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ABSTRACT 

Debris removedfrona tte surface·of a leadscrev fr'Olll the ·TMI-2. 

Reactor Bunding was examined to assess the potential for-the debris to 
. . 

become pyrophoric. Elanental analyses wereperfonned to identify . 
ca.dictate phases that could be pyrophoric. and X-ray diffraction was . 

. ' . . 

used to cJetenni ne . if any of these phases vas actua 111 present. HoweVE r, 
. . . 

none of the candidate phases were found. Based on differential scanning 
calorimetry, no exotherMic reactionsvere ob~erved upon heating the 

. .. 

debris to 500':;; ~n air •. Particle sizedistributi"lns f(!'- the debris were 
obtained from analyses of micrographs of the debris. A light blockage 
instrument was also used to deteraine the particle size distribution. 
These analyses indicated that particles larger than 10 pm accounted for 

. . 

most of the debris V01U111e, although the llajorityof the particles were 
actually smaller than 10 PII.· GaIllll8 spectroscopy indicated that most of 
the radioactivity in, the debris. and on the leadscrew after debris 
removal, was due to mixed fission products such as 137CS and 13~Cs. 
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. TMI";2lEADSCREWDEBiIS PYROPHORICITY STUDY 

INTRODUCTION 

The head Hft, plenum relllO"al. and other operations associated with 
fuel retnOval and cleanup of Three Mile ISland Unit 2 (TMI-2) will 

. .' 

potentially expose some of the core debris to air. If the debris 
contains a sufficient concentration of finely divided, .,xidizablE: 
particles, a pyrophoric reaction possibly could occur. Pyrophoric 
materials potentially present in the con! debris include zirconium metal 

. . . 

and zirconium-rich alloys, partially or cOlllPletely hydrided zirconium, 
. partially oxidized zirconium metal, and certaincOilbinations of silver 
and zirconium. 

Based on this concern, Pacific Northwest Laboratory (PNL) conducted 
a comprehensive study for the U.S. Depar1:llent of Energy of the pyrophori­
city characteristics of a sallple of core debris fn. a section of TMI-2 
leadscrew~ The testspeci.n was a9-in.-loog section cut frCIII the 

. lower half of the center core .(8-H)leadscrew. An adjacent speci.n was 
used by the Babcock & Wilcox COIIqIanyto tharacterize the contallination 
in the surface deposits under the loosedebrfs.1 . 

. The specific elements ofthesa..ple preparation,characterization, 
and pyrophori city' test' program, included:, . 

• Removal of the loosely adhe~~t debris flUl the leadscrew 
specimen by ,brushing under Freon to coHect aCOlllpleteand 
representative saanple . 

. : . ' ." . ~ . . " .- '. . .:'. '. .'. . . .. .'..... 

• . Radiological characterization of. the leadscreW speciEn before 
...... ,. ·andafterre.nOva'l ofthe'debrisusfngthenROl.inescent .... '. 

"" .. 'dosimeters (TLDsl~,and analysis of the removed debrfsby ga_ 
, , spec;:tros(!opy , '. .' 



-. DetenninaUoft of the size distribution of the particles in the . 
debris by direct lleasun.ent with a 1ight-bl~kage instn.llll!nt 
and by quantitative i.geanalysis of scanning electrtln 
micrographs of the debris 

- Evaluation and correlation of particle size. morphology. and 
composition using scanning electron .icroscopy (SEM) with 

. energy-dispersive X-ray fluorescence (EDX) 

• Identification of the c~stallinephases present using powder 
X-ray diffraction (XRO) 

. -Direct dete,lIIination of the pyrophoric potential of the debris 
by differential scanningcalorflletry(DSC) 

• Measurement of the major constituents 'in the debris by induc­
tively .coupledplasu (iCP) spectrOllltry. 

