  p o i nt t o  very severe f ue l  d amage extend i n g t o  t h e  v i c i n i ty of the 

APSR s . Theref ore , the mo veme nt of APSR Dr i ve s  62 , 65,  66 , and 6 7  p ro b ab l y  

r e s u l t s f rom the n e ar l y  tot a l  b reakup of the f ue l  a s semb l i e s and APSR 

a s s emb l i e s at those l oc at i on s , s uch t h at o n l y  the APSR l e ad s c rews , t h e  

s p i de r ,  and p e r h a p s  t he uppermost port i on of t he APSR c l u sters were ac t u a l l y 

mov i ng .  Al s o ,  the i n ab i l i ty to move APSR Dr i ve s  64 , 68 , and 69 , and t he 

a b i l i ty to move Dr i ve 63 o n l y  s l i g ht l y ,  may i nd i c ate t h at i n  t he se l oc at i on s  

re s i s t ance to APSR rod mot i on ,  and aco u s t i c  n o i s e , may res u l t  f rom f r i ct i on 

a n d  i nterference i n  the l ower port i on of the C- and s p l i t -t u be s ,  o r  f rom 

c o r e  deb r i s or d i s tort i on i n  t h e  reg i on of the brazeme n t s  t h at s u p p o rt t h e s e  

t u b e s , o r  f rom we l d i ng o f  the APSR c ontro l rod s t o  f u e l a s semb l y  u p pe r  e n d  

f i t t i ng s  t h at may i n  t u rn b e  d i sto rted o r  we l ded t o  the upper p l e n um s u p p o r t  

p l at e .  
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