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ABSTRACT 

Add i t ional in s i tu tests were performed dur i ng J�ly and August 1 983 on 

the in-core i nstruments located  in TMI Un i t  2 .  These tests were i ntended 

to reduce the uncerta i nty assoc iated  w i th early test  data and better def i ne 

the extent of  dama ge i n  the reactor vessel. The condi t i on of  the 

self-powered neutron detectors and the loca t ion  o f  newly formed 

thermocouple junct ions suggests the poss ibil i ty that s i gn i f i cant dama ge 

occurred i n  the central area of the lower reactor  vessel. The extens i on 

cables a ssoc iated  w i th the i n -core instruments appeared to be i n  generally 

good condi t i on. 
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NOMENCLATURE 

c Capac i tance 

Of Degrees Fahrenhei t  

F Farad 

II 
FEP F l uor i n ated ethyl ene propyl ene 

ft Foot 

H Henry 

Hz Hertz 

I I nductance 

·in . I nch 

K D i el ectric constant 

Mn Megohms 

n Ohm 

SPND Se l f-powered neutron detector 

TC Thermocoupl e  

TOR Time domain refl ectometry 

TMI-2 Three Mil e Is l and Un i t  Two 

Vdc Vol ts d i rect current 
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TMI- 2 IN-CORE INSTRUMENT DAMAGE --AN UPDA TE 

INTRODU CT ION 

The i n-core i nstrumenta t i on at  Three M i l e  Is!�nd Un i t  2 { TM I- 2 ) 
con s i sted of 364 self- powered neutron dstector s  (SPNDs ), 52  background 

d etectors, and 5 2  thermocouples ( Ty pe K) l ocated i n  52 i nstrument 

assemb l i es d i str ibuted throughout the core for a tota l  of 416  i nstruments. 

Each of the i n strument assemb l ies conta i ned one thermocoupl e ( TC ), one 

back ground detector, and seven SP�Cs. F i gure 1 shows  a block d ia gram of 

the i n-core i n strument assemb ly and i ts assoc iated cab l i ng. The SPNDs were 

equa l spaced throughou t the active regi on of the core, wh i l e  th e 

thermocoupl es j unct i on was l ocated a pprox i mately 7 i n. above the core. In 

s i tu tes t i n g  of the in-core i nstruments was performed pr i mari ly  in an  

effor t to  determi ne the genera l cond i t i on of the i n strumenta t i on. However, 

s i nce the i nstrumen t assemb l i es entered the reactor from the bottom and 

passed compl etely through the active core, the ir cond i t i on a l so prov ided a 

pos s ib l e  means of determ i n i n g  the exten t of core dama ge. Pr i or in s i tu 

testi ng by EG&G ldaho1 i nd i cated tha t a l l  of the thermocoup l es and the 

major i ty of the SPND s were damaged to some extent. 

A n  ana ly s i s  of the ear ly data i nd i cated that major dama ge had occurred 

to the ent ire core above the genera l l evel  of the f irst and second SPND 

l oca t i ons, name ly 2.5 + 1.6/-0.0 ft  from the base of the act ive core, and 

throughout the centra l area of the core. Th i s  est i mate of dama ge wa s ba sed 

ma i nly on the l oca t i on of operati ona l SPND s as  determi ned by the 198 2 

i n  s i tu test ing. The l oca t i on of new ly formed thermocoupl e junct i on s  

showed a reducti on i n  l ength, w i th a grea ter re duct i on i n  the centra l area 

of the core. However, uncerta i nti es i n  the ab sol ute l ength of the 

exten s i on cab l e  connect i n g  the i n-core a ssemb l i es i n  conta i nment to the 

ra ck s i n  the cab l e spread i n g  room, where the i n  s i tu measurements were  

made, prevented the use of th i s  data to  i mprove on the SPND data. 

Th e v ideo q u i ck- l ook data obta i ned i n  Ju ly  198 2 2 conf irmed exten s i v e  

dama ge t o  the core w i th the documenta t i on of the rubb l e  and vo id; later 

prob in g ha s conf irmed th e rubb l e  bed reached to a depth of 6.9 ft  from th e 
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F i gure 1. Block d iagram of i n-core i nstrument assemb l y  and  a ssoc iated 
cabl i ng. 

INEL 4 0370 



... 

top of the core  i n  a t  least  two locat i ons. Th i s  i nforma t i on tended to  

i ncrea se the acceptance of the in-core i nstrument data and became a dr iv i ng 

force to i mprove on the thermocouple data i n  order to improve the estimate 

of the extent of damage below the rubb l e  bed. By obta i n i ng accurate loop 

res i stance  measurement of the i n-core thermocoupl e inc l ud i n g  the extens i on 

cab l i n g  and also an  accurate mea surement of the l oop res i stance  of just  the 

ex ten s i on cab l es assoc iated w i th each thermocouple, it  should be poss ibl e 

t o  determi ne the actual l oop res i stance  of the in-core thermocouples as  

they ex i sted follow i ng  the acc i dent. Since  the conduc tors of the 

thermocoupl es are r elatively un iform i n  s ize, the ir total res i stance i s  a 

rela t ive i nd icat i on of the thermocoupl es l ength. By comparing the 

postacc i dent data w i th the post i nsta llat i on data acqu ired dur i ng 

F ebruary 1978, i t  was pos s ib l e  to i dent i fy changes i n  the thermocouples 

l ength as a resu l t of the acc ident. 

Add i t i onal i n  s i tu tests were performed to  determi n e  the loop 

r es i stance  of the extens i on cables assoc ia ted w i th the i n-core 

thermocoupl es and thus  reduc e the uncerta i nty in the prev i ous  es t i mates of 

i n-core thermocouple l ength s. Th i s  report d i scusses the test measurements 

made on seven out -of- service thermocouples and presents a re- evaluation of 

the earlier i n  s i tu test data w i th i mproved est imates of in-c ore 

thermocouple  lengths. Th i s  report  also presents the authors• es timate of 
what core damage they can i nfer. 

3 



RESU LTS O F  PRE V IOUS IN S ITU TEST!NG 

Twenty-two of the 4 1 6  in-core d� tectors had a n  i ns u lat ion res i sta nce 

greater than 1 000 Mn and wer e  consi dered to b e  o pera tional. Most of the 

o perationa l  detectors wer e  located i n  the lower regions of the a ct iv� core 

area. A l l of the thermocoupl es had fa i l ed, with 24 o f the 52 exhib i ti n g  

n ew junctions� Ca l cu lat ions  wer e  made to determi ne the locat ion of the new 

junct i on s  based o n  known loo p  res istance data of the thermocou pl es and 

es t i mated loo p  res i stance of the exten s ion cab1es. Some of the new 

j unct ions  a ppeared to be  a pprox i mately 3 .9 f t  below the r eactor base. 

These resul ts suggested the need for add i t i onal  in  s i tu test i ng to be 

performed o n  the extensio n  cab l es, s i nce i t  was fel t that any new 

thermocoup l e junctions that  may have been formed dur ing  the acc i dent shou l d  

be located wi th i n  the reactor vessel. The condi t io n  of the i n-core 

ins truments b�sed o n  the 1 982 i n  s i tu tests i s  s ummarized in f i gure 2 .  

4 
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F i gure 2. Summary of in-core instrument condi tions. 
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1983 IN S I TU TEST ING 

A dd i t i ona l i� s i tu tests were performed during J u ly and A ugust 1983, 

to better character ize the exten s i on cab l es connecting  the i n -core 

i nstrument a ssemb l1es to the cab l e  spreading  room. The in-core exten s i on 

cab l e  con s i sted of  18 conductors (9 pa i rs) 20AWG, tw isted and pa i red w i th 

one of the pa i r s  of chromel -a l umel thermocoupl e exten s i on w ire, i ns u late� 

w i th Tefl on [fl uor inated ethy l ene  propy l ene ( FEP)]. Each pa i r  was sh i e l ded  

w i th a l uminum -my lar ta pe. The pa i r s  were cab l ed together w i th a s ing l e  

drain wire and jacketed overa l l  with Teflon. The cab l es' insulation 

r es i stance was spec i fi ed a t  10,000 Mn per 1000 ft a t  500 V dc min imum a t  

60°F.
3 

These tests requ i red that an entry be made into the reactor 

conta i nment bu i l d in g. The exten s i on cab l es were connected to the i n -cor e  

i nstrument a ssemb l i es at  the in-core instrument serv ice area shown in 

F i gure 3. 

The test plan required that mea s urements be  performed on the cab le in  

the as -found condi t i on or as prev i ous ly measured; w i th the cab l es 

d i sconnected a t  the serv ice area in  an open and shorted cond i t i o1; and in 

the a s- l eft condi t i on, aga in, as prev i ously measured. For meas urements in 

the as- l eft cond i t i on, the cab l es were returned to the i r  as-found  

condit i on. Rad ia t i on l evels a t  the serv ice area made it  necessary to  

decontaminate the area before personnel cou l d  enter and perform the 

outl ined ta sks. A s-found mea suremen ts taken before and after 

decontaminat i on indicated that the req u i red decontamination had n o  effect 

on the as-foun d data. 

In s i tu testing was l i mi ted to the instrument  assemb l i es in  wh ich the 

thermocol• pl es were cons i der·ed to be out�of-serv ice by Genera l P ub l i c  

Uti l i t i es, s ince a p lant operating spec i ficati on wou l d  b e  v i olated by 

disconnecting  the cab les from the instrument assemb l i es. The seven 

assemb l i es wh ich were ava i lab l e  for add i ti ona l testing i nc l uded H-9 ( 2 ), 

G -5 (9), L-6 (12), N-8 (14)� L-11 (18), E-11 (2 6), and 0-12 (48). The fo l l ow ing 

i n  � i tu test measurements were performed. 

6 
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1. Loop res i s tance, capa c i tance, t;me doma in refl ectometry ( TOR ), 

and resonant frequency measurements on the cab l e  in  the a s-found 

condi t i on; i.e., incl uding a l l cab l ing fr�m the conta inment wa l l  

to  the new juncti on i nterna l to the reactor vesse l. 

2. Ins u la t i on res i stance, ca pa c i tance, TOR, and resonant freq uency 

meas urements on the extens ion cab le w i th i ts end open a t  the 

in-core serv ice area. 

3. L oop res i stance, i n ductance, TOR, and resonant frequency 

measurement on the exten s i on cab le w i th i ts end shorte d a t  the 

i n-core serv i ce area. 