The following sections of the report:describe the details of the. 
analyses and present the results for eachqf the evaluation areas. 
Although the data .and conclusions are felt to be valid for the particular 

'debris sample investigated. it should be recOgniZedthatthiss~ltple .y. 
not be representative of the debriS assocfatedwith otller ca.ponents and 
at ,-. ~herlocations within the reactor vessel, or balance of thepriinary 
system. 

SAMPLE COLLECTION;· . 

. ...• Sarilplecol1ectionfran ,theg-in.sectionof the8-H .leadscrew 
. . - - . ~ - . .' -'.' '. . . -"" . - . 

·CFfgure>l)··wasaccOlllpli.shedby. brushing the.·leadscrew;wi·tt.·a soft··brush 
,'. 'whne':thelea~serewwas sublnergedunderelectrOnics grade FreonTFin,a . 

glasstanlt.lheentireoperatfon toolcpla~e, iilthe.sh1elcl~contailllleftt··· 
. " .' ,; . ' .' - '" - - . ,. ". - "- .-.... ,. . 

shQwnin figure 2. Tp ensure that all loqse, debris as sOc fated wfththe . 
..•.. Jead~f"!!"'~w.~sc~hected .. theinne"baganctplasticslee~einwhich the. 
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Figure 2. Shieldedconta1nment used for the collection of loose debris 
from the B-H leadscrew section. 



leadscrew was packaged were opened while under the Freon. This reduced 
the possibility of !osing debris by electrostatic forces and .ini.ized 
loss due to airborne dispersion. 2 After opening the bag and plastic 
sleeve, the leadscrew was removed and both the bag and plastic sleeve 
were brushed with a pure bristle brush and rinsed wito the Freon in the 
tank. Next, the bag and ,plastic sleeve were removed from the Freon and 
packaged to allow future examination if desired., The leadscrewwas then 
carefully brushed with a pure bristle brush, giving special attention to 
the sides and bottom of the threads~ " 

The debr-is'removed from the Jeadscrew was clearly visible during 
the brushing (Figure 3). The l~rger. he~vy particles immediately 
settled to the bottom of the glass tank. In addition, clouds of fine 
particles were produced by each stroke of the brush. Eventually, the 
Freon became generally cloudy from the fine debris. Approximately two 

hours were required for the Freon. to clear. 

The clear Freon was then decanted fn. the tank in an effort to 
remove any adhesive that might have dissolved f~ the tape used to seal 
the inner bag and plastic sleeve in which the leadscrewwas initially 
packaged. The sample debris, still in the glass tank, was then washed 
with clean Freon, the Freon was allowed to stand until clear, and then 
it also was decanted and packaged separately fro. the Freon used during 
the leadscrew brushing. Finally, the sample was re.Dved fran the glass 
tank by again adding clean Freon and then p...,ing both the Freon, and the 
sample debris from the tank into it glass flask for transport to the 
analytical laboratory. A peristaltic Pllllp w.th Tygontubing wasused to 
remove the sample and decant the Freonfr_ the glass tank. 

To check for residual debris, stick-tape samples were collected 
,throughout this procedure. Approxilliltely 1/2.;.in. square pieces of tape , 
were pressed against the surfacelo be saillpled to collect any loose 
debris that might have remained. ThiS type of sample was collected from 
the'innerbag,plastic, sleeve, and the leadscrew after they were removed 

, , -from theFreon,a~dfrom thebottOlllof the glass, tank after the. sample 
. debris.s.retllQved. The sample locations on the bottom of the glass 

5 
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Figure 3. Glass tank LJsed to contain the 8-H 'Ieadscrew section and Fr'eon 
during sample collection. Debris removed from the leadscrew 
section is clearly visible on the bottom of the tank. 

I 



tank are showh in Figure 4. and the radiation level of each sallP;e is 

listed in Table 1. The relatively low radiation levels indicate that 

most of the debris was transferred fran the tank. 