4 .  L oop  res i stance, capa c i tance, TOR, and resonant frequency 

meas urements  on the instrument a ssemb l y  in  the as-left cond i t i on; 

i .e., the dama ged instrument assemb ly w i th a new junction 

interna l to the reactor vesse l .  

In s i tu test ing  was performed during July and August 1983. A s ummary 

of the thermocoupl e test data i s  incl uded i n  Append ix A. Measurements were 

obta ined between the Chrome l and A l ume l conductors  and b etween each of 

these conductors and the sheath ( ground ). The tabulated data l i st  tha l oop 

r es i stance 
.. 
of the exten s i on cab l e  and the in-core thermocoupl e a s  measured 

dur in g the 1983 in s i tu tests, the insula t i on res i stance, and l oop 

r es i stance of the exten s i on cab l es runn ing between the in-core instrument 

serv i ce area �nd the relay cab inets where the test measurements were made. 

Based on the res i stance per foot va l ues obta ined from a 10-ft sect i on of 

thermocoupl e exten s i on cab l e, the l ength of the exten s i on cab l e  was 

ca l cu lated and shown in  Appendix A. The mea surr:d l oop res i stance data for 

the exten s i on cab l e s  were compared w i th the ca lcu lated loop res i stance data 

u s ed i n  the 1982 ana ly s i s. P ostinsta l lat i on l oop res i stance data were 

ava i lab l e  on each of the thermocouples and wera used to est imate a per foot 
f. 

r es i stance va l ue for each of the thermocoupl es. The d i fference between the 

meas ured l oop res i stance and the ca lcu lated l oop res i s tance wa s used w i th 

the est imated per foot res i stance of the thermocoup l e  to determine an 

est imated error in the ca l cu lated thermocoupl e l ength s dS shown in 

A ppendix A. These l im i ted da ta indicated that the va l ues of res i stance for 

8 



the extens1on cable used 1n the earl1er analysis could account for an 

adjustment of from 3 to 5.5 ft 1n the est1mated lengths of the 1n-core 

thermocouples as reported 1n Reference 1. The var1at1on 1n th1s adjustment 

(5.5 ft - 3 ft � 2.5 ft) 1s taken as the uncerta1nty of our correct1on and 

1s reported as! 1.25 ft. 

The new res1stance data 1n Append1x A were averaged for the ex��ns1on 

cables and then compared w1th the pull sheet cable lengths, result1ng 1n a 

correct1nn factor of 13.65% 1n the calculated extens1on cable res1stance. 
·-

The results of th\s correct1on, when appl1ed to all of the 1n-core 

thermocouples, are shown 1n Append1x B. These data have an uncerta1nty of 

! 1.25 ft on the est1mated locat1on of the apparent (new) junct1on. All of 

th1s uncerta1nty comes from the pull sheet �able length uncerta1nty. 

Instrumentat1on error 1s neg11g1ble when compared to th1s. 

Some of the thermocouples w1th open junct1ons exh1b1ted a short 

between one or both of the conductors and the metal sheath. In these 

cases, the conductor to sheath measurements were used to est1rnate a 

thermocouple length. Thus, 41 out of the 52 1nstalled thermocouples 

prov1de an 'nd1cat1on of length. The tabulated data 1n Append1x B shows 

the est�mated reduct1on 1n �he thermocouple's calculated length and also 

the est1mated he1ght of the thermocouple above the reactor base. As a 

po1nt of reference, the 1n-core thermocouple length at gr1d locat1on H-8 

was est1mated to be 21 ft long before the acc1dent. f-11 appeared to have 

exper1enced the greatest reduct1on 1n length, w1th 1ts apparent junct1on 

located at the base of the reactor. 

The SPNO test measurements are tabulated 1n Append1x C for the 

shorted, opened, and as-left cond1t1ons. The measured values are shown 1n 

bas1c un1ts; Le., hertz (H;:), henry (H), farad (F), and o . .  15 (Q). 

Frequency 1 and frequency 3, as 11sted, are the f1rst and th1rd resonant 

frequency obta1ned for the various cond1t1ons. These frequenc1es can be 

used to debrm1ne the cable's length, as expla1ned 1n Append1:t C. 
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The SPNO test data pr ovi ded n o  f ur th er i nformat i on on the con di t i on of 
the i n -core detectors. f"hese da ta wer e  cons i dered as they re lated to tt�e 

cond i t�on of the extension cab l es. 
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EXTENS ION CABLES 

Baseline data on the characteristics of the in-core extension cab l e  

were obtained from the on ly  avai lab l e sampl e tha t cou ld  b e  l oca ted, a 10-ft 

s ection. Tab l e  1 shows the cab l e  parameters obtained from meas urements of 

this section of in -core ex tension cab l e. 

Some of the insulation resis tance data showed a minor decrease from 

the va l ue specified in  the origina l specification.3 The cab l e  associated 

with assemb ly L-6 l evel  7 had the l owest insulation resistance of 

1000 Mo, whi l e  the other pairs in  the cab l e had an  ins u lation resistance 

ran ging between 7000 and 14,000 Mo. The remainder of the cab l es had 

ins u la tion resistances ranging from 10,000 to 75,000 Mo. 

The res u l ts of the various meas urements were used to compute the cab le 

l engths. The l ength of the cab l es, based on th e l oop resistance data and 

the baseline data ob tained in  the laboratory, indicated the cab l es were 

about 10 to 15% shorter than the pu l l  sheets indicated. Th e l engths of th e 

cab l es based on the TOR da ta a greed with those ca l cu la ted using the l oop 

resistance to within 2%. This would tend to indicate tha t th e vel ocity of 

propa gation for the cable did not change as a res u l t of the accident 

environment. Since the vel ocity of propa ga tion is a function of the 

diel ectric constant (K), i t  was assumed that K had not changed. This wou ld 

a lso  indicate tha t very litt l e, if any, moisture entered the cab l es. Th e 

r esonant freq uency data indicated that the cab l e  l engths were within � 6% 

of the pu l l sheet l engths. Laboratory cab l e  sampl es were not availab l e  to 

ob tain baseline data for comparison with these res u l ts. Laboratory da ta 

obtained on a two conductor twisted pair shie lded cab l e  indicated tha t 

cab l e  l en gth cou ld be determined to within 1% of actua l l ength using the 

resonant  frequency technique. 

The cab l e  ca pacitances (C) and inductances ( L ) were meas ured at  1 kHz 

for a 10 -ft control  sample as well  as the in-core instrument cab l es. An  

a pproximation of the characteris tic impedance computed f or both sets of 

data and compared, since data on exact cab l e  l ength were not avai lab l e. 
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TABLE 1. CABLE ?ARM TE RS 

Mater ials 

Thermocoupl e  ( Ty pe K, 1 pa ir) 

SPND cab l e  pa irs (9 each) 

Ins u lat i on ( Tefl on-FEP) 

Parameters 

R es i stance 

Loop 

Ch-returna 

Al-returna 

Ca paci tance 

InJuctance 

Loop resistance 

Capa c i tance 

Inductance 

·D i el ectr ic constant 

a.  Return was a SPND cab l e  sheath conductor. 

12 

Mea s urements 

0. 5263 n/ft 

0.3845 n/ft 

0. 16 14 n/ft 

0.0245 nf/ft 

0.3 �Hift 

0.0207 n/ft 

0. 0247 nF  /ft 

0.19 �H/ft 
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Tab l e  2 shows the max im�m, min imums and  average va l ues of the com puted 

character isti c  i mpedances for the 8 pa irs of cab l es. The chara cter is t ic  

impedance, Zo, is  equa l to: 

Zo = (L/C)112 

The only cables hav�n g  values to fall b elow the m i n imum of the control 

cab l e  wer e  H -9 (4 pa irs ), G - 5  (3 pa i rs ), and L-11 (2 pa irs ) . A check of 

the i ns ulation res is tance for these cab l es shows no reason to s uspect a 

differ�nce. I� fact cab l e  L-6  had the l owes t  i nsulatio n  res istance and ye t 

the max imum, mi n imum, and  avera ge values for th is cable all exceed those of 

the control sample. Th�s deviat i on from the control  sampl e may have 

r es ulted from the l im i ted s ize of the control sample. 

The characterist i cs of the cables tested, i n  general, a ppear to be i n  

g ood cond i ti on. The i ns ulat ion res istance was sl i ghtly low, but  there was 

no i n d��:t i on tha t any of the cables had absorbed ex cess ive amounts of 

moisture. I t  shou lo be po·inted out the Teflon does not exh ib i t  good 

rad iati on res is tance, and some changes wou l d l ikely be expected cons iderin g 

the rad ia t i on env i ronment. 
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TABLE 2. CHARACTERISTIC IMPEDANCES 

Character i sti c Impedances 
(Zo) · 

Maxi mum Min i mum Average 
Cable (Ohms) (Ohms) _i9hms) 

Control 93.27 86.40 90.74 

H-9 88.38 84.25 86.49 

G -5 90. 15 84.03 86.94 

L -6 94.94 88.73 90. 90 

N-8 93. 53 89.9 1 9 1.77 

L - 1 1  90. 77 84.55 8 7. 57 

E -ll 94.96 89.4 1 92.85 

0 -12 92.70 88.39 90. 95 
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IN-CORE DAMAGE 

The in situ testing  performe d  was not i ntended to chan9e any of the 

ear ly findings concerning  the genera l condi tion of the in-core ins truments' 

condi tions as s ummarized in  Fi gure 2. The testing  was intended to focus on 

the extension cab l e  in an effort to reduce the uncertainty of th e ear lier 

a na lysis. This was accompl ished by testing  a limited number of the in-core 

extension cab l es. Th e res u l ts of these tests were discussed ear lier in 

this report an� are s ummarized i n  Appendix B. Fi gure 5 shows a 

cross-section of the in-core instrument assembly, instrument tube, and 

i nstrument  tube s l eeve. 

is shown  in  Appendix D. 

The known information on the in-core instruments 

Fi gure D - 1  in A ppendix D shows a cross-section of 

the a ctive core area and th e l ower portion of the rea ctor vessel with some 

reference dimensiona l da ta. Ty pica l in -core ins truments ar e shown in  their 

pre-accident condi tion. The r emainin g  Fi gures D -2 through D-15 show 

cross-sections of the reactor vessel  at  gri d l oca tions 1 through 14. Thes e 

figures show the estimated locati ons of the thermocoup l e  junctions, as we l l 

the known SPND condition based on the 1982 tes t  da ta. 