TABLE 1.. .RADIATION LEVELS OF STICK-l.\PE SAMPLES FROM BOTTOM OF GLASS 
TANK 

Ridiation level 
at Contact 

Samele No. (mrad/hl 

1 0.5 
2 0.5 
3 6 

4 5 
5 8 
6 10 
7 10 
8 100 
9 28 

10 25 
11 100 
12 100 

CHARACTERIZATION OF LEADSCREW DEBRIS 

Debris collected from the leadscrew surface was characterized 
several ways to. determine if any pyrophoricity hazard existed. The 

elemental composition of the debris was determined using ICP and 

SEM/EDX •. X-ray diffraction eXRO) patterns were obtained to determine 
the major chemical constituents of the debris. Quantitative image 
analysis of sel~ted SEM micrographs and light-blockage particle 

. '. ' . 

counting were used to determineparttcle size distributions in the 
debris.(iulna spectroscopy was used to identify g __ eMitting isotopes 

. . . 

in the debris, and TlDs were used to detenaine beta andga .. dose rates 

from .the.debris •. DSCwas used to identify any exothe1"lllic: reactions 
. caused by h~ating<the debris in air •. In addition; XRF wasattetnpted on 
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Figure 4. Location of stick-tape. SIMPles fo .... rel1dual contamination 
mPasurement~ on the bottom of the 91'55 tank. 

Freon reMOved from 
this corner. 
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a,sample (approxilliltely 0 .. 3 g) of the debris. However the bulk analysis 
could not be done since the speci.en radioactivity saturated the [silicon 
(1 ithhn)] detector in the iast ....... t. 

As discussed earJier, the loose debris was collected by scrubMng 
the leadscrew section under Freon TF fn order to <a) collect IIDst of the 
particulate, (b) reduce the spread of s.earable containation,and (c) 
minimize any pyrophoricity hazard associated with the debris. Vacuum 
filtration was used to recover the debris for analysis. 

The debris was collected on Teflon filters having a 0.25 pm pore 
size. Because fines quickly plugged the filter, approxi.-tely 3/4 of 
the Freon was evaporated <at -SO°C) to reduce the total number of 
filtrations. Just prior to filtration, the beaker containing the 
debris/Freon mixture was vigorously swirled to suspend the debris. This 
was done so that the debris collected on each filter woul~ oe representa­
tive of the original .ixture. 

The debris was fairly dense aad settled quickly fran the Freon 
after agitation. Most of the radioactivity ippeared te be concentrated 
in the heavier particulates. The debris appeared as a fine, dull-gray 
powder after drying. A total of 4 9 of loose debris were collected from 
the Freon. Control of radioactive conta.ination during filtration and 
specimen preparatiOr! operations was dif:"icult. All of the analyses were 
based on debris f~the filters. ' 

ICP Analysis 

Debris (0.3 g) was scraped fro. one of the fl1ters ll fused with 
potassiuit hydroxide in a niclcel cruc1ble,;anddis;;.olved in deipnized 
water with diluted hydrochloric acid ·forela.ental analysis by ICP. 
Table211ststheelaents that were analyz~ by ICP and their respec­
tive weight ,percents in the debris. Only abOut 321 of the specimen " 

, ,tompositioncould bedetenrined by.ICP analY~iS. Analysis for potassium 
,'and nic:kel'" wasnotpossibl,e due' to t1respeci"" preParation liethod. 'A ' 
,',signifieantfractiOftofthe 681 weight dfffe'rence is thOUght to be ' 

. ..... . . . . . . . . . 

';' "g, 

v . ::.. 
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silver based on SEM/EDX analyses and oxygen from XRO analysis. ICP 
analysis'indicated that the primary constituents were: iron (91). 
zirconium (71) • silicon (71). and aluldn .. (41). 