Applying  the correction factor discussed ear lier in this report  to th e 

1982 estimated thermocoupl e  junction l ocation, a l l junctions appear to be 

l ocated within the rea ctor vessel. The junction l ocati ons varied from 

E- l l , which ap peared to be  a t  the reactor base, to D-14 where the junction 

a ppeared to be 4.49 ft bel ow its origina l  l ocation. Fi gure 4 is a grid map 

of the core showin g  the estima ted reductions in  the l engths of th e ori gina l 

thermocoup l es at  various l ocations. The ma p a lso out lines two areas of 

major damage wher e a l l thermocoupl e junctions wer e  l ocated in  th e l ower 

re gion of the rea ctor vessel. As noted ear lier, th ese lengths have an  

uncer tainty of ! 1.25 ft. This uncertainty cou l d  have been improved wi th 

a ddi tiona l in  situ testing; however, when considerin g  that this ! 1.25 f t  

uncertainty trans lates to on ly  a 6% possib le  error ( 1.25 ft/ 2 1  ft x 100%), 

f or the in -reactor-vessel  l en gth, the a ddi tiona l measurements di d not seem 

warranted. 

Th e SPNDs l ocated i n  the shaded two areas also showed major dama ge. 

An  ear lier report, NSAC -80 -1, stated "At abou t 226  min into the 

a ccident (07:47), somethin g  traumatic happened in  the core. SPNDs 

15 



throughout the core went  off-sca l e, poss ib ly ind i ca t i n g  a rapid temperature 

i ncrease. 115 A rev i ew of the SPNDs wh i ch alarmed at 7:47 a.m. the morn i ng 

of the acci dent i nd i ca ted that 47 of the 5 1  a larmi ng SPNDs were l ocated i n  

these two genera l areas. Figure 5 shows a cross s ecti on of a n  i n-co�·e 

i ns trument assemb ly. 
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GENERA L EXPE CTA T ION O F  CORE DAMAGE 

Th e a uthors reviewed the existi ng data on the in-core i nstruments and 

have a ttempted to relate present conditions to probable dama ge mechanism 

a nd thus to i nfer core condition. In th is manner� hypotheses have been 

formulated which will have to be furth er tested i n  order to arrive a t  a 

firm concl�sion. The hypotheses are presented h ere as the b es t  engineering 

estimate, at th is time, of t�e condition of the c ore  below the rubble. 

The damage experienced by the in-core instruments ranged from none, 

for the SPNDs which were still considered operational, to severe for the 

SPNOs and thermocouples which fa iled by shorting. Those SPNDs indicating a 

reduced insulation resistance, but not shorted, co uld have ex perienced a 

mPre moderate form of dama ge consisting  of only shea th failure. Sheath 

failure could have resulted from temperatures in  the range of 247 0 to 

2575°F or at  a lower tem perature of 1700°F  � urin g  a r9 pid quench. 6 Th e 

shorting which occurred i n  the TCs and SPNDs could also indicate that  

tempera tures may have reached the meltin g  poin t of  materials ranging from 

Inconel (247 0 to 2575�F) to z i rcaloy (3350°F) and/or that there was a shift 

in some of th e mechanical s tructure resulting in a pinch poin t  and hence a 

shorting  condition. Further, by understanding the behavior of the in-core 

ins truments and comparing this to the data recorded durin g th e a ccident, 

one can find additional pieces to help i n  understanding wha t ha ppened in  

the core. 

The authors have developed the hy pothesis that  the core reached 

temperatures in  ex cess of  927°C ( 17 00°F) a t  all levels of the core in the 

shaded areas of Figure 4 as well as for areas outside the shaded region for 

eleva tions abov e  2.4 ft ( nominal) above the base of the active r.ore area. 

This is essentially the minimum temperat�re a t  which sheath failure could 

occur and encompasses the volume of the core containing no  s urviving  SP�Ds. 

The authors also deve1o, ped the hy pothesis that in the lower region of 
the reactor vessel, a shorted thermocoupl e  is more likely to be caused by 

mechanical damage rather tha1n by direct thermal Jam:lge to the in-core 

instruments. This sugges ts the possibilty of damage to th e lower grid 
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assemb l y  and  fl ow distributor assemb ly i n  those area s  where the new 

thermoco� pl e juncti ons a ppear to be bel ow the active core. Th is hypothes is 

i s  supported by the fol l ow i ng observati ons. 

F i rst, a relat i on sh i p  a ppears to  ex ist between the SPNDs that a larmed 

a t  7:45 a.m. on the day of the acc ident and the shaded area in F i gu�e 4 

wh ich conta i ns the TCs w ith r eformed juncti on s  b elow the act ive core. At 

th is t i me 52 SPNDs a larmed w i th 49 of them b eing i n  the shaded area of 

F i gure 4. F urther, over the per i od between 7:45 and 7:50 a.m., 95 SPNDs 

a larmed w i th 63 of them b e i n g  i n  the shaded area of F i gure 4. Dur i ng the 

per iod from 7:30 to 7:45 a.m., there were on ly 1 7  a larms w ith 5 of these i n  

the shaded area of F i gure 4. This s ugges ts a q u i et per i od l ea d i n g  up to a 

r elatively short per i od nf  intense a ctiv i ty, probab ly caused by movement of 

damaged core mater ia l s. 

Second, a relati onsh i p  a ppears to ex ist between shorted SPNDs and 

reformed TC junc t i ons, in the shaded area of F i gure 4, sugges t i n g  that the 

same mechan i sms caused b oth shorted SPNDs and shorted (new juncti on) TCs. 

F rom the upda ted TC l engths i n  Appendix B, there are a tota l of 1 6  TCs w i th 

n ew junct i ons  bel ow the active core. F i fteen of these are i n  the shaded 

area of F i gure 4. Of the i ns trument assemb l i es c onta i n i n g  these TCs, 44% 

a l so conta i n  shorted SPNDs. Of the rema i n i ng i n-core i nstrument assemb lies 

wh ich are e i ther known to have TC junct i ons in  the active core or which 

have no  TC juncti on, on ly 2 5% a lso conta i n  shorted SPNDs. Laboratory tests 

to date have fa i l ed to f i n d  a dirP�t therma l mechan i sm to short TCs and 

SPNDs i n  the presence of s team. The only  v iab l e  theory a dvanced da te is 

tha t of mecha n i ca l  deforma t i on caus in g  contact between the var i ous 

ma teria l s. A ga in, th is suggests mechan i ca l  movement concentrated i n  the 

shaded are of F i gure 4. The authc1rs a lso  feel tha t there is suffi c i ent  

data to s upport a hypothes is for cl s teep ax ia l temperature gradient going 

from undama ged core to sev erely dctmaged core. This is  based on examinat i on 

of  the distance b etween the new TC junctions and surviv i n g  SPNDs. There 

are 6 i ns trument assemb l i es containin g  surviving S?NDs and a lso  hav i n g  new 

TC juncti ons. In these cases, the TC junctions are with i n  20 i nches above  

a good SPND. Twenty i nches is  a ls.o the uncertainty for l ocat i on of  damage 

between two a djacent SPND l ocations. 
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Work is c urrently i n  progress to do a com�rehens ive ana lys is of the 

i n-core i nstrument data and  relate thi: ana lys i s  to the a cc i dent s eq uence 

of events. Th i s  work i nc l udes decodi n g  the SPNO data that w i l l  prov i de a 

conti n uous h i story of 36 SPNO data channe l s recorded on s tr i p  tharts and 

a l so ex per imenta l ly determi ning  the s i gn i fi cance of those s i gna ls  recorded 

o n  the str i p  charts. As a res u l t of th is ana ly s is effort and phys i ca l  

examina t i on s  yet to b e  performed, the hypotheses presented by the authors 

above w i l l  be  tested and res u l ts w i l l  be reported. 
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APPEND IX A 

A SUMMARY OF T HERMOCOUPLE TES T  D A TA 

After the installation of the incore monitor assemblies, resistance 

measurements were made on  each assembly to verify that proper continuity 

and grounding existed on  each of the thermocouples. Resistance 

measurements were made b etween the chromel and  alumel conductors and  each 

.of the conductors and the shield providing  three sets o f  resistance data. 

These measurements were combined with the estimated resistance values for 

the ex tension cables, providing a set o f  total loo p resistance values for 

each in-core thermocouple. The resistance data can be  expressed in  the 

following  general form 

Rt = R. + R 
1 c 

where 

R. 
1 

R 
c 

= 

= 

= 

Postinstallation resistance data 

Estima ted or measured extension cable res istance data 

To tal loop resistance. 

In  the following tables, the as-found l oop res istance ( I tem 1) 
corresponding to Rt and the measured loo p res istance of the extens i on 

cable ( Item 3) corresponding to Rc are shown for the seven assembl i es 

t ested dur i ng 198 3. I tem 4 was the estimated loop res istance computed i n  

198 2, which also corresponded to R
c
. Item 6 is the pos t i nstalla t i on 

res istance data corresponding to R;· Beca use the i n-core thermocouples 

had a known length of a pproximately 130 ft, i t  was poss ible to determi ne 

the resistance per foo t valJes for each of the thermocouples. By know i ng 

th is resistance per foot va.l ue and compa r i ng the pos t installat i on 

resistance data w i th a postacc ident res istance of the i n -core thermocouple, 

i t  was possible to estima te a reduct i on in  the 130-ft  length of the 

thermocouple. Th is calcula t i on expressed i n  terms of the data in th e 

tables is shown i n  the follow ing eq uati on 
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qeduced TC l ength = [Item 6 - (Item 1 - Item 3)]/(Item 6/130 ft) . 

Data on the reduced TC iengths have been tabu l ated i n  Appendix B. 

Item 7 estimates the error i n  the 1982 cal cu l ati ons  when compared w ith 

t he 1 983 i n  s i tu test measurements and Item 8 i s  an estimated l ength of the 

extension cab l e based on the measured l oop res i stance (Item 3) and the 
known resistance per foot (Item 9). 