TABLE 2. ANALYSIS OF LEADSCREW DEBRIS BY ICP 

Elemental Welght 
Analysis '7 Percent 
Performed of Nonnalized 

for Debr1s to 100S 

Al 4.20 13.1 
8 0.67 2.1 
8a 0.06 0.2 
Ca 0.44 1.4 
Ce 
Cr 0.79 2.5 
Dy 
Fe 9.42 29.3 
K fusion fusion 
La 
Li 

Mg 0.07 0.2 
Mn 0.09 0.3 
Mo 0.04 0.1 
Ni 1.24 3.9 
Nd 
Hi fusion fusion 
Rh 

Ru 
51 7.18 22.3 
5r 0.01 --

',1e 

Ti 0.66 .2.1 
In 0.13 0.4 
'':''', 

, 'Zr' , 7~17 ,22.1 

,32.171 iOOI 

10," 



SEM Analyses 

Two SEMspecimens were prepared froB the 1eadscrew debris collected 
on the filter. The spe~imens were prepared by pressing double-stick 
carbon tape against the filter and then shaking off any loosely bound 
material. Since the debris layer on the filter was relatively thick. 
two specimens were taken fran the Salle location on the filter (M-11 was 
the first specimen and "-72 was the second specimen). Specimen "-71 had 
a higher debris concentration and an apparent higher percentage of 
larger particles than specimen M-72.Both specimens were carbon coated 
prior to SEM examination, andanSEMe1ectron beam voltage of 25 keY was 
used. After preparation. the SEM specimens remained relatively nonsmear­
able and presented few radioactivity contamination control problems. 

SEM micrographs of a typical area on speci_n " ... 71 are shown in 
Figure 5. The debris consists of two types of particles: large solid 
particles measuring 5 to 25 pm in diameter and agg101erates. made of 
1 ~m particulates. Table 3 tabulates the major e1e.ents. based on EOX 
analyses for particles shown in Micrograph No. 0529 (Figure 5). The 
major particle cOlipositfons exclusive of e1aaents wi.th atollic numbers 
below aluminum were uranila. ali_1num/silicon. zirconiUll'l/si1ver. and 
iron .. 

TABLE 3 •. EDX ELEMENTAL ANAlYSIS OF M-71 

Ifesion Mijor Minor 

1 U Fe. Zr. Al. Si 
2 A1. Si Zr. U, Tf. Fe 
3 Zr Ali. Si 
4 U Al. Si. Tf. Fe 
5 U Al. Si. Fe 
6 Zr, Ag.U F~. Al. Si 
7. -Al. Si, Fe, U, Ti 
8 Zr Fe, A1.St. U. Nf. 

Cr, Ag 
9 Fe 

Trace 

Ni 
Fe 

. Al. Sf. 



Figure 5.SEM examination of specimen M-71. 
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The particle density was lower for specimen "-72 than for specimen 
M-11. SEN micrographs of typical areas on specimen ".12 are shown in 
Figures 6 and 7, and the corresponding major elements for selected 
particles· in these regions are provided in Table 4. Figure 6 suggests. 
that the aluminum/silicon, iron, zirconium, and zirconium/silver particles 
were all agglomerates of smaller particulate. The uranium particles 
appeared to be faceted crystals (see Micrograph No. 0541 in Figure 6). 
The uranium/zirconium particles may be uranium particles coated with 
zirconium agglomerate (see Micrograph No. 0540 in Figure 6). 

TABLE 4. 

Region 

1 

2 

3 

4 

5 

6. 

7 

8 

9 

EDX ELEMENTAL ANALYSIS OF M-72 

Major Minor 

U Zr, Ag 

Ag, U, Fe, Ni, Ti, Zr 
Al, Si 
Ag, U, In At, S1, 11, Fe, 

Hi 
Cr, Fe Al, S1, 11 

U, In Fe 
U, In, Fe, Hi, Al, Si . 
Cu 
Ag, U, In, Fe, Cu, er.Al. Si 
Ni 
Cu, S, At, Si 11., Fe 
Fe, Cr, Hi U, Zr,Mo, In 