TABLE A-1 . '  ASSEMBLY 2 {H-9) ···� 
CH-AL CH-GND AL-GND 

l .  As-found l oop res i stance for TC 1 034 740. 3  302 . 2  

, 
and extens ion cab l es 1 983 (n} 

2 .  Insul ati on res i stance of extens i on 2 E +l O 1 . 8 E + l 0  1 .8 E+l0  
cab l e 1 983 (n) 

� 3 .  Loop res i stance of extens ion 2 1 6  1 59 . 7  64. 7  
cab l e 1 983 (n) 

4. Estimated loop resistance of 237 169.33 7 1 . 66 
extens ion cab l e 1982 (n} 

5 .  Di fference between 3 and 4 above -21 -9 .63 -6.96 

6. Postinstal l ation res i stance of 89 1 637 . 35 249.36 
in-core TC (n} 

7. E st imated error in 1982 TC l ength -3 .06 -1.96 -3.63 
cal cu l at ions (ft ) 

8. E st imated extens ion cab l e  l ength 4 10 .4 1  415.34 400.86 
based on 1983 data (ft ) 

9. Reference data for extension 0 . 5213  0.384 5 0. 16 14 
cab l es (n/ft } 
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TABLE A-2. ASSEMBLY 9 (G-5) 

CH-AL CH-GND AL-GND 

1 .  As-found l oop res i stance for TC Open Open Open 
and extens i on cab l es 1 983 (n) 

2.  Insul at i on res i stance of extens ion 3 . 6  E+ l O 3 . 0  E + 10  5 . 8  E+ lO  
cab l e  1 983 (n) 

3 .  Loop res i stance of extens i on 221 . 83 1 64.04 66 .33 
cab l e 1 983 (n) 

4 .  E sti mated l oop res i stance of 265 . 17 1 89 .46 80 . 1 8 
extens i on cab l e  1 982 (n) 

5 .  Di fference between 3 and 4 above -43 . 34 - 25 . 42 - 13 .86 

6 .  Posti nstal l at i on res i stance of 960 .87 685 .49 273.41  
i n-core TC (n) 

7.  E stimated error i n  1 982 TC l ength u5.86 -4.82 -6. 59 
cal cul ations (ft) 

8 .  E stimated extension cab l e  l ength 421 . 49 426. 63 41 0.94 
based on 1 983 data (ft) 

9.  Reference data for extens i on 0 . 5263 0 . 580 0. 1614 
cab l es (n/ft) 
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TABLE A-3.' ASSEMBLY 1 2  (L-6) 

CH-AL CH�GND AL-GND 

1 .  As-found l oop res i stance for TC 690 496 205 .5 
and extens i on cab l es 1 983 (n) 

2 .  Insu l at i on res i stance of extens i on 7 . 4  E+9 6 . 9  E +9 7 E+9 
cabl e 1 983 (n) 

3 .  Loop resistance of extens i on 2 1 1 . 47 153 . 96 66 . 1 1  
cabl e 1 983 (n} 

4 .  Est imated l oop resistance of 243 . 5  1 73 . 98 73 . 63 
extens ion cable  1 982 (n) 

5 .  D i fference bet��en 3 and 4 above -32 . 03 -20. 02 - 7.5 16  

6. Post install ation res i stance of 929 . 1 663.98 265 . 45 
in-core T'C (n) 

"7 Estimated error in  1 982 TC l ength -4.48 -3 .92 -3.68 ' . 
cal cul ations (ft) 

8. F.stimated extensi on cable  l ength 
b�sed on 1983 data (ft) 

40 1 . 81 400.42 409 . 63 

9 .  Reference data for extens i on 0 . 52 1 3  0 . 3845 0 . 16 14  
cables  (n/ft) 

I 
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TABLE A-4. ASSEMBLY 14 (N-8) 

CH-Al CH-GND Al-GND 
1' 

1 .  As-found l oop res i stance for TC O . R . 6 1 8  O . R .  
and exten s i on cab l es 1 983 (o) 

2 .  Insul at i on res i stance of extens i on 6 E+9 4 . 6  E+ lO  6 .2 E+l O 
cab l e  1983 (o) 

3 .  loop res i stance of extens i on 208 . 95 1 52 . 85 64 .59 
cab l e 1983 (o) 

4 .  E st imated l oop res i stance of 243. 5 1 73 . 98 73 .63 
extension cab l e  1 987. (n) 

5 .  D i fference between 3 and 4 above -34. 55 -21 . 13 -9 .04 

6 .  Posti nstal l at i on res i stance of 936 . 78 670 . 44 266 .83 
i n-core TC (o) 

7 .  E st imated error in  1982 TC  l ength -4 . 79 -4 . 10 -4 .41  
cal cu l ati ons  (ft) 

8 .  E sti mated extens i on cab l e  l ength 397 . 02 397 . 53 400 . 16 
based on 1983 data (ft) 

9.  Reference data for extens i on 0 . 5263 0 . 580 0.1614 
cab l es (n/ft) 
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TABLE A-5 • .  ASSEMBLY 18 (L-11) 

CH-AL CH-GND AL-GND 

1 .  As-found l oop res i stance for TC 1 507 655 289 
and extens i on cab l es 1 983 (n) 

2 .  Insul at i on resiistance o f  extens i on 8 E+9 1 .25 E+ l O  4 . 1 E+l O  
cab l e 1 983 (n) 

3o Loop res i stance of extens i on 2 1 3 . 85 1 58 64 . 12 
cab l e  1 983 (n) 

4 .  Est imated l oop resistance of 243 . 5  173 . 98 73 .63 
extens ion cable 1982 (n) 

5 .  Di fference bet\11een 3 and 4 above -29 . 65 - 15 . 98 -9.51  

6 .  Post instal l at ion res i stance of 950 . 38 678 .87 272 .64 
i n-core TC (n) 

7. Estimated error in 1982 TC length -4.06 -3.06 -4 .53 
cal cu l at i ons (ft) 

8.  Estimated extension cab l e  l ength 
based on 1983 data (ft) 

406 .33 4 1 0 . 92 397 . 29 

9. Reference data for extens i on 0 . 5213 0 .3845 0 . 1614 
cab l es (n/ft) 
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TABLE A-6. ASSEMBLY 26 (E-l l ) 

CH-AL CH-GND AL-GND 

1 .  As-found l oop res i stance for TC 936 667 284 
and extens i on cab l es 1 983 (n ) 

2 .  Insul at i on res i stance of exten s i on 4 E+l O 3 . 2  E+l O 3 . 4  E+l O  
cab l e  1 983 (n ) 

3 .  Loop res i stance of exten s i on 206 . 51 1 5 1.24 63. 67 
cab l e 1983 (n ) 

4 .  E st imated l oop res i stance of 248 . 9  177 . 85 75 . 27 
extens ion cable 1 982 (n) 

5 .  Di fference between 3 and 4 above -42. 39 -26 . 61 - 1 1 . 6 1  

6 .  Posti nstal l at ion res istance of 964 . 46 687 . 74 274 .44 
i n-core TC (n ) 

7. Est imated error i n  1982 TC l ength -5 . 7 1 -5 . 03 -5 .50 
calcul ati ons (ft ) 

8 .  Estimated extens i on cabl e l ength 392 .38 393. 34 394 . 45 
based on 1983 data (ft ) 

9. Reference data for extensi on 0 . 5263 0 .580 0.16 14 
cab l es (n/ft ) 

A-10 



TABLE A-7 .  ASSE MBLY 48 (0-12 ) 

CH-AL CH-GND AL-GND 
--

1 .  As-found loop res i stance for TC 876.5 622 . 5  267 . 3 
and extensi on cab l es 1983 (n) 

2 .  Insul at ion res i stance o f  extens i on 3 E+l O 2 E+l\l 2 . 9  E+ lO  
cab l e 1983 (n) 

3 .  Loop res i stance of extens ion 209. 82 15 3.07 65 . 24 
cab l e 1983 (n) 

4 .  Estimated l oop resistance of 
extens i on cab l e 1982 (n) 

243 . 5  173. 98 73.76 

5 .  Difference between 3 and 4 above -33.68 -20 . 91 -8 .52 

6. Post i nstal l at i on resistance of 911 . 35 651 . 98 260 . 05 
i n-core TC (n) 

7 .  Esti mated error i n  1982 TC l ength -4o80 -4 .17 -4 .26 
calculati ons (ft) 

8. Est imated extension cab l e  l ength 398. 67 398 .10 404 .21 
based on 1983 data (ft) 

9 .  Reference data for extension 0 . 5213 0 . 3845 0 . 1614 
cab l es (n/ft) 

A- l l  
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APPE NDIX B 
UPDATED IN-CORE THERMOCOUPLE LE NGTHS 

These tabl es show the assembl y  numbers and the gri d  l ocat i ons  of each 

of the thermocoupl es .  A l so shown i s  the ori g i nal l ength of that porti on of 

each thermocoupl e that was l ocated i n  the reactor and the Cdlcul ated 

r educti on i n  l ength of each TC based on the 1983 i n  s i tu test data . The 

di fference between the ori g i nal  l ength and the caicul ated reduct i on is 

s hown as the l ength from the reactor base .  
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TABLE B-1 .  UPOATE'O IN-CORE THERMOCOUPLE LE NGTHS-- 1983 

Length 
Origina l  Cal cul ated From 

Length Reducti on i n  Reactor 
Assembly Gri d  i n  Reactor Length Base 

Number Locati on (ft) (ft)  (ft) 

1 H8 21.00 17 . 04 3 . 96 
2 H9 20. 97 6 .91 14. 06 
3 G9 20 . 93 18 . 93 1 .  99 . 
4 F8 20. 86 19 . 70 1 . 16 
5 E 9  20 .64 17 . 3 1  3 . 33 
6 f7  20.82 19 .58 1 . 24 
7 E 7  20 .64 19 . 75 0 . 88 
8 G6 20. 82 20. 04 0 . 78 
9 G5 20 .64 20 . 27 0 . 3 7  
10 H5 20.68 16 . 65 4 . 02 
1 1  K5 20 . 64 6 . 93 13 . 7 1  
12 L6 20. 7 1  8 . 95 1 1 . r, 
13 M7 20 .64 10 . 77 9 .87  
14  N8  20. 4 1  9 . 84 10 .57 
15 N9 20 .37  16 . 93 3 . 44 
16 M9 20. 64 19.97  0 . 66 
17 M10 20 .53 18 . 13 2 .40 
18 L l l 20.53 7 . 96 12.56 
19 Kl l 20 .64 19 .92 0.72 
20 K 12 20 .37  
21  H13 20 .06 
22 G13 20 . 02 13 . 49 6.53 
23 F 13 19.89 
24 F 12 20.26 6 . 63 13.63 
25 G l l 20 .64 
2 6  E l l 20.33 20. 33 o . oo 
27 010 20 . 26 19 .20 1 .06  
28  C 10 19. 89 10. 77 9 . 12 
29 C9 20.02 9 . 46 10.56 
30  B8 19 .59 9 .52 10 .08 
3 1  87 19.55 8 . 07 11.48 
32 C6 19 .89 8 . 42 1 1.48 
33 05 20 .06 8 . 44 1l . f\2 
34  E4  20 .06 
35 F3  19 .89 
3 6  G2 19.55 8 . 92 10.63 
3 7  H 1  19.00 7 . 30 1 1.70 
38 L2  19 .42 10 . 4 1  9.01  
39 L3 19.89 10 . 48 9.42 
40 M3 19 . 68 
41  N4 19 . 77 7 .81  11.96 
42 05 19 .68 10 . 15 9.53 
43 06 19.89 
44 P6 19 . 42 
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TABLE B-1 .  (cont i nued) 