Trace 

Al, Si, Ti, Fe 

Me 

Ni, Cu, Zr 
Al, Si, Zr 
Ag 

In 
Al, Si, Ti 

. Micrographs 1n Figures 5 and 6 are based on· secondary electrons 
emitted from the specimen surface due.tothe electron beam excitation. 
Images that are based on backscattered electrons fro. the beam cause 
particles composed of· highatc.ic n...tH!rell!lll!nts, uranium, for exuple, 
to appear brighter than particles cOllpOsed of lower atc.icnUllber 
elements~ such as iron, :chra.i .. , and al-rnum. COInparisonof back. 
scattered and secondary: e leetron f_gesof the s..e a reaonM-72 
(Figure 1) suggests that the higher atOlllic nUllberparticles, probably 
e.g.urani_, a~large~than 5)111. 

http:highatc.ic


Figure 6 •.. SEM examination of specimen M-72. 
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Figure 7. Backscattered and secondary electron SEM examination of specimen M-72. , 



Particle Size Analysis 

Particle size~ were analyzed using quantitative image analysis of 
the SEM micrographs and an HIAC light-blocking instrument for particles 
suspended in water. The HIAC analyzed for particles in the 1.5 to 
100 ~,n range; particles above 0.15 11m could be detected in the analyses 
of the SEN micrographs. The HIAC measured 822.606 particles suspended 
;n water with Triton dispersant. and the Quantamet results are based on 
an analysis of 629 particles examined by SEN. 

Figure 8 shows the cumulative population distributions based on 
particle size and equivalent spherical valUE for both the HIAC arid the 
Quantamet analyses. Based on particle diameters. 501 of the population 
is between 0.7 and 2.5 11M for the Quantamet analysis and between 3 and 
6.8 pm for the HIAC analysis. However. the population distribution 
curve based on volume percent for the Quantamet analysis does not have a 
tail at the upper end. This suggests that the SEM examination missed 
most of the. very large particles in the debris~ The population distribu­
tion curves based on volume fraction indicate that 50S of the volume is 
made up of pertlc;les between 5.5 and 10 11m according·to the Quantamet 
analysis and between 8 and 25 1111 acconiing to the HIAC analysis. 

Figure 9 shows a histogram that s.-rizes the size· distribution of 
. . '. 

142 particles of different compositions. Particlescontain:ng zirconium 
including zirconium/silver and zirconium/uranium. accounted for 20S of 
the total number .. If aluminum/silicon particles are excluded (see 
Discussions a"dConclusions). then thezirconi .... containingparticles 
represent 32% of the total number. Table 5 s ..... rizesthe mean diameter 
.andvoluinefractions of the particles tabulated for the histogram 
{Figure 9). 

16.· . 
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Figure 9. Particle counts by composition. 
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TABLE 5. APPROXIMATE PARTICLE DISTRIBUTION ON SPECIMEN "-72 • 

Excluding Al-si 
.& Other Particles 

Zr = 61 
Zr-Ag = 101 
Zr-U = 16% 
U = 17S 
Fe+ = 38% 

Other - 131 

Including Al-5i 
& Other Particles 

Zr = 4% 
Zr-Ag = 61 
Zr-U = 10% 
U = 11% 

Fe+ = 231 

Al-Si = 391 
Other = 71 

Particle Count 

87 

321 

142 
201 

X-Ray Diffraction Analyses 

All diffraction patterns were taken with a Philips diffractometer 
that was fitted with a diffracted-beam monochra.ator. XRO patterns were 
obtained for three specimens. each prepared slightly differently. The 
first specimen was prepared by collecting debris on double-stick carbon 
tape that was mounted on a glass slide. Approxi.ate1y 1 sq em of the 
tape was used as a diffractometer sample. Thesetond sa.p1e consisted 
of debris sandwiched between two layers of 0.25 .i1 Mrlar foil. The' . . 

thi.rd sample was prepared by coating a loyer of debrL on an al.inum 
. . . . : 

sl ide with Kry10nspray lacque.... This speci_npreparation method 
generally contributes 1 ittle scattering .bar.kground •. 

A usable X~ray diffraction pattern was obta.inedfor each of the 
.. specimens; however. ill every case the background ,was "high •. Honna1 " 

background levels were obtained with the specimens in place with the' 

19 



X-ray beam off, indicating the background was not due to specimen 
radioactivity. The background rose only after the X-ray beam was turned 
on, signifying incoherent scattering. Since incoherent scattering is 
not a problem for well-crystallized specimens .aunted on alUMinum with a 
Krylon spray, and since the high background was not due to specimen 
radioactivity, much of the debris was either poorly c~stallized or 
amorphous. 

The diffraction patterns contained many lines that often overlapped. 
Due to the complexity of the patterns and the high background, not all 
lines could be identified. Table 6 summarizes the diffraction lines 
that were obtained. Only three phases were positively identified: 

1. A face-centered cubic (fcc) spinel with a latt~ce parameter of 
o 

8.39 A (probably Fe30~) 

I) 

. 2. An f~c phase with a lattice parameter of 5.467 A 

o 
3. An fcc phase with a lattice parameter of 5.33 A. 

The latter two phases were respectively oxygen-deficient and 
oxygen-rich U02 • Three additional phases were tentatively identified: 

1. U03 -2H20 
2. FeO-OH 

3. zrOt • 

. The 1 i nes for these three phases were weak, and too_ny' of the 
. . . 

1 i.nes 'overlapped with other lines for positive identification. The high 
aluminumlsilicon content of the debris suggested that a significant 
quantUyof zeolite might be presen't. Since .. ny zeolite patterns have 
spacingssimUarto the schoepite(U03 -2H20) strong lines, this possi-

. bil ity cannot be discounted. 

M~tanic ura,niUIII cannot be excluded with certainty because the 
. strongest lines would be obseuredby line!s f .... other·phases~ The 

·20 . 



TABLE 6.. X-RAY DIFFRACTION PATIERI SUIItARY 

0 

line ,A) Intensity 

7.27 very s.trong 

4.88 lIOcferately weak 

4 .. 12 weak 

3.59 very strong 

3.34 sharp, IIOderately weak 

3.24 weak 

3.15 sharp, strong 

3 .. 08 IIIOfIerate 

2.96 weak 

2.83 broad, IIOderate1y weak 

2.73 iIoderate 

2.70 weak 

2 .. 66 broad, IIOderately weak 

2 .. 53 sharp, IIOderate1y strong 

2.49 IIICderately weak 

2.10 weak 

1.93 sharp, IIOderate 

1.88 broad, moderate 

1.79 broad, weak 

1.65 lIOderate 1y weak 

1.63 broad, ver,y weak 

1.61 broad, weak 

1.54 broad, weal: 

1.49 IIOderately weak 

1.45 very weak 

21 



absence of any of the :eaker lines for .etalU: urani .. suggests that it 
is not present in sign~ficant quantity. The sa. applies to uranium 
hydride. Although its two strong lines coincide with those of _gnetite 
and uranium dioxide, its third strong line was absent f~ the diffrac­
tion pattern. The strong lines for lletallic zirconll •• zirconi .. -silyer 
alloys. and zirconium tydrfde were also absent fro. the diffraction 
pattern, indicAting that these phases were not present in significant 
amounts. 

Ther.al Analysis 

DSC was used to detel'lline if the debris irellOved f~ the leadscrew 
would undergo an exothennic reaction upon heating in air. The Measure­
ments were made using a Perkin El.er DSC. A 1.15 ~ sample of the 
debris in an al .. inun pan covered with a crimped al .. in .. lid was 
analyzed. Heating the speci.en f.,. roc. t...,erature to 500°C produced 
only a small. spread out, endothel'llic peak in the region f~ 310°C to 
45(\°C (see Figure 10). This peak was probably due to a slight phase -
change rath~rthan a cheMical reaction. since the speci.en only absorbed 
46 cal/goyer the 140°C interVal. The absence Of any detectable exo­
therm strongly suggests that a pyrophoric reaction due to exposure of 
the debris to air is unlikely. 