Length 
Orig ina l  Cal cu l ated From 

Length Reducti on i n  Reactor 
Assembly Gri d  i n  Reactor Length Base 

Number Locati on ( ft) ( ft) (ft) 

45 R7 18 . 95 1 6 . 93 2 . 0 1  
.!c i  46 R l O  1 8 . 80 6 . 58 1 2 . 22 

47 0 10  1 9 . 89 
! '  

48 0 1 2  1 9 . 37 8 . 4 1  1 0 . 96 i l oj 

49 M l 4  1 9 . 19 1 3 . 72 5 . 4 7  � 
1 50 L l 3  1 9 . 89 

5 1  01 4 1 8 . 85 4 . 49 14 .35 
52 C 1 3  1 8 . 95 8 . 37 10 .58 
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APPE ND I X  C 
SPND IN S I TU TEST DATA 1 983 

Mea s u r emen t s  taken on t he e x ten s 1 on cab l es are tabu l a ted 1 n  t he f o l l ow 1 n g  

tab l es . Mea s u r emen t s  wer e  per formed o n  eac h  o f  the s even cab l es 1 n  t he 

a s -found c o nd 1 t 1 on ,  the shor t ed cond 1 t 1 on ,  t h e  opened cond 1 t 1 on ,  and t h e  

a s - l ef t  cond1 t 1 on .  T h e  a s - f ound and the a s - l e f t  c ond 1 t 1 on s  y 1 e l ded t h e  same 

r e s u l t s , therefore t h e  a s - f ound da ta wer e  n o t  1 nc l uded 1 n  t h 1 s  t ab l e . The 

mea s u r emen t s  1 nc l uded r e s 1 s tanc e ,  1 n s u l a t 1 on r es 1 s tanc e , c apac 1 ta nc e ,  

1 nduc tanc e ,  and r e s onan t - f r equen c y  da ta . 

The r es onan t - f r equency da ta can be u s e d  t o  determ1 ne the l en g t h s  of the 

e x ten s 1 on cab l es , prov1 ded bas e 1 1 ne da t a  1 s  ava1 l ab l e  o f  the c a b l es • ve l oc 1 ty 
a 

of pr opaga t 1 on .  Acc ord 1 ng t o  t ran sm1 s s 1 on 1 1 ne t heo r y ,  when a t ransm1 s s 1 on 

1 1 ne 1 s  exc 1 t ed w1 t h  a s 1 gna l the vol t age e x 1 s t 1 ng on t h e  t ransm1 s s 1 on 1 1 ne 

can be exp r e s s ed a s  t he s um of two wave s . One o f  t h e s e  waves can be r egarded 

a s  t r a ve 1 1 ng f r om the gene r a tor to the l oad end of the 1 1 ne and 1 s  c a l l ed the 

1 nc 1 de n t  wa ve , wh 1 l e the sec ond wa ve 1 s  c on s i dered to be l rave l 1 ng t owar d  the 

gene r a tor and 1 s  termed the r e f l ec ted wave . The d i s tance tha t a wave mus t  

t ravel  a l ong a l i ne i n  order for a t o t a l  pha s e  s h 1 f t  of 2 rad i an s  or 

360 deg r ees to oc c u r  i s  c a l l ed a wa ve l eng t h . A wa ve l en g t h  i s  a l s o def i ned a s  

t he ve l oc i ty of pr opaga t i on of t he wave d i v i ded by i t s f r equen c y . The 

magn 1 t ude and pha s e  of each of t he s e  waves var y  a l ong the l en g t h  o f  a 1 1 n e . 

As t h e  d i s tance f r om t h e  l oad i nc r ea s e s  t o  a quar t e r -wave l en g t h  f o r  an 

open-c i r c u 1 t l oad , the pha s e  of t he i nc 1 den t wave advanc e s  90 degrees f r om i t s 

pha s e  pos 1 t 1 on a t  t he l oad , wh 1 l e t he r e f l ec ted wave h a s  d r opped bac k  by a 

s 1 mi l ar amoun t .  Th i s  r e s u l t s  i n  a 1 80-degr ee pha s e  s h i f t  be tween t h e  i nc 1 den t 

and r ef l ec ted wave s . A s 1 m1 l a r  pha s e  s h i f t  be tween the 1 n c i den t wave and the 

r e f l ec ted wave r es u l t s  a t  a d i s tance o f  a ha l f -wave l en g t h  f r om t he l oad f �r a 

shor t -c i r c u i t l oad c ond i t i on .  The s e  1 80-degr ee pha s e  s h i f t s be tween t he 

i nc i den t waves and t he r e f l ec ted wa ves a r e  r epea t ed eac h t i me t h e  d i s tance 

a l ong the l i ne f r om the l oad i s  i nc r ea s ed by a n  add 1 t 1 on a l  ha l f -wav e l eng th . 

a .  F r om F r eder 1 c k E .  Terman , E l ec t r on 1 c  and Rad i o  E ng i neer i ng ,  4 t h  E d . , 
Chap t er 4 ,  New York : McGraw-H 1 1 1  Book Company , 1 9 5 5 . 
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By know i n g  the ve l oc i ty o f  propaga t i on ( V
p

) f o r  a g i ven type of c ab l e  

and by s e l ec t i ng the f r equency o f  t h e  e xc i t i ng s i gna 'l s u c h  t h a t  a phase s h i f t  

o f  1 80 degr ees e x i s t s  be tween the i nc i den t and r e f l ec t ed waves , t he l en g t h  o f  

t he cab l e  c a n  b e  de termi ned i n  terms of wave � r 1g t h s . A t  the f i r s t  f r equency 

( F l ) for wh i c h  a pha s e  s h i f t  o f  1 80 degrees oc c u r s  be tween the r e f l ec ted a nd 

1 nc 1 dent waves , t h e  c a b l e ' s  l en g t h  wou l d  appear t o  be a qua r t e r -wave l en g t h  

l on g  f o r  t h e  s hor t -c i r c u i t condi t i on .  By i nc r eas i ng the f r equency t o  a second 

( F 2 )  and a t h i rd ( f 3 )  f r equency whe r e  a pha s e  s h i f t  of  1 80 degrees oc c u r s  

be tween t h e  i nc i den t a n d  ref l ec ted waves , t he cab l e ' s  l en g t h  wou l d  appear t o  

b e  t h r ee-qua r ter s -wave l ength l ong a t  F 2  a n d  f i ve-quar ter s -wave l en g t h  l ong a t  

F 3  f or t h e  open-c i r c u i t condi t i on .  The cab l e ' s  l en g t h  for t h e  s hor t - c i r c u i t 

cond i t i on wou l d  appear t o  be a wa ve l en g t h  l ong a t  F 2  and 1 - 1 /2-wa ve l en g t h s  

l ong a t  F 3 .  Thus t h e  l en g t h  ( 1 )  o f  a c ab l e  c a n  b e  def i ned i n  t erms of t h e  

r e s onan t  f r equenc y 

f or the open-c i r c u i t c o n d i t i on 

1 

f o r  t he s hor t -c i r c u i t c o n d i t i on 

1 = V / ( 2 F l } ,  V /F 2 ,  V / ( 2/3 x F 3 ) . 
p . p p 

Us i ng the Hew l e t t - Packard L F  Impedanc.
_
e P.na l y zer ( 4 1 9 2A )  and a 

d i r ec t i ona l br i dge ( H-P 8 7 21 A ) , t h e  r e s o na n t  f r equenc i es F l , F 2 ,  and F 3  

wer e  mea s ur ed for va r i ou s  cab l es i n  che l abor a t o r y  a s  we l l  a s  d u r i ng 

( 1 ) 

( 2 )  

i n  s i t u t e s t i ng .  The s e  f r equency da ta p r ov i de a u s e f u l  me t hod f o r  

d e termi n i ng cab l e  l en g t h  us i ng the r e l a t i on s h i p s  s hown i n  E qua t i ons 1 a n d  

2 .  Labor a tory t e s t i ng i nd i c a ted t h a t  t h e  b e s t  agr eemen t be tween the 

c a l c u l a ted cab l e  l en g t h  and m�a s u r ed c ab l e  l en g t h  wa s o b t a i ned u s i ng t h e  

h i gher r e s onan t  f r equency d a t a . Bec a u s �  a da ta ba s e  d i d  no t e x i s t  for t h e  

ve l oc i ty o f  propaga t i on of t h e  cab l e  i n s ta l l ed i n  TM I - 2 ,  t he f r equen c y  da ta 

wa s n o t  eva l ua ted in  d e ta i l .  Dur i ng a br i e f exami na t i on of the da ta , s ome 

i nc o n s i s t enc i e s wer e  no ted and may have r e s u l ted f r om the manua l da ta 
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l oggi ng proc edur e used dur 1 ng the 1 n  s 1 t u t e s t 1 ng .  Th 1 s  procedure has 

s ' nc e  been c hanged and 1s 1 ncorpora ted as par t of a c ompu ter i zed data 

ac�u i s i t i on sys tem t ha t  wi l l  el i mi na t e  pr oblems r esul t i ng f r om manua l 

l oggi ng of da ta . The data wer e  1 nc l uded here for poss 1 b l e  c ompar 1 son 

aga 1 nst s i mi lar data . 
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TA�LE C - 1 . 

L evel  

2 

3 

4 

5 

6 

7 

8 

Level  

2 

3 
4 
5 

6 

7 

8 

ASSE MBLY H -9 
--------

F requency 1 

5590 

Freguenc� 1 

3 71270 
378620 
373750 
3 704 70 

359950 
36 7 1 00 

367400 
36 7440 

Cond i t i on Shorted 

Frequency 3 

1 47 1 780 

Cond i t i on O�en 

Freguenc� 3 

1 875620 

1 905800 

1885800 

1 856950 

1 874900 

1 847200 

185!)500 

1 86��400 

L R 

0 . 0000796 8 . 2  

0 . 0000783 8 . 2  

0 . 0000789 8 . 4 

0 . 0000794 8 . 3  

0 . 0000783 8 . 3 
0 . 0000789 8 . 2  

0 . 0000798 8 . 4  

0 . 0000788 8 . 2  

Ca�ac i t ance I R  

1 . 04 E -8 1 . 7  E + l O  

1 . 00 7 E -8 2 . 1 E + l O  

1 .  0 1  E -8 1 . 8 ': +1 0  

1 . 08 E -8 1 . 5  E +1 0  

1 . 05 E -8 1 . 6 E +l O  

1 . 078 E -8 2 E + 1 0  

1 . 076 E -8 2 . 1 E + 1 0  

1 • 1 1  E -8 1 . 8  E + l O  



TABLE. C - L ( con t i n ued ) 
--- ·-- � - ··--- _.,__ ______ .. 

L ev e l  

2 

3 

4 

5 

6 

7 

8 

- __ ,. ________ ______ 

_Freguenc� 1 

1 59 1 70 

1 73290 

1 7 1 490 

1 62350 

1 64765 

1 66290 

1 62685 

1 572 60 

Condi t i on As-Left 

Fr�ency 3 

1 564500 

1 588450 

1 583350 

1 4 % 700 

1 556730 

1 573300 

1 498990 

1 507380 

C - 7  

C apaci tance R or I R  

3 . 02 7  E -8 4 .  5 E +8 

2.  08 E -8 347 . 6  

2 . 08 E -8 307 . 26 

2 .  29 E -8 338 . 5  

2 . 24 E -8 332 . 8  

2 . 2 1 E -8 3 50 . 1 6  

2 . 2 5  E -8 309 . 85 

2 . 47 E -8 348 . 03 



TABLE C - 2 .  

Level 

2 

3 

4 

5 

6 

7 

8 

Level  

2 

3 

4 

5 

6 

7 

8 

ASSE MBLY G-5  

F requency l 

55 1 3  

-�-------· 

Freguenc1 
__ l_ 

364260 

366900 

358 1 00 

356200 

3 5 9530 

355930 

359600 

35 7830 

Condition Shorted 

Frequency 3 

147 1980 

Cond i t i on Q_een 

Frequency 3 

1 8 1 1 400 

1 8 1 7550 

1 7 79 1 50 

1 756250 

1 787400 

1 755�i90 

1 766000 

1 7 7 Hi00 

C-8 

L R 
·--

0 . 0000829 8 . 3 7 2  

0 . 0000822 8 . 43 7  

0 . 00008 1 7  8 . ;)4 

0 . 0000823 8 . 379 

0 . 000082 8 . 364 

0 . 00008 1 4  8 . 329 

0 . 00008 1 4  8 . 4 1 7  

0 . 0000803 8 . 4 1 6  

Capac i tance I R  
---- -

1 .  02 E -8 1 . 6 E +l 0  

1 . 008 E -8 2 . 8  E + l O  

1 . 09 E -8 1 . 6 E + l 0  

1 . 0 1 1 E -8 l . l  E + 1 0  

l .  07 E -8 1 . 4 E + l 0  

1 . 0 1 1 E -8 8 E +9 

1 • l l  E -8 1 E + 1 0  

1 . 1 3 7  E -8 1 . 2 E + l O  



TABLE C - 2 .  ( cont i nued ) 
----------· 

Level 

2 

3 

4 

5 

6 

7 

8 

·-----------

F requency l 
1 66080 

1 69930 

1 63 1 00 

1 57520 

1 6 1 1 70 

1 62270 

1 56980 

1 5 7030 

Condi t i on As-Left 

Frequency 3 L R 

1 57 7900 2 . 1 1  E -8 328 . 4 6  

1 5 /4300 2 .  09 E -8 343 . 29 

1 542850 2 . 2 7  E -8 327 . 2 9  

1 49 1 1 00 2 .  38 E -8 407 . 35 

1 543650 2 . 2 7 E -8 3 1 1 . 2 

1 543400 2 .  29 E -8 4 1 1 . 82 

1 496400 2 . 38 E - 8 3 1 7 . 1 9  

1 5 1 5800 2 .  3 E -8 2 7 2 . 35 
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TABLE 

L evel  

2 

3 

4 

5 

6 

7 

8 

Lev e l  

2 

3 

4 

5 

6 

7 

8 

C-3. ASSE MBL Y  L - 6  
--·- ---- ·���--··- --··-A 

--------

Fregueng l 

5554 

Freguency l 

365730 

366830 

363800 

36 1 650 

3641 70 

365230 

3 59900 

362950 

Condi t i on Shorted 

Fregue�_l 
1 52 1 580 

Cond i t i on Open 

Freguency 3 

1 782600 

1 790450 

1 8 1 8300 

1 8 1 7400 

1 802 1 50 

1 807950 

1 7 70950 

1 774�i00 

C- 1 0 . 

- ------

L R 

0 . 00008 1 6  8 . 2 1 5 

0 . 000081 5  8 . 235 

O . t.000834 8 . 368 

0 . 0000082 8 . 2 7 

0 . 00008 1 8 . 50 1  

0 . 0000806 8 . 343 

0 . 0000822 8 .  1 7 � 

0 . 000081 1 8 . 449 

Capac i t ance I R  

l .  02 E � 8  9 E +9 

9 . 96 E -9 1 . 4 E + l 0  

9 . 35 E -9 7 .,5 E +9 

9 . 7 5 E - 9 8 E + 9  

9 . 78 E -9 7 .  5 E +9 

9 .  6 E - 9  8 .  1 E + 9  

1 . 02 E -8 I E +9 

1 . 03 E -8 7 E + 9  



TABLE C - 3 .  ( cont i nued ) 
------ -�---�----...--··-··· 

;i 
Cond i t i on As-Left 

---· 

Leve l F reguenr..v 1 _freguencl 3 C a�ac i  �a� R or  I R  

1 58 1 85 1 62 7000 2 . 98 7  E -8 3 . 8  x 1 0 7 

2 1 6 1 780 1 676960 2 . 1  E -8 360 

3 1 63340 1 665350 2 . 04 E -8 320 

4 1 66020 1 61! ? 740 2 .  03 E -8 330 . l 

5 1 66080 1 658540 2 . 04 E -8 3 1 5 . 8  

6 1 66445 1 6 1 6 1 90 2 . 0 1 E -8 300 . 04 

7 1 62380 1 6 1 2 1 00 2 .  1 9  E -8 32 1 . 05 

8 1 602 1 0  1 634090 2 .  1 6  E -8 324 . 59 

C- 1 1 



TABLE 

Level  

2 

3 

4 

5 

6 

7 

8 

Level  

2 

3 

4 

!) 

6 

7 

8 

C-4.  ASSEMBLY  N-8 

f requency 1 

5568 

-----···--· 

frequency 

3 7 2250 

343800 

3 7 1 350 

3 70930 

368 1 30 

363 740 

3 7 3601) 

36 7330 

Cond i t i on Shorted 

frequency 3 

1 542000 

Cond i t i on Open 

frequency 3 

1 805440 

1 780040 

1 82 7500 

1 8 1 4550 

1 800800 

1 794700 

1 804480 

1 8 1 8980 

C- 1 2  

L R 

0 . 00008 1 5  B .  1 3 3 

0 . 000081 5  8 . 1 78 

0 . 0000825 8 . 2 7 9  

0 . 0000822 8 . 1 76 

0 . 00008 1 3  8 . 4 1 8  

0 . 0000802 8 . 258 

0 . 00008 1 9  8 .  l l  

0 . 0000082 8 . 325 

C apac i tance I R  

9 .  8 E - 9  6 . 1 E +1 0 

9 .  9 E -9  l E + 1 1  

9 . 43 £ -9 4 . 2  E +l O  

9 . 56 E - 9 4 . 5  E + l O  

9 .  76 E -9 1 . 5 E + 1 0  

9 . 92 E -9 3 . 8  E + 1 0  

9 . 65 E -9 l E + 1 0  

9 . 54 E -9 3 . 2 E +l O  



' ) ' . , . 
. 

.. . " - ! . .. - -

TABLE C-4.  ( cont i nued ) 

----·-------

Leve l Frequency 1 
--·· -

l 1 66790 

2 1 6 7 1 50 

3 1 76850 

4 1 65380 

5 1 7 1 550 

6 1 63390 

7 None 

8 1 63600 

Cond i t i on As -Left 

frequency 3 

1 652800 

1 70 7 780 

1 722450 

1 �55350 

1 693200 

1 608470 

None 

1 6 70250 

C- 1 3  

Capac i tance R or I R  

2 .0 2  E -8 328 . 3  

1 . 9 1  E -8 6 E +9 

1 . 86 E -8 6 E + 9  

2 .  03 E -8 348 . 9  

1 . 99 E -8 479 . 4  

2 . 07 E -8 340 . 96 

1 . 6 1  E -8 98 . S� 

2 .  06 E -8 357  

:4 
}, 



::�, 

f AtiLE C - b . 

Leve l 

2 

3 

4 

5 

6 

7 

8 

Lev e l  

2 

3 

4 

5 

6 

7 

8 

SSE I�tlL Y  L - i ·1 

f requency 1 

5598 

frequency 1 

3 73 1 50 

] 76 1 1 0  

3 7 1 350 

362 760 

3 72 720 

365980 

372860 

369000 

Cond i t i on Sh orted 

frequency 3 

1 559 1 00 

Cond i t i on Open 

frequency 3 

1 8 1 7250 

1 830650 

1 809850 

1 739950 

1 785950 

1 765250 

1 780000 

1 760700 

G- 1 4  

L R 

0 . 000080 1 8 . 03 9  

0 . 0000795 8 . 1 1 1  

0 .00008 8 . 1 8 1  

0 . 0000793 8 . 1 52 

0 . 000079 8 . 244 

0 . 0000804 8 . 06 

0 . 000079 1 8 . 08 

0 . 0000782 8 . 1 38 

Capac i tance IR 

9 .  72 E -9 2 E + 1 0  

9 . 7 1  E -9 5 . 4  E +1 0  

1 . 0 1 8  E -8 4 E +l O  

1 . 1 09 E -8 2 . 6  E + 1 0  

1 . 048 E -8 2 . 2  E + 1 0  

1 . 035 E -8 2 E +1 o  

1 .  055 E -8 1 . 6 E + 1 0  

1 . 094 E -8 2 E + l o  



TABLE C - 5 .  ( con t i nued ) 
---------

·- -------- -- -·· ----�· .. - --··· 

Lev e l  Frequency l 
---

1 7 1 1 70 

2 1 69600 

� ] j:; i; l k rl 
... • V ..J i oJ V 

4 1 58 1 30 

5 1 608 1 5  

6 1 65 7 1 0  

7 1 62200 

8 699900 
---��----------·-- · 

Cond i t i on As-Left 

frequency 3 

1 658700 

1 658900 

1 626000 

1 :;52400 

1 59 7700 

1 6 1 2000 

1 594700 

2285600 

L- 1 5  

C apaci tance R or I R  

1 . 95 E -8 280 

2 .  0 1  E -8 356 . 63 

2 . 09 E -8 282 . 98 

2 . 3  E -8 293 . 54 

2 .  3 E - 8  37 7 . 43 

2 . 1 7  E -8 333 . 2  

2 . 26 E -8 465 . 4  

2 . 2 5 7  E -8 2 3 . 9  



TABLE C-6 . 