~adioactivity Measure.ents 

Ganna spectroscopy· and TlD lneasurellents were used to characterize 
the radioactivity in the debris and on the leadscrew before and ilfter 

. d~~ris reIIIOval. Activation products. such as lOCO. contributecionly a 
. . 

minor allOunt of the radioactivity on the leadscl'1!W .3r in the debris. 

Ganriaspectrilll·data fora 0.2359 debris salllPle on filter ~aper 
contained inside two plastic yialswas obtainedusirig a gerwaniUL1-

." . . 

lithium drifted coaxial detector. The 22Na ar.d:60Co standards Were 
". . : :. ." " '-

measuredirlthe,salle counting geGlletryas the debris s...,le. The 
··results are s .... rized in FigUre 11 and Table t~ Most of ·the ga_ 

.' .. ' acti~it.Ywas,·due to 1~7CS. ~13iJCs. i25Sb. l .... ce."'lld 60CO.The 137CS 
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contributed 58S, 134Cscontributed 13S, 60CO contributed 12S, and 125Sb 
and 144Ce each contributed approxi ... tately 8S of the total galllll activity. 
The specific activity of the debris for 137CS was calculated to be 

approximately 1275 pCi/g. The specific activity for 13 .. CS was 165 pCi/g, 
and for 60CO was 75 pCi/g • TLD measurements of the 0.235 g debris 

. sample gave a dose rate of 4 IIr/hr through 125 lIils of aluminum at 8 in. 

TABLE 7. GNI4A SPECTRUM OF TMI-2 lEADSCREW DEBRIS - SAMPLE 148 

S Ginma 
Contribution 

Ener,y Relative to Total 
(keV Integral Area Area Activitl Radionuclide 

75-86 115082 2624. Pb X-rays + Ce-144 
133.5 105899. 23369 4.67E7 7.4 Ce-l44 
176.4 64913 4286 8.93E6 1.4 Sb-125 
427.8 65614 10516 3.00E7 4.8 Sb-125 
463.4 34918 1847 5.60E6 <1.0 Sb-125 
511.0 27443 3011 9.71E6 1 .. 5 Annihilation 
569.3 15332 1052 3.63E6 <1.0 Cs-134 

604-606 46962 14426 5.15E7 8.2 Cs-134 + Sb-125 
635.9 17886 813 3.01E6 <1.0 Sb~125 

661.6 136326 95126 3.66E8 57.9 Cs-137 
795.8 29863 6438 2.93£7 4.6 Cs-l34 . 

. 1173.2 11286 4559 3.51E7 5.6 Co-60 
1332.5 8498 4651 4.23£7 6.7 Co-60 

Using TlDs, gamma and beta dose rate measurements at the leadscrew 
surface were obtained before and after cleaning. Figure 12 shows the 
TlDconfigurations that were used, with the results tabulated in Table 8. 
Various filters were used for the TLDs, ranging fnJII thin Mylar to 
125-mil.· al.Ullinum~ to allow separation of ~ta andga'" radiation. The 

. ."' 

. Mylar is transparent to .mOst of the beta energies, while the 125-11111 . 

. aluminum foU· absorbs all of· the beta radi.tion and phOtons . with energies 
. of up to SOkev. Table 8 showSthattheradioactivi1:y wasnonunifon.ly .. 
.. di~trtbuted on the ieadscrewbOthbefore and aftercleaning~·· While the 
apparentdecontaai1nation factor due to' cleaning was 40 for beta radiation .. 
:. "'. . . .. '." '.' . ',' . " - . " 
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TABLE 8. TMI lEADSCREW BEFORE AND AFTERClEANING-READlfIGS R/HR AT 
CONTACT 