Level  
·--

2 

3 

4 

5 

6 

7 

8 

l .evel 
---

l 

2 

3 

4 

5 

6 

7 

8 

ASSEMBLY E - 1 1 

Frequency 1 

6080 

--------

frequency 1 

383700 

387950 

3 79060 

382540 

380560 

380 1 70 

383860 

384050 

Cond i t i on Shorted 

Frequency 3 

1 538000 

Cond i t i on Open 

Frequency 3 

1 942950 

1 97 1 200 

1 944390 

1 926260 

1 9 1 0 1 50 

1 940580 

1 935750 

1 945600 

C- 1 6  

L R 

0 . 000079 8 . 086  

0 . 00008 1 7 8 . 025  

0 . 0000825 8 . 24 2  

0 . 000081 3  8 . 2 1 2  

. 0 . 000082 8 . 1 9  

0 . 0000793 8 . 038 

0 . 0000806 8 . 098 

0 . 0000822 8 . 209 

Capac i tance IR  

9 .  5 E -9  3 . 8  E +W 

9 . 1 5  E - 9 6 E + 1 0  

9 .  2 E -9 1 . 1 E + 1 0  

9 . 35 E -9 1 . 3 E + 1 0  

9 .  54 E -9 l E + 1 0  

9 . 92 E - 9 1 . 2 E +1 0  

9 . 28 E -9 2 . 2  E +l O  

9 . 33 E -9 1 . 2 E + l O  



TABLE C-·6 . ( cont i nued ) 
·--.. --�� ----·--- -

--- ---·-- ·- ·- - �·-··--..-- ·�-·--

L ev e l 

l 

2 

3 

4 

5 

6 

7 

8 

frequency l 

1 70330 

1 72 0 1 0  

1 7 1 080 

1 7 1 940 

1 67350 

1 6 7940 

1 7 1 870 

1 7 1 040 

Condi t i on As-Left 

Frequency 3 

1 720900 

1 686750 

1 622400 

1 660500 

1 6 1 4460 

1 623500 

1 647300 

1 66 7000 

C- 1 7  

Capac i tance R or IR  

1 . 8 7 3  E -8  38 1 . 36 

1 . 89 E -8 3 1 2 . 1  

1 . 93 E -8 280 

2 c -8 3 2 7 . 6  

2 . 04 E -8 300 . 98 

2 . 1 4 E -8 352 . 74 

1 .  96 E -8 3 07 . 83 

l .  7 E -8 1 8 1 . 1 9 



TABLE. C-7 . /\SSE MBL Y 0- 1 2  
.�-:-.::���·�:-��---�-----�-·---..._ ·--·-R•••-· ----�-----.... - - --···-

·-·�-----·-·-·--- --.-·---�------ ...... ·-

Leve l FrequenSlJ. 
·---

1 5 5 70 

2 

:1 

4 

5 

6 

7 

8 

Level  Frequency 

3 7 1 760 

2 373 1 00 

3 367300 

4 370940 

5 3 6 7830 

6 369830 

7 3 7 3 1 40 

8 369930 

Cond i t i on Shorted 

Frequency 3. 

1 530 700 

Cond i t i on O�en 

Frequency _l 
1 824 1 00 

1 843750 

1 828650 

1 790700 

1 825400 

1 83 1 220 

1 824 1 50 

1 842540 

C - 1 8  

------·-----------·---

L R 
---- ---

0 . 0000807 A .  2 7 

0 . 0000799 8 . 2 1 6  

0 . 001)08 1 3  8 . 46 9  

0 . 0000797 8 . 3 7 5  

0 . 000079 8 . 38 1  

0 . 000079 1 8 . 2 1 7  

0 . 0000796 8 . 302 

0 . 0000804 8 . 34 7  

Capac i t ance I R  

9 .  7 E -9 4 . 8  E +l O  

9 . 4 .3  E - 9 8 E + 1 0 

9 . 46 E -9 4 . 4  E + l O  

1 . 02 E - 9 4 E + 1 0  

9 . 35 E -9  3 E + 1 0 

9 . 63 E - 9 5 E + 1 0 

9 .  52 E -9  7 . 5 E +1 0  

9 . 5 7  E - 9 2 E + 1 0  



- -� 

TABLE C-7 . ( con t i nued ) 
- ----��-------�-------- --£�----

Cond i t i on As-Left 
------..---------· .......... ..--------·---· 

L ev e 1  F requency F reguenc� 3 C a�ac i tance R ur I R  

1 545 5 1 53 7600 3 . 02 7  E -8 22 . 0 9  

2 5205 1 556200 2 .  08 E -8 1 7 . 0 1  

3 1 64 760 1 644880 2 . 02 E -8 323 . 6  

4 4960 1 5 1 0950 2 .  29  E -8 1 5 . 74 

5 5 1 20 1 545250 2 . 24 E -8 2 3 . 62 

6 1 70800 1 668500 2 . 01 E -8 350 . 24 

7 4 765  1 550800 2 . 2 5  E -8 1 7 .  2 1  

8 5078 1 550400 2 .  4 7 E -8 2 1 . 6 9 
--·-�-A--------- -- ----· · 

C - 1 9  



APPENDIX D 

REACTOR GRID PROFILES SHOWING CONDITION OF IN-CORE 

I NSTRUME NTATION 
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APPE NDIX  D 

REACTOR GR ID  PROF ILE S  SHOWI NG CONDITION OF I N-CORE 

I NSTRUME NTATION 

Fi gure D- 1 shows a cross -secti on of the reactor at gri d l ocat i on 8 
w i th reference d imen s i ons . The l ocat i on and cond i t i on of the i n-core 
instruments before the acr i ��nt are al so shown . The remai n i ng fi gures show 
the postacci dent condi t i on of the SPNDs and the i nd i cated probab l e  

l ocat i ons  of newly formed thermocoup l e  juncti on s  fol l owing  the acc i dent . 

D-3 



Cross section of reactor at grid 8 showing 
active fuel area and lower portion of vessel 

r 128 59/64" ------------�-�-------------------------- 1 70 �8"'-----------------�l 
7 718" I A I B I C I D I E I F I G I 1:1 I K I L I M I N I 0 I P I R I 

�����,�rl � � , __ 
18 1i2-r 

252" 

l 7 - - -•l - - - � _- · !  - - -
B t- - � - - - -H • - - - -

39 1 /4" 

- - - -- - - -

L 6 - - - - - .  - r-• 1- - -· - - � - t- - -

"If.:_ 5 - H r - - - • - H  - - - - - • - - - -

~ 4 - • - - r -H - - •  - - - - -- • - - - -
100 7/8" 
• 

1 42" 
•• 

3 - · �  - - - · l - H - - - · 4 r- - - -
2 - H - - - 1-- - r• - -t - - - H 1-- - - - -
1 - l -1  - 1- - 1- - t-• - I � 

- �--. - ...... ...... . - ......... ...... � .... 

144" 

I 

/ 
V Lower grid top 

rib section 

' \\\\\\\\\\\\\\\'\ � f-�\\\\\\\\\\\\\\'\ 

\\\\\\\\\\\\� 
. l Lower grid 

J j assembly 

� 
l Fz:zt 

v Flow distributor 
assembly 

_L__---���----p---\nr-----___..... � 

.& TC junction 
e Good SPND 
B Background - TC iead 

INEL 4 0355 

F i gure D- 1 .  Cross sect i on of reactor at gr i d  8 show i ng act i ve 
fue l area . 
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In-Core Instrument Profi le 
Grid 1 

SPND 
Level 

F I G ! H I K J L I 

• TC junction 
e Good SPN D 
o Open SPN D 
® Shorted SPN D 
B Background 

TC lead 
INEL 4 0367 

F i gure D-2 . In-core i nstrument profi le gr i d  1. 
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I 

SPND 
Level 

7 
B 

6 

5 

4 

3 

2 

1 

I n-Core Instrument Profi le 
Grid 2 

! D I E I F ! G I H I K I L ! M I N I  

- - - - 0- - - - - · 9· - - - -
1- - - - - - - 0- --- - - - ·0- - - - -

- - - - - - -0- - - - - -®- - - - -

- - - - - - - 0- - - - - -®- - - - -

1- - - - - - ·0- - - - - -®- - - - -

- - - - - - -o- - - - - ·®- - - - -

' 
I - - - - -- -o- - - - -T - - - -

1- - - - - - · •·  - - - - · 0 - - - - -

-.. � J"""'!LJt. ·- - .  ---
'111111JIIf11J1JliHHUHU8UH, VUUI/1/IJI/Uff/1/llf HHUHUUUHH//U.f¥16, 

� � 

� \\\_\\\\"\\\-\\\\'0':\ f\\ \\\\\\\\\\ k\\\\\\�\\� tr 
�� �'I 

/ -

• TC junction 
e Good SPN D 
o Open SPN D 
s Shorted SPND 

B Background 

TC lead 
INEL 4 0366 

Fi gure 0-3. I r.-core instl"uinent  profi l e  gr i d  2 .  
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SPND 
Level 

7 
B 

6 

In-Core Instrument Prof i le 
G�id 3. 

! C  I D ( E I F I G I  H I  K r L I M I N I O I  

- - - - 0- - - - - ·- - - 0 - - 0 - - - - -
- - - - - - 0 - - - - - - - -0- - 0 - - -

- - - - - - - 0 - - - - - - - 0· - 0- - - - -

5 - - - - - - - 0 - - - - - - - 0- - 0 - -

4 - - - - - -0- - - - - - - -0 -0- - -- - -

3 - - - - - -o- -- - - - - - - 0 - - 0 - - - - -

2 

A TC J u nction 
• Good SPtm 
0 Open SPN D 
� Shorted SPN D  
B Background 

TC l ead 
INEL � 0365 

F i gure D-4 . In-core i nstt·ument profi l e  gr id 3 .  
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SPND 
Level 

I n-Core Instrument Profi le 
Grid 4 

l B I C j D I E I F I G I H I K I L I M I N I O ! P ! 

7 - - - · - 0- - - - - - - - - - - - - -0- - - - -
B - - - - - -0- - - - - - - - - - - - - o  - - - -

6 - - - - - - -0 - - - - - - - - - - - - -0- - -
-

5 - - - - - - - 0· - - - - - - - - - - -- - -0- - - - -

4 - - - - - - o- - - - - - - - - - - - - - 0- - - - -

t 3 - - - - - -0- - - - - - - - - - - - - -0- - - - -

2 - - - - - - - 0- - - - - - - - - - - - · ·- - - -

- - - - - -0- - - - - - - - - - - ·- - o - - - - -

• TC junction 
• Good SPND 
o Open SPND 
® Shorted SPN D 
B Background 

TC lead 
INEL 4 0364' 

F i gure 0-5 . I n-t:ore instrument profi l e  gr i d  4. -
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SPND 
Level 

7 
B 

6 

5 

4 

3 

2 

1 

In-Core Instrument Profile 
Grid 5 

! B ! C ! D I E ! F ! c;l l l:i i K I  L ! M I N I Q.l._fj  

e Good SPND 

o Open SPND 

� Shorted SPND 

B Background 

TC l ead 
INEL 4 0363 

F i gure 0-6 .  In-core i nstrument profi l e  gr i d  5 .  
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In-Core Instrument Profi le 
Grid 6 

I A I B I C I D I E  I F I G I H I K I L I M I N I O I P I R I  
SPND 

I I I I I 

Level ·--�-T--r-��--r-,_�--.-�-.--.-;--.-. 

7 - - - 0 .- - - - - - - 0- - - - - - 0- - - - - -0- -0- - -
B 1-- - - -o- - - - - - - - o- - - - - - o- - - - - - o- -o- - -

6 - - - - -0- - - - - - - - o- - - - - - o- - - - - o- -o- - -

5 - - - - - o- - - - - - - - o- - - - - - 0- - - - - - o- - o- - -

4 1- - - - -®- - - - - - - - 0- - - - - -0- -- - - - 0 - - 0- - -

3 - - - - - - -0 - - - - - - 0- - - - - - 0 - -0- - -

2 
1 

- - - - - - - - o - - - - - -0 - - - - - - o- -o- - -

1 f- - -- - - - - - - - - - 0 - - - - - - �- - - - - -•- - o- - -

- - I-. - - - - __.,b_ - - - - ....... 
.L H /1 11 11 H I/ 11 1/ /I I/ /I /I I/ 11 /L II II II I/ I/  J/ U 

� 
� 

1 J� 
.... \\\\\\ .\\\\\\\\\\\\\ill\ �\\\\\\\.\\_� 

'� � 
.6. TC J unction 

0 Good SPND 
o Open SPND 
® Shorted SPN D 
B Background 

TC lead 
INEL 4 0369 

F i gure 0-7 . I n -core i nstrument  profi l e  gri d  6 .  
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I n-Core Instrument Profi le 
Grid 7 

I A I B I C I D I E I F  I G I H I K I  L I M I N I O I P I R I 
SPND 
Level ��-T--r-.--.--.-.--.--r-.-�--r-11�� 

7 
B 

6 

5 

4 

3 

2 

1 

• TC Junction 
e G110d SPND 
0 Open SPND 
® Shorted SPND 
B Background 

TC lead 
I N EL 4 0362 

F i gure D -8. I n-core i nstrument profi l e  gr i d  7 .  

D- 1 1  



I n-Core Instrument Profile 
Grid 8 

l A I B l C I D I E I F I G I H I  K I L I M l  N I 0 1  P I A I  
SPND 
Level r---r---r--,-T"""'"""-T"""--,- -.-.....---r----1r--.....--,---,-..,,..........., 

7 
B 

6 

5 

4 

3 

2 

• TC J unction 
• Good SPND 
o Open SPN D 
«> Shorted SPND 
B Background 

TC lead 
INEL 4 0361 

F i gure D-9 . I n-core instr·ument profi l e  gr i d  8 .  

D- 1 2  
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SPND 
Level 

7 
B 

6 

5 

4 

3 

2 

1 

I n-Core Instrument Profi le 
Grid 9 

I A I B I C I D ! E I F I G I H I K I L I M I N  ! O I P I R I 

- - - 0 1- - -0- - - - 0· - 0 ·  - - - - - 0- - o- - - - - - -
r- - - - 0 ·  - - · 0 - - - - 0- - o - - - - - -o - 0- - - - - - -

- - - - - 0- - - - 0- - - - o- - 0· - - - - -o- - o -r - - - - -

- - - - - 0 - - - - 0- -- -0- · 0- - - - - -o- -o- - - - - - -

: - - - - - 0 · - - - 0 - - - -0-r - - - - · 0 ·  - 0 - - - - - - -
! 

1 - - ·O · 0· -{)· · 0- -0- - 0 -

I 

t - - - - · 0 - - - - o - - - - 0 ·  · 0 - - - - - - 0 ·  -o - - - - - -

I- - - - · 0 ·  - - - 0· - - · 0 - · · - - - - - · 0 ·  - · - -- - - - -

� U if l /1 11 l/ 11 1/ ll ll ll  11 11  1 n 11 II Il l/  Il l/  11 II II II 11 11111 1. 
�\\\\\\\\\' �\\\\\\\\\\\'0. \\\\W 

' �. � 

�-

� 

� 
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\l:t' 

_V' 

___t..-
... 
• 

0 

TC Jun  ction 

Good 

Open 
SPND 

SPND 

� Shorted SPND 
B Background 

TC lead 
I N EL 4 0368 

F i gure D- 1 0 .. I n-core i ns trument profi l e  gr i d  9 .  

D- 1 3  



In-Core lm;trument Prof i le 
Grid 10 

I A I  B I C I  D l  E I F I G I H  I K I L I M I N I O I  P I A l  
SPND 
Level 

7 - - - 0 0- - - - - - - - - - - - - -01'- - - - o - - - - 0 -
B 1-- - - -0- - o- - - - - - - - - - - - - - 0 - - -0- - - - 0-

6 - - - - - 0 - - 0  - - - - - - - - - - - -
- �-

- - o- - - - o -

5 - - - - -o- -o- - - - - - - - - - - - - - QiO- - - - o - - - -0-

4 r- - - - - ®- -0- - - - �  - - - - - - - - -®· - - -0- - - T 
3 - - - - - 0  - 0 - - - - - - - - - - - - - - o- - - ·0- - - - 0-

2 - - - - - 0· -o- - - - - - - - - - - - - -®- - - -0- - - J 
1 1-- - - - - - - 0- - - - - - - - - - - - - -®- - - - o- - - - -

- - 1- - -
..1.. l i D O  JT N 0 I I 0 I I If If ff II .1.1 .1.1 .1.1 .1, .1.1 .1.1 .IJ 

Co). � -
'I I 

""\\\\\\ .\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
' 

� 
� 

ll __ -

� 

l/ • 
• 

0 

TC J u  
Good 

Open 

net ion 
SPND 

SPND 

® Shorted SPND 

B Background 

- TC iead 
���EL 4 0360 

F i gure D- 1 1 .  I n -core i nstrument profi l e  grid 1 0 .  

D- 11 4 



. ... -- - ----- --------------- - - - -�--- - - ----- - --- - - -- ---· 

SPND 

In-Core Instrument Profi le 
Grid 1 1  

I B I C I D I E I  F I G I H I K I L I M I N I O I P I 

Level .---.,.--�--r---.-----,.----.,.----,---r--,-�r-�--,-� 

7 - - - - o- - - - o- - - - o- - o - - - - - - - - -
B - - - - - - 0- - - - o- - - - o- - •  - - - - - - -

6 - - - - - - -QI - - - ®- - - -0- -0- - - - - - - -

5 - - - - - - - 0- - - -o- - - -0- -0- - - --- - - - -

4 - - - - - - 0- - - -®- - - -0- -0- - - - - - - - -

3 
t - - - - - -o- - - -O · - - -o - -o- - - - - - - - -

2 - - - - - - -®- - - -®- - - - 0 -0- - - - - - - -

- - - - - -®- - - - � - - - - 0 - - 0 - - - - - - - -

• TC J u nction 
• Good SPND 
o Open SPND 
® Shorted SPN 0 
B Background 

TC lead 
I N EL 4 0359 

F i gure D-1 2 .  I n-core i nstrument profi l e  gr i d  1 1 . ·-

D-1 5 



. .  , , _______ _ _________ _ _____ _____ - ----- - - - - - - ---- - - - - - - --- - - - - - - -·- ---- -----

In-Core lnstrun:·Jnt Prof i le  
Grid 1 2  

SPN 0 I B I C I D I E I F I G I H I K I L I M I N I 0 I P 1 

L I eve 

7 
B 

6 

5 

4 

3 

2 

1 

Uoll 

- - - - - - - 0- - - - - - 0 - - - - - - - - 0 - - -
- - - - - - - - -0 - - - - - - 0- - - - - - - - 0 - - -

- - - - - - - - - 0 - - - - - - 0 - - - - - - - - 0 - f- -

- - - - - - - - -0- - - - - - 0 - - - - - - - - 0 - - -

f- - - - - - - - T - - - - - 0 - - - - - -- - -0 - - -

- - - - - - - - -Q - - - - - o - - - - - - - T - -

- - - - - - - - -o- - - - - - 0 - - - - - - - - 0  - -

I 

I- - - - - - - - - 0 - - - - - -o- - - - - - - - 0 - - -

'--

- - - - ._ _ _ _ _ _  IJIIIHJIIIII!IItmlllmm rii!/1/1/II!IIII/II!U/IIIII/IJIII/JUI!HII/JIIIII/JI/UUHIII. 1111111/l 

:\\\\\\\\\\\\\\\\\\ \· ,\\\\\\\\\\\\\\\\\\\\\\\\\\\ \W \\ 

� � 

..... 

tMI 

• 
• 

0 

® 

TC j unction 

Goo d SPND 
Ope n SPND 

ted SPND Shor 

B Background 
TC lead 

I N EL 4 0358 

F i gure D-1 3 .  I n -core i nstrument profi l e  gri d  1 2  . .  

D- 1 6  
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