Betaa 

Before After 
Position CleaningC Cleaningd 

1 14.0 5.5 

2 152.0 18.7 

3 1080.0 46.1 

4 1170.0 55.4 

5 1170.0 40.0 

6 1190.0 37.1 

7 1240.0 28.3 

8 1280.0 19.6 

9 1200.0 16.7 

10 1220.0 34.6 

11 1500.0 25.7 

12 1750.0 37.9 

13 2170.0 44.5 

14 1810.0 20.3 

15 54.5 14.3 

16 14.5 16.3 

a. Average beta decontamination factor is 41.3. 

b •. Average ga.a decontalllination factor is 3.1. 

Ga:lllllii b 

Before After f 
Cleaninge Cleaning 

5.1 2.8 

IS.9 5.2 

54.0 10.7 

55.0 17.9 

53.0 17.4 

60.2 19.7 

58.8 21.0 

66.5 23.5 

64.8 26.7 

75.5 30.3 

90.2 30.2 

103.0 30.7 

llO.C 28.1 

59.!I 22.7 

13.5 16.3 

6.0 8.9 

c.· .. Average beta dose rate for positioRS3 through 14 before cleaning 
was 1400 R/hr. 

d. Average beta dose rate for POSitiORS3 through ·14 after cleaning 
was 33.9 R/hr. ... . .. . 

. e •. Average ga ... dose rate forpositions-3 through 14 before cleaning. 
was 70.9 ~/hr.·. ... . 

f.. Averagegalillla dose rate for positions 3 through 14 after cleaning 
was 23.2R/hr. . . . . . ... 



and 3 for gamma radiation, the relative spatial distribution of radio­
activity on the leadscrew was unchanged. sa ... spectra of the leadscrew 
suggested that most of the radioactivity was du~ to 137CS followed by 
134Cs,arid that the 60Cointensity was small. 

DISCUSSION AND CONClUSIONS 

In summary, the surface contamination on the leadscrew is due to 
debris from failed fuel eleMents and primary side corrosion products 
(oxides). SEM examination of the debris found particles that were 
primarily uranium, uranium/zirconiu., zirconiUD,zirccniua/silver, iron, 

. and silicon/aluminum. All particles except the uranium and u~anium/ 
zirconium appeared to be agglomerates of smaller particulates. By 
population, most of the particulates were smaller than 10 1lIII, but 
particles larger than 10 ~m were responsible for most of the volume. 
Backscatter SEM micrographs suggested that the particles containing 
uranium were generally larger than other particles. The rcp elemental 
analysis supports the SEMobservations that uranf ... , zirconi ... , iron, 
silicon, and aluminum account for IIOstof the cOll'lfJOsition. The high 
silicon and aluminum levels were a surprise, and .y have been due to 
zeolite contamination, cross contamination with dirt, or filier material 
from an RTV sealant applied to thetant used to.clean the leadscrew~ 

Based on the elemental composition of the debris, possible pyrophoric 
species in the debris are metallic zirconi .. , zirconh./silver alloy, or 
uranium, as well as zirconium and uranh. hydrides •.. However,XRD 
analysis of the debris found no evidence that these potentially pyrophoric 
.speciesare present in significant quantities. Furthef"llOre,based on a 
DSC analysis of the debris, no exothel'llic reaction occurred when the 

. debris was heated in air between ro.. taperature and500°C. Chanical 
and thermal characterizations of.the debr.fS thus indicate that the 

.. possibility ofapyrophor'lc process involving the debris f .... the . 
·lea.dscrewis· quite slllll·.: 



Radiochemical characterization of the debris and leadscrew found 
that most of the radioactivity was due to mixed fission products. The 
total specific activity for the debris was about 1500 pei/g. The dried 
debris was easily airborne and difficult to work with, although it did 
settle quickly from an agitated Freon mixture. Since dose rates on the 
leadscrew were nonuniform along the leadscrew length, the composition of 
the debris may vary significantly between different specific locations. 
